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During the course of the study, the project team wag engaged

in the following activitieu:
 

1. 	 review and oollation of &Vailpble data;
2. 	 field work to fill in data gaps and develop design 

parameters;
3. 	 establish d sign criteria and address the issue of 

"ability to pay";
4. 	 analyze all amilable data to develop an eonom1aly

defensible log range water supply plan to the year 
2000o
 

fth Interim Report shows that the long-tzm water supply of
 
Ustropoliten Cebu will com from impowulnente on the alamban River
 
and the Nananga River. Raw water will be transported from the iu
poundments to now water treatment plants and to an upgraded dis
tribution network,
 

Capital costs for the early aotion works, interim improv nt 
and the initial phase of the first wtage of the long-term progam
total to roughly P712.8 million#of hich $23.9 million will be In 
foreign~ exchange., 

We wish to express our sincere appreciation for the excellent 
team work and cooeration given us 7 your office, the Water Distriot 
DCCD/EDP and other governmental agencies. 

N* are confident that you will have qustions concerning some 
of the findings. Please feel free to raise them so that we could 
dioo,As those at your earliest convanienoe. 

very truly yom, 

Oct K(N (3) 
ADB-ManilaA(6)

AID- Manila (4)
 
ODN- Boston (3)
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CHAP1R I SUMMARY
 

The etroplitan Cebu Water Dintrict which covers the Cities
of C bu, Mandaue, Lapu-Lapu and the Municipalities of Compogtela,
Liloan and Consolaoion was eatablished on May 9, 1974 by virtue
of Resolution No. 873 of the Cobu City Council. Upon the establis)

ment of the XEVD, the Osmefia Watazaorka System hich was inaugurat
in 1912 was dissolved and its ounership and management tmr trans.
ferred to the HOfD. 

The project area is located between 5 m and 90 m above mean 
sea level. 
About 12,570 ha, the project area consists of two
 
partsat the present service area (29370 ha) of the MCUD and the
 
projected additional service area through the year 2000. 
Me pre
sent servioe arna comprises portions of Ce'bu, Mandaue, Lapu-Lapu
and Compostela, a1.1 with existing public water systems. 

Based on the 1970 populalion oansus, there wore 446,400 resi
dents in the project area. 
During the period 1960-70, the project 
area population increaed at an average growth rate of 4.1 per oeul
the avtorage density was 36 personn/hao The urban seotcr mostly
living in Cebu, Mandae and Lapu-Lapu oom'prised 92 per cent of the
population in contrast to the rural sectcr of only 8 per cent.
 

Central geographical location and varied natural resouroes
 
are important factors in the economic developmnt of the project
 
area. In recent years, indastry has overtaken g'ioulture as the
leading economic activity with its greatest concentration in the
 
cities and Liloan. However, agriculture continues to be the main 
industry in Campotela and Consolacion.
 

The Port of Oebu, the actan International Airport and the
Opon-Nandaue Bridge have contributed greatly to the reoent 
development of oommeroe and trade in Metropolitan Oebu. The port#
the second largest in the oountry, serves an the key link of 
foreign trade in the Visayas and Mindanao region. 

Oebmu is a priority area in the Philippine tourism program.
Its development is concentrated in the project area since the 
best tourist spots in the provinoe are located therein. 
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Like in most oities in the Philippines, the water supplysystem for Metropolitan Oebu is inadequate, unsafe and poorly

managed. 
 he basto water system is more than 65 years. tepresent level of servioe of the NCO is seriously deficient.

Water pressure in the poblacions of Cebu City, Nandaue and Lapa-
Lapu is inadeqzate at most times. 
 Night time demands are severely restricted because of the need to ratim flow dnring this
 
period.
 

Cebu and ManAdme share one public water system originally
built in 1911. It umderwent three major stages uf souroe
development: the Bahisan River in 1911, the Hagubiao Spring in1934, and the 26 deep wellp in 1958 and 1964. Twelve additional
wells are under construction at present. The public water supplysystem of Compostola was developed in 1939. L&U-Lapz's watersupply system was established in 1962. Liloan began the construct
ion of its water system in 1973, %hich will be turned over to the

MCWD upon its completion.
 

The main water supply facilities of the XC4D asare follows:the Buhinan Damaooncrete arch structure that can imponxd water 
up to 230,000 oam; the Hagubiao Springarainforoed concretechamber utilizing a 4'-mit pump station; the 26 deep wells which
 
vary in diameter from 125 
 -m to 250 mm with depths ranging frm
20 to 105 m; the Tisa Treatment Plant, which treats 
impoundedsurface water from the 3thisan Dam (partial source of MCWD).Lapu-Lapu derives its water supply from 2 wells. Ccmpostela'ssource is a spring from which water is oolleated in a 300 anstorage tank before it flows into the system. Liloan also has
 a spring an its principal souroe. 

The UMI servioe area suffers from inadequate water and poorquality of the surface water supply. With treatment facilitiesavailable only part of the year, water in the project area in therefore partially treated. In the Cebu-Xandaue iater system, 80 peroent of the BDhisan Reservoir's original capacity is filled up withsilt, thus only 20 per oent is serviceable. The pumping unite 
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& the Hagubiao Spring are antiquated and %re in constant disrepair.Onw small spring which is the only source of supply for COmpostelais reportedly drying out. The Tisa Treatment,Plant is only operativefrom 4 to 8 months every year due to lack of raw water supply, Itis poorly designed and its operation needs improvement. 

Analysis of water from the Dahisan Reservoir indicated high
color, taste and hardness while other parameters ware within
acceptable limits of the Philippine Drinking Water Standards.
Hagubiao Spring is fte
considered of good quality except for marginal
excess in hardness. 
Of the 6 wells in the Oebu-Nandaue system
chocked for chloridest 4 showed excess amounts. Water frm Lapu-
Lapu well has excausive hardnes, 
caloium and chlorides.
 

Potential water souroes in the Cebu area (which include the
Balamban, Kotkot and Mananga 
 Rivers) have been sampled. Results ofthe analyses from Balamban River indicated exoses color, turbidity,total solids, calcium, magnesium, sulfates, manganese and as much as25 Mg/1 of iron. One sample taken from the Kotkob River indicated
marginal excess in turbidity and hardness and 1 M/1 of iron. 
Saples
taken from Mananga River showed marginal exoeso in turbidity, hardness, and 2.1 mg/l and .85 mg/l of iron. 

Within the present and future service area, the population is
projected to increase from 446,000 in 1970 to 1.1 million in the
year 2000, with Cebu City acounting for about two-thirds of the
total. The growth rate between 1970 and 1980 is projected to average about 3.6 per cent per aun while the g'7owth rate between1980 and 190 is projected to be about 3.1 par cent. Of the totalproject arga population, the served population is projected to beabout 55 per cent in 198, 70 per cent in 1990 and 85 per cent in
the year 2000. 
Thus, the served population will increase from191,OOO in 1970 to about 605,000 in 1990 aud 9,000 in the year
2000, a 5-old increase in 30 years.
 

Projeotions show that the per capita average daily water demand including allowance for unaccountable water will increase
from 152 lpod in 1975 to 267 lpod in the year 2000. Ths combined
domestic and non-dowestio portion of the water demand will alsoincrease from 76 lpod in 1975 to 201 lpod inthe year 2000. Average daily water demand is projeted to increase from 40,500 cumd
in 1975 to 155,700 cued in 1990 and to 256,300 oud in the year
2000, at 
 aioh time, ovor 60 per cent represents domestic demand.
 

Hydrulogic (surface water) and kvdrogeologic (groundwater) information is scaroe and inaL49qate to make accurate assesment of
the future potential water resources in the study area. 
However,
broad estimates have been I-i, 
d on judgment and available data.
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01'OI INOV 1975
AtTER 

The tentative reoosmended water supply program may be ir..pleMented in 7 steps: (1) earlY actions which should beand implemented soon as possible; (2) 
startedas interim improvementsminimize the worsening water shortages until the year 1982; 

to 
(3) Phase Aof the first stage of con1t (;78-82); (4) Phase B of the firststage of construction (1982-87); (5) Phaseconstruction (1986-89); C of the first stage of
 

ion (1989-94), 
(6) Phase A of the second stage of oonstruct..
and (7) Phase B of the second stage of construotiou(195-99). 

Groundwater potential in th
about 13 per cent 

CWD area is estimated to produosof 
year 2000. 

the max-day water supply requirements by theConsequently, the long term waterCeGa will from the 
supply for Metropolitanccne development

as of the Balamban and Nananga Riverssupply scurOes. 
high dam 

Two dams will be constructed: initially, an 82on the Balamban River and m
in 1989, a 72 m high damMananga River. on theRaw water transmission lines,plants and two new treatmentan expanded diatribution network have to be provided toallow better and effective service for the present and future public
water supply users.
 

By the iime the new surfacewells will have 
water souroes are available, someto be phased out of operationrecharge to permit groundwaterto areas of overpumping and to flush the salinized aquiferout with fresh water. Salinization due to overpumpinggroundwater problem is the major

in the projeot area. 

Project costs for the early action works,and Phase interim improvementsA of the first stage of oonstruction program are as follows: 
Early Action WorksoP 
Interim Improvements 5,00,000 

10t820t00Stage I, Phase A I0,8200Inearan Dam and Appurtenanoes P167,800,000 696,530,000Raw Water System 94,756,000Water Treatment Plant 5l,5-)09T ransmission 0Facilities 88,812,000Distribution Works 39,688,000Engineering & Contingencieq (25%) 110,639,000Administrative and Legal Fees (35) 16,595,000Interest during Construction 126,740,000 

Total Project Cost P712,750,000 

BEST AVAILABLE COPY 

',-4
 



12'TeIIM REPORT 
VA AiTER INOV 1975 

Foreign exohaP component of the foregoing project costs

is estimated to be about P23,9 million.
 

Annual operation and maiatenance costs are estimated to

increase from '6.9 million in 1982 to P13 million in 2000.
 

Frl&v Action (.idelines 

While the findings and recommendations of the interim (and

final) reports are being discussed, and pending their approval by

the Water District, LNUA and financial agencies, certain stepsma

be 
taken in the meantime to facilitate "early action" in the IcuD
 
water supply system. These early action guidelines are as follows:
 

1. 	 Continue the publicity and promotional campaign about the water 
feasibility study so that water district outomers are made 
fully aware of the improvements that are aboMt to happen and 
prepare them for the corresponding water rate increases. 

2. 	 Discuss in detail within the water district ideas relative to 
raising the implemetation funds (local and the foreign em
change component).
 

3. 	 Strengthen the legal basis for development of new water 
souroes, its implementation and enforcement. 

4. 	 Acquire the land surroundini the proposed water sources, 
treatment plant, distribution torage sitesand right of Way
for the transmission lines, and conduct a detailed topo
graphical survey of such land and right of way. The water
 
district new administration building and chop and laboratory
 
facilities may be located at the proposed traatment plant site.
 

5*. 	 Acquire a complete laboratory testing and sampling equipment; 
meter repair, testing and shop equipaent; assorted toels; and 
supplementary water district vehicles.
 

6. 	 Acquire disinfection (chlorination) equipment and operate the 
same as coon as possible at offectiro locations of the existe
ing system. 

7. 	 Continue water meter installations to have all the water oer
vices metered as soon as possible. 

8. 	 Initiate a routine hydrologic and meteorological data oollot
ion program in the Kotkot, Balamban and Nananga Rivers (in
cooperation with the rational Vater Resources Council) to 
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develop stream flow., evaporation, rainfall and siltation
measurements over a period of at least 10 years; initiate 
a well water level and discharge gaging and monitoringprogram at the existing and the proposed well fields idanti
tied 	as a long term source of XCW].
 

9. 	 Initiate routine water sampling and analysis at the proposedsurfaoe souroes, well water souroes and distribution System. 

10. 	 Conduct a pbyaical inventory and survey of the water systemand 	sewer system faoilitiee and their connections to the
private premises. Inventory private wells, septic tankst
private and public drainage systems.
 

I11 	 Initiate a sewerage/drainage feasibility study as soon an thewater supply planning is ompleted. In conjunction with this,conduct an oceanographic survey of the Bohol Strait and 
Camotes seao 

12. 	 With consultation, adopt a flexible, enforceable plumbing
code in anticipation of 
the water suppiy improvements and 
near-future sewerage/drainage system. 

13. 	 Carr7 on with leakage and corrosion survey of the water
system, identifying actual and potential cross-oonnetions 
of water supply and pollutional material. 

14. 	 Initiate a jar test program at the Tisa Water Treatment
Plant to maximize the use of existing faoilities and optimize
the use of chemicals for coagulation (in the interim periodto 1982). Provide a by-pass piping to the filter to save onwashvtater and to eliminate back-up overflow in the seluent&.
tion basins, duaring non-rainy periods; unthrottle the valve 
on raw water line from Bahisan to Tisa. 

15. 	 Initiate improvements to the management, engineering and
operation and maintenance prooedures of the Water Districtin accordance with the established IMUA guidelines and inanticipation of future requirements that may be imposed by
loaning agencies. 
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CHAPT 33 INTRODUCTION 

A. PURPOSE
 
Thic interim technical report is being presented (July 1975)


prior to the completion of the full technioal, ocnmic and finai
oial feasibility study to give the probable configuration and rough

costs of the emergency and first phase contruotion program of the
 
water supply improvements for the Metropolitan Cebu Water Distriot.
 
Also, this report will cerve as a basis for early teohnioal eval
uation by LUWA or any interested internatlonal financing agencies.
 

This report does not provide the detail required of a 
feasibility stud.y The full study (due in draft form in Ooto
ber 1975) will provide the technical, economic znd financial detal1 
to support the recommended program. 

B. DMEOPOLITAN CEBU VATER DISTRICT 

Istropolitan Oabu area is situated along the eastern ooaut
 
of Oebu Province. The study area includes the cities of 
 0ebu,
Nazlaue and Lapu-Lapu, and the muniipalities *ofConnolacion,
Liloan and Compoctola. (Sae Figure II-l.) 

C. LOCAL WATIR UILITIES ADMINISTRATIOR 

The Local Nater Utilitiez Administration (LWIA) was establish
ed by Presidential Doree No. 198 issued on Mmy 25, 1973. The 
decree sought to establish, operate, naintain and develop reliable,
adequate end economically viable munioipal water supply and waste
water disposal systems. As differentiated from the Natropolitan
Waterworks and Sewerage Syatem which operates within Metro
pelitan 11 ani 1 a, LUA oovers provincial urban population on
tare in the entire country. LWUA was formally organized an Septea
ber 18, 1973. 

In order to attain its objectives, LWUA has been actively
encouraging the formation of independent, locally controlled pub
lic water districts in provinoial urban areas. This in a stop de
signed to ensure safe and cufficoient potable water supply by the 
district and its operation on a business-like basis. 

Primarily, LWUA renders assistance to looal water districts 
in firanoial, training and technical matters. It also establish
es standards for water quality and service, operations, anage
ment and administration inoluding accounting practices. In 
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addition, it prescribes activities neoessary to ensure conformanoe 
with such standards. 

In recognition of the vital role water supply performs in
 
oontributing to the well-being of the people, LWUA has been plaaea

under the Wational Eoonomio Development Authority, the highest

econonmic planning body of the country. 

IkUA is directed by a five-an Board of Trustee. throug a
 
General Maager. The Board formulates policies on all the busi
ness 
affairs of LIMA and the G neral Kanager is responsible fe
 
the implementatioc of suoh policies,
 

In order to carry out ito funotions, INIA maintains 5 operam
ting divisioni, each headed by a direct-or;, 

The Loans and PrcaT~ra. Division administers INUA's revolving
fund and relending prezTe. It develops loan application criteriaand covenants and prooearso loan applioations of duly constituted 
local water distriots. It also negotiates domestic and inter
national loans.
 

The riobni.al Servios Division provides technical assistance 
to water districts and at the same time develops design, onstrut
ion and operational standard-.
 

The Regul.ory %ivieion monitors the performanoc and operee
tions of water di t,riots. It also processes and administers the 
Administration's certification program for water districtso 

The Management and Training Division conducts seminars among
the board of directors of water diatriots, their general managers
and other key personnel and technicians. Such seminars are -aimed 
at strengthening the institutional structure of water districts.
 

Finally, the Administrative Division provides the neoessary
staff support to LWUA in terms of personnel reoruitment, racordm 
managament, genaral s-rvioes and rilated functions,
 

Onl;y duly organized water districts which have been issued a 
Conditional Certificate of Conformance can wrail themselves of
 
financial assistance from LWUA. 
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4 of December 1974, LWUA had issued a ConditLonal Oerti
fioate of Conformnoe (CCC) to 11 water districts out of 16 ubioh
have been filed. A CCC is issued to a woter district moo it hse
taken significant steps towards the improvement of domestic water 
supply to the publio according to oertain criteria prescribed by 
LWUA. 

By the end of 1974 or after one year and three onmths of
operation, LVUA had a staff complement of 53. By the end of 1975,
this is expected to increase by about 80 to enable the Administrar
tion to oope adquately with its expanding operations. 

In additiont 9 other water districts have been organi ed but

their resolutions havo not been 
filed yet with LWUA. Another S
oities and municipalities are in the process of organziug their
 
water districts and 7 more have nignified their intention to
 
organize*
 

2o carry on its provinoial waterworks development progeran

LWUA has plarnod the following projects forearly mtplementations
 

1 	 The design and construotion of improved waterworks sys
tens in Bacolod City, San Pablo City, Cagayan de Oro 
City, Dava City and Tacloban City; 

2. 	 The fetibility study, design and oonstrution of water
works systems in Haraxi City and atangas City; 

t
3. 	 The wa sr resouroes evaluation study for Baguio City; 

4. 	 The water supply feasibility study of 10 provincial 
areas, including this report. 

An part of its training program, IMUA ha onducted 7 e"mi
nare in 4 different parts of the country among the key persnel
of water districts. It has also developed the concept for a ln&
range planning survey and interim demoutration program. ach a 
plan is aimed at setting up a data baac for water needs and nub
sequently, undertake innediate high impact improvements on the
waterworks systems of several hundred oities/municipalities. 
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B. HISTORICAL EACKCR"MD: EMLROPOLIAN MU VAT2 DI8MICT
 

Until 1974, the water systems of the cities of ( eu Nadme
and Lapu-Laru and the munioipality of Cmpostela were numd and
manapd 17 their local gwernmentse. h oldest and mseat developed
of then e.ystdm ws the Omeia Waterworks System which serviced
both Cebu and Hazdaue. This ysMtem wa3 Inaugurated in 1912 by the 
United States Government during its occupation in the Philippime
(i898-.l941) and wa initially mianaged iy the municipa gewrinea
of Coua then under its head, the municipal president. 

When Cebu becam a charterad city in 1937, a new wateruvrks 
superintendent from the City Engineers' Offio3 managed the Oeea
Waterworks Sywtp. In 1959, -oe Cob City ftyor appointed a manager
who, until 1974, took chargo of the adinixtration and operation of 
the eyi em. 

On Nay 9, 1974, the Ormea Wterworko System a deislved,
Its vorship and management waro transferrd to the Metropolitan
Cebu Water District (IRWD) formed by virtuo of Resolution Noo 873
of %te Cebu City Council. This resolution, however, am amended by
Resolution No. 1378 on July 18, 1974, to include proviafLos en the

funding of the Dictrict. The 310D integratoeaan well, the exit-

Ing water systems of ftzndau#- Lapt-lagm, CoMpovtola and includes
 
the mnioipalities of Liloan. -lhone 
 wter a tom in currently vnder 
eomutrauvion and Coneolacion Whioh has no public water system* in 
eeprate resolutions; t0,ir local guernmento endorsed and omen-red 
with the formtion of the =tor district. 

As constituted nder Presidential De *eNo. 198 (Pl-oviaoial
Water Utilities Act of 1973) whch gverns its operations, the XICD
is a gv erinnt corporation but politically indepondent from thke
local govermonts. Me dcreo stipulates that financial and toeh
nical asistanos shall bu granted t water districts throq the
Local ',ater Utilities Admiuistration in order to provide adequate
water systetso TIma, the CED vwas etablished for the purposes
aoquiriug installing, improing, int4.ng and operating the 
water supply and dictribution systoms as w ll as the wastewater 
oolleedion, treatment and dispapal faoilitleso fhe decree also 
provides that the water district zhall operate an a financially 
*elf-e ffiilent basisQ 

2he *&ter district is headed by a fiv-member board of diret
ors appointed by the Calm City Mayor. The diatrict an only be 
dissolved throug the act of this boa. 
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GHAPTER InI D3ScRIPTI0CI 0F THE PROJECT ARUL 

A. PRSICAL DESMRIPi! 

Lation and Siue 

The project area also known as Metropolitan Cebu occupipe thecentral portion of the province of Ceba. It covers 12,570 heotares 
or 2.5 per cent of the provinoe's area.- The project area includes
Cebu City (central portion), the north-central cities of Lqu-Lapaand landaue, aid the northern municipalities of Compostelap Cossolaoion and Liloan. Except Lapu-Lapu which is loated inMaotan
Island, the rest of the project ares lie adjacently to one another.
The project areaoonsists of 2 part the presentt service area ,(2,370 heotares) of the Metropolitan Cebu Water District (Xc=w) or
24 per cent of the total project area and the projected additional
service area through the year 2000. The present service area cor
prises portions of Cebu, Mandane, Lapu-Lapu and COmp.)tela, all

with exiating public water systea; Consolaoion and Liloan do not

have piped ater at present. (See Figure III-I.)
 

The landscape of Gebu Province in ragged and mountainous, 
a few peaks reaching from 1,000 

with 
to 3,000 feet. The project area,however, is located in the nall coastal plains jutting out east ofthe provinces Central Highlands. Lapu-Lapu, Liloan, Compstela

and Consolaoio 
lie on flat coastal land. about 10 meters above sea
level; Oebu ind landaue are situated at gradualy sloping elevations 
that range fren 6 to 30 mete*s. 

The rivers which drain the project area are the Buhisan, Sonang., Balamban, Mandaus and Tuhisan oeotkot. River, of tiw 
prenent supply sources of Oebu City, drains an area of 509 otares
and empties eastward into the Bohol Strait. The Katanga River,flowing through a 
distance of about 24.5 kilometers, drains southwest and then southeast into the Bohol Strait. 
The Balsmban Riverwith headraters at Barrio Lusaran flows northeast, then northwest
and finally westward into the Balamban Bay. Nandaue River ban its 
source northeast of Nandaus City and drains southeast into CansgaPaye. Northeast of the study area is the Kotkot River draining to
wards Compostela. 

The study area is made of 3 geologic formations of the elevenfound in the province. These formations, of sediomtary and mt&morphio structure, are recent alluvium, Caroar formation and base-
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Mont complex. 

Recent alluvium is the predominant geologic forastion in the
 
project area. It inoludes rubble, clay, silt and gravel deposit
ed by present streams in the eastern coastal plains and river
 
flood plains. Caroar formation is a limestone Croup that dates
 
from Pliocene to Pleistocene age and is deposited as a mixture of
 
1tbblev gravel and marl. Of unknown ag basement complex in made
 
chiefly of diorite and quartz found in the 
Central Highlands. 

Sol and. Vegtation 

Svral soil types are represented in the project area. Csbm
 
Province espeoi4lly supports clay loam, a fertilet organic soil
 
said to be more productive to oorn than to rice. This explains

why corn and not rice (the national staple) is the main crop In the
 
project area as well as in the province.
 

Mandaue clay loam in the moderately-drained plains of CObu,

Mandane and Copostela, is considered the best agricultural soil
 
in the province. The soil surface is free from salt concentration
 
and outcrop, allowing deep plowing and cultivation. The Nedellin 
clay of the uplands is formed from limestone ahd shale. This black 
and heavy soil is very stia1y when wet and hard when dry but am
be improved for planting whan properly fertilized. Sugar grown well 
in this soil type. Hydro~ol in the wet lands along the eastern 
coast of the project area is oommonly used as mangrove fields, fish
ponds and salt-eaking beds because of the soil's poor agrioultwsl 
value&
 

Host of Cebu Island, including the project area, ban lost a

significant portion of its top soil and in is
its plaoe either sub
soil or weathered rock.
 

Cltname
 

The Philippines has 4 distinct climatic types based on rain
fall. The project area is classified under the third olimatio type, 
one of 2 types prevalent in the Cebu. Province. The project area
has no well-defined dry and wet seasons; it is relatively dzy from
November to April and wet during the rest of the year. (See Fioure 111-2.) 

The average annual rainfall for the past 20 years is 1#60 mm.
Much moisture is .ost, resulting in moderate rainfall, when the 
northeast and southwest crossmonsoons the mountains within and
outside the. province. The Weather Bureau (PAQA) records show an 
average monthly temperature of about 270C for the project area while 
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average relative humidity is about 80 per oent. The project areais considered warmer than other parts of the country. 

The wind directions change gradually from southgest to northeast in October and vice versa in June. The wind directions canbe altered by iooal thundaraloorms any timet likely,more dmurin
the latter half of the year, 

B. POPOULimi1 

Metropolitan Ceb area considered the densest part of Cebuis
Provinos. In 1970, there were 446,400 residents in the projectarea, who represented about 29 per oont of the provinoets populationo During the period 1960-197O, the project area populationinoreased at an average growth rate of 4.1 per cent and the aya.rage density Ws 36 persons per heotare. The urban sector cm'prised 92 per oent of the project area populition in otrSsat to
the rural section of only 8 per 
cent. 

bbu, Mendaue Lnpu-Lapu classifieddn& are as totally urbanareas., The most heavily populated areas are debu and Nmndan where
84 per cent of the project area population resided in 
 1970. Thepopulation was further distributed as 8 per cent in Lapu-Laur 4
per cent in Liloenu 2.5 per cent in (knsolaoion and 1.5 per cent

In Ccmpostela.
 

'AD of 1970. the Philippines (area: 300,000 sqkm) had a Popula
tion of 36.7 million with a armth rate of 3 per oent, density of "2/s qkm and a modianage of 17.4 year. As such, theomtz ranked seventh and sixteenth in population in Asia and in the world,

respectively.
 

ERpetedly, these damographio charaoteristios are Imposingpressures on the country that prevent further economic development. A high population gerwth rate magnifies problem in theeoonoaqt environment/eoolosr, sooial services and factors that affect the quality of human lifo in general. 

To counteract these pressures, the Philippines has adopted twoapproaches to population oontrol: the contraceptive or frmilyplanning approach and the integrated approach in which populationcontrol beecmes part of the national development plan. 

111-3 
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Population Growth Trend 

From 1948 to 1960, eoonomio development stimulated migration 
off the rural areas into the cities. As a result, the populations 
of Cebu and Kandane, with the exceptio of Lapu-Lapu, grew rapidly 
while the populations of the municipalities increased slowly. The ma& 
king of Mandaue into an urban center i greatly attributed to its 
immediate proximity to Cebu City (the country's fourth most paysmlm 
ted city in 1970),Lapu-Lapu did not match Cebu's rapid population
 
increases because of its location in the offshore Matan Island.
 

Iu the 1960-1970 decade, larger increases in urban population 
gave rise to the conversion of Mandaue and lapu-Lapu into cities 
and the birth of Metropolitan Cebu. Meanwhile, Cebu's growth rate 
declined from 3.5 per cent to 3 per cent as migrants and industries
 
were beginning to disperse to the new satellite oities, There were
 
also increases in the growth rates in the muniipalities during the 
same deocade,
 

frulato Characteristics
 

Persons born in the project area represented about 84 por cent 
of the poplation in 1970. Those born in other munioipalities of
 
Cebu Province totalled about 10 per cent while migrants from other
 
provinces represented 6 per cent.
 

The project area population with a median age of 16.5 years 
in young, the rural residents being younger than thove in the ur
ban areas. About 44 per cent are classified within the age bradket 
0-14 years; 52 per cent comprise the working age group (15-4 yeas)
and 4 per cent belong to the older group (65 years and above),
 

In 1970, there were 95 males to 100 males in the project area 
as a whole. 

While the average literacy rate in the project area was about
 
80 per cent in 1970, urban areas had a larger literate group than
 
the rural areas. The high literacy rate of the project area is due
 
to Cebu City's being the eduoatimial center in Southern Philippines.
 

In 1970, the economically active sector of the project area
 
was composed of some 200,000 employed or 42 per cent of its popula
tion, The heavy industrial growth of Cebu, Handane and Lapu-Lapu 
has resulted in a manufacturing workforce bigger than that of agri
culture. The municipalities have slightly larger proportion of fam
ere, fishermen and loggers than the manufacturing workforoe. 
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C. LIIN COMITICUI 

According to the 1970 oensus, 68 per enot of the total 86,00

dvelling unitc were of the single-family type and 4 per cent were

of the duplex type. The remaining 8 per cent included low6-olas
 
apartments, barong-barong (makeshift hr- s)t oomeroial, light

industrial and institutional buildings.
 

In 1970, 44 per cent of more than 80,000 households wore
served with electricity; over 50 per cent used kerosene for light
ing*. Wood was the most omon cooking fuel and was -"edby near
ly 90 per cent of the households in 1970.
 

Those provided piped water service Iy the MCMD included 43
 
per cent of the total project area population or 57 per

cent of the service area population in 1970. Over 60 per cent of

the households derived their water supply from groundwater couroes
 
while the rest used surface water.
 

(Technical details of existing-taer supply follow. in
 
Chapter IV.)
 

The most ommon toilet type, flush/water-sealed system is usedby 9 per cent of the households in 1970. Other toilet facilities inolubd 
closed pit (29 per cent); open pit (7per cent); and public toilet(295 per cent). The rest of the households di not have tilet 
fa ilities. 

DO P W EC(WT 

Since the imposition of martial law in the late 1972, the
 
Philippine economic structure has been undergoing various Wformse

Concrete results were achieved in 1973 when all eoconoic Indicator*
 
of the country reached unpreoednted levels.
 

In 1974, however, inflationary and recessionary developments
and domestic food shortages disturbed the -improvingoconory. As a
result, the gross national product (CUP) declined from g.9 per cent
in 1973 to 5.9 per cent in 1974, However the country manage torealize a 
modest balance of payments (BOP) amounting to $80 mil
lion despite the price decreases of some main export productstnotably copper and wood prodmots. In addition, international re
serves stood at a comfortable level of 81,16 billion at the end 
of the year. 

Traditionally, the country has been heavily dpendent canagri-.
oulture. The national accounts for 1974 showed that agriculture, 
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forestry and fishing accounted for 29.2 per cent of the eP. The 
ervices ector followed with a share of 17.2 per cent for the 
same year. The construction industry posted the highest growth 
rate, 18e.5 per cento 

Central gegraphical location and varied natural resources 
are mmporant factors in the economic devolopent of the project 
area, In recent years, industry has overtaken agrioulture as the 
leading economic activity with its greatest concentration in the 
cities and in the municipality of Liloan. However, agriculture 
continues to be the main industry in Compotela and Consolacion 
as well as in the entire province. 

&oiqlture. In the rural sections of the project area, 
about 10 orops are hamated and markted to nearb cities and 
provivoos, and among them ,Ae corn, csava, coconut, Vagart rice 
&id maguey. Thu most notable of the fruits gromn in the project 
area are mangos in Cebu City and grapes whioh are rare in the 
Philippines but grown in productive vineyards in Cebu and Mandaue. 

Fishing in the project area, except in Lapu-Lapu City, is 
mainly for sustenance. The waters around Lapu-Lapu are reportedly 
rieb in crustaceans. Artificial culture of millfish (bangaa) is 
limited to the hydroeol areas of Mandaue and Lapu-Latpa 

r o The people inthe project area are engaged in a 
wide rane of industr~ev. Largo industrial activities such as 
mining and food processing are concentrated in the urban oenters 
and oities. Madame, for inutanoe, has for its heaviest t.axpaers, 
7 beverage and liquor companies. Oebu is the location of 6ne of the big
gest oil refineries in the Far Mot. 

Consolacioa and Campoatela we oepeially known for blacksith
ing; Liloan speicializes in potmakbag. Cottage industries like gui
tar-making, gazuent-making, handicraft and shell)oraft are spread 
throughout the projet area* 

. In Cebu City, land use is prinaipally oamerolal 
and residetial, with about 10 per cent of its area occupied by 
induatrial establicbmentso. Nandae which follows Oem in the mat
ter of economio activity has devloped about 9 per omet of its 
wae to ind4utrial use. Lapu-Lapu has 30 per oei. of its; pobla
ion developed to oooercial and industrial activities. Xa Coft-

Postela, onI,7 3 per cent of the poblacion is used for light indus
trial and oomercial activities and the rest includes residential 
units. 
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PubiotL-it~iR*In general, the projeot area hage an of
fioient road s~ystemi and adeqta'to traneportation system. With
 
Cobu City a~s oontral point, the3 road network otretches to the
 
ajuthernnoaut and northnrnnoct point,%i of the provinoe.
 

IMO Port of Cziaug the 1!so-bn Internatimcm2 Airport an&~ the 
Open 1 Tnio 2ridgra hava bcon cigzifioin- faAotors in the reoent 
dOVOlopmt'-nt of ccznroo and trafto Jn tha projoct area. The port,
the cm=rrj'o mcorna 1izjgoe-, continuca to mm~v as key link of 
foraen trada in the VirzcyRa r-ad lV1ndanao flegicn. (Cia of the 
lon.gust bridgoo in Vt3 vvant, tT1h O-r-;Hcndaue Bridpe ma~ws 
poosible ore-u t--ipa bt-,;o-a t1ho 1HeJ~idd aid R!actan Ituland. The 
Z1a cirport ic m3 of tlhe cocimtv.-co 2 intornational airportu. 

,Yam virinoa ir a priority area under the Philip
pins touri"r prog-a-m :-:s d-,laown will be oonoentrated In the 
proj~cb area a thea best tour5.nt o~ots of the provinoo ame found 

therolm, 

Uao rxrojoct &~ran fiand out P,- a touriat attraction primarily
IbScanc-7 of itsi h-In.torica3!q~ci Tha bost-kn=a tourict
 
epoba in Cz)z u City 'n;:32 crwmi
Crc-jbclising th3 cociing of 
Mariatic~nity to tllao in th oiUonI omntuzy, Roilios 
Ninoro dol fkrnto ili~o 1~z-xcz, t~t cc'=nt~e.i oldast roligow re
1103, c 0''orn Pz"1o n P'1=-%Tmdn cia, In Lpy-Lcaiup ano
ther lxiotc:-iocl tc=-'ist attraotiton is the Lapiw-L&X3- Mmonnt* 
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CHAPTM IV EXISTING WATER SUPPLY FACILITIES 

A. 

an the basis of studies made on the first 5 cities of this
 
10-Provincial Water Supply Feasibility Study, the following have
 
been found to be the oo.-'on problems to all water supply systeams. 

InsUlatmveML 

In gweneral, the syst= consist of inadequate mains and sto
rago faoilities, poorly deoigned and maintpunsd pump or w 
 ll sym
teas and incufficient distributlon systems. Pressures am very low 
particularly during the pak houra. Servoe is non-exiutent during
fire-fighting situations and, in general, there in no ccntinuo 24
hour sarvioco 

Water Is geerally bacteriologioally unWo. many opprtuni.
ties for cross-connections exist. soanae of the marinally lo 
pressures badck-ip can easily occur. Chlorination equipment
when availaeble in not generally in ur,. 

Until reoently, authorities have tolerated wastage of water 
So f, there has been no prior loakage survey oonduoted in any of 
the waxer districts except during the study. Financing in poor;
collection is lov. There is hardly any enforcement of penalty.
In Ssneral, there is no master plan, little maintenanos and opera.
tion, and hardly any operator training. Reoordbeping is abioat 
non-existent. 

Bo EXISTING WATERWORKS FACILITIES 

In the projecat area, oily Cabu, Mandaue, Lapu-L= antd C
postela have piped water. Consolaoion has no publio water systen;
Liloan's public water Wystem is in the prooss of crnstruction. 

Cebu and Nandaue share one public water system originally built
in 1911. It underwent three stages of source delopments the Dw
hisan River in 1911, the Hagubiao SpritS in 1934, the 26 deep wells
in 1958 and in 1964, Twelve additional malls are under construction 
at present. (See Figure IV-i.) In 1974, the water system was turn
ed over by the Cebu City Government to the Metropolitan Cebu Pater 
District. 
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The rMbic water system of Compostola was dvelqea in 1939;
Lspu-La&P's system was establielvd in 192. Liloan began the
 
construction of its water system on17 in 1973, which will be turn
ed over to te XCID upon its completion.
 

Wter boaxI (Source) Jacilltig. 

Te main souro. facilities of the Oebu.4Wame water system
 
are the Buhisan Dam, the collection chamber at Haubiao Sprint

and 26 deep wll. The Buhinau D= is a omorete arch struoture
 
that can ouly impound water up to 0.23 million ou. The raw water
 
main, 350 m in diameter and 3,5 km long, oonveys water from the
 
DUhiBn Dan to the tis&treatment plant* (3" Pig a m-.)
 

Spring water at aaubiao in first collected in reinforced 
concrete chamber and then pTnod into the system through 4-unita 
pumpine station. (See Figure IV-3.) The 26 deep wells vary in dia.
meter from 125 nn to 200 mm.and 250 nu; have 20 adepths ranging from 

to 105 m; and actual pump 6ischarge rates of 0 to about 30 ips.
 

Lu-LoW derives its water upply from g wells .ich are pemated
alteately. (ComPostela'a wapply source a w&arin spring from %tic& 

is collected in a 300 C= storage tank before it flows into tke syg.

te. Lila= also has a spring as its principal source. 

Treatmt F'acilities 

The Tis. Treatment Plant treats impounded surface water frm
 
the Buhisan Dan. Treatment processes consist of coagulation,

sedimontation and filtration. Flow measuarements taken from the
 
raw water main 
range from 5v,700 to 7,000 onmd. The facilities
 
include a chemioal feed facility, 2 sedimentation basins, 3-ba
 
rapidmnd filter, an open top storage well, I wash water 
tank and 
baokAh'pimping system. The chemioal feed facility accomodates
 
4 lime/alt, feed tanks and chlorination facilities. (S"ePigue IV-4.)
 

Water from the Hagabiao Spring iz ohlorinated water from the
 
26 deep wells is untreated.
 

Water Rnmission Ling 

In the Oebu-Kandaue system, the tveated water from the Tisa

plant is ocnveyed to the service area through 
a cast iron trans
mission main, 4Wmm in diameter and 2.3 km long.The treated water
 
frmofagubiao is conducted to the city through a cast iron pipe, 350 
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in diameter and 11.6 km long. 

Compotela's existing transmission main is a 100 mm diameter,
7 km long cast iron pipe. In the Liloan water system, water will
flow by gravity to the service area through a transmission main.
Lapu-Lapu's well is directly oonneated to the distribution system. 

Water Distrbution Sptem 

A summary of the distribution systems within the present MCWD
service area is listed in Table IY-l. 
 At this time the MCWD sup.plies 42,790 cumd of water to about 227,000 consumers through 98km of distribution piping. 
A brief discussion is presented in the
following sections on the distribution systems of the component

cities and municipalities.
 

CLb., The existing distribution system is shown schematically
in Figures IV-5-a, b, a, The initial construction stage for the
Cebu distribution system was in 1912 when the Tisa transmission line
brought water from the BIhisan River by gravity flow to the core
city area. 
By 1932 some 27 km of pipes was in place. Virtually all
of the distribution pipes were 100 mm and larger in diameter. 
Of
the 76 km of pipes in place today, 6.2 km or 8 per cent is less than
100 mm in diameter, and 36 per oent 
is at least 43 yea.rs old. 

The maximum total water supplied to the Cebu dintribMtion system is 35,920 cumd, assuming the following productica:
 

19 wells, operating 23,900 cumd
 
Tisa Filter Plant 
 7,840 " (varies)
Hagubiao Spring 
 4,180 " 

(Hagubiao produces a total of 8,710 cumd, with Mandane consuming 49530 cumd.) 
Often less water is delivered to the systembecause of pump failures at the wells and Hagubiao pump station;
and during the dry season the supply to the Tisa plant reduces to
1,000 cumd. 
Hydraulic tests have been performed in the transmission
 
lines from Tisa and the Hagubiao Spring. The 350 nm line from Tisa,
which was constructed in 1912, has a Hazen Williams C-value of 83. 
7s350 mm line from Hagubiao, installed in 1928, has a C-value of 71. Bothlines are made of cast iron and show considerable loss of carrying

capacity. This loss of carrying capacity is not unusual for pipes which
have been in servioe for over 45 years. It is likely t h at 
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mallor pipes of similar aW within the distributio maytem bays
severel reduced oarying capaoity and little useful life remaln
ing. 

2he Cei sysem has 3 storage tanks - a 190 om tank voaw theCapitol, a 75 am facility at Tasmbaus and111360 am Iasilaa
Tank near Lahuao The Capi'tol tank has beem taken out of servIce.Beoause of the shortage of water in the Cebm area, it in no* posiblito fill this storage tank. The tank at 2alamban serves a small areaoasiatiag of 110 connections. Tho Talamban "en in not couneted to the Cebu distribatin sstem; it serves a isolatedeorvioe area. 

Se Basilan storage tank in being omepleted. .h tank is atan elevation over 100 a. Tw overflow ele*tica is apnwopmtely110 m. A 300 m pipeline omnnets the tank to the distribation
stem near Camp Laym-Lapu. A pmp station is planned at the point
of commotion to pup the water 
into the storage tank. this facility in p~ly designed - the bydraulio grads line it will establiek

is about 40 m higher than the reommded mxima HRGL of 70 a.Jrthemare, a 150 harepower pump installation is planned, bat tfill the reservoir during an ornight filling cycle requires apump station capacity of 1,200 horsepower. Also, the reservoir has
 no cover to protect the water frm onatmination.
 

83MtOM PrO ssNK" 
1xitixg pressures within the distribution system fluctuate
 over a wide range. Several 24+-our pressare readings wre taken
within the distribution system and are smmari ed belows 

Dmly41m riht4'i.e 

El Filibwuterimw Nay 13 *2.2 0-7 a 0-.7 a 
st (ear Node 55
FiSur IV-5a) Nay 12 0-.7 a 0-.7 -
Jones Avemw Xay 16 12.5 m 1.4-6.3. 2.8-12.6 n 
(near NoOe 139
Figue- IV ) NaY 17 .7-5-.6 .7- 8.4 m 
Den Jil Glarcia St. MW 14 28 m 0,.3,5m 0-%5 m 
(near lodeo 152
Figure -W-5b) ay 15 .7-7 a 3.5-9 . a 
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Beoa" of the shOrtae of water,within the water the XID rations water te aeandistriot. ts is acomplished byiu and closing meansa=m 33 vav02- of .j4 a-Rah rav. is operated Ina a r:c1j
maner; it Is Opned and closed at specified"uses wide rlotutin ti 3 eve day. I Iin

in water preasuro as 31012of Preftsr readiU9g. in tho si ,SOM e o experience negative peures ? iioreasin the possibilitY Oftribtio1 s"te". ocatLuated%eolme water entering the di...of the low press1roa SM.' the rationizUPlant the disetribtion system is of doubtrng utility dring fire 

t he meahcooatedfoedate.old Usage is APPrazimatoly 701 peroon-i-ting. of leakage and,cent of total utrws.water suppliedthe syste. 2" togreater port iiof the unaooountetofo-wat)runecoA4 IsUsae e.timt...
2he water loss due to 

to be 50 per cent of water Productin*.leakage is estimatedthe total rOf ti= 
to be 20 per cent ofbilling of. flon-terej use..Me high Unrecorded usage is do tojjID records 0nder.indicate that of10,60 oomnstiouo theto the Ustei, 5,212water Gounption study of a 

are metered. An intelvemnall afe& Utring April and NqWshoved that meterod Cstomers use 197523 per cent less water thanmetered atomers. u-

The water shortage in Cebu isP"eseo of "borrowers" and the 
emphasized by t h e
sale of water by private vendfts.
T'aulation of dwelling units reoeiving MCIM1 
 water in
study Ars shoved the Intemily.a1'st Mve7 dWm11iD4 Unit connected to ths dis.tribution avatem c;-qanother doelling unit with hand-oarriedwater* (Aal dato- were 30 onnectiossub-ear consists of Mne 

1with 23 vub-iuser..) NaohhouseholdIhe averag with an weragesUb..auzr of 6 membersePays P7 per month to the McMthe water. customer for 

Water Is vvmdstj to customersand in 20 liter oans in bilk quantities b7 tank trucksby tricyojes.Watsao from MOND or 
fte tank track vendoe. btaiufrom their omhotel., industries, deep wells and sell itocmercial to ships,establishmntsSOe or private hoesn.Price of bilk wrater ranges from P1.254.O25/wthe type of cate~r. dependjjig an2he tricycl, vendorshomes at 5-.15/onAu .. il. water to privatedePending an the distance the vendor"I*1h 0ncoMpaison, =at twa-.NWID (RItomereVIGAMlY, pay P0050/ow, of water.water vendors Ob.sare able

Of tUe water shortage. 
to get miob higher prices bsoas. 
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f]i..- Yb. distribution system in Xn ue (Fiagu IV-5od)ws installad in 1933. So entire system consists of 100 mm wsmaller dimter pipes. Sam 4,530 und is delivered to the dia
tritatin system throuO 3 cmneotios to the laguiba traingsioline - 10"s 203, 205, ad 237 in Figur IT-5d. Mre aro -N cneotions to the ast.. t of which 390 ham mters. There is no die
tiibation storage for the Msand system. 

Water pressures are also very low in the cam city wae. A
2+-hmr recording pressue ca sho ed that on lav 13 pressures atthe landavA fire station did not exoed .7m azdfor long peziodo
the pressre was serO. 

Deoxm the Nandame system is only a sab--ysten of the X D,the same teorational and naintenanoe problea discussed for Oebt
 
are applioable to landau.
 

jfgj~jgMi 4. The distribution system for LsUa-Lapu coansamtuateds I Of the 2 .T4 ka of pipos, 9 per nt i lossthan 100 am in diametero Mw distribution Wostea is show inigure IT- 6 . The 2 walls yup about 2,180 and of unahlorimated 
water into the distribution system. 1he system has a 190 amstorage tank looated in 'he poblaoiounuhioh san store 8 per oentof the mrsep daily supply. ftere are 420 aotive coeaneti s tothA system (17 connections have been valved-off) all with flat
rate socovato. 

RThe Compoatela distribution system (Figure 17-6)WAS installed in 1939. Original , water mw supplied br gavrity
from a spring 5o5 be from the niioipality. A 270 mm xtw*4gtank was oonstruoted along the transmiusion line and 1 km ftrm thepoblaoion. So spring y1ild has doasaed in the last 20 yoe,anA the storage tank as been valved-off sine 1960. Yodsy, water
is rationed to 191 service oonneotions t7 valve operation similarto that in 3*bU. A 24-hour reading showed that pressures rangfrom 7 a to 8 a. There are 3 public wells in the munioipality.
vkioh help alleviate the unter shortage. 

1 2he Lil=n distribution system will be comploted
this yew. (See Figure IV- 6 .) te system oonxists of 2.96 mof pipes, 58 per cent of which is less than 100m in disater.Pressures in the uyatem are positive moat of the time but aereduced to so" when the storage tank amptiese A 24whur readingat the City Hall shewed a maximau pressure of 21 a and a minimm 
pressure of 0 when the tank mptied. 
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. t this time t the monilipality of Coemo ioneahas no pablic water xmpply or distribution system. Private wellssupply most of the water required by the residents. A propesedpublic water supply plan for the mnioipality consists of theinstallatim of 6.5 k of piping and the development of the Tills 
Roea Spring. 

f tfoke~oies oV tke .xistb_ Mater S§yst 

3n the Ce water System, 80 per cext of the ShhsnReservoirls original oapacity is filled with silt; ow07 20 per
cet, t1 s, is serviceable. Se Plmping units at 
Hagbiao fpringare antiquated and are in oonstant disrepair. All supply gonrosof the system lck control valves and flow measring devices, 

The mall spring whioh in the only source of supply for Goompostela is reportedly drying out. Chloride content of the Lam-
Lapu wells aleady exceeds tho allowable limits.
 

fte Tisa 2reatment Plant is onlY operative from 4 to 8 monthsevery year dwa to lack of raw water supply. It is poorly designed,inadequate and inefficiently operated. 2he plant has no flemea8uring devices. The alum concentration if merely estimated andInoontrolled. So filters are uncontrolled and lack neoessaryAPPartonanoeg for flexible operation. orearer, the filter materialis not of the appropriate sise md gradation to provide optimm
Performane. 
 The bakwash oyste in inadequate; baokwahing doea
not r mev, most of the aoamlated solids on the filter oelia.
Chlerination ie uncontrolled. Cihlorina gas from the storags 
systemis simply allowed to flow under pressure to the solution tank, 

Almost all the water produood ..n the MO area is delivered u*chlorinated. The only existiug treatment facilities oa be found
in the Cefr ardaue area. Threfore, signifioant potential exists

for water-borne disease outbreaks.
 

te existing CebU- dae trnsmission systes is inadequatefor present demands and ham no valves or mters for proper opera
tion. 

Neat deficienoies in the 5 distribution systems within theprOeeut C[W service area are simil. The significant defiolenCi.S are the water shortage, system age, water accountability, inadequate chlorination, and poor design of Wstem improvements. 
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So water shortage aftec.s the system pressures ff.-fitinpC ptential, a4 o ,mwptiekt patterns. BeO e. water mat Uez2atined prssures fluctuate twner a wide range and often -bomenegative. The negative pr9eaures increase the poess'lity of entaminated water entering the distribution system. ae" reosivinCno water are extremely vulnerable to fires until water ervioe eanbe restored to the a&rea. an water district custoers mast nedii
their coMunption patterns b6=snw of the water rationixg. Boe 
got water onlty durning night-t ime bours and others only~ dnring ds'time hOrs. Suoh service strains ny goodwill developed betweencstomers and the water district. 

Potent' al %atercstomers 4ro, in the best of o1romtaaes,sub-usere who obtain their water f dwellings connected to thedistribution mystem. Other potential customers mat pay vendorsexoessive rates for water whiah they could buy from N) at mob

lower rates,.
 

Distni~tlen SWem Ae 

Mhe distribation system for Cebui and XwAguini largely over 40years ld., Field tests show that because of reduoed rring ap&.city the older pipes have likely oontribqat.& to the low pressuresand marginal fire fighting capabilities in thes areas. 

WterALequtability 

Of the aPproxisate tetal production of 40,000 ardt, wy12,000 cmid is actually billed to the oustomerao. Aproxlately50 per oet of the eommeotimo are metered end of these
ore estimated 62 per osat
to function properly. Connections without maters anen-Waotiouing mters are billed en a flat-gate basis, a situation
that encourages the wastage of water. 

Ppoi eI-~ atSstm- IRM OMMOA-4 
Improvements made to the distribution system are peoly designsd. ft improvemonts ad in reoent years illustrate thesituations he Kabole pump station was installed for the purposeof iroving " astepreuares in the Cebu Cntral Distriot area.On its initial operation, the pump station Ympad the Ragbiaotransmission line dry in a matter of minutes. The utation was notoperated again. The present improvement program includes the *torage tank and pump station described in the preceding seotiou ca
the existing distribution system. Both the storage tank and 
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station are bydraulioally incompatible with the existing system.Those improvemnts represeat capital expmiutures that 'ill net
neoeuswilr help in solving the operational difficulties of the 
existing system. 

0. WATER QUALI Y 

Smpl.en were taken from the Cebu- udau and the Lapa-Lq1
water systems. Analysis of water from the Dahisan Reservoir indioated high oolor, taste and hardness while other parameters were
within the aooeptable limits of the Ph.lippine Drinking Water
Standards. Results showed that taste and color of the water were
removed by the Tisa plant although hardness remained. Smples
alwo showed that thlv filter effluent slightly inoreased in tur
bidiv. 

Te 'biao Spring is considered of good q ulity, exoept formarginal excess in hardnes,. Of the 6 wells in ths Osba.. 
system obecked for chlorides, 4 showed exoess amounts* Water fr=
the Lap-Lalt, wells has excessive hardness, calcium end ohlorides.
Field tests indicated that samples fron a public well in Cipetola
and fron a spring in Lila= oontained exoassie ohloridese 

Results of the analysis of the amples are shown in Table IV-1,
and Appendix Table VII-B-2. 
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TABL I- 2 

WAER QUAIlIT TEST RESUIME 
MTROPOLITAN CEBU WATE DISTRICT 

Gtbn4Andmez 3JMtIi 

Locationu Dushan Tica mkgubiao LaN-Lqm
Date oA wb RReseroir Filter Bpzine SyntemSamplineg Limita Effluent (.1EffA 74 Deprj 

Color unit) 15 20.0
Tte (=t 3 

0.0 0.0 0.020.0 nil
Odor ~unitTurbidity unit 5 3.4 7.02 3.4 2.10 

&. Tupt 
 50 421 384 440 1,480.4 

S 7"-8.5 8.1 7.4 7.8 7.6 
a. Phenol nil nil 5.02 26.88b. Nthylorange 213.52 214420 273.73 224.67 

Potal Hardness (mg/i) 280.39 269D60 180.30 502o.2aim (1i 75 50.70 50.70 5070 107.40IagzieiuM *a/l 50 16.8o 22.8 28.9-i 2424[rm 1w/ 0.3 0016 0.05 0.11 0.22M1uozide zi~ 1.5 0.10 0010 0.22mh1oride 1g/200 nil
2.1 8.03 4806 765.931l200 56,50 61 32.5 54.50ritrate mg/a)

ritrite rdl 0e05 nilanganee 1 nil 0024nil 05 nil nilbpper 1/i) 1.0 

wPhilippine National Stqndards 
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:ECLAMATION AREA FROM MACTAN BRIDGE 
FIRE STORAGE RESERVOIR 

ISLAND 

DUG WELL 
IN MACTAN 

PUBLIC WELL AND WATER CANS 

WATER SAMPLING - PUBLIC WELL COMPOSTELA 
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CHAPTIR V FEASIBILITY STUDY CRITERIA 

A. 	 GENERAL 

The 	planning, design and economic criteria used in the 	feasibility studies have been derived from studies of local conditions,
accepted practices, standards and methods here and abroad. These,
together with a developed basis of cost estimates, have been utilized to evaluate and compare the various alternatives identified 
in the course of the study. 

In the alternative analysis and evaluation, feasibility study
criteria need not be as refined as that used in the detail development of the recommended scheme. The 	key point, however, must be
consistency. As long as each alternative to be analyzed is subject
ed to similar criteria (or rules) the screening would be accomplish
ed in a fair and consistent manner. 

B. PLANITING CRITERIA 

This water supply feasibility study has been guided by thefollowing planning criteria (not in order of importance): 

l. Reional Approach: Planning of facilities will be based 
on a regional basis, taking into account for the short
term district boundaries and in the long-term logical
service areas beyond present district or political

boundaries. 

2. 	Sources of Water: Groundwater and surface water will be

given equal emphasis as potential sources of water*
 

3a 	 Self-:Sifficjen2y: The recommended plan will be based on 
a system which would provide the highest quality of water
service within the "ability to pay" by the consumers.
 

4. 	 Conservation: Selection of alternative plans will consi
der water, power, chemicals and foreign exchange as a
valuable resource which must be conserved to the best 
extent possible. 

5. 	 Stage Development: The long range implementation program
will be based on four construction stages to satisfy pro
jected requirements of a specific design year: 

V-1 	 BEST AVAILABLE DOCUMENT
 



Construction 	 Target

Stg 	 Implementation Desi Year 

Emergency 
First Stage 
Second Stage 
Future Stage 

1976-78 
1978-80 
1987-90 
1997-2000 

Continuous 
program 

1980 
1990 
2000 
2020 (optional) 

6. Alternative Plan Screening and Selection 

From an array of identifi idplan alternatives, an in
terim plan will be selected on the basis of least (present

worth) cost and other non-economic parameters. The select
ed (interim) plan will be tested for economic/financial

feasibility.
 

If the interim plan is beyond the customers' "abilityto pay"', ways will be determined to reduce costs to con
sumers such as, lowering initial design standards; post
poning treatment, fire protection for later stages; re
ducing effective interest rates to water districts, etc. 

7. 	 Skilled Inpower .Shortage. The recommended plan must re
cognize, in the short term, the apparent shortage in skill
ed technical and managerial expertise. Emphasis will be

given on the need for district personnel training and
 
certification. 

8. 	 WaterQgality. The feasibility study must identify present
and future water quality problems and make recommendations 
towards providing a 
water supply that is safe, healthful
 
and wholesome. It will develop conceptually long range

water quality management plans to conserve the integrity

of this valuable resource.
 

C. 	 DESIGN RITERIA * 

Unit Water Demands
 

Average per capita domestic water consumption has been esti
mated for the project area, using past and historical water use

records and those from similar cities. 
For 	the analysis of existing 	and current conditions, actual metered (or 	connected) customers
and"borrowers" are considered separately. However, for near- and long-range planning, it has been assumed that "borrowers"
will eventually become metered consumers. 
Per 	capita domestic use
 

* Refer to Appendix V-A. 
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AL . 

has been increased each year to account for economic growth within
 
the community. (See 
 Chapter VI for detailed unit water demands.) 

Institutional mid commercial water demands have been estimated 
as 	a percentage of domestic demand. Where no zeliable records are
available, a unit flow of 5 cum/day/ha (gross) has been used. 

There is currently little or almost no heavy and/or "wet" in
dustry in the project area. Land zoning plans, where available,
show those areas dosignated for futuve industrial developments.

Where no records are available, : unit flow of 10 cum/day/ha has
 
been used in the water demand estimates.
 

Demand Variation
 

Maximum 
 daily and peak hourly demands have been estimated fromavailable records. For the basic analysis of the water supply fa
cilities, the following ratios have been used:
 

o 	 maximum day to average day ratio = 1.2 
o peak hour to average day ratic = 1.5 - 2.0
 

Unaccountable Water
 

Review of the available records and consumption patterns indicate
present,unaccountable water to be in the order of 50r or more of the
total water production. For preliminary design purposes, it has
 
been assumed that:
 

o 	 unaccountable water will be reduced gradually as positive 
improvements are added to the system. 

o 	 by 1990, unaccountable water will be about 25-30% of the 
total water production. 

o by 2000, unaccountable water would be reduced to 20-25%.
 

(thaccountable water includes leakage losses and unrecorded usage.)
 

D. ECONOM.IIC CRITERIA 

DiscountRate
 

The opportunity cost of capital or discount rate proposed for 
use in this feasibility study is l12/. The discount rate will beused for economic screening of the technically viable alternatives.
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Two other rates have been developed: borrowing rate and so
cial rate. The "borrowing rate" ranges from 9.9 to 10.2 per cent 
depending on the proportions coming from both foreign and local 
sources of financing. "social a low rateThe rate" is interest 
such as those grzmnted by financing institutions (Social Security
System) for iw cost housing loans. The "social rate of time pre
ference" in the Philippines is now estimated at 6%. 

Inflationary Trends 

Over the two decades preceding 1970, the Philippines had en
joyed quite a reasonable decnree of price stability, marred only
by a brief period of inflation resulting from the 1960-62 devalua
tion. 
From 1959 to 1969, the Philippines experienced an average
 
inflation of 5% per annum. 

However, the pace of inflation from 1969 to the present has
 
been at 
least double that of the post-1962 inflationary period.

Political unrest, extraordinary monetary expansion in 1969 (elect
ion), typhoons, plant diseases, floods and a second devaluation
 
ez'ly in 1970, and lately the oil crisis and worldwide inflation
 
explain the greater severity of the recent inflation. Price con
trol policies failed to suppress the spiralling prices.
 

While it is difficult to separate clearly the effects of do
mestic and external factors in the price level, it appears that in 
most recent years before 1973, external factors played a relative
ly =all role in the price increases. 

By contrast, the larg', price inincreases 1973 were attributable 
mainly to external factors, i.e., the oil energy crisis. In this
 
sense, the inflation of mid-1973-1974 was largely imported. The
 
sharp increases in the price of crude oil, 
 coupled with massive 
price increases in essential imports, primarily factor inputs, ri
gidities attendant to the aforementioned dualistic structure, and
 
the usual reinforcing inflation psychology, 
 have triggered off the
 
almost 40 double-digit inflation in the country.
 

The NEDA foresees that the government can effectively combat 
inflationary tendencies in the economy 'z, much so that inflation 
rate could be broug-ht down to about 12 to 18 per cent for fiscal 
year 1975. A 12% to 18% rate of increase per year may sound op
timistic given recent experiences, but it is not likely to be a 
remote possibility. This is because the rate of inflation in indus
trial countries is expected to decelerate from 15 to 10%. Commo
dity prices after posting substantial increases will start to 
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drop. 

The NWSA 	Water Supply Study for Greater Manila in 1969 assumed
 
a 5% inflation rate based on 1965 prices. The LiUA project under-,taken in 1972 assumed the same inflation rate based on mid-1972
prices. Recent developments such as the large increases in importbills due to oil crisis signify that the 5% inflation rate would be 
too low. 

Projections done in this feasibility study indicate a general

price escalation rate of 12; 
for the 	 :riod 1975 through 1980, and

about 15% 
for the years beyond until 1990, subject to the follow
ing conditions:
 

o 	 no major changes in the structure and stability of inter
national political relation; 

o 	 no significant changes in production technology as to re
duce dependence on oil; 

o 	 no dramatic increases in the price of energy originating
from the cartel countries; 

o 	 the -government will not retrench (i.e.., fight inflation at
the price of the recession that goes with it) as forecasted; 

o no significant oil discoveries in the country and
 
o 
 no 	internal political upheavals of significant proportions.
 

For detail analysis, following rates are suggested: 
o 	 18% - for cost of construction materials 
o 	 101- for wages and salaries (both during the construct

ion and operating phases of the project)
 
o 
6-8%- for the cost of fuel (oil and power) on the assump

tion that the operation is either oil-based or
 
utilizes electric power
 

o 	 14% - for the cost of imported machinery and equipment
(both during the construction and operating phases
of the project) 
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E. BASIS OF COST ESTIM2ATES
 

For purposes of cost comparison, a construction cost index for
water supply projects has been developed, using 1965 prices as the
base (=i00). Unit costs and prices for the water supply feasibility
studies ha'e been projected to July 1976 price levels (-384). 
 The
construction cost index referred to above was developed by classifying water supply projects into general categories, such equipment, local as
and imported; labor, skilled and unskilled; profit andoverhead. To each category, a particular cost asindex developedby the Central Bank of the Philippines was applied. 
The construction cost index, shown in Figure V-l, is a composite curve of these


individual cost indices,
 

Construction cost curves have been developed for water treatment plants, pump stations, covered concrete ground reservoirs,elevated tanks, deep wells and water pipe complete and in place.
Details are shown in Appendix V-B.
 

A word of caution: these cost 
curves are only to be used for
estimating the relative cost magnitudes of the various plan alternatives. Use of these curves expedites the cost comparison andev-luation. It is not intended that these curves be used in the
detailed cost estimates of the recommended plan.
 

Fe CONSMUCTION IC2THODS AhD KAT 'iIALS 

Mhe construction of water supply system components such as
source 
f supply facilities, transmission mains, treatment and distribution systei:' works requires a i.Xe range of construction procedures and specific materials desig6ned for each purpose. Constructionmay vary from the laying of smcl! underground pipelines to the construction of relatively large stiuctures; including the constructionof buildings, installation of complicated mechanical and electrical
equipment, excavation of all ty-pes, construction below ground level, pavement removal and replacement, and a host of other types
of construction depending on the nature, magnitude and complexityof the waterworks project. 
 Appendix V-0 describes the materials
and methods of importance in obtainin. Lhe class of constructionneeded to carry out the intent of the preliminary design. Construction must be such that proper and economical operation is 
assured in order to protect the large investment that must be made
to achieve the g;oal, which is to make an adequate sunpply of safeand potable water available to the people, within reasonable cost. 
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eI'tT 

as M".90- TITTION SCITADULE 

For purposes of feasibility study and economic/financial

analyses, an implementation schedule hah,been assumed. This
probable time-table which covers the plaauing, n1-i n and con
struction phases is shown as follows : 

Submission of Final Report of
 
Feasibility Studies 
. . . . . . . . . . July 1976 

Acocptance of Water District, LWUA and
 
Other Governmental Agencies . . .
 . . . . Sept 1976 

Submission to Loan (Financing) Agency,

Select Design Engineer . . , , , • • 
° • Dec 1976 

Start Final Design . . . . . . * . . . . June 1977 

Complete Final Design; Prequalify

Contractor..... 
 e • • .• . Mar 1978 

Start Construction . . . . . . . . . . . . . . June 1978 

Complete Constnicticn (simple structures) . June 1980 

(co=plex Structures) .. June 1981 
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CRAP!E V1 POFULATION AiD VAT DMn PROJECTIONS 

A. IMTODUCTION 

Projecting fut'ae conditions han one epacifio application: toestimate trends into the future. Whether it is called forecasts,
extrapohtionc, etinmates projections,e it oonsinU merely of
extending soze recorded pattsrn of growth from the past into the

futuro. To e-oopliah euch goal, it beomes neoessary to outline 
a 
cour e of vital events by nean of assummtions. Any caloulatiame,
for example, cf future population are, by their natnzt, bgpothetical.
As actual predictiens, thoy usually trrn omt rather poorly. However, experience in rmy en ineering projects shows that it in more
vorthxhile to. inmstigzte or evaluste po3sible impacts an the proposed erlo of a different future condition of growth rate than
what has been projeoted rather than opend too much timeto and ef
fort on the projection itealfe
 

B. POPULATIOT PRO ECVIMO 

Populaticn projeotions hc-s taken into account individuml past
populat.en trends in 'he commcent cities and municipalities of

the project area, p.yeical 
linite of the urban areas, current aa
propoaed transpart facilitis, rogicual infrmtruoture, schools and
collegeo, military installaticus and ntional offioeSo 
 Me project
ed lan, me ef th3 project area is ahbor In Pigmr YI-l. 

P:y! %!~atirremda indicate that ithin the present and futweeervita exem, population wurld increaase fre 444000 in 1970 se
1,129,300 in the "ear 2000 eith Calm City acccurtine for about twothird of the total. (. FiS re TI-a, Tables V-1 and VI-e.) Se
growth rate botmoen 1970 end 1980 is p7ojeated to * uerape about 3.6 per c-.n% per anna t;hile the grcvth rate between 1580 and 1990 is
projected to bo 3.1 Mer cent. Growth rate for 1990-2000 is 2.7 percent. 11mando han the projqcted higheat grouth rates, Average
densities Will increae from 36/0a in 1970 to 4)aut 90/ha in the 
year 20C0. 

Of the total project area population, thhe eerved population isprojaoted to represont 55 per cent in 1980, 70 per cnat In 1990 aM85 pr csnt in the year 2000. (See Tables VI-3 and VI.4.) %=g,
th* acrwd poptilation weld inareaze frm 190,190 in 1970 to abottt6059000 in 1990 and 960,000 ii the year 2000o This represents a
five-fold increase in 30 years. 
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TABLP VI.-1. 

POPULATION - PAST RIDS AND PROJECTONS 
I'ROPOLITAN CEBU WATER DISTRICT 

Yoar 
Popul.- Density 
tion Pt% 

growth 
Rate () 

Popula-
tior 

Denisit 
Ae~ 

Growth 
R a "0t) 

Popula,-
nm 

Density Growth 
&~~ Rt 

1948 

1960 

14,103 

213,100 

78 

18 
3.5 

3.0 

7$215 

13,608 

2.1 

3.9 
5.1 

8.o 

148,324 

226,708 

28.4 

42.8 

3.5 

3.5 
1970 290,325 161 309427 84 320,752 6o.5 

2.8 70 30 
1980 

1990 

375,500 

464,000 

209 

25 

2.2 

1.7 

59,800 

107,000 

17 
6.0 

31 5.S 

435,30 

571,000 

82.1 

108 

2.6 

2.4 
200 543,300 302 175,000 50 718,300 136 

Popula.. Density Growth Popula- Peneiiy Grafth J'opta'. Density Growth 

1948 8,120 16 6.3 6,800 4.0 16,920 6.8 

1550 

,4,70 

1580 

17,178 

38,532
•6.0 
69,oo0 

34 

76 

137 

8.0 
9,800 

16,200 

26,400 

5.8 

9.6 

15.7 

5.2 

500 

26,978 

54,732 

95,400 

12.3 

25.0 

43.6 

7.4 

60* 

195o 102900 202 3.0 39,oo0 23.2 14 -0 83,7 

2000 137,000 271 O 
58,000 34.4 195,000 

o 
116.0 

34.03 

Inoluda the p oablion (wal a2 hub). 
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Year 2000 &ctmlan 
A26Egg A - 1512 h% Amu1,775 b& 

1=~ 
populb.
iJa. 

Dmnit Growth 
(E6L BabJ~M 

ftqpuap-
-*on, 

Dansity
(&a 

Growth 
Rate 

Popul&- Density Growth 
UM CPWLI&.tL(i19) 

1948 2,122 8.2 2.5 5,838 3.9 2.6 7,960 4.5 2.4 

1950 2,812 10.8 7,668 5.1 10,4&0 5.9 
4.0 5.5 5.1 

1970 4,152 16.0 13,168 8.7 17,320 9.8 
3.5 4.5 4.3 

1980 5,850 22.5 
5.0 20,400 13.5 

4.0 26,250 14.8 
4.3 

19)0 9,600 36.9 4.0 3o200 20.0 4.0 39,800 22.4 4.0 
2000 14,200 .54.6 ,4,70O 29.5 58,900 33.2 

=A-Q7 ba A 1,-0 a nfe= 

,j 
Populam.
U I 

Density
L 

Growth 
RUtion 

popula-
*Zs 

Dansit 
(PAS 

Growth 
%b ) 

Populs- Denait 
tiB 

Growth 
we~&it 

1941 1,572 3.3 
34.4 

1,450 7.6 
2.5 

3,0, 4.6 
2.7 

1960 2,290 4.9 
3.5 

1,930 10.2 
3.0 

4,220 6.4 
3.2 

1WO 3,2!0 6.8 
3.5 

2,600 13.7 
30 

5,810 8.8 
3.2 

1980 4,500 9.6 
4.0 

3,500 18.4 
3.0 

8,000 12.1 
3.6 

1950 6t700 14.3 4,700 24.7 11,400 17.3 
4.0 3.0 3.6 

20033 lOto00 21.0 6,300 30 16,300 24.7 
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TABIS VI-1 (Cat.) 

rear 2000 Rtemn Tgos
-1, 1.29 ha 

Popula,- it growth Popula- Density Growth Popul&- Dousity Growth 

1948 3,351 33.5 
0 13,330 10.3 

3.25 16,681 .2-5 
2.5 

1960 3,321 33.2 
2.5 19,300 15.0 

5.19 
22,621 16.2 

4.8 
1970 4,142 41.4 32,010 24.8 36,152 26.0 

3.0 4.0 3.9 
1980 5,600 56.0 

3.5 
47,400 36.7 

3.5 
53,000 38,1 

3o5 
1990 7,800 78.0 N6,883.0 51.8 

3.,0 74,600 53.7 
3.0 

2000 10,500 105.0 89,500 69,0 100,000 72.0 

agE2000 Rdgoiga 

Popula.- A~~aL€
Density Growth m.

Popula-
40

Density Growth Popumep- 12
es Gramtk 

1948 2,046 5.1 
0 

3,454 4.0 
4*0 

5,500 44 
2.7 

1960 2,019 5.1 5,531 6.4 7,550 60 
4.5 4.3 4.3 

1970 3,141 7.8 4.0 8,459 9,8 
400 11,600 9.2 

4.0 
1980 4,D60 11.5 

600 
12,500 14.5 

4.0 
17,100 13.6 

4.6 
1990 8,200 20,5 

5.0 18,500 21,5 
4.0 26,700 21.2 

4.3 
2000 13,400 33,5 27,400 31,9 40,80 32.4 
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TABLE VI-2 

StMMUT - POPULATION1S IN PROJEM~ AREA 
ENPROPOLITAN CEBU WATER DISTRICY 

0ebt gdekim cvau&R 42 qg. To tal1 
1948 148,324 16,920 16,681 5,500 7,960 3,032 198,417 
1960 226,708 26,978 22,621 7,550 10,480 4220 298,557 

1970 320,752 54,732. 36,152 11,600 17,320 5,810 446,366 

1980 435,300 95t40 53,000 17,100 26,250 8,O00 635,685 
1990 571,000 141,000 74,600 26,700 39,800 11,400 865,364 

2000 718,300 195,000 100,000 49,800 58,900 16,300 1,129,300 
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TABILTI-3 

POPULATION SRVI) EST1KA 
NNTROPOLITAN CU WATR DISTRIOT 

0dm-imOtbe6 mm lowue 

Ctu~Cj~v i.P2o ) 2-921 a- MIX01(3.500y)PqblaMotn (1q3U5 kR) gids PB~AoIMI (I540 pA) 
12 M4 Ir frgP 5omerd ma Serve Servd 

1960 

1970 

2139100 

290,325 

75,435 
166,000 

25 
57 

13,600 
30,427 

-

-
-
--

27,600 
53,180 

15,120
24,80 

55 
47 

44,230
72,440 -

-
-

1980 375,500 245,000 65 59,800 189000 30 89,550 54P000 60 110,200 33,000 30 
1990 
2000 

4-4,000 
543,300 

3709000 
515,000 

80 
95 

107,000 
175,000 

48,000 
113,000 

45 
65 

134,300 
185,000 

107,000 
175,000 

80 
95 

159,200 
225,900 

80,000 
157,000 

50 
70 

TABLE VI-4 

POPULATIOK 
X 3FlOOLITAN 

SWm) ESTI]AT 
MUBEWATR DISTRIQP 

1960 2989600 90,600 39 
1970 446,400 190,9oo 43 
1960 6359100 350,000 55 
19o 865,400 6o5,ooo 70 
2000 191290B00 D9,000 6 
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C. DFX&ND FROJECTIONS 

Water supply projections have been based on residential 
commerial/inititutional, ndustrial and unacoounted-for-vater 
demands. Analyses were conciated on metered water use in the 
project area. The projections have considered income levels, 
multi-Camily residenoes, type of industry and zoning. Present 
(1975) and future (1990, 2000) average unit ocnsumptions and ave
rage daily demands are presented in Tables VI-5 and VI-6. 

The per capita average daily water demand, inoluding an allow
ance for unaccountable water, is estimated to increase from 152 
Ipod in 1975 to 267 ipod in 2000. The combined domestio and non
domestio portion of the water demand will also increase from 76 
ipod in 1975 to 201 lpod in 2000. 

Average daily water demand is projected to increase from 
40,500 curd in 1975 to 256,300 cumd in the year 2000, at which 
time over 65 per cent represents domestio demand. 
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TABLE VI-5 

AVERAGE UNIT COtSUMPTION AND SUPPLY REQUMMM
 
METROPOLITAN CEMU WATEI DISTRICT
 

Item/Year 
 I I 2 M 2 

Doesti , lpod 45 135 155 175 
Conmmrcial/IThttional:
 

(%of Domestic) (10) (10) (1o)-
 (10) 
Equivalent ipod 5 14 16 18 

joi17ha) (45) (1o) (10) (1o)(area, ha) 340 355. 755 1,155 
Equivalent, ipod 
 7 10 12 12
 

Sub-Total, ipod 57 159 183 205 
Unaocounted-For-Water


(NProduction) (69) (40) (30) (25)
Equivalent, ipod 127 105 74 62 

Losses, ipod 37' 40 37 37 
Unrecorded Use, ipod 90 65 37 25 

Total Unit Demand/Supply
 
Requirement 184 
 264 257 267 

TABL VI-6 

AVERAGE DAILY WATER

DEMM] AND SUPPLY REQUIREWET PROJECTIONS (C~M)
 

I-tem/Year 1IM 1980 1 20 
Domestic 9,680 47,610 93,800 168,000
 
Comercial and Institutional 
 970 4,370 9,380 16,800
 
Industrial 
 1,540 3,550 7,550 11,550 

Sub-Total 12,190 55,530 110,730 196,400 
Unacoounted-For-Water 
 28,260 37,020 44,990 59,900
 

Total 
 40,450 92,550 155,720 256,300
 

Note: 1Tholudes Oebu City and Mandaue. City only. 

2Includes all cities and municipalities in project area. 
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CHMAPTE VII WATER RESOURcW, 

A. GENERAL
 
The Metropolitan 
Cebu Water District obtains most of itssupply from groundwater sources. 
 The projected waterfor the service areas, requirementhowever, aregroundwater potential. 

much greater than the area'sTherefore,is necessary consider 
in addition to groundwater, itsurfaceto water for future source development, 

B. GROUNDWATEM 

The Metropolitan Cebu Water District overlies a typical coastal aquifer system and derives most of its water supply from groundwater, largely from wells

been investigated 

and partly from springs. Wells have
to be more productive thanconsidered as springs and can begood supplement for surface water supply in the futureimprovement program. 

The geologic section in the a depth of 140 
MCWD has been known from wells to 

study 
m and from outcrops in the hills to thearea. The west of thegeneral geologic section composedis of the following (from bottom to top layers):
 

Cretaceous: 
 interbedded sandstones, siltstones, shales(predominantl), locally carboniferous and local 
limestones.
 

Cretaceous: andesitic volcanic rocks*
 
Miocene 
 : shales, sandstones, conglomerates, limestones.
 
Pliooenet-Pleistooene: Carcar formation, transgressivet

coralline limestone with sandy, gravelly andrubbly beds; and its clastic facies.
 
Recent 
 : alluvium and beach deposits.
 
Auifers. 
 The aquifer systems of interest includeformation the Caroarand alluvium, both widespread inunits have the study area. Thesebeen examined from available information on existingwells and springs. 

l igure VII-l is a location map of existing wells andAppendix Table VII-B- springs.is a summary of aquifer dataAppendix FigureuVsI.i-.. on 102 wells.2 and 3 are stratigraphic logswells. Appendix Figures VII-B-4, of typical
5, 6 and 7 are geologic cross
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sections (their location is shown in Pugure VII-±). 

Based on the cross-sections and the well logs, the wells 
are produoed from the Carcar limestones and interbedded gravel 
in inland areas and from gravel ,and sand beds near the shore. 
Data available on 17 wells show the following specific capacities 
(pumping rate divided by drawdowiA): maximum, 8.6 ips/m; ave
rage, 3.1 Ips/m; and minimum, 0.2 ips/m. These imply aquifer 
transmissivities of about 1,025 sqd, 375 snrd and 25 sqmd, res

on the wells of the San Miguelpectively. A reported pump test 
Plant in Cebu City indicated a high transmissivity of about 

These figures show an aquifer system of variable1,700 sqmd. 

characteristics. The productive wells will be able to produoe
 
more than 30 lps; most of the wells will produce more than 15 Ips
 
and other wells will simply not produce enough water supply.
 

The coarse-grained deposits of the Kotkot and Mananga Rivers 
are also potentially good aquifers in the study area. It is pos
sible to catch most of the low flow of these 2 rivers with a 
series of shallow wells that can induce infiltration in the coarse 
gravel aquifer of the river channels. If these wells are of ade

quate sizes, enough water will pass downstream tc recharge the 
aquifers supplying downstream towns such as Talisay. 

SprIM Springs occur whenever a water table intersects the 
land surface or whenever a natural conduit extends t o 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 under
lying impervious bed, where erosion incises the land surfaoe* 
Thus, they tend to occur in gulleys or canyons. 

Springs occur at many places in Cebu island. They tend to be 

concentrated in the coastal plains around the periphery of the 
island between the mountainous interior and seashore. A Bureau of 

Yines recomaissance survey in 1972 noted springs at about 30 dif

ferent locaiions, with measured yields rarning from 25 cumd to 
65,450 cumd. 

In the MCWD, there are several springs generally occurring in 
the Carcar formation. In this chapter, the Hagubiao, Liloan and
 
Gompostela Springs are disoussed since they are partially develop

sources. Other smaller springs relevant toed as public supply 
this study, namely Puipugan Spring and Danao City Springs (out
side MCWD) yield very small quantity of water and Tisa Springs 
have alreavy dried out. 
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Hubiao Bpring. ° his is -the largest known spring in the
 
MCWD. 
 (Chapter IV describes the existing facilities in the 
spring.) The spring emerges at an altitude of about 4 m above
 
sea level in two prominent outlets a few meters apart. The dis
charge cimbines in an adjacent small pool from which it flows to
 
waste through a channel meandering to the seashore, about I,500 m
 
to the northeast. Available drawings suggest that a temporary

gaging weir was installed in this channel in 1922. 
 burviving

records dated September 1922 show observations on the spring
 
yield: 28,590 cumO and 24,620 cumdo
 

The pumping station which was constructed in 1934 ]as had
 
minor structural modific;tions and numrcuz nmajor revisions 
to 
pumps, engines and piping. Records sugigest that there bave always

been 4 pumps in tha station, each with nurial capacity of about
 
59400 cumd. 
 All spring yield in excess of Tvmp capacity flows to
 
waste in the original spring outlk chazinel t the sea. There are
 
no operating records on Tho pump station to eroit accurate esti
mates of either spring yie>d or cpiLntity p70;'med to the city over
 
the operational history of the facil-i':y-. Howemver, 
 the technical 
staff associated witY. the syst -m for many years has reported an
 
obvious long term decline in yield.. They havve indicated that the
 
spring yield has normally app3ared to fluctuate directly with the
 
seasons, 
 such that it is umually possible t6 operate 3 or 4 pumps
only during the rainy months wlhile spring flow is ina~equate to 
support this rate of pumping; in the drier periods. 

Mere are no oparativw flc. azuirig fac'ilities on any of 
the 4 pumps at Ha-u.biao or to determine the volume overflowing 
to waste. Accordingly, zs part of this investigation, pumped dis
charge was measured by installing a pitotmeter in the 350 mra dia
meter main (dichare line) jut outside the pump station. A tem
porary gaging weir vls instailcd in the channel,i ;'pring overflowv 

to measure the sprinroverflow. 1'ota.yields were determined on 
2 dates and are show.n -,; folicws: 

Date Pu2rpcud DicchiyT. CO, 21o Total Spring 

17 Apr 10,380 3207C 13,450
 

1 c7C3 ,ay
1,,0 13,000 

(.a.s v'ne 
the other two were put out cf scrvice for repair. 

On these 2 dates, 2 (num;hxrs 3 4) were operating; 

If the 1922 (rainy zearon) flow observation reuords are 
accepted as correct, the dischar-e measured in April 197eug
gests a reduction in yield of about 50 per cent over the 
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intervening 53 years.
 

As discussed, data available are insufficient to permit defi
nite quantitative analysis of the factors contributing to this
 
apparent decline in flow. However.° given the length of time it has
 
supplied a substantial fraction of the city's water and its present

measured yield, it may be reasonable to expect a change inyield

relat.rely slowly from year to year, If the spring outlet struo
ture is cleaned to insure that the yield is not being locally
restricted by accumulated sediment and the flow is regularly

measured and recorded, it may be assumed that the spring can yield
about the observed 13,000 cured for the short-term future (5years)

and from then on, the longer-term trend will be determined.
 

Liloan Srin, The Liloan water supply, which is under cons
truction, is derived from this nearby spring estimated to produce

from 1.350 to 4v000 cured, From a brief examination, the lower
 
quantity is considered more likely., This spring is not considered
 
suitable for long term local supply to Liloan.
 

Compostela Spring. Water supply for Compostela isderived in
 
part from a small spring with a measured discharge of 158 curede
 
This is too small to be considered in an integrated water supply.
 

Wells (Cebla CitLy4_andaue Area). The MCWD water supply comes 
mainly from wells. In the Cebu City-Mandaue area which is the
 
most developed area in the MCWD, current yield of the operating

MCWD wells is estimated to total about 25,000 cumd. Private wells
 
in tie area are estimated to yield 11,000 cumd, about 4,000 cumd
 
of which goes to one particular consumer. In addition, Hagubiao

Spring provides about 12g000 cumd but it iz located 3 km northeast 
of the area of high well development and its recharge area is,or 
originally was, separate, Thus, the area of major pumping, about 
10 km along the coastline, produces about 36,000 cured of ground
water which must be supported by the recharge area directly inland. 

The recharge area is essentially the belt covered by the Car
car formation and the Recent sediments (although a small amount of
 
additional recharge mauy come from the older rocks to the northwest
 
and additional recharge is derived locally from infiltration into 
the coastal limestones and gravel from rivers with catchments in 
the mountains). This area is boundid by lines perpendicular to 
the coast and 10 km apart, within which pumping wells are concentra
ted. This area comprises about 50 sqkn. 

The average annual rainfall is about 1,600 mm distributed in
 
a short dry season and a long rainy season. Considering the nature 
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of the aquifer outcrop area, and increasing the allocation of rain
fall to oompensate for additional recharge from imported water from 
the northwest, allocating 10 per cent of rainfall or 160 u/yr to 
recharge seems reasonable and will result in an =inual estimated 
recharge of 8 million cum or 22,000 cumd. A portion of this re
charge water must be allowed to flow to the sea to preserve the 
seaward groundwater gradient and prevent the intrusion of saline 
water into near-abore Ills. Normally, a little over 80 per oent 
of the recharge can be safely pumped in such a situation without 
requiring erten3ive measures to provide protection from saline 
intruxion. This would indicate that the 10-4m zone would sa=ely 
produoe about 19,000 camd of groundwater. Since the aquifer sys
tem obviously has been overpumped and saline water has intrudedt 
it is suggested that withdrawals be limited to about 15,000 cued 
or less as soon as possible to permit at least partial recovery 
of the aquifer. Thece estimates of safe yield are very rough and 
are based c very limited date. Howver, this observation is sup
ported by an analysis of the progressive aquifer salinisation and 
loss of piesometric head that reflects current gros overpumpinig. 

ProMrssive SAlInisation. The Coba City area is typical of 
many coastal groundwater provinoes where recharge from rainfall 
and from streambod infiltration occurs. the ooastal groundwater 
flows through alluvial and bedrook a&uifers-to the sea, the flaw 
being at about right angle to the general direction of the coast
line. Thus the area can be oonsidered a oorridor of groundwater 
flow extending from the mountains in the northwest to the sea in 
the southeast. This corridor is about 10 km wide from the north
east to southwest and supplies the major wells for Oebi City and 
Nandaue. D fore significant pumping withdramal! began, this 
groundwater corridor was mainly a stable system with the average 
annual recharge in the northwest balancing the discharge to the 
sea in the southeast. The water table, under this oondition, 
sloped from the recharge area gently toward the sea, with some 
variations in slope resu ting from differential aquifer per. 
mebility. At that time, the water table near the coast was ,vib 
sea level. In some aquifers or aquifer sones probably, even the 
groundwater piezometrio level under the sea was considerably above 
sea level as a result of aquifer recharge and permeability relation
ships. Under these conditions fresh water was flushing the aqui
fers and seawater was kept out. 

As pumping on a small scale began (probably near the coast), 
the stability of the system was upset. Pumping removed water from 
storage, lowering the water table. This reduoed the seaward 
gradient, consequently reducing the flow to the sea. Me water 
table in the pumped area sank until a new eciilibrium was formed 

IAlmost all groundwater was flo.ing to the- sea %,ithsome light loss 

to evapotranspiration where the water table approached the land sur
face and perhaps some loss to springs where the water table inter
oepted the land surfaoe. 
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wherein inflow (recharge) balanced a reduced outflow(sesaard 
diacharge plum pumped water). As rate of withdrawal by pumping 
increases, a situation has been reached where pumped discharge 
currently exceeds recharge. The water table in the area of heavy 
pumping continues to lover to below sea i-vel. The lowering 
table has caused the groundwater discharge to the sea to oeasep 
thus, inducing the seawater to f - into the aquifer and supply 
the pumping demand. In effect, an her equilibrium is establish
ed wherein recharge plus sea ater i trusion into 'he aquifer 
equals pwsped disoharge.1 

This in a serious situation because as the water table (or 
piezometric level) approaches sea level pwmping, the wells tend 
to draw saline water. Likewise, as the water table (or piezo
metric level) sinks below sea level, seawater intrudes the a.-. 
fers knd the handpm, mclls in the area of intrusion Ueoome unfit 
for use° This situation is clearly ahown in the decline in static 
water levels in the wlls near the coast to below sea level. This 
situation is also shown in the progressive salinization of water 
produced from wells in that same coastal area* Recent tets of 
water from 11 wells originally tested 5 yars ago showed sig
nificant increases in chlorides in 10 wells. (See Appendix 
Table VIL-2. ) 

Another fa&'or indicating progressive decline in piesometrio 
levels is the decrease in yield of the gagubiao and Pulpugui 
Springs. This is due to a local water table decline as water is 
drained off by the large groundwater sink under Cebu City. Tisa 
Springs in Oebu City have ben oompletely dry for the same reason. 

All of these factora indicate a pumping rate grossly In ex
oes of reoharge rate. Vbry roughly, they tend to oonfirm the 
previous approximation of a safe yield for this 10 km sone of 
15,000 to 19,000 oumd. 

The basic problem, therefore, is the orerpumping of the aqui
for, that is, pumpage exceeds recharge. However, the solution is 
not to construct new wells inland for additional water supply (as 

In all the previous discussions, recharge has been assumed cons

tant. This is not true, however, because as the levels in the
 
corridor of groundwater flow decline, groundwater will be induced
 
to flow into the corridor from the aquifers to the north and south
 
as neow directions of the steepest groundwater gradients are es
tablished, oonsequently, adding external recharge to the corridor.
 
This effect normally does not significantly change the situation.
 
Therefore, a simplified discussion has been chosen for this study,

It does indicate that the pumping exceeds recharge to the 10 km
 
corridor even more than the effects on the local water table would
 
indicate* It also explains the decline of springs outside this
 
corridor* 
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is being done) because these new wells intercept the same limited

flow of recharge water 
further upstream. FParthermore, new wellswill deprive the existing wells of recharge and will accelerate
the lowering of the groundter levels with consequent ineruased
 
salinization.
 

If a number of the vlls in the conensted pumping area that
 are equal in pumpage rate an thr new inland wells would be phased
out when the new wells are. put .4nto servioe, the oritical situation in the coastal area would to slightly alleviated for a shorttime. The stored groundwater would, thus, tend to fill the be-.low sea level depression in groundvater lev-ls. But as pumping
would continue at rates 
greater than recharv, the situation would 
also continue to deteriorate.
 

The ultimate solution is to rodut puzping in this ez'a to15,000 cumd or even loss to allo4 tho c,-uifer to recover (a longand slow prociso) or, at leca, to prevant its deterioration.

Xeamhile, it is obviously une-oalistio for the XCD to reduce

pumping until alternate ercundrater or 
surface rater supplies are
 
available.
 

Aaanpre So-Itheot of Cem City, the Xanmwa River area offers rprospec.s cf a laru iatrilm aad a less pemanentgroundwater source for NCiD. The iater t-able contours (Figure M1-1)arch in semi-circle around th, point wheir the river leaves thehills, outlining a ground,.ater mound indicative of a large oonoentrated 
recharge area.
 

A test program of 2 test wells in planmed to determine if shallow infiltration wells can recover much of this waters It is ezpeoted tr.t 10 shallor production willa, each producing 19 ipa, canbe installed. All these wells are outside the .WD and might eventually compete with those of T1aliay for tmater srpply when the Talisydemand inorcases and the 7mpinz rate eventually might have to bereduced. Hotvr, MCUD men h.10 allrod e-ploration and planning inthe area because thry anticipate Talisay's eventual membership in 
the XED. 

Half a kiloneter from ths Kananga River, well CMJ-41 encountered an exoellent section and i-m 
 tasted at 38 lps. It is proposed
that 2 production wells, each producing at least 16 lps, can be oons
truoted in this srea, outside the ZCUD. 
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About I km northeast of CBU-41, on the northeast side of the 

3Ilacao River, it is expected that 3 production wells, each produ
on the basis of data from existing

cing 13 Ip8, can be oonstraoted 
within the present MXCD.nearby well. This area is 

Thus, the total additional supply expected from the Mananga 

River area is about 22,000 cuid. This quantity would be oonsider

ed too much for so limited an area although the greater prtion of 

it is expected to come directly from natural or induoed infiltra

tion of Vananrqa River irater and the remainder should be within the 

recharge capability of the area. 

This 8 km-long zone northeastHagubiwo. Pulpugan. Liloan Area. 
spring water.

of )Iandaue currently provides 15,000 oumd or more of 

of the spring yield is used as municipal supply
The greater portion 

supplied to 
to Cebu City-&-andaue and the remaining portion is 

Liloan, with some of it wasted. 

to be close to the safeThe spring discharge 	already appears 
springs are very sensitive to changes in

yield of the zone and the 
appear to bewater table. In fact, Hagubiao and Pulpugan Springs 

due to water level decline resulting from overmpless productive 

ing in the Cebu City-andaue area. Thus, it is recommended that no
 

frm Mandaue to beyond
municipal wells be drilled in this 8 km zone 

springs. If the springn eventuallyLiloan in order to preserve the 


dry up, wells can then be drilled and probably produoe as much or
 

springs but at considerable expense.
more water than the 

area. The Kotkot River area, about 12 km north-Kotkot River 
of Mandaus, also appears to have considerable potential as an

east 
produced from infiltration wells. It is

intensive souroe of water 
10 wells each proanticipated that the river gravels can support 


ducing 19 lps. The water would be derived from river flow by nar

tural or induced infiltration into the gravels. 

construct-Two wells, each producing 16 lps, are expected to be 
south of the river and should not affect the grounded from 1 to 2 km 


water table, :n order to protect the Liloan Spring.
 

The Kotkot River area is expected to produce about 19,000 cumd
 

for the McD.
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Xactan Islaxd 

The effective area of Mactan Island for the purpose of esti
mating recharge would appear to be that area not out off by salt
estuaries or covered by salt swamps. This core area appears to be
about 25 sqkm on the topographic map, bu records indicate that
wells in the southeastern portion of the island are saline and, for 
some reasonthe fresh water zone does not reach to that point.
Thus an effective recharge area of 20 uqkm is used. The estimated 
recharge is 140 mw/yr (oconsidering the flat topography and thin 
soil cover overlying porous rooks and no imported water is added 
to recharge)o The consequent recharge to the island that is of-. 
feotive in maintaining a bubble or lense of fresh water floating
on the seawater in the deep beds is about 7,500 cumd,. The great
er part of this should not be pumped but should be allowed to flow 
to sea to maintain the fresh water lense under the island and to
prevent urther salt water encroachment into the aquifers. Thus,
perhaps.3,500 cmd could be developed safely. The population cur
rently obtaining water from private wells is estimated to be over
90,000o If the daily per capita oonsumption is 20 lpd, the cur
rent private use is over 1,800 cumd. In addition, piped water is
supplied to the city of Lapu-Lapu from 2 wells which are pumped
alternately and deliver an average of about 10200 cured. Thus, the
current withdrawals total about 3,000 cured, almost the full safe
yield if proper well location and spacing were used to minimize 
saline intrusion. 

Under these conditions, it appears that groundwater on tbs

island should be reserved for rural use and the metropolitan piped

supply for Lapu-Lapu should be provided from the mainland as soon
 
as possible. The existing wells for Lapu-Lapu piped supply produoe

saline water which has about 
1,480 ppm of dissolved salts and is 
not generally used for drinking. Many or most of the other wells 
on the island am also saline. If furthe, development of ground
water for interim supply to Lapu-Lapu is a necessity the mai
development should be 3 dug or shallow drilled (15 m) wells located 
near the airport where the groundater, at present, seems of thebest quality. These wells should be pumped at a maximum rate of 
6 lpe and each will deliver a total of 1,500 cured. The existing
municipal wells should be phased out. 

Proposed Test Well Prqgaa 

The proposed test program is divided into 2 phases. The first
phase wi ich is in progress couoerns testing the Mananga River area 
aquifer. Twio 200 mm wells are bcing installed in the gravels of
the active flood plain to a depth of about 25 m and will be tested 
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to assess the potential of infiltration wells in intercepting the 
Manan a River surface flow and underflow, In addition, a pump 
test is planned for nearby well CBU-41 to determine the potential
for production of the apparently favorable section. 

The second phase is planned to test the Kotkot River area
 
greTvels 
 to determine the potential of this area for infiltration 
wells, One or two 150- or 200-mm wells are proposed to be oons
tructed in the Kotkot gravels to test their depth and permeability. 

Estimated Groundwater Potential and Phasing. Under existing

conditions, the estimated long term potential of groundwater in
 
and near the MCUD area for total use includes the following:
 

Xananga River area 22,000 cumd 

Oebu City-Mandauo area 15,000 

Hagubiao-Pulpugan-Liloan area 14,000 " 

Kotkot River area 19,000 -

Maotan Island -3,500 " 

However vital considerations of water requirements, eoonomies and 
timing make these estimates purely of academic interest for some 
time. Groundwater will have to provide all of the I4CWD require
ments until the surfaoe water system becomes operational in 1982. 
The suggested phasing of groundwater exploitation consists of the
installation of filtration wells as required to meet the demand 
along the floodplain of the Nananga River until aquifer response 
to pumping at low river flow indioates that the potential is fully
utilized. At this time, further wells can be drilled to the north-
east of the river until estimated potential of the area is fulfill
ed. After the Mananga River area is fully developed, the same 
procedure should be applied to the Kotkot River area with the use 
of infiltration wells as required unti this potential is fully
utilized. Subsequently, well oonstruction should be extended to
ward the south. Economy of now well field development in the 
Eananga and Kotkot gravel beds, for the kNCD rapply, will be in

sat igated. 
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The possible MCWD groundwater sources in 1982 are:
 

Mananga River area 22,000 cumd 

Oebu CitysMandaue area 

Pre-1975 wells 19,000 " 
12 1975 wells 14,000 " 

Total MCWdD wells 33,000 "
 
Hagubi ao-Pu Ipugan-Li loan 
area 14,000 "
 

Kotkot River area 
 19,000 " 

Mactan Island 1.500 to 

Total (MCUD) 89,500 aumd 

In addition to the 33,000 cumd produced from M(WD wells in the Cebu
City-MandauQ area, it is estimated that abouL 11,000 curnd will still

be pumped from private wells, reaching a total of 44,000 cued but
the system can probably safely supply less than 20,000 cumd.
entire system will still be short of waters 

The
 
It is only realistio 

to recognize that all operational wells producing even marginally
acceptable water will be pumped. 
As a result, water quality in
the Cebu City4iLncaue area will continue to deteriorate until sur
face water becomes available.
 

As surface water supply beco,;es available, the wells(particularly in Cebu City4landaue) should be phased outto allowthe aquifer to recover, to reduce the salinization problem and torejuvenate the aprinoa. 
 In later years, groundwater will again become necessary as a supplementary supply to defer further dam oonstructiono Wells, by that time1 should be phased back into the syster as needed, reactivating the Cebu City-Mandaue wells and not reactivating any NC11D Mactan Island wells at all. 
Iy the year 2000, the groundater availability to CD is 

expected to be as follo.s: 

14aaanga River area 5,000 cued 

Cebu City6-Mandaue area 15,000 " 

Hagubiao-Palpu&-an-Liloan 
area 

o Riverarea 
14,000 
10,000 

" 
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Mactan Island 0 
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C. SURFACE WATMR 

Metropolitan Cebu Water Distriot has 3 maJor potential siiw
faoe water souroos of supply. These are alamban, J otkot andMmanCa Rivers whoao arebasinz located to the north and met of 
Cebu City, as shoim in Nigure VII-2. 

The avera; daily -a.tor demand for the year 2000 has been
estir ,tod to be abcut 255,3'0 oumd. 
 Since yield from grawd&amt rand/or any ene of t:.e 3 rotential Gur.rnaoe water souroes will notb* sufficient to os7pp1y -%his ds3mandl studies an several reservoirsitou have becn ooncluctcd for a stagod source developmsn, 

Approxiwate looations cf tha potential dam-ceservoir sites
in the 3 river basins are Ohc-.m in Pigure VII-e and also listed
 
below:
 

River Lxar~iv Dama Site 

Dllar.n PlaTar Barrio lasaran 
!L-ua,-
 9 Iz north of Tabnoo cuntion 

a) Loer - About I km south of 
Barrio Mulao
 

b) Middle- Abmut 1.5 kom north sf
 
Barrio Nalao

o) Upper - About 5 km upstream of 
Barrio MNalao 

For an inoreasod catchment area, further downstream sites
have also been irren.-igatod in the Kananea and Kotkot River, Jut
foundation r!tterialq a:. thcso sites are found to be unsuitable for

dam construction azn resciroir irytiud-ent. 

A gravity flof diveraion from the Balamban River int.u the
Kotkot b=..n is 
 a topor 1f-Lcl7 feasible alternative b7 whioh

oafe yield of the Kot-ct Rir 5
car b3 igmented. 

P-t% I-corologica1 data utilized in analyzingsafe yieldl'; -? .fmcl:,-no' records of rainfall, stream
flcr and evanoraticn '.lhich i.nro qbtaind from meteorological ata.
tions shc-m 1i h 1.oat.ion r r (Appendix Figure V7I-0-1 and Appendix Tr .e VII-C-l). -rici of record for these statioas " re.lativnl- short rnd data had to t-i e.aronded for applicable staticnse 

oThrocordh for rr~oiafall and e-.,,oration are presented InAppendix Tables and VII-C-3,aI-.-. rospeotively. 
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Stream Flow Data. The available stream flow data at gaging

stations of Lusaran-Balamban River, Mulao-Kotkct River and Con
solacion-Pitogo River, are presented in Appendix Table VII-C-4.
 
Since the period of these stream flow data is very short, it is
 
necessary to extend these records by correlation with rainfall to
 
study safe yields of the soures.
 

Stream flow of the Lusaran gaging station of the Balamban
 
River was correlated with monthly rainfall data of the station at
 
Cebu City which has 30 years of record. The resulting correlation
 
curve is shown in Appendix Figure VII-C-2. The stream flow record
 
with extended data is shown in Appendix Table VII-C-5.
 

This data is applied to the proposed Luaran and Mananga dam
 
sites in proportion with the catchment areas 
to obtain monthly

stream flows at these dam sites and resulting data ar shown in Appendix
 
Tables VII-4-6 and 7.
 

The stream flow of the Mulao and Consolacion gaging stations
 
were correlated with monthly rainfall data of the station at Lahug

airfield, Cebu City, which has 19 years of record. 
The extended.
 
atrc-eam flow data at these stations are shown in Appendix %*L1'ir
 
YLI-C-8 and 9.These flows are prorated for the upper, middle and
 
lower Kotkot dam sites and the results are shown in Appendix

Tables VTI-C-10, 11, and 12.
 

Sedimentation Estimates. Sedimentation of reservoirs for this
 
study is based on measured siltation that occurred inthe existing

Buhisan Reservoir, located west of Cebui City and constructed in
 
1911. The Buhisan Reservoir has had a siltation rate of 2,906

cum/sqkm. This sedimentation rate appears high and possibly caused
 
by deforestation of the catchment area during 1942-45 resulting in
 
-
serious erosion problem. Assuming that the NWI)D and other agen
cies will participate jointly in a soil conservation pro~ect for the 
reservoir catchment areas, a siltation rate of 1,000 cum/sqkm/yeaz
is assumed in this study. 
A dead volume "or 50 years, the assumed
 
service life will be provided in the proposed reservoirs.
 

RiparJan Rights. 
There are no known rights for downstream
 
water users in the Kotkot and Balamban basins, therefore no water 
allocation is made for the riparian water rights during the safe 
yield studies on these rivers. The Mananga River which flows 
through the Talisay municipality, is not under the jurisdiction
of NCD. Therefore, a water allocation in the amount of 16,500
cumd is made from the potential yield of the Mananga River source 
for the future water requirements of the Talisay poblacion and the 
surrounding urbanized areas. 
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Safe Yield Analysis. Reservoir safe yields for the proposedalternative dam sites of the applicable rivers were determined byutilizing the mass diagram method. This method involves plotting
a curve of accumulated monthly stream flow volume at the proposed
site, versus time. Adjustment of stream inflow is made for eva
poration from the 
surface of the reservoir* Demand lines drawn
 
tangent 
to the high points of the mass curve represent rates ofwithdrawal from the reservoir. Assuming the reservoir to be full

wherever a demand line intersects the mass curve, the maximum

departure between the demand line and the 
mass curve represents the
net reservoir capacity :equired to satisfy the demand. Dead storage, 
as necessary for accumulation of silt and the assrmed service life
of the facility, was considered in determining required storage

volume. 

Stage-area and capacity curves (Appendix Figures VII-C-3
 
through O-7) appropriate for the 
dam sites were developed to deter
mine the height of dam necessary to provide the required storage

volume, The total dam 
 height includes allowances for spillway over. 
flow and freeboard, The maximum potential yield of a river is the
demand line which spans a significant dry period and is drawn tangent to the high points of the mass curve. The estimated potential

safe yields of the river basin at the proposed sites with the 
re
lated reservoir volume and dam heights are shown in Table VII-I. 

The results shown for the Mananga dam site in this table art

based on asmnptions that by ological characteristics of iha
Mananga River are similar to the Balamban River. 

The stream flow records show that the annual surfare flow in
the Kotkot River basin is about 50 per cent less than the Balamban
River basin. Therefore, the estimated potential safe yields for 
the Kotkot dam sites are about 50 centper of the Balamban dam sites 
with the same drainage area. 

The minimum flows, reservoir safe yield and dam height require
ments for the selected river basins must be verified during design
stage with actual flow measurements at the selected sites. 
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TABLE VII-1 

POWTAL SAFE YIELDS 

Potential Total 
River Potential Catohment Mean Flows Safe Reservoir Vol (IOo6O) Dam 

_ ~ Jl~A ~ OMDo2aa ActiveTotal High 

jW Lusaaran 63.2 67.5 185.0 154.0 3.1 80.2 83.3 82 

Kotkot (I dam) 

upper 38.5 18.5 50.6 45.0 1.9 65.1 67.0 52 

Middle 60.3 28.9 79.1 73.0 3.0 103.0 106.O 103 

Lower 67.2 32.1 88.0 81.0 3.4 114.6 118.0 96 

Kotkot (2--dams * 

Middle 21.8 10.4 22.5 27.0 1.1 38.9 40.0 80 

Lower 28.7 13.6 37.4 35.0 1.4 47.6 49,0 74 

k m (See Figure 67. 5 72.1 198.0 165.0 3.4 85.2 88.6 98VII-1) 

gotkot .(l da) With Balar.ban Divers.on to: 

Middle 123,5 99.7 273.0 212.0 5.0 174.0 179.0 116 

Lower 130.4 103.3 283.0 221.0 6.0 185.0 191.0 117
 

otkot (2 dams) * With Balamban Diversions to: 

Middle 85.0 79.4 217.0 166.0 3.0 111.0 114.0 104 

Lower 91.9 82.5 226.0 173.0 4.0 119.0 123.0 99 

Acsuming Kotkot upper dam will be built first and the middle or 
the lower Kotkot dam to be constri ,ted later. 
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D.R Site Oeolo 

(a) Kotkot River Basins Three dam sites are under oamideration in this basin. The lower Kotkot dam site is underlainby the interoalated sequence of andesite fIos, audesite breoia, 
some pyroolastics, and highly indurated sandstones and silt
stones. The sedimentary members apparently belong to the upper

horizon. of the whole formation with the basal seotion predo
minantly made of massive ansite flows. The foundation material

beneath the proposed embanknent consists mainly of andesite

flows. The borehole drilling which was carried out in June 1975,

interoepted the fresh bedrock at a depth of 13.4 
m and up to the

bottom of the hole at 34.75 m, it encountered the same andesite

flown. It is estimated that the gr nt take of the 
dam foundation

will be nominal* A larger grout consfimption will be recorded

only where the grout holes intersect a severely fractured sone,

which is not very likely, iwoerr, sinoe no 
major faults or shears pass through the dam sto. The reservoir fB mainly underlain by

the same intercalated PAdesite and indurated sedimentary rooks

similar to those underlying the dam site. 
In apite of the major
faulting in the region where come minor ones have traversed the
 
reservoir, the expected water losses along these fault zones are
negligible. Inveatigation for construction materials for a rockfill dam has shown that eley for the 
earth core, sand and gravel
for filter sections are -Alable within 3 km distance. A possible
source of good rookfill -.terial is the massive porphyritic and.
site some 650 m dowmstream of the proposed dam site. 
Geologic

aetting for the mit,;Le and ipper Kotkot dar sites is likely to be 
similar to that of the lower dan site.
 

(b) .M River Basin: The abutmnts and foundation of
 
the proposed Kananga dam are basically made up of andesite flows
which have undergone regionO metamorphism. Grout take of foun
dation is expected to increase tribstantially in the fracturd 
zones. The andesite rock itue.L is impervious and the grout holesshould intersect the fractures to effectively grout the founds.,
tion. 
The whole reservoir area is praotiMally underlain by the
meta-audesite belonging to the Oretsoeou formation. The upper

reaches, however, of the Fwtanga River are underlain by inter
be dled conglomerate, sandstono and shale. With the exoeption of
clay for an impervious core, all the neoossary oonstruction 
materials for a roctill dam are available within the vicinity
of the proposed Mananga dam site. 

(c) B4lMban River Basin: 
 The Lusaran dam site is underlain by a medium grained andesite in fault contact with the sedimentary formation underlyin, the reservoir and the oatohriont areas. Poundation and abutr.,'nts of tbr propousd dam will be oi 

BEST AVAILA81E DOCUMENT. 

WiI-16 



the andesite. All the necessary oonstruction materials for a
rookfill dam are available within a short distance from the pro
posed dam site. 

Sojismioit'%of the Area 

Active volcanism is entirely absent in Cebu Island. The
known active volcanos nearest to Cebu are those in Negros Island 
to the west and the Camiguin Island farther south, Both these 
areas are at least 100 km away and separated by deep sea water. 
Thus, any activity in these volcanos will not affect the area. 
In the design of earth structures, therefore, a seismio factor of 
about 0.05/g may be enough to oounteract any ground acceleration 
during earthquakes affecting the Island of Cebu. 

D. WATER QJALITY 

Spring water is of good quality except for moderately exoes
sire hardness. Well water quality is variable. Water from uel'a 
near the coast where the aquifer is being overpumped is excessive
ly saline. On Mactan Island, a greater number of wells is pro
duoing saline water. Some well water on the mainland frem lime
stone aquifers is excessively hard but, in general, the remainder
 
of the wells produce good water* 

Surface Water 

Results of physioal and chemical analyses
lamban, Kotkot and Nananga Rivers are shown in 

of water from 
Table VIIi-2 

-
Two 

samples were taken from the Balamban River. The first sample
which was tested in two difTerent laboratories shows excess iron 
turbidity and manganese. Tests on the second sample verify the 
previous results. Analysis of samples taken from Kotkot and 
Manangs Rivera indicates marginal excess in turbidity hardsess 
and iron. 
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TABLE VII-2
 

VATR QUALITY TST RETLTS 

1est 

Location 
& Date of 
Sampling 

-

Allow. 
able 

Limits* 

Balamban Balamban Balamban 
River River River 
Lusaran Lusaran Lusaran 
dam site dam site dam site 
Zlg-74 203274 23-1-75 

Kotkot 
River Nanan&s 
Lower River 
dam site dam site 
2-175 J~.1919 4 

Xananga 
River 
dam site 

PHYSICAL 
Color 
Taste 

(unit) 15 
3 

150.0 15.0 

Odor
Turbidity" 
Solid

5 L 110 - 6 0 

a. total (mg/i) 500 1,24 1 436 440 451 
b. suspended I5175 30 12 

pH 7-8.5 8.05 7.7 7.8 
 8.1 8.0 8.1
 
Alkalinity

a. total (mg/i) 140. 164 162b. Phenol nil 
 0 2 
 8.36 2
 . letbylorange " 94.36 157.77
Total Hardness " 1951 180 2 55 . 94 

Caloium (mg/i) 75 2,31,0Mesirum 50 57.5 57-5 47.1 63.01.0 19,8 22.2 18.10 23.9Iron " 0.3 18 1900 2,8 .8 0Cluoride " 1.5 ,0.22 
 044 o22
Chloride " 200 nil 12 8 4o01 8 

Sulfate " 200 8 
 28.8 155o2 87.5 123.2Nitrate
 
Nitrite
Xanganese " 

0, 0.08 nilOoII3 
 A29. *02 nil 001 
Copper 1I 004 002 

Zinc 5 
 .050 .012 
 *002 

Underlined figures indicate excess over allowable limits.
*Phili~ppne National Standard. 

**Results m not be reliable.
 

IIVAR ABLIE DOCUMENT
 



1.,-


MANANGA RIVER - POTENTIAL DAM SITE 

j 

BALAMBAN RIVER AT BARRIO LUSARAN 

4ea 

.4 . . 

.JJ 

_ ,, . 

-

y . ..r 

"tfok 

.. , 

I 

. . ,,s ' 

, , .~.MANANGA RIVER -UPSTREAM OF HIGHWAY BRIDGE 

KOTKOT RIVER - POSSIBLE DAM SITE 
4,.'/ 



CHAPTER VIII ALTERNATIVE STUDIES 

A. MNERhAL 

Alternatives on water sources, source development, watertreatment, transmission and distribution of treated water are presented in this chapter. Other water conservation measures such as
 
rouse or reclamation, desalinizationt water augmentation and dual
 
plumbing are also included. 

Total water supply to the project area in 1974 was about

40,000 cumd while the estimated maximam daily demand was about

80,000 cumd or twice the available supply. The projected maximum

daily water demands of the project area in the years 1990 and 2000
 are 
186,800 and 307,600 cumd, respectively. The gap between the
 
present supply anud demand indicates that growth in the project area

will be hampered unless new supply, transmission and distribution
 
facilities are planned for immediate construction. 

Potential souroes of water supply for the project area are
ground and/or surfaoe waters. Almost all of the present supply

comes from wells Salt water
and springs. intrusion has been an acute

problem in wells which are relatively nearer the seashore. At present, 12 new deep wells are being constructed in Cebu City and may

increase the total supply by about 10,000 to 15,000 cumd* However,
some of the existing wells subject to salinity problem will eventually

have to be phased out. Thus, addition of these 12 wells in an aquifer
area that is already overpumped, is not expected to increase the supply without subjecting more 
 coastal wells to salt water intrusion.
Nore usable groundwater potential may be found on the northeastern
and southwestern extension of the project area. New wells in the
Pardo area and shallow infiltration wells in the Hananga and Kotkot
alluviums may yield additional water for the service area on an interim
basis. A test well program is being carried out for better deter
mination of the groundwater potential in these specific areas. 

Studies and observations, thus far, clearly indicate that ground
water potential is not adequate for the long term needs of the project
area* 

For the long range water supply needs of the area, the available

surfaoe water souroes were investigated and large size reservoir impoundments were found to be feasible on the Kotkot, Mananga and Balam
ban Rivers. 

Several alternative supply and transmission layouts were develop
ed, As part of the source development analyses, demand versus supply 
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charts were prepared to optimize the construction staging for each 
alternative. The staging of d.,m and reservoir development was 
based on the average daily damanda while the staging of groundwater
facilities, diversion works, water treatment plant units and trans
mission facilities was based on the maximum daily demand. Distri
bution storage capacity is based on the supplementary flow require
ments during peak hourly demands. 

B. ALTERNATIVE WATER SUPPLY SCMMS 

A long range water supply scheme for MC11J will include about
 
409000 cumd safe yield from the groundwater sources as explained
 
in Chapter VII. The rest of the supply can be obtained by alter
native combination of Balamban, Kotkot and Mananga River sources 
with construction of dams. There is one feasible dam site on 
Balamban and on Mananga Rivers as against 3 sites (lower, middle
 
and upper) on Kotkot River. The river cross-section at the lower
 
Kotkot site is not as favorable an the middle or upper sites. The
 
lower site; in comparison to the upper site, requires larger dam
 
embankment for the amount yield, and hence
same of safe more costly. 
A present worth cost comparisn between the lower and middle Kotkot 
dams and transmission lines thereof, based on the available data,
showed that the lower Kotkot scheme would be abort P40.0 mil'ion 
more expensive. The potential safe yield of the upper Iotkot dam
 
site is estimated to be 47,000 cunido As thid much flow is not suf
ficient to meet the projected demands of MCWD for the year 1982,
construction of another reservoir scheme will be required simul
taneously. This will obviously be a more expensive scheme than a 
single dam construction during the first stage of ;onstruction. 

Therefore, no further consideration is given to the lower and 
upper Kotkot dam sites in this report. These dam sites may be re
evaluated when more reliable stream flow and topographical survey 
data are available.
 

Treatment of groundwater and surface water would be significant
ly different. For satisfactorily developed groundwater wells in 
KCWD, treatment of water with chlorination will be sufficient. For 
all the surface sources, a complete treatment is ccnsiderud for re
moval of color, turbidity and bacteria.
 

Five alternative schemes were developed and studied for water 
supply to MCWD. Each alternative scheme includes source, trans
mission and treatment components. Essentially, the distribution
 
system is not affected by the alternative supply schemes and, there
fore, is not included in the cost analysis of the alternatives,
 
Water supply angmentation for NCOD in relation to the various alter
native schemes is presented in Table VIII-1.
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TABLE VIII-1 

ALTERNATIVE SUPPLY AU(G4iATION 

Alternative Source Development Construction Cuulative * Year Remarks
Scheme 	 __ Period Supply (ud) Augmented 

S-*-I 	 a) Middle Kotkot Dam 1978-82 73,000 1982 Average yield
 

b) Balamban Diversion 1980-83 212,000 
 1983 " " 

S--2 a) Mananga Dam 1978-82 148,500" 1982
 

b) Middle Kotkot Dam 1989-93 216,000 1993
 

S-T-3 a) Lusaran Dam 1978-82 154,000 1982
 

b) Mananga Dam 1989-93 
 216,000 1993 

S-T-4 a) Mananga Dam 1978-82 148,500 1982 " " 

b) Lusaran Dam 1989-93 216,000 1993
 

S-T-5 a) Lusaran Dam 1978-82 
 154,000 1982 

b) Middle Kotkot Dam 1989-93 216,000 1993 

* 40,000 umd from the ground sources not included 

Rxcluding 16,500 curd which is allocated for the Talisay area 
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/ ITERINI REPORTJWVMR AFTER I 199 
Water &SuIZilAlternatives 

Interim Ipprovements. It is estimated that developmentmajor surface supply scheme for MCWD 
of a

will take at least 3-4 years.During the period from 1976 to 1982, water supply to MCWD can beincreased somewhat, by construction of new deep wells towards thesouthwest and northeast of the city and by improvements to theHsgubiao Spring pump station. In addition to this, the presentlyhigh water waste can be out dean with (1) continued meter installations, and (2) pipe repaira following a leakage survey in the transmission and distribution system. As a result
the of these early actions,amount of water available to the customers can bo increased byabout 25-30 per cent. With the proposed overall interim improvements which are discussed in Chapter IX,
XCWD is expected the total water supply to
to roach about 76,000 cumd rate. In comparison tothe projected maximum daily demand curve (Figare IX-2), there willbe an increasing water shortaeo during the period from 1978 untilnew supply facilities are put into service.
 

A preliminary cost 
 analysiu is made for the proposed interimsupplies from the Vananga and Kotkot well fields, including welland pump station and transmission lines, The results of this analysisare shown in the following table: 

Net PN Costs
Well Field Construct- Construct- Net PW CostsTotal 
 for 20-YeArOperationand ion for 4-Year Operationion Cost Project Cpital&Estimated Period Capital &Cost ArnualYield Unit Cost Annual Unit Cost()(cum) 

(P) P )
 

(aag 1976-78 7,695,000
(Q - ,0004 10,927,000 I1,600,000 0o24 6,3000 0.3263000 03 
cumd) 

Xotkot 
 1976-78 15,336,000 21,870,000 19,570,000(Q 1lo 0.46 11,530,000 0-69 

cumd) 

It can be conoluded from this table that development of theKotkot well scheme may rot be economically feasible unless theP17.0 million pipeline cost can be reduced or eliminated, Thiscan be achieved by an early construction of the treated water transmission line which is proposed in the main scheme for this area. 
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Alternative ,S- Koo. t Middle Dam and Bala.ban Diversion,shown in Table VII-i, the potential"'afe yield of the middleXotkot reservoir, is estimated at 73,000 cumd with a 103 m highdam. This safe yield can be increased by the Balamban Riverdiversion into the Kotkot basin, as shown in Figure VIII-1, Foran average reservoir safe yield of about 216,000 cumd to meet theyear 2000 demands, a dam height of 116 m will be required to regulate the combined flows of the Kotkot River and the Balambandiversion. The necessary works in this scheme are summarized belowby the constructicr stages: 

Construction Stage I Phase- "A" (1978-83): 

a) A rockfill dam at the middle Kotkot site (H 116 m),
and appurtenances; 

b) Raw water intake structure and transmission lie,1,300 mm diameter and 10.0 In long;
 

c) A conventional 
 type witer treatment plant with aninitial capacity of 121,000 cumd and ultimate capacity of 267,000 cumd, the projected maximum daily
demand in the year 2000 from the surface sources alone. 

d) A 3 m high diversion dam on Balamban River, nearBarrio Lusaran and an access road to it; 

e) A raw water intake structure and 4.6 km diversiontunnel to divert Balamban River flows into the 
Kotkot basin; 

f) Treated water transmission lines and storage tanks, 
as shown in Figure VIII-l. 

Construction Stage I - Phase "B" (1984-87): 

a) A new raw water line, 1,100 mm diameter and lOO km 
long, to parallel the previous line; 

b) Water treatment plant capacity will b3 expanded by
addition of new process units; 

o) Treated water transmission lines and distribution 
storage capacity will be reinforced with new
pipelines as shown in Figure VIII-19 
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With implementation of these works, capacity of the supply faci

lities will b3 increased by 72,000 cumd. 

Construction Stage II (1990-94): 

a) 	 The third raw water line, 1,200 mm diameter and 10.0 
km long, to convey water from the middle Kotkot dam 
to the proposed treatment plant; 

b) 	 The treatment plant expansion for an additional 
capacity of 74,000 curd; 

o) Now treated water transmission lines and storage 
tacks. 

Alternative S-T-2 Mananga Dam and Middle Kotkot Dam. 
In this

alternative the Mananga source will li developed first with the 
rollowing facilities: 

Construction Stage I - Phase A (1978-82): 

a) 	A 98 m high rockfill dam at the site shown approxi
mately in Figure VIII-2, including diver.-ion wozas 
during construction, regular and emergency spil"
ways, and the road and barrio relocations& 

b) 	Raw water intake and transmission line, 1,200 mm 
diameter and about 6.0 km long. 

c) A conventional type water treatment plant with an 
initial capacity of 121,000 cumd and ultimate capa
city of 178,000 cumd. 

d) 	Treated water transmission lines and storage tank as
 
shown in Figure VIII-2.
 

Construction Stage I - Phase B (1985-87): 

a) 	A raw water transmission line, 900 mm diameter and
 
6.0 km long, will be laid parallel to the previous
 
line.
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b) 	 The water treatment plant capacity will be expanded for 
additional supply of 57,00 cumd. 

c) 	 The transmission facilities will be reinforced as shown 

in Figure VIII-2. 

Construction Stage II (1989-93) 

a) 	 A 103 m high dam and appurtenances at the middle Kotkot 
dam 	site;
 

b) 	 Raw water intake and transmission line, 1,200 mm diameter 
and about 10.0 km long; 

c) 	 A new conventional type water treatment plant, looated 
at a site with ground elevations 7-75 m, about 1.5 km
northwest of Lilusan. The plant capacity will be about 
88,000 cumd. 

d) 	 Treated water transmission lines and storage tanks as 
shown in Figure VIII-2. 

Alternative S-T-3 Lusaran Dam and Mananga Dam. This schemeconsists of two source developments, Balamban River with the Lu
saran dam and Mananga River with the Mananga dam, with staged
constructions. A general layout of the proposed facilities is
shown in Figure 'III-3. As explained in Chapter VII, a water
allocation in the amount of 16,500 cumd, is made from safe yield
of the proposed Mnanga reservoir for the estimated downstream 
water rights. An outline of the works involved in this scheme 
is as follows: 

Construction Stage I - Phase A (1978-82): 

a) 	 An 82 m high dam on Balamban River, at a site near 

VIII-7 
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Barrio liusaran, and appurxt-nanoes; 

b) 	 A raw water system, consisting of an i.take struoture, 7.5 km long tunnel with a diameter of 2.5 Mt
and 900 mm diameter and 7.1 km long pipeline; 

o) A conventional type water treatment plant nearBarrio Talambanq with an initial capacity of 121,000
Comd and provisions for future expansions; 

d) 	 Treated water transmission lines and storage tank 
as shown in Figure VIII-3. 

A raw water pump station near the 	intake of the Lusaran reservoirand 	a foroe main from it was 	 studied as an alternative to thekm long tunnel, but it was found to be more 	
75 

expensive and.was there
fore eliminated* 

Construction Stage I - Phase B (1985-87): 

During this phase of construction Stage I, additionalunits will be installed for full utilization of the Luaran 
source. 

a) 	 A raw water pipeline from the downstream end of thetunnel to the treatment plant, 800 mm diameter and 
7.1 km long; 

b) Water treatment plant expansion for 64,000a oumd 
capacity increase; 

c) Additional treated water transmission lines and
 
storage tank as shown in Figure VIII-3. 

Construction Stage II (1989-93): 

During this stage, the ?,Lanmga River source will be 
developed with the 	following facilities: 

a) 	 A 72 m high dam cn Mananga River at a site shown
approximately in Figure VIII-3, including diver
sion works dnring construction, regular and emer
gency spillways, and 	 the road and barrio relocations; 

b) 	 Raw water intake and transmission line, 1,000 mm 
diameter and about 6.0 km long; 
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o) 	 A new conventional type water treatment plant for 
the Lsnanga source, with a capacity of 82,000 cuud; 

d) 	 Treated water transmission lines and storage tank 
as shown in Figure VIII-3. 

Alternative S-T an Dam and Lusaran Dam. This alternative scheme is basically similar to Alternative S-T.-3, the differenoe being that potential safe yield of the Mananga River source
is utilized first and ]acer the Balamban River source is developed
to meet the remaining demands for up to the year 2000. In otherwords, the Mananga system will have a larger capacity and the 1saran 	system will have a smaller capacity in omparison with Alter
native S-T-3* A summary of the proposed works in this scheme is 
as follows: 

ConstraaLion Stage I - Phase A (1978-82): 

a) A,98 m high rookfill dam and appurtenances Manon 
nanga River; 

b) 	 Raw water intake and transmission line, 1,200
diameter and about 6.0 km long; 

c) 	 A conrentional type water treatment plant for an
initial capacity of 121,000 cuma with proviaione
for later expansion to a oapacity of 178,000 mud;

d) Treated water transrission lines and distribution 

storage tanks. 

Construction Stage i - Phase B (1985-87), 

During this phase, capacities of raw water system, watertreatment plant and treated water transmission facilities willbe expanded to a level of 178,000 cued, the estimated maximum
regulated yield from the proposed Mananga reserv-oire. 

Construction Stage I (1989-93): 

a) 	 A 57 m high rookfill dam and appurtenances ca Balam
ban River, near Barrio Lusaran; 

b) 	 Raw water intake, 2.5 m diameter and 7.5 km long tum
nel and 900 mm diameter and 7.1 km long pipeline; 
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o) 	 A new water treatment plant for the Balamban 
source near Barrio Talamban, with a design
capacity of about 89,000 cumd; 

d) Transmiasion lines from the treatment plant, and 
distribution storage tanks. 

Alternative S-§-5 Lusaran Dam and Middl Kotkot Dam,
Development of the Balamban River source with the Lusaran dam will 
be as explained for Alternative S-T-3. This scheme will be onp-.
pleted in two construction phases, 1978-82 an4 1985-87 and will 
be adequate until the year 1993a The remainiag supply for the 
year 2000 demands will be obtained from the middle Kotkot reser
voir with the following facilities: 

Construction Stage II (1989-93): 

a) 	 A 103 m high rockfill dam and appurtenances; 

b) 	 Raw water intake and 1,200 mm diameter and 10.0 km 
long transmission line; 

c) 	A water treatment plant for a capacity of 88,000
 
cumd; 

d) Treated water transmission lines and distribution 
storage tanks as shown in ?igure VIII-4. 
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Cost AaLsis of Alternatives
 

Criteria. Economic cost comparison of the proposed alternatives is made on the basis of present worth coat. Preliminary
unit costs were developed for estimating construction costs of theproposed facilities (Appendix V-B). The criteria used in the analysis

include the following:
 

Ase year : 1976 

Discount rate: 12%
 

Service life of facilities:
 

a) Structures and pipelines : 
 50 years
 

b) Mechanical equipment 
 : .25 years
 

c) Land 
 t infinite
 

For purposes of the analysis of the viadjle alternatives, it is
assumed that the engineering design of the first stage work, willstart in 1977 and construction phase will be completed in 1982o
Construction cost estimates of the proposed improvements are based
 on the projected July 1976 unit prices. 
All estimates on the imported items are based on an exchange rate of 7 pesos to I US dollar. 
It
iri assumed that no customs dcty will be charged on items imported
for this public water supply project.
 

Total project cost includes construction cost, engineering and
contingencies, land cost, administrative and legal fees and interestduring construction. Present worth of capital costs is caloulated 
backward from completion time of construction.
 

Annual costs include personnel, power, chemicals and maintenancecosts, where applicable* These estimates are carried out for 1982(the year when the first stage of proposed improvements is completed),
1990 and 2000. Present worth cost of annual expenditures isbased
 on uniform and gradient series (where applicable) at 12 per cent interest rate. 
 Cost of any facility to be replaced during design
period (1977-2000) is includes under capital costs for that year. 
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During economic analysis, no escalation factor is applied to
 
July 1976 unit prices as it is assmmed that all the alternative
 
schemes will be affected approximately with the same rate.
 

Salvage value of a facility is estimated by using linear
 
depreciation for its value throughout its servioe life*
 

Economic comparison of the alternative schemes is based on 
present worth of net disbursements during the period of 1977-2000o 
Annual maintenance cost estimates are based on construction costs 
of the facilities: for structures and pipelines, 0,5 per centl 
and for equipment, such a pump and motors, 2.0 pe, cent of the 
estimated oonstruction cost is usod. Where applicable, diesel fuel 
cost of P1.00 per liter is used. 

Personnel and maintenance costs may increase as mor facilities
 
are put under operation. Pouer cost at the pump station will in
crease gradually in relation to the daily pumpage of water.
 

Salvage values of the facilities at the end of the design period
 
are important in the computation of net present worth of the total 
expenditures* With thie comparison of the alternatives can be made 
at the same economic bas. As explained previously for estimating
the salvage valuesa, it is assufed that the value o the faoility
will depreciate uniformly throughout its service life. fterefare, 
a facility with longer service life will depreoiatz less than a 
facility with shorter service life during the samu study period.
Also, a facility constructed at a later stage will nave higher sal
vae value than the similar one oonstruoted at an earlier dates 

The difference between the total present worth cost capital and 
annual expenditures, and the present worth of salvage values would 
give the net present worth cost of the alternative scheme. 
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Caitl.Costs. A breakdown of the capital costs for the 

alternatives is shown in Table VIII-2, 

TABLE VIII-2 

CAPITAL COST 

ALTERNATIVE S-T-1 * 

I t e m Construciij Tota. rroject Foreign Ezchaz&e 
.. cost (P) Cost (P) Compon,,t. _(usS 

Stage I - Phase A (1978-83) 
Source Development** 
Water Treatment Plant 
Transmission Facilities 

489,700,000 
57,200,000 

132,700,000 

777,160,000 
91,550,000 

201,660,000 

19,140,000 
3,500,000 

11,608t000 

Total 679,600,000 1,070,370,000 34,248,000 

Stage I - Phase B (i9-87) 
Source Development** 29,700,000 42t830,000 2,212,000

Water Treatment Plant 18,700,000 26,970,000 1,680,000
Transmission Facilities 
 89,900t00 129,660,000 6,996,000
 

138,300,000 199,460,000 10,888,000
 

Stage II (1990-94) 
Source Development** 32t8OOOO0 47,300,OOO 2,562t000
Water Treatment Plant 22tlOO000 31,870,000 1,680,000Transmission Facilities 72,800,000 105,000,000 6,016,000 

127,700,000 184,170,000 10,258,000 

• Middle Kotkot dran and Balamban diversion 

Souroe davelopment includes dam or diversion dam and appur
tenances, raw water intake, transmission tunnel and/or pipeline. 

,I&;I~~ ~ VP..-+..'T 
1 %U'i ."+'+ + 1 -
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TABLE VIII-2 (Cont'd) 

CAPITAL OSTS 

ALTERNATIVE S-T-2 * 

I t a m 	 Construction Total Project Poreign Exohenak 
-os 
 Croat (r) E enh-S 

Stage I - Phase A (1978-82) 
Source Development** 291,880,000 470,8909000 10,656,000
Water Treatment Plant 52,700,000 84,330,000 3,875,000
Transmission Facilities 68,050,000 108,63,000 5,668t000 

412,630,000 663,880,000 20,199,000 

Stage I - Phase B (1985-87)
Souroe Development** 14,160,000 20,420,000 924,000
Water Treatment Plant 15,300,000 22,060,000 1,400,000
Transmission Facilities 61,540,000 88,770,000 4,130,000 

91,000,000 131,250,000 6,454,000 

Stage 11 (1989-93) 
Souroe Development** 360,300,000 576,830,000 14,422,000

Water Treatment Plant 40,0002000 64,020,000 2,448,000

Transmission Facilities 64t700,000 93,170,000 5,363,000 

465,000,000 734,020,000 22,233,000 

* MNauaga dam and Middle Kotkot dam 

** 	 Source development includes dam and appurtenances, raw water
 
intake and transmission pipeline.
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"TEI 1 \ TABLE VIII-2 (Cont'd) 

j iV 

I t• m 

Stage I - Phase A (1978-82) 

Soaroe Development ** 
Water Treatment Plant 
Transmission Facilities 

Total 

Stage I - Phase B (1984-87) 
Source Development ** 
Water Treatment Plant 

Transmission Faoilities 


Total 


Stage II (1989-93) 
Souroe Development ** 

Water Treatment Plant 

Transmission Facilities 

Total 


CAPITAL 

ALTERNATIVE 

Constructionos r) 

262,5569000 


51,500,000 
82,4169000 

396,472,000 

14,484,000 

8,500,000 

55,429t000 

78,413,000 

140,820,000 

37,000,000 


59,327,000 


237,47,000 

COSTS 

S--3 * 

Total Project-...ost (r), Foreign Exchange..Coen.,t(U 

422,607t000 1ltO36t000 
82t411t000 3,875,000 

125,235,000 6,673,000 

630,253,000 21,584,000 

20,886,000 1,024,000 

12,257,000 1,400,000 
79,951,000 3,644,000 

113,094,000 6,068,000 

227,732,000 5t467,000 

56,395,000 2,729,000 

85,550,000 4,214,000 

369,677,000 12,410,000 

• Lusaran and Mananga schemes 

Souroe development includes dam and appurtenances, raw 
water intake, transmission tunnel and/or pipeline. 
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V0fI:fr' Nov 1973 TABLE 'VIII-2 (Cont'd) 
CAPITAL COSTS
 

1 e m 

Stage I - Phase A (1978-82) 
Souroe Development ** 
Water Treatment Plant 
Transmission Facilities 

Total 

Stage II - Phase B (1985-87) 
Source Development 

Water Tratment Plant 
Tranamission Pacilities 


Total 

Ste. II (1989-93) 
Souroe Development * 
Water Treatment Plant 
Transmission Facilities 


Total 

ALTERNATIVE 

Construction 
coat (r) 

291,880,000 
52,700,000 

90,098,000 

434,678,000 

1*
4,160,000 

15,300,000 
65,027,000 


94,487,000 

179,556,000 
40,000,000 

45,468,000 


265,024,000 

S--4 * 

Total Project 
t ... L ___os
 

4709886,000 
84,327,000 

143t976,000 

699,189,000 

20,419,000 

22,063,000 
93,792,000 


136,2749000 

287,640,000 
64,052,000 

69,077,000 


420,769,000 

Sananga and Luaran schemes 
** 	Source development includes dam and apjpurtenanoes,

water intake, transmission tunnel and/or pipeline. 

Foreign Exchange 
,monent usi) 

10,656,000 
3,875,000 

7,409,000 

21,940,000 

924,000 

1,1009000 
4,375,000
 

6t699,000 

8,217,000 
3,100,000 

3,243,000
 

14,560,000 

raw 
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NOV 


I t e M 

Stage I - Phase A (1978-82) 

Source Devulopment** 

Water Treatment Plant 

Transmission Facilities 


Stage I - Phase B (1985.-87) 

Source Development** 
Water Treatment Plant 
Transmission Facilities 


Stage II (1989-93) 
Source Development** 

Water Treatment Plant 
Transmission Facilities 


* Lusaran dam and Middle 

TABLE VIII-2 (Cont'd) 

CAPITAL 

ALTERNATIVE 

Construction 
_ Cost (?) 

266,900,000 

53,000,000 
82,400,000 


402,300,000 


-
16,0009000 
55,4009000 


71,400,000 


360,300,000 

40,000,000 
64,70o,0oo 


465,000,000 


Kotkot dam 

COSTS
 

S-T-5 * 

Total Project 
Cot-(F) 

427,780,000 

84,810,000 

125,180,000 


637,770,000 


-
23,070,000 
79,710,000 


102,780,000 


576,830,000 

64,020,000 
93,170,000 


734,020,000 


Foreign Ebcchange 
Component (US$) 

11,4801000
 
3,875,000
 
5,986,000
 

21,341,000
 

. 
1,400,000 
3,438,000
 

4,838,000
 

14,422,000 
2,448,000 
5,363,000
 

22,233,000
 

•* Source development includes dam and appurtenanoes, raw water 
intake, transmission tunnel and/or pipeline.
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Annual Costs 

The estimated annual costs of the facilities which are included
 

in the comparison of the alternative supply schemes, are shown in
 

Table VIII-3. 

TABLE VIII-3 

AMAL COSC .) 

Alternative Year Personnel Maintenance Power Chemicals Total 

S-T-l 1982 340,000 3,463,000 323,000 679,000 4,805,000 
1983 360,000 3,693,000 323,000 770,000 5,416,000 
1986 360,000 3,842,000 323,000 978,000 5,503,000 
1987 
1992 

370,000 
370,000 

4,450,000 
4,614,000 

323,000 
350,000 

1,068,000 
1,547,000 

6,211,000 
6,881,000 

1994 370v000 5,145,000 380,000 1,784,000 7,679,000 
2000 370,000 5,145,000 380,000 2,540,000 8,435,000 

S-T-2 1982 340,000 2,063,000 320,000 679,000 3,402,000 
1987 
1990 
1993 

350,000 
350,000 
670,000 

21624,000 
2,624,000 
4,911t000 

120,000 
320,000 
650,000 

1,041,000 
1,313,000 
1,630,000 

4,335,000 
4,607,000 
7,861,000 

2000 670,000 4,911,000 650,000 2,444,000 8,675,000 

S-T-3 1982 340,000 2,245,000 323,000 725,000 3,633,000 
1986 
1987 

340,000 
340t000 

2,317,000 
2,317,000 

323,000 
323,000 

1,017,000 
1,101,000 

3,997,000 
4,081,000 

1990 346,000 2,742,000 323,000 1,383,000 4,794,000 
1993 346t000 2,742,000 323,000 1,687,000 5,098,000 
2000 664,000 4,122,000 646,000 2,336,000 7,768,000 

S--T-4 1982 
1987 

340,000 
340,000 

2,123,000 
2,123,000 

323,000 
323,000 

679,000 
1,030,000 

3,465,000 
3,816,000 

1990 
1993 
2000 

340,000 
346,000 
660t000 

2,581,000 
2,581,000 
3,860,000 

323,000 
323 000 
646,000 

1,312,000 
1,619,000 
2,503,000 

4,562,000 
4,869,C00 
7,669,000 

S-T-5 1982 
1987 
1990 
1993 
2000 

340,0OO 
350,000 
350,000 
670,000 
670,000 

292731,000 
2,7359000 
2,735,000 
4,693,000 
4,693,000 

3209000 
320,000 
320,000 
650,000 
650,000 

718,000 
1,089,000 
1,387,000 
1,712,000 
2,538,000 

3,651,000 
4,494,000 
4,792v000 
7,725,000 
8,551,000 

L T E1 1 19 7O5 
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Salvage Values
 

Estimated year 2000 salvage values of the facilities proposed
 
in the water supply alternatives are shown in Table VIII-4.
 

TABLE VIII-4
 

SALVAGE VALUE
 

Alternative 
 Construction 

.. .... Stage/P.e 

S-T-1 1-

B 


2 


S-T-2 
 1-A 


B 


2 


,-2'-3 
 1-A 


B 


2 

S-T-4 1.4 

B 

2 


S-T-5 
 1-A 


B 


2 


NetPresent Worth Costs
 

Construction 

cost- ( L 

679,600,000 


138,300,000 


127,700O000 


412,630,000 


91,000,000 


465,000,000 


396,472,000 


78,413,000 


237,147,000 


434,678,000 


94,487,000 


265,024,000 


402,300,000 


71,400,000 


465,000,000 


Salvage Value
 
in Year 2000 (P)
 

431,255,000
 

99,576,000 

109,410,000
 

268,179,000
 

65,543,000
 

390,600,000
 

250,302,000
 

55,935,000
 

206,684,000
 

277,254,000
 

68,120,000
 

226,932,000
 

260,205,000
 

52,820,000
 

390,600,000
 

The net present worth costs of the alternative water supplyschemes are shown in Table VIII-5. Me pre3ent worth of the alter
natives includes cost of source, treatment and transmission facilitiog.
 

BEST AVAILABLE DOCUMENT 
VIIT-19
 

// 



TABUE VIII--5 INT~F N1 
WAT SUPPLY ALTERNATIM V IIM.T" I NUV iW r5 

PR SENT WORTH COST COMPARISONS -

Pwof Net 

Alernativ. 

COnStrocti 

Stage Pe r 

Project 

(Pz3 100) 

Annual.os.t 
1 U8 

Costs (zlitOOO)
000) 

2000 

1W Costs (xl,000) 

rwital Annual Tol 

PW of Salvage
Value in Year 
200 (Pxl.000) 

Disbursemen"
(r x 1,000) 
1978-2000 

S-T-.1 I-A 
B 

2 

1978-83 
1984-87 
1990-94 

1,070,370 
199,460 
184,170 

538,622 
57,345 
23,942 

10,065 
6,681 
6,171 

548,687 
64,026 
30,113 

28,420 
6,562 
7,210 

520,267 
57,464 
22,903 

S-4-2 1-A 
B 

2 

1978-82 
1985-87 
1989-93 

663,880 
131,250 
734,020 

4,805 6,576 8,435 619,909 
336,322 
37,734 

106,873 

22,917 
6,890 
5v405 
5,445 

642,826 
?43,2Z 12 
43,13r 

112,318 

42,192 
17,673 
4,318 

25,740 

600,634 
325,539 
38,821 
86,578 

3,402 4,607 8,675 4,80929 17,740 498,669 47,731 450,938 
SS-T4-3 1-A 1978-82 630,253 319,286 6,954 326,240 16,495 309,745 

o 3 
2 

1984-87 
1989-93 

113,094
369,;77 

33,235
53,824 

5,604
4,888 

38,839
58,717 

3,686
13,621 

35,153
45,096 

3,633 4,734 7,768 406,345 17,446 .23,7'46 33,802 389,994 
S-T-4 I-A 

B 
1978-82 
1985-87 
1989-93 

699,189 
136,274 
40,769 

354,207 
39,178 
61,264 

6,583 
5,317 
4,749 

360,790 
44,495 
66,013 

18,271 
4,488 
14,955 

342,519 
40,007 
51,058 

3,465 4,562 7,669 454,649 16,649 471,298 37,714 433,584 
S-T-5 1-A 

B 
2 

1978-82 
1985-87 
1989-93 

637,770 
102,780 
734,020 

3239094 
29,550 

106,873 

79280 
5,470 
5,340 

330,374 
3502O 
112,213 

17,147 
3,480 
25,740 

313,227 
31,540 
86,473 

3,651 4,792 8,551 459,517 18,090 477,607 46,367 431,240 
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The present worth analyses of the five source alternatives indicate that Alternati-.e S-T-1 is the most costly surface water alter.
native but that the other four are all within 15% 
of the least cost
alternativa (S-1-3). See table below : 

Alternative Souroea or Dam Sites Present ielativePhase I-A Worth 
 Present
 
coat (pXlO 6 ) IFAa2h!i.!2 

S-T-1 Middle Kotkot/alaban 1,070 600 134
 
34T2 Manwagakiddle Kotkot 664 451 101.5S-4t-3 LAnaran/manauga 630 390 1000 

S-T4 anaga/Lizaa 699 433 1.11 
19-T-5 Inaran/Middle Kotkot 
 637 431 
 1.10 

LIsaran Dam is an elment in all the first three least costalternatives. The bydrologic data for Balamban River or Isaran
Dam is of longer duration and appears to be rather reliable. Ceologic oonditioms at the LAWaran Dam we also favorable to rockfill 
dam oonstruction.
 

JI-ternative S-T.3 is ranked best for the followig reasons: 
(1) It has the least present worth cost and initial projeot

cost. 
(2) In the long range, itwill provide MON'D water supply fromtwo direotions. Areas to the southwest such as TligaymaY be eventually served, if they so desire to join ND. 

HoweVer, involvement of 7.5 km long raw water transmissionnel, tunrelocation of Barrio Lsaran and oonstruction of relatively long(about 20 &m)acoess road through a rugged terrain are major dimadvantages in th- Lusaran . chexe. 
system, Barrios 

For develonmnt of the Manangaof Jaclupan and Maghaway end about 9 km of t exist.ing road will have to be relocated; the raw water pipeline and thewater treatment plant will have to be built in a relatively diffioult terrain; and also, inter requirements of the Talisay area =stbe considered in sizing of the xananga dam and reservoir.
 

Prior to final design of the elements of the lon ra,4g program, additiona/ hydrological and dam studies will be required. Stream
flow gagibgs must be established as soon as possible at the Balamban,
Nananga and Kotkot Rivers. Topographical.0. surveys and am extensivefoundtion) investigations must be oconduoted on all these
potential dam sites. 
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C. WATER EAThAM ALTERNATIVES 

It is assumed that the Tisa Filtration Plant will not be empauded nor upgraded as part of the long range program. 7his plant
will be abandoned as soon as practicable. 

Water quality test results of the surface water sources wereshown in Table VII-2. These sources would require complete treat
ment before the water can be delivered to the servioe area. 

Applicable alternatives which will be investigated for allphases of the treatment prooess, would include chemical mixing and
ooagulation, flooculation, sedimentation, filtration, taste and
odor control, iron and manganese removal and chlorination. Ow
proposed treatment plant sites for each alternative scheme area are
sho~m in Figures VIII-I through 6. For a gravity supply to the 
first pressure zone of the distribution system, the treatment sites 
must be located at an elevation of about 70 m. 

For givundwater sources which have no turbidity and bacterio
logical contamination problems only disinfection treatment will
be proviled. In some special oases, iron and manganee removal
 
may be considered. The wells high in chloride 
content will have 
to be abandoned as treatment would not be eoonomioally feasible. 

ginfection Alterngam 

Disinfection of water supply may be accomplished through
chemical application of chlorine, iodine, ozone, ultra-violet 
radiation and oxidizing agents. 

Chlorination is a universal disinfection process used in most
municipal water systems. Chlorine, a potent oxidizing agent,
destroys bacteria 1 mixing with it under certain time constraints 
and when applied in correct dosage. 

Iodine has chemical properties that make it an effective 
agent against virus and certain bacterial cysts. However, recearoh
indicates that iodine treatment in excess of three weeks may have
detrimental effects upon individuals afflicted with thyroid dineases. 
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Osone, a blue gas and active form of oxygen, is rated to be amore vigorous oxidizing agent than chlorine. This versatile element not only disinfects but also sterilizes besides performingcolor reduction, iron and manganese oxidation, taste and odor oontrol. Despite its impressive known qualities, ozone is yet to

achieve universal acceptance.
 

Ultra-qiolet radiation is another method of disinfection applicable to small water systems. It involves high-cost equipment
considerable amount of power is required. 

and 
Moreover, this type of
treatment requires high quality water, otherwise the ultra-violet 

rays may be absorbed by substances present in the water supply. 

The use of metal ions with bactericidal properties such as opper, silver and mercury is limited by their cost, availability
and potential adverse health effects if not properly dosed. 

Bromine as a water disinfectant is costly and scaro. Liquid
bromine produces irritating fumes and causes severe burns. 

Oxidizing agents such as potassium permanganate and hydrogen
peroxide have weak purifying qualities that require long c~ntaot
 
time and high dosage*
 

The economics of disinfection serves as an important, if not
sole, basis for the selection of treatment method suitable to a
particular water system. Selection is not necessarily based uponthe cheapest method available but on its dependability, effectiveness, suitability and reasonableness in ocost, F5o 
 thia viewpoint,
ozone and chlorine merit further consideration. 

Ozone, as earlier indioated, lacks extensive practical application but its versatility makes it advantageous ovor chlorine under certain conditions. It can be more effeative and economicalwhen used for two or more stages of water purification. Where taste
and odor inwater are organic, ozone may be as effective as chlorine.
Where disinfection only is required or water supply is cleart however, chlorine will be much more economical.
 

Plant-scale studies on ozonation show that it entails biggercapital investment than chlorination by the ratio of 3 or 4 to lo 
While ozone appears to be an efficient disinfectant, its praotical application is supported with scarce data. 
This leaves chlorine, a proven disinfectant, as more dependable for treatment. Although oonsidered a less rapid agent than ozone, chlorine fits well

in large water supply systems. 
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Since the early 19's, chlorine has been widely used in 
water treatment but recently in the U.S.A., it has developed into 
a critical issue. Studies done by regulatory agencies revealed 
the presence of canoer-producing chlorine compounds in the drinking 
water of several cities in the eastern part of the United States 
as a result of treating river waters contaminated by certain organic
and chemical wastes. The studies indicated that through chlorina
tion, the hazard levels of man-made chemicals and pesticides that 
pollute the river souroee are increased. 

However, the critical aspect of chlorination does not apply
to the study area at this period of its development. Rivers are 
not generally contaminated by agro-industrial chemicals, a ondi
tion foreseen to remain for quite some time. 

For either groundwater or surface water sources, residual 
chlorine in the distribution system is desirable and chlorine 
booster stations will be considered for this pmrpose. 
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D. DISTRIJON ALTERNATIVES 

2m~ra
 

Tke distribution system in generalpt is composed of a networkof feeder mains, internal distribution networks, storage facilities, booster pump stations, booster chlorination stations, and
appurtenances such as valves, fire hydrants, meters, and servioeconnections. The distribution system conveys the water to the consumer. 
The feeder mains are the larger pipelines which tako -he
wator from the transmission lines to the demand areas. Booster pump stations are required to raise water from lower pressure zones
to higher pressure sones where consumers are usually at higher groundelevations. 
The booster chlorination stations are required at the
fringe areas of the water distriot to keep the chlorine resid al atthe desired concentration. The distribution storage facilities provide supplementary flows during the peak demand periods@ 
 The transmission lines oonvey the water to and from the atorage facility
depending on whether it is filling or emptying. 

The valves are plaoed throughout the distribution system tepermit small service areas to be isolated by shutting off the valvesat tizes when maintenance is required. 
The fire hydrants are connected to the distribution system at regular intervals depanding
upon the type of area served. The service connections convey thewater from the in-tarnal distribution system to the conmmer- Wstern are placed on the service connection line to measure the amount of
water 3ousumed by the customer. 
The components of the distribution
systew described above are illustrated in Figure VIII-5& 

SeIvioe AreaGrowth 

The present service area is expected to grow in a logical pattern from the present population centers and adjacent to the roadways along which transmission ]iiies wil be installed. The service area will increase from 2,450 ha in 1975, to 4,900 ha in 1990,and to 7.000 ha by year 2000. The area is divided among the cities
 
and municipalities an fol.ows:
 

Service Area iv,. Hectares
 
City/A.unioip&lity M =2L2
 

Cebu 
 1,800 P?60o 
 3,550
Xandne 
 504 830 1,200Cou--lo 35 560 900 
-solacion" 335 500
Liloan 80 470 700 

Coapostalaa 
30.
 

Total 2,447 
 4,925 7,020 
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fte average-day demands for the cities and municipalities 
within the MWD project area have been projected as follows: 

City/Municipality Average Day Demand (cumd) 

Co1 
landaue 

LpMu-Lapu 
Consolacion 

Liloan 

Copostela 

I08,400 
26,300 
9,000 
5,700 

4,400 
1 

168,600 
45,300 
17,800 
11,900 

9,200 

Total 155,700 256,300 
conneotion to Existinm t12 

A great portion of the existing systems in Cebu City and NnWdaue has
aged beyond their useful lifb. It is reoowuended that the 150 mm
and larger mains be renwated by cleaning and lining. Also, reoent
ly installed steel mains should be lined to prevent corrosion. The
100 m pipe lines which are beyond their useful life, and all lines
less than 100 mm should be replaced as the existjng system is re
inforoed. These lines total 35.66 km of pipe. 

Distribution systems in Lapu-Lapu and Liloan should be re
inforoed to provide adequate fire protection and peak-hour pres
sures. The entire system of Compotela (5.015 km) should be re
placed since 84 per cent of the pipe is less than 50 m in sise and 
all of it is over 35 years old. 

SystemRegieants 

Hydraulics of the proposed distribution system alternatives 
hav been checked for the design years of 1990 and 2000. The MW]D 
average water demands ave projected to be 155,700 eumd in 1990 and 
256300 cand in year 2000. These demands are projected according 
to consumer categories as follows : 

IL'3!BEST AVAILA DOCUM,IENT 

VIII.-26 



Demand Year 

1990 2000 
(wed) (00A) 

Domestio 93,800 168,050 

Ooercial, Institutional 
and Industrial 16,930 28,350 

Unaccounted for Water 
Leakae 22,500 25,900 
Unreoorded Usage 22,500 24,000 

Total 155,720 256,300 

The distribution system must be designed to meet the peak
hour demand and still maintain adequate system pressures (mii
mum peak hour pressure in feeder mains is 14 meters). The peak
hour demand is the highest demand during any hour of the year and
 
is assumed to be 75 per cent higher than the average daily demand 
for 1990 and 100 per oent higher for year 2000. By having proper 
placement of storage facilities within the distribution system,
transmission mains and feeder mains can be sized for supplying
maximum daily demands. This is because peak hour demands can be 
supplied from 2 directions - the source and storage facility.
 
The maximum daily demand is estimated to be 20 per cent greater
than the average daily demand. The projected maximum daily and 
peak hourly demands for MUN are : 

Year Xax-Day Peak-Hour 
-e 
 (ud Demand (cumd) 

1990 186,800 272,500 

2000 307,600 512,600
 

The distribution storage will maintain the HL at a higher 
level at remote parts of the distribution system. During periods 
when demand is higher than maximum daily demand, water is drawn 
from the storage tank. The storage tank is filled during periods

when demand is less than the rate of supply from the source. The
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higher BOL dae to the system storage will permit higher headlossesin the feeder mains and internal distribution network than would bethe case without system storage. Also, the system storage oontributes water during firos. The higher RFL will ensure adequate prossuoes at the fire hydrants. 
The volume required feoe distribution
system storage is estimated to be about 20 per cent of the maximm
day demand. Storage facilities can be designed to coincide withtran mission line staging and source development. In ltie with
this, 3 periods are used for staging the neoessary storrae volume.
The K(VD storage requirements are: 

Desiga Year Distribartion Storwr. 

1987 32,000 acm 

1993 or 1994* 45,OOO cum or 47,000 ou* 

2000 62,000 oum 

0 Depending on alternative proposed for the souvre dmvelepment 

DistrLbiticp System Alternatves 

Por the NCMD, the major distribution alternatives arb 9ancerned with the storage facilities, feeder maine, internal distribution 
system network, booster zone servioe, and servioe to Lapu-Lapu*
 

StorageFacilities. The ohoice of location for storage facilities is an important undertaking. The storage should be located as close to the demand center as possible and an the opposite sideof the service area from the souroe. 
Fbr operational purposes, thestorage should be located at the same elevation as the ML "nitol 
on the transmission line coming from the water treatment plant.Since the HOL will be established at an elevation of 70 a, the loca
tion of storage is practically limited to a sito having an ulevationbetwen 63 and 70 m, allowing a 7 a operational range. In theCoebu metropolitan area, 4 sites meet the desired criteria. These 
are located as follow: 

Site 1 Near the present Tisa Water Treatment Plant and 4 km
from the central city district of Cebu. 

Site 2 Near Barrio Lahug about 4 km from the central city 

district of Geb. 

Site 3 7he existing Basilan storage tank near Lahg. 

Site 4 
Near Barrio Talamban about 7 km from the central city
 
district of Cebu. 
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There are several other potential storage sites whioh are
north of Cebu City and 4-7 km from the oentral district. Roveer,

these sites are not as accessible 
by road as those listed atova.

The sites listed are not intended 
to be the precise location but
only a description of an area which is suitable. The exact deter
mination of the storage sites will depend upon land availability 
and costs,
 

Of the 4 sites whih are suitable for locating a distributionstorage &.l except the Basilan (Storage Site 3), can serve thefirst pressure whichsone will provide service to ground elevations 
up to 50 m. The Basilan Tank has an overflow level of about 110 .
which is too high for the lower pressure z~one. Howver, this storage facility is suitable for the high pressure .one which will be
served by booster pumpage. Thus, the booster zone can provide ser
vice up to a ground elevation of 90 m.
 

Computer analysis of several alternative transmission andstorage schemes showed that proper location of storage was dependent 
upon the direction water was supplied from the source and the area
of greatest demand. For all alternative souroe schemes, it was

found that storage located near Talamban (Site 4) did not contribute sufficiently to peak hour demands. Storage located at Sites Iand 2 were more suitable for all alternative source schemes. 

The storage sites and the required volumes are summarized
 
bolow:
 

Stage I, (hge A) Stage I! (Phase ) Stae I 

Site 1 32,000 cum 5,000
 
Site 2 
 8t000 or 10,000 om 15,000 or 

17,0o0 c= 
Site 3 Booster zone Booster zone Booster zme
 

Site 4 None None None 

Site 4 may be utilized in the future for distribution storage when
the peak hour demands in the vicinity become sufficiently large.
The Basilan Storage Tank is not covered at this time. For the tank 
to be incorporated into the MCVI planned distribution syteia improvements, a reinforced concrete cover should be constructed to protect
the water supply from potential contamination. 
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The storage tanks will be located approximately on-grade and
will permit a HOL range of 7 a from 63 m at the outlet elevation 
to 70 . at the overflow elevation. The structures will be re
inforced concrete construction and covered. mank filling will take
place during the minim demand periods. Amount and duration of
minimum demand can be determined by 24-hour consumption recerds.Since these data are not available, it is assumed that this minimum 
demand is about 30 per cent of the average demand for a period of 
8 hours. 

Placing the static MOL at an elevation lover than 70 M in not
reoomended because thim will mean the aras at the extreme ends
of the distribution system will have insufficient pressures unless
fnordinately large feeder mains are provideCi for. If locating the
distribution storage tank at a lower elevation than the source is
considered, a double acting altitude valve must be placed on the
supply line to the tank. he valve closes when the water eleva
tion in the tank gets to the overflow level and opens when the 
pressue drops In the distribution system, permitting water from 
storage to enter the system. If the valve is not maintained at

all times, it could fail to operate properly and cause lower pres
sures in the distribution system than is required. 
 Because the
 
storage is at an elevation loss than the source, it is difficult
 
to obtain the required flow from satorago 
 during peak flow demands 
as most come from theof the supply will direction of the source 
the location of the highest HOL.
 

Another storage alternative that must be considered is the
staging of the required volume. Initially, adequate land area
should be purchased so that the ultimate storage capaoity of the
site can easily be aoo nodated. The storage facility is design
ed and constructed in increments so that the desired capacity is
available weun needad. Elevated or standpipe type stagage tanks
should be avoided. This is becauae these structures are more e 
pensive to construct and maintain than ground tanks and are usually
objectionable from the environmental point of view. 

Dstribution andJbedezXj. The alternatives for feeder
mains are location7 size, staging and the spacing in the network.To avoid land costs and also to place the zains as close to thedemand center as possible, the alignments for future feeder mains 
have been chosen along existing and planned road and street right
of-ways. Where the service area extension is in areas without 
planned or existing roadways and streets, the feeder mains have
been located arbitrarily while paying close attention to topo-.
graphic features. As msuch as possible, the feeder mains have been
looped to avoid dead-end service areas; to reduce the number of 
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cuatomri affected by valving off of lines for maintenance; and toprovide adequate pressaw.., at times maximumof demand as the demandmem than one direction.can be supplied from 

The minimum size of feeder mains has been taken as 200 0.In general, this size im large enough to provide adequate pressure
during peak hour and fire flow conditions. 
In some residential
 areas, alternating 150 
m and 200 mm pipe sizes are adequate.

Staing of feeder mand is economical at l0-year intervals in areashaving vide streets and small population densities. Howevr, inhigh density areas having small streets, it is usually lrferableto avoid 2-stage constructiono There is limited space for utilitiesin these areas and considerable disruption ouours when the street
is excavated for the new water main. 
It is better to install the
pipe size required for ultimate design in these congested areas so

that these problems can be avoided,
 

It is desirable to maintain the maximum spacing of feederaino at 1,000 This will provide uniform sizem. and spacing forthe internal mains as wall as better pressure dintribution through
out the systemo A wider spacing of the feeder mains would require
larger pipe sizes in the internal distribution network to maintain
sufficient pressures duriL, fire flow mad peak hour periods.
 

It is not recommended that the minimum feeder main sizes be
staged. However, larger feeder mains oan be staged in somo inatanoes.
A required Yipe size of 250 mm for year 2000 demands can be oseveniently staged with one 200 mm line in Stage I and another 200 me
parallel line in Stage II. Hewever, in Stage II an extra cost of
15 per cent May be included in the construction of the parallel line
because of the problem encountered with interties to the Stage I
line and safeguarding and sometimes transferring the connections

with the internal network. 
The economic evaluation of 2--tage versum 1-stage construction of a 250 mrn line is presented below:
 

EVAWLATION OF FEEDER MAIN STAGING
 

1976 Present Worth*Construction Pipe Construct- Project Annual 
 Capital Annual Total
Alternative Period Size 
 ion Cost 
 Cost Cost Cost Cost Cost
 

Simgle..stage 1980 250 430 587 3 373 14 387 

Total 387
1980 200 
 260 355 
 2 226 9 235
 
1990 200 300 
 409 2 
 84 2 
 86
 

Total 
 321

*eDiscount rate w 12 per cent 
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Comparison of the 2 alternatives shows that constructing 2parallel 200 mm lines in each stage is
more economical than asingle 250 mm liae in Stage I. Similar calculations for staginga 300 mm line with parallel 250 mm and 200 mm lines also indioatesavings with 2 -atage oonstruction. Selection of feeder mains whichshould le staged must follow an analysis of the peak hour and fireflow conditions in 1990 to be sure that the smaller line construct
ed in Stage I will be hydraulically adequate.
 

The timing a the construction of the feeder main system shouldbe such that an attainable level of growth in the distribution system is maintained. 
Areas having higher densities of potentialcustomers should be connected in the early construction periods because the cost per oonneotion will be lower and more revenues will
be generated. Also, extension of service to large demand customers
such as industries and comroial areas would be desirable when a
reliable water supply is available. Service to this type of auntomor would have a positive impact 
on the eoonomy of the project area.
 

Internal Distribution Network, 
The alternatives in the internal distribution network are dependent on the level of water serviceprovided. A system designed for fire flow demands may require largerInternal distribution pipes than a system designed only for peak
hour demands. The fire flow requirements for MCMD are: 

Commercial, Industrial and High 
 20 ips at each of 2 ad-
Value Residential 
 jaoent fire hydrants
 

Single Family Residential 
 IO lps at each of 2 ad
jacent fi:e hydrants 

The internal network design is controlled by either of 2 conditions: peak hour demands with minimum main pressure of 10fire flow demand coincident with maximum-da 
or 

demands with a inimumhydrant pressure of 7 m. 
In order to determine the range of flowswhich can be expected during peak hour and fire flow plus maximad&y conditions, a typical area in Cebu was studied in detail. Several
computer analyse. were made for varying population densitieso he area
studied was assumed to be an area of mixed residential and commercial
land use. 
The domestic flow requirement was assumed to be 175 lpod(the year 2000 projection), and the commercial and institutional demand
was assumed to be 10 per cent of the domestic demand. The unaccounted
for water was assumel to be 25 per cent of the area's total demand.he demand was applied uniformly over the entire area. 
The table
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below lists the flows found in the cmputer analysis for internal 
network pipes. 

Maximum low During
Population Total Flow Maximum Flow During Fire Flow ConditionServed Density to 100 haArea Peak Hour Condilin Residential Comaeroi& 

100 30 16 16.8 19*4 
200 60 17.5 17.4 20.0 
300 90 19,3 18.2 20.5 

In all oastgs, the pipe flows for the oomercial fire testsara larger than the peak hour pipe flows. However, in residentialareas, the peak hour flow is slightly larger than the fire flows.It is not sufficient, however, to determine only the controllingflow condition. One must also examine the pressures during peakhour and fire flow conditiona because the minimum allowable pressure is different for each condition. Computer analysis of thearea described above showed that the minimum .pipe size which willmeet the pressure requirements, is 150 mm for internal network mainconneoted to hydrants. For those mains not connected to hydrants,the minium size 100is w. In single family residential areas witha maximum ultimate density of 150 persow per ha under the specifiedcriteria, 100 mm mains can support fire flows.
 

Staging of internal network pipes is 
 not usually economical orpractical. Streets and utilities should be provided in accordanoewith development and zoning plans. The internal network should bedesigned with the ultimate plan of the area fixing the required
demands and fire flows.
 

The valves in the piping network 
should be spaoed so thatinterruptions in service due to maintonance affect as few austomersas possible. Each internal network oonnectin to a feeder mainshould have a valve so that repairs to an internal main do not require closing of valves feederon mains. High demand shouldareashave more frequent valve spacing than low demand areas. Valvesshould normally be placed at street intersections with a minimumspacing of 300 m to 500 m depending on the aharater of the area. 
Fire hydrants should be placed at street intersections to permit quick location and enable fiprhting fires in several directions.In high value areas, hydrants will be spaced a maximum of 150 m 
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apart with 2 outlets-a I x 60 .m hose outlet and a 1 x 100 m 
pumper outlet. The hydrant will be connected to a main with aminimum diameter of 150 s. In single family residential areas,

hydrants would be connected to 100 
 rmn mains and. spaced a maxi==

of 250 m apart. The outlet will connect to a 1 x 100 pumper
= 

or hose. 

Customer service ocmnection consist of a connection to the
 
internalrmtwork main and 
a service line to the customer. The

service line may be provided with a 'gocaeneok 1 for connecting to

the d1istribution 
main and. a service mter will be provided for oon
tinuous measurement of water provided to the customer. A valve
should be inserted in the service ahead of the meter to permit the 
water district to terminate service when it becomes necessary. 

As mentioned earlier, it is not practical to stage the oons
truction of the internal network mains. 
 Therefore, the only
alternative is evaluating peak hour requirements vis-a-vis fire flow
requirements. The internal network is designed for the type of
land use plan, zoning requirements, or developments which will take

place along the streets of the service area. Its design should
 
take into account the ultimata water demanda along the 
streets 
For ultimate flown internalinto the network, the required flows
 
for peak-hour and fireflow conditions are usually within 10-15 per

cent of one another. Thus 
 the required pipe simes for peak-hour
condition are lUkely to be the same as those for the fire flow
 
oonditions. 
 The major cost difference between the 2 conditions
is the fire hydrants that must be added for fire proteotion. In
order to obtain the cost of fire hydrants in the internal network,
2 areas ware ohosen and the internal network was designed for each 
area. The resalts of this study are listed in Table VIII-6. he
incremental cost of fire protection in the internal network dis
tribution is 23 per cent in the core city area and 7 per cent in
the service area extensions to residential areas. The reason for
the higher incremental cost in the core city is mainly because
the spacing interval for hydrants is les in high-value areas. 
The final determination to include fire protection must follow an 
assessment of the benefits accruing to fire protection. Such bene
fits include reduced fire insurance premiums and a decrease in 
monetary losses duo to fire damages.
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,e 

Core City 

(neinroroement) 

Servioe Area 
Extension 

TABLE VIII-6 

INT1WAL NEWORC COST 

Internal Network 
Co...nt 

Pipes and Valves 

,g .-.-

&Vls14 

lydrants 

Servioe Conneotios 

Total 

Pipes and Valves 

Hydrants 

Servioe Conneotions 

Total 

Construction Costs
 
P Or -ft
 

149000 

4,400 

4t800 

239200 

18,600 

1,500 

3,100 

23,200 
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Booster Zme. Portions of the present servioe area are at elevationatoo high to be served tb vavity frm the IML of 70 m. These areas are at elevations above 50 m and must be served from a high pres.sure zone by booster poping. Guudalupe, Lahug, and Talamban
 
comprise the barrios which are presently served by the MCMD at
elevations which will requira booster pumpage. The future service area extension near Tica will also require booster puapage. 

2he Stage I improvements are scheduled so that it isnot
practical to onastruct 'Whe booster puap station to serve Guadalupe
and 44W until 1984 or 1985. At this time,the feeder nain not
work will extend the improved servie to this area. 
By using the
existing Basilan Storage Tank as booster zone storage, the boost
er pump station can be designed to deliver maximum day require
ments. 
The peak hour demands can be supplied from both storage
and the booster station* 
The Basilan Tank has an overflow elevation of about 110 m which will enable the booster zone to extend

service to areas with a 
ground elevation as high as 90 m. The
location of the booster pump station should be opposite the demand
 
center from the storage site. Since the storage is near Lahug,
the booster station should be constructed southwest of Guadalupe.

The booster station should also be located so that it is easily

connected to the feeder main network*
 

Prior to service from the booster pumping stations, the areas
of Guadalupe and Lahug should be isolated from the existiug distribution system by olosing valves in the feeder main ivitwor. Each
 area can be served by the existing wells at Guadalupe Church, Quadalupe Fire Station, Camp Lapu-Lapu and 
Laug. ?he total product
ion from the"e wells has ben measured at 2,800 curd, which should

suffice until the booster pump station wtu be connected to thefeeder main network. Hottever, replacement of the existing pumpsmay be neoescarr for obtaining adequate operational heads* Theexisting servic area at Talamban is served by a well which can 
produce 900 ound.
 

At the present time, water from the wall is pumped 4-5 times 
a day for one-hour periods into the Talamlan storage tank.
operation of a separate supply to Talmiban 

This 
should continue until
the well is pumping at capacity level. The Talamban area shouldremain a separate service area until 1992 to 1994 when it is pro

jected that feeder main servioe will be extended as far as Talamban. At this timev the demand in the Talamban area should be sufficient to expand the system and provide service by construction 
of a booster pump statieu. The Talamban booster zone should be
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connected to the Guadalupe-LahuC booster sons. Pr so doing, theBasilan Storage Tank can serve the'whole booster sone as it has
sufficient capacity. 
By year 20009 the Ouadalupe-Lahug booster
 sne will be expan& to include service in the Tisa area, thusmaking the total service area of the booster sone about 800 ha.
Location of the booster sone facilities is shown in Pigure IX-i.
A summary of the booster zone expansion is provided below: 

Projected Tear for 
 Booster Station 
Roster Zone Servioe . cmo.tT 

Guadalupe 1984 

11,750 cuad 
LahUg 1984
 

Talamban 1994 7,600 Oud 
Tisa 1998 Served 1WGuadalupe 

toater Station 

Serice toLam-Lam. The transmission line serving Lapn-Lapu willoross the Bohol Strait aloa g the Xaotan Bridge. We bridge was designed withprovision for supporting a transmission line to serve Lapu-Lapu and
Xaotan Island. Three alternatives for providing service to Lapu-Lapu were examined: 

AL -l. Oravity sorvice to Lap--Lapu. This xlternative is
feasible because the MOL is 70 a at both the treatment plant
and storage tanks. The highest roadway elevation on the bridge
is 32 m. A ML of 38-40 m'at this point vould provide a sufficient factor of safety to ensure positive pressure. 
ALT-2o Booster pumpage to Lapu-Japu. A booster pump station
would be required in Kandaue to pump 
 the water across the bridgeto Lapi-Lapu. The station would be designed to deliver peakhour flow requirements to Lapu-Lapu.
 

ALT-3. Booster pumpage to Lapu-Lapu vith storage in Lapu-LapuaThis is the same as ALI'-2 except that providing storage inLapu-Lapu will require the booster station to deliver maximum
 
daily flows. 
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%0 required pipes, booster station and storage tankslisted in Table VIII-7 areas well as the present worth of net disbursements. Computer analysis of ALT-1 within the overall XMWsystem showed that the HUL at peak hour conditions for year 2000wouldbe about 46 m for the 500 mm gravity flow bridge crossingsThe gravity transmission line, though more expensive in Staggcosts cheaper in the I,long term in comparison to ALT-2 and ALT-3. In addi.tion, this pipe may be constructed in 2 stages to reduoe theinitial cost. The transmission line in ALT-I will be able toserve Lapu-Lapu beyond year 2000 by twco ways. First isby providing a storage tank in order to reduce peak hcur flowa from thesource and second, by installing toa booster station in Mandanefurther extend the servioability of the transmission line.ALT.-2 is attraotive because )f its low initial cost; however, theuseful life of the pumps is only 25 years and will requireplaoement later. re-
Also, the transmission lines whioh are smaller
than thou* in ALT-1, must be periodically reinforoed. 
Beyondyear 2000, a third line would be required. 
Three lines across
the bridge are probably not practical and a expensive undermore 

water crossing might be required. Thus, ALT-1 is economically
and praotically the best alternative. 
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TABLE VIII - 7 TERIM REPORT 

SUMMIARY OF EVALUATION OF ALTERNATIVE VD[J' AFTER I NOV 1975
ANSMISSION LINE SERVICE TO LAFU-LAPU 

ConstruotionCOt 1976 Present WorthNet Disbursemnts of 
Alternative -Period Coaronent Size 
 __________1000 

ALT-I 1981-82 TiAnsmission Line 500 6t396 4,520 
ALT-2 1981-82 Transmission Line 300 a 2,706 1,914 

Booster Station 17,000 umd 1,80 2,303 
Sub-Total 

4,217 
1989-90 Transmisaion Line 300 am & 2,982 740 

350 
Booster Statin 
 18,600 cumd 1,900 684
 

Sub-Total 
1,424 

Total 
5,641

ALT-3 1981-82 Transmission Line 300 o 2,706 1,914
Storage Tank* 
 2,100 oam 2,30D 
 1,649
Booster Station 10,600 cumd 1,600 1,369Sub-Total 

4,932 

1989-90 Transmission Line 300 v 2,706 771Storage Tank* 29000 am 2,200 546Booster Station 10,600 cumd 1,600 485Sub-Total 
1,802Total 6,734 

* Storage tank VOluoB listed are operational volumes* Construction costs are forstand-pi s having a total volume of three + o the operational voliume. LarelIatanfd-pipoo w.e reqtirod sliio growid elevat~ion on Macotrpi Island in approximately5-10 me 



B. 	OTHE ALTERNATIVES ON WATER CONSERVATION AND AUGMENTATION 

Alternatives available to 	counteract future (and 	 present)water shortages consist of the following: reuse of wastewater,desalting, precipitation augmentation, land management, and dualplumbing systems. These alternatives are discussed below. 

Wastewater Rense
 

One of the potential alternatives inmeeting future water
demand is the reuse or reoycl':-g of wastewater (sewage), In Singapore, 	 reclaimed wastewater is used in the ocoling process in 	industries. 'A full-scale munioipa.l reuse facility in Windhoek in Southwest 	Africa built in 1969 provides a major source of potable water, 

Reuse of can bewatewater accomplished in 	2 ways: by naturalself-purification which makes reuse possible for irrigation and recharging of ground and surface waters, and by technological process.The technology of reuse involves treatment of used water suppliesfrom the ccmunity for domestic, industrial, Irrigation and other 
purposes.
 

Ccxplex creat-ent processes are necessary to remove the objeotionablo charaoeristios of wastewater and it formake suitable 
a 	particular use. areThere 3 basic phases of treatment - primary,seconda~ry and advancedo One of these or all may be applied depending on the types of use and pollutants present in the wastewator. 

Studieo on wastewater reclamation deal with enhancing itaeconomic feasibility for large scale 	use and technological eipmsion. Achieving these objectives will depend several factors.on 

It 	 is tecmologically possible to 	produce water of any desiredquality frc rny source. However, the control]ing factor is eoonomics. Baoanne of its lesser solids content, wastewater reclamation is simpler t1an seauater desalting as an alternative source of

Supply* 

The feasibility of wastewater reclamation as of watera 	sourcesupply will be limited in the study area since collected wastewatervolumes are currently minimal, with future increases in sewage
expected to be slow. 

Dealt i z 

Desalting is the process of converting seawater into freshwater. It involves removing substantial amounts of 	the ocean's 
salts and mineralse 
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There are 3 basic methods of desalting: distillation, freezing and eleotrodialysis, each with several variations. 

Over 90 per cent of the present application of desalting isdone by distillation. In this proess, seawater is evaporated andthe vapor is condensed. Salt deposits form on the surfaces of theevaporating equipment and the desalinated water is the resulting
distillate. The least costly distillation unit uses solar energy 
an heat source. 

Electrodialysis obtains fresh water by using an electric current to separate the ions of the contaminating salts. In the process of freezing, ice is formed from a saline solution and is melted to produce fresh water. The melted ice, however, sometimes has 
a salty taste. 

In 1970, 33 small-sized desalting plants were put in operationthroughout the world, with a combined capacity of 59.7 mgd. Kuwaithas the largest plant with a 30 mgd capacity sufficient to supply
a population of 150,000. Other plants are found in Netherlands,

United States, Venezuela and fruba.
 

For the most part, desalting is still experimejtal. At present it is not technically and economically feasible to convertmeaningful amounts of seawater into fresh water* All the processeshave inherent defects for general use, including the problem of disposing about 50 per cent of removed salts and minerals of the total 
treated seaiater. 

These processes are also costly because they involve significant quantities of energy. Whereas treatment of ordinary water

supply costs about 5 
cents per 1,000 gallons of fresh water, desalting costs about $1.00 per 1,000 gallons of desalted water. Thiscost covers only the plant itself and excludes necessary transmission 
facilities. (Also these are pro-energy crisis costs.)
 

Precipitation Auentation 

Rain can be artificially induced to increase water supply (although it does not diminish the need to collect it). The most com
mon method of stimulating rainfall is cloud sending. 

The theory behind cloud seeding is that under certain conditions, air containing much moisture will not yield precipitation
that might possibly occur because of the absence of particles ofdnst, crystal or chemical droplets. In cloud seeding, such particles 
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are artificially implanted in supersaturated olouds to stimulate
 
rainfall. These particles used in the method are called silver
 
iodide crystals.
 

The costs of cloud seeding in 1971 ranged from $1.00 to $2.30 
per acre-foot of additional runoff. This cost range, however, was 
derived from planning reports and as such, it might not represent 
actual operations. 

Cloud seeding does not always yield the desired effect of in
creased.rainfall. Ereriments show that the method also results
 
in decreases in the amount of expected precipitation. These effects
 
have not been sufficiently explained although a theory advanced is
 
that the amount of rainfall depends m the types of cloud systems
 
being seeded.
 

Increases in precipitation do not necessarily producm propor
tional increases in usable water supply. The opportunities to in
crease precipitation depend on climatic conlitions such that during
 
the dry season, water supply increases are less frequent. Preoi
pitation augmentation encourages the growth of vegetation that can
 
reduce usable water yield. 

Land pent
 

Land management can affect the amount and quality of water
 
available for use. It is a method of both increasing and oonserv
ing water supply.
 

Two potential techniques of land management that apply to
 
Philippine conditions are forest management and control on stream
bank vegetation. Forests impact upon water supply on a number of
 
ways. They intercept rain from the surface of the leaves. They
 
draw moisture from the soil and release it into the atmosphere by
 
transpiration. Through their roots, leaves and other parts t forests
 
facilitate the infiltration of precipitation into the soil. They
 
also tend to shade the soil, reduce wind velocity, thus, reducing

evaporation from the soil surface. Any alteration on the amount
 
and type of vegetation, such as deforestation, will affect water
 
supply. 

Phreatophytes or deep-rooted vegetation along the banks of
 
canals and rivers consume much water in their growth. Especially
 
in oases as when precipitation is low, this vegetation reduces the
 
streamflow and the discharges of springs. Sometimes, it also tends
 
to increase flood stages when it invades stream channels and re
duces channel capacity. Phreatophytes are useful in the sense that
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they provide important wildlife habitat. 
Othertise, they do not
have food value. 
Based on these uses and effects on water supply,
they have to be managed carefully as uprooting them notis neosesmaily the best answer to increasing water supply.
 

Dual Plumbing Systems 

I relatively small increment of the total public water supply
demands highly potable and clean water such as that required for
drinking, cooling, bathing and washing clothes. 
It is possible,
for instance, to use seawater for toilet flushing, washing streets,
fire fighting. 
Where fresh potable water is in short supply, such
as in Singapore and Hongkong, a dual system hai dem~strated its
efficacy. For exnmple, in Hongkong during the severe drought of
summer 1963, water service was rationed into the various city seotors 4 hours every 4 days. Extraneous uses of water such as toilet
flushing were therefore severely curtailed. In some of the highrise government housing in Hongkong, dual plumbing system had been
u.ied, with seawater for toilet flushing.
 

Mhere are 2 main objections that have been identified in the
use of dual system - cross-connections and associated cost. Dual
water supply system where 
one syst3m delivers potable water and
the other system furnishes untreated water can very well lead to
serious water-borne disease outbreaks. 
Uhere proposed, the dual
water supply system should have the non-potable supply clearly
indicated and separated from the potable supply. 
Proper plumbing
codes and supervision of plumbing installation could minimise this

health hazard.
 

If an existing qayitem is to be replaced entirely by a dual
system the cost may well be unreasonable. However, if the existing water supply piping is retained for potable (drinking) system
and a new non-potable pipe network utilizing seawater is addedthere is a possibility that the economics may prove the dual systema to be worthwhile. 
Savings accrue where the non-potable system
serves high-rise multi-family dwelling units with high density.
The increased cost resulting from the independent system may be offset by eliminating the need for developing new water resources and
above all retaining high quality premium water for domestic 
onsumptionc Accordingly, the feasibility of dual systems has already

been proven under certain conditions.
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CHAPM IX DMCRIPTION AND COST OF TE (TENTATIVE) SEMCM PLAN
 

A. GOMENAL 

To achieve the required long range water supply system of XC=D 
will entail undertaking an extensive oonstruction program including 
now 	 source developuent, treatment, transmission and distribution 
facilities. An analysed in the previous chapter, Alternative S-Tl3
 
has been selected as the tentatively reomended soheme for the
 
water source development and tranamission system.
 

This ohaptor describes the early actions and interi Improve
ments 
requirod; the first stage and second stage facilities of long 
term construction program, Chapter IX also presents oapital and 
annual costs; sewerage and drainae concepts; and management of 
groundwater sources. 

The reo nded plan may be implemented in 7 steps: (1) the 
early actions which should be started and implemented as mou as 
possible; (2) interim improvements to minimise the worsening water
shortages until the year 1982; (3) Phase A of the first stage of
oastruotion (1978-82); (4) Phase B of the first stage of construot. 
ion (1982-87) (5) Phas C of the first stage of construction 
j186-89); (6) Phase A of the second stage 6f construction (1989-94);
(7) 	 Phase B of the seoond stage of construction (1995-99), 

B. EARLY ACTION GUl)ELINES 

While the findings and reoommendations of the interim (and
final) reports are being discusued, and pending their approval by
the Water District, LWUA and financial agencies, oertain steps au 
be taken in the meantime to facilitate "early action" in the X=D 
water supply system. These early action guidbliues are as follovs: 

l. 	 Continue the publicity and promotional campaign about the water 
feaibility etudy so that water district oustomera are made 
fully aware of the improvements that are about to happen and 
prepare then for the corresponding water rate increases. 

2. 	 Discuss in detail within the water district ideas relative to 
raising the implementation funds (looal and the foreign ex
ohange component). 
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3. 	 Strengthen the iebal basis for development of new water 
sources, its implioientation and 	enforcement. 

4e Acquire the land surrounding the proposed water sources9treatment plant, distribution storage si,:a and right of wayfor the transmission linea, and conduct a detailed topogrp.phioal surwey of such land and right of ^W., The waterdistrict new administration bailding and mhop and laboratory
facilities may be located at the proposed treatment plant

site.
 

5. 	 Acquire a complete laboratory testing and sampling equipment;meter repair, testing and shop oquipment; assorte& tools; andsn.plementary water district vehicles* 

6. 	 Acquire disinfection (chlorination) equipment and operate thesame as soon as possible at effective locations of the exist.. 
ing system. 

7. 	 Continua water meter installations to have all the water ser
vices metered as soon as possible. 

8. 	 Initiate a routine hydrologic and meteorological data oolleotion program in the Kotkot, Balamban and- ananga Rivers (incooperation with the National Water Resources Council) todevelop stream flows, evaporation, rainfall and siltationmeasurements overia period of at least 10 years; initiate a
well water level 
rd discharge gaging and monitoring program at the existiAg and the proposed well fields identified 
as a long term source of VCWD. 

9. 	 Initiate routine water sampling and analysis at the proposed
surface sources, 
ell 	water sources and distribution system 
10. 
Conduct.a physical inventory and survey of the water system
and 	sewer system tacilitias and their connections to the
private premiaes. Inventory private wells, septic tanks,

private and public drainaga systems.
 

11. Initiate a soewerage/drainago feasibility study as soon as thewater supply planning is ocepletode In conjunction with this,conduct an ooeanographic survey of ihe Bohol Strait and
 
Camotes Sea.
 

12. With consultationi adopt a flexible, enforceable plumbingcode in anticipation of the water supply improvements and
near-future sewer#ge/drainage system. 
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13. 	 Carry on with leakage and corrosion survey of the water 
system, identifying actual and potential cross-oonneationa
 
of water supply and pollutional material.
 

14. 	 Initiate a jar test program at the Tisa Uater Treatment 
Plant to maximize the use of existing facilities and optimize 
the use of chemicals for ooagulation (in the interim peried
to 1982). Provide a by-pWeu piping to the filter to save on 
washwater and to eliminate back-up overflow ir.the sedienta
tion basinia, during non-rainy periods; unthrottle the valve 
on raw water line from ]khisan to Tis. 

15. 	 Initiate improvements to the management, engineering and 
operation and maintenance procedures of the Water District 
in acordiance with the established LNUA guidelines and in 
anticipation of future requirements that may be imposed by

loaning agenoieu. 

Estimated construction costs and the foreign exchange oom
ponents for the recommended early works aze shown in Table IL-l. 
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INiEfl1REPORT 
AF1~~I NOV 17%TER 

COST ESTIMATES ?(M EARLY ACTION WOR1S 

st imatedIt m 	 Foreign ExchangeConstruction Cost capoent 

1. 	 Qlorinators 845,000 95,000
2 at Tina WTP 
2 at Springs' 
20 at Cebu wells
 

2. 	 Meter Repair Facilitio 60,000 
 7,000
(Eqipuipmont for one shop) 

3, 	Laboratory Equipment 200,000 23,000
(Por one laboratory) 

4. 	 Hydrological & Meteorological 
Equipwnt 50v0W ,
(For 4 stations) 5,000 

5. 	 15 Fire Hydrants for Lapu-Lapu 135,000 

6. 	 Leakage Survey 400,000 50,000 

7. 	 Land Takings * 3,000,000
(For dam and reservoir area,.'IP,
 
storage tank, pamp station, roads
 
and pipelines)
 

Sub-Total 4,690,000 .80,000 
15% Continwnolex 710,000 30,000 

T o 	 t a 1 5,400,000 210,000 

For 	the facilities in the Stage I construction ounly. 

I..4 BEST AVAILABLE DOCUMENT
 



C. INTERIM 0!ROYE]I NS 

During the period of 1976-1978 certain improvements ma be 
made in the MC(D system to alleviate the water shortages until 
the recomended long term program is implemented. 

The 	works considered in the interim program will include the
 

following:
 

1) 	Improvements to the Eagubiao pump station; 

2) Construction of new groundwater wells in Pardo and 
ananga area; 

3) 	Pipe cleaning and lining.
 

A brief desuription of these works is presented below:
 

Hmubiao Pusp Station. Tha existing Hagubiao Spring col
lection chamber and pumping facilities were shown in Figure IV-3 
in Chapter IF. The present total spring yield is provisionally
 
estimated to be approximately 13,000 cumd. 

Two of the four unite at the Hagubiao pump station are at 
present inoperative due to pump and/or engine repairs. The two 
pumps remaining in service are inadequate to capture the full 
spring yield, and thus an important and readily available source 
of water is not fully utilized. Performance curves on all of 
these existing pumps are not mailable* However, field measure
ments indicate that the operating pumps (Units No. 3 and 4, 
Figure IX-i) together deliver about 8,700 cumd when operating 
against a total system head of approximatelv 38 meters of water. 
No field data are currently available to indicate how this flow in 
divided between the two units, which are of different pattern. In
 
the aboenoe of pump curves and other pertinent information on Some 
-of the existing pumps, it is difficult to estimate the aggregate 
discharges, he&ds and efficiencies of the various operating obi
nations of the four units, However, the following improvements 
which are shown in Pigure IX-1 can be implemented at least on 
a relatively short-trm interim basis. 

a) 	 Replace -complete Unit No. 1 engine and pump with om
plete motor, pump and associated electrical controls re
located from the Kabolo booster pump station. 

b) 	Replace complete Unit No. 2 engine and pump with new 150 
HP electric motor and new 150 - centrifugal pump now 
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150 MM 0 METER 
150 MM. 0 CHECK %LVE 

550 M.M. 0 DISCHARGE 150 MM.0 GATE VALVE 
550 MM.O GAYE MALVE. 350 MM. 0 DISCHARGE 
350 MM. 0 CHECK VALVE RELOCATED DIESEL FUEL 
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200 M.M.0 CHECK VALVE 
200 MN.0 GATE VALVE 
300 MM.0 DISCHARGE 

150 M.M.0 CHECK VALVE 
IO M.M. 0 GATE VALVE 
350 MM. 0 DISCHARGE 

EXISTING PUMPNO.4 & DIESEL 
ENGINE T0 REMAIN 
FOR STAND-BY 

E31----,SERVICE 

___PUMPANNE15 

280MMu6 SUCTiON--.- 35 )6SCKN OM. U)O 5M 
PBOOSTR G ASEXISTING 

_, __7._2___ 6,04 19.14 934 4.42 BLKLDIN 

NEW MASONRY ENCLOSURE CHAMBER 

FOR GAS C._O.NATOR FLOOR PLAN- PUMP STATION 

NOTE: INTERIM IMPROVEMENTS ALSO LEGEND: 0 I , 3 4 6 
INCLUDE CONVERTING TEMPORARY . . .SPRING OVERFLOW WEIR 0 J EXISTWG SCALE IN METS 
PERMANENT INSTALLATION. 

NEW OR RELOCATED 

UNT NO.2 FIGURE 3X- IPROPOSED INTERIM MODFICATIONS
,,'5PALY AI A CDM-LWUA HAGUBIAO SPRING a PUMP STATION 
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in X(WD stock, including new electrical service and cork
trols as required. 

o) Replace Unit No. 3 engine with the other new 150 HP elec
tric motor now in MCWD stock, including electrical ap
purtenanoes as necessary. 

d) 	 Relocate fuel tank for Unit No. 4 engine outside the pump
building. Remove from the site all other fuel tanks ano_
associated piping which are at present within the pump
building. Use Unit No. 4 for stand-by except when spring
yield is in exoess of what the other three units can handle. 

e) Provide a masonry roam for the existing chlorinator and 
spare full cylinders. This rom can be adjacent to the 
pump station but no direct access should be allowed be
tween the two rooms for safety reasons. 

f) Conduct a complete house cleaning. All equipment removed 
in this rehabilitation, plus all existing dismantled parts,
housings, cantings, fittings, abandoned fuel and water 
piping and all other debris should be completely removed 
from the pump building for better operation and main
tenncoe purpones. 

g) 	 Convert the spring overflow gaging weir to a permanent
installation by constructing masonry abutments and in
stalling a steel weir plate. Initiate a procedure for 
recording pump operations and spring overflows. 

For Leorporation of the Hagubiao pump station in the long

term 
planthe following permanent improvements may be necessary: 

a) low pumps, if required to properly match the bydraulios

of the upgraded transmission system; this may ba scheduled

for 	1983-85. (See Stage I-B.) 

b) 	 Structural improvements to the pump building and appur
tenant facilities, site drainage and 	flood control works,
tools, qaintenance and rcpair facilities and related re
habilitation measures to allow the station to operate
efficiently over a long term service life. 

Pardo-Xan a Wells. A well testing program is underway in
downstream gravel beds of the Hananga Riwr to determine the well
 
and pump characteristics, well spacing and number of wells required

for 	an estimated total yield of 22,000 cumd. Most of the proposed
wells will be located at the iulnga downstream near Tabuuoo and 
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Lawaan for relatively shallow depths but the well field will beextended to the Bulacao and Pardo areas along the northern part
of C. Padilla Street. The wells will be equipped with suitable
pump and motors for supplying water to the downtown Cebu. A new300 m diameter and about 9.0 km long pip." ine will convey thewater along the C. Padilla Street up to th6 existing 250 m pipenear the Tree do Abril Street intersection.
 

In the long term plan, supply from the Pardo-Hananga wellsto NCMWD will be reduced as water demands in Tal-.we and the surrounding cqmmities will increase. The proposed pipeline,time, will at thatserve as transmission line to the Pardo area, by oaveying water from tb' long term sources. 

Pip* Cleaning and ii.. Field investigations showed mostof the existing transmission lines, which have been in servioemore than 50 years, have lost about 25 per cent of their totalhydraulic capacity. When pipe internal wll surface deteriorationreaches this level, it is usually eoonomical to clean and line it.Nowever, this should be done without interrupting the service.Therefore, almost all of the major pipelines can be cleaned andlined after new supply lines are put into servicoe. No field checking was performed on 150 im diameter distribution mains. Assumingthat hydraulic capacity losses of these lines are in the same levelof transmission lines, an early oleaning and lining of about 7.0km long 150 mm diameter mains would be econominal and practical asservice interruptions along these lines would not be as significantas the transmission lines. However, a field checking of the pipe"C" valves should be worthwhile before oontracting this work out.Cleaning and lining of pipes, in diameter smaller than 150 
,r,
may not be economioally justified and thereforonot recommended.
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OOST ESTIMATES FOR INzRIM INpROVEMMfrT
 

I t e a 

1. 	Hagubiao Pmp Station 


2. 	Pard o-Knanga Wells 

Wells & ups 

Pipeline ** 

3. 	Pipe oleaning & Lining 

(150 - 7.0 ka) 

Sub-Total 

25% fgineering & COntingencies 

Total Project Cost 

E&st imated
 
Cmstruotion 

Cost ( r ) . 

100,000 * 

3,080,000 


4,950t000 


525,000 


8,655,000 


2,165,000 


10,820,000 


Poreign Exohange

C oW2MO=R (usS) 

2609000
 

190,000
 

I,000
 

461,000
 

115,000
 

576,000
 

Bued on usage of the available units in stock and in-house work.
 

* This pipeline will be incorporated in the long term plan. 
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D. FIrST STAGE OF Lt TM (TEXTATIVE) PROMUN 

First stage of the recommended program which includes source 
development, treatment, transmission and distribution facilities, 
will be implemented in three construction phases. 

Conatriao'ion Bo~o AJ)2.8i1 

3-uro v n The preliminary investigations sho that
with construction of an 82 m high dam, located an a narrow gorge, 
near Barrio tusaran, the Balamban River flows may be regulated for 
an estimated potential safe yield of 154t000 mmd. The selected 
dam site was considered for an impoundment reservoir in the past.
Aosss to the dam site can be from east either by going through
the Cebu City-lamban Road which ends at Barrio Ouba, or going over 
Canamucan-Dapdap Road north of Compostela. In either way, no road 
exists for the remaiuing about 10 km distance to the site. The dam 
sit* can also be reached fro the west, through the municipality of 
Balamban with a feeder road along the Balamban River. However, frm 
the end of the road, the dam site is still more than 15 km avis. 
For moving heavy construction equipment to the site, it will be 
necessary to construct a 12 km l1ong all weather road together with 
at least two major bridges. In addition, improvement on the Osbl 
City-Talamban Road to Barrio Guba will also be necessary, assuming
this route will be selected as it is along or near the proposed 
raw water conduit. 

General geologic setting and the foundation u terials at the
 
proposed dam and reservoir site were discussed in %ZapterVII.
 
The Lusaran dam site is 
 suitable for a rockfill dam with impervious

clay core protected with filter material 
on both sides. Geological

studies show the availability of good andesite rock to be quarried

and sand and clay borrow areas within short haul distances. The 
dam embankmont wiil have a length of about 215 m at the crest and 
the side slopes of 2.5:1 n the upstream and 2:1 on the downstream 
faoe. When the dam is built the reservoir will inundate an area 
of about 255 hap which will require relocation of Barrio Iusaran. 

The spillway and divarb.lon tunnel can be located at either 
left or right abutment, both being in the massive andesite forma
tion. The regular spiliway will be a concrete chute type, design
ed for an estimated 1O-year peak outflow of 600 cmn/seo. An 
emergency spillway, excavated through the andecite formations, will
provide safety to the dam for the greater but lese frequent floods, 
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For temporary diversion works during the oonstruction, 2 tunnels, each having a diameter of about 5.0 m and a length of about
450 m and a cofferdam will be oonstructed.
 

The raw water system will consist of a reinforced concrete intake structure, 2.5 m diameter and 7.5 km long gravity flow transmission tunnel and 900 am diaueter and 7.1 km long pipeline, an showin Figure VIII-3. 
Flows into the raw water intake will be regulated
at the multiple level gated inlet pcrte. 
Xinimum water surfaca elevation in the reservoL will be aboutat 155 m. 

Wter Trehtment Plant. The proposed water treatmen-** plant forthe Lusaran system will be a conventional type with chemical mixi g,coagulation and flocculation, sedimentation, filtration and disinfection. 
It will be looated at elevation 70-75 m,
Talamban. Initial capacity of the plant will be 
near Barrio 

about 1219000 ound
and provision will bo made in the layout to expand this capacity to185,00 0 curd, considering a maximum day to average day demand upfactor of 1.2. to 
this site. 

A minimum land area of 15 ha will be required atGeneral site work and chemioal and administrative building will be designed and oonstracted for the ultimate capacity butthe remaining process units may 
be oompleted in two stages.
 

rrai ss*ion riloties. The treated water from the ThiambanWater Treatment Plant will be conveyed into the distribution system
through the transmission pipelines as shown in Figure VIII-3 and
IX-2. 
A auary of those lines is shown in the following table:
 

Transmission Lines and Valves
 
in Stage I - Phase A
 

Location 
 Sise (MR) Length (m) 
 Number of 

S1?? to Tina Storage Tank 
 ,194X 
 11,450
WTP to M-andaue 3
700 
 49000 
 2
Nandaue to Consolaoion 


3,800
Consolaoion to Node 153 
50 2

350 
 5,200 
 2Node 153 to Liloan 
 250 
 1,000
Liloan to Conpostela 250 

2
 
6P400
Mandaue to Lapu-Lapu 5

500 4,100 2
 
?he transmission lines are designed for maxium daily demands
as nupplemntary flows during the peak demand hours will be drawn
from the distribution storaVe. 


Stage I, 
During the Phase A of Construction
a storage tank with a capacity of 32,000 oumd will be constructed at Tina. 
A minimum land area of about 2.5 hectares should
be secured at this site for this and futur storage unite. 
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Distributon System. In 1978 the XCID will begin making significant improvements to the
IX-3 

existing distribution system. Table
lists the recommended improvements and Figure IX-2 is a schematio plan of the improved eystem. The first improvements will bein the central city area of Cebu. This will consist of laying 200 n.and 2.0) =m distribution mains and replaoing and reinforcing internal'etwork pipes. New fire hydrants will be installed and all pipes100 m or leas which conneot to a hydrant will be replaoed by a mini
mum 150 mm line. 

During 1980 and 1981 improvements will be made in Mandane andLapu-Lapu. Pot Mandaue, now 200 mm and 250 mm distribution maizewill be installed as well as improvements to the internal network.New 150 mm and 200 mm lines will be installed in Lapu-Lapu in preparation for the transmission line which will be laid along the Naotan Bridge in 1982. Additional lines will. be installed in Cebu toimprove servioe in the areas near Ouadalupe, the Capitol and LahVwhich are lower than 50 m in elevation. The areas in Guadalupe andLahug higher than 50 m should be valved off from the main distribution system obtaining water supply from the existing wells in
these areas. 
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INTERIM REPORT
 
V [ILAFTER INOV 1975
TA.I, 11-8 __ 

COST SUNKARY OP CNSTRUCTIOi 
STAE I - PIMBE C (1986-89) 

Cofl3~'iotiofl ;ontuatico. ForeiCA 11Lc
It * in NU.XEW 08: pI2 meiis 

Distribtion Maine 1986-89 9,727.000 392,000
 
Internal Network 
 1986-89 23,075,000 617,000 
Servioe Cocmtions 1986-89 6,423,000 254,000 

Pipe Cleaning & Lining 1986-87 420,000 9,000 

Sub-Total 39,645,000 1,272t0O0 

Engineering &Contingnnoie 25% 9,9111000 3189000 

Sub-Total 49,556,000 1,5900 
Land Costs 

Administrative & Legal Fees 3% 1,487,000 

51,043,000 1,590,000 
Interest during Construction 

18% 7,272,000 227,000 
6% 32,000 1,000 

Total Proje t Cost 58,647,000 1,818,000 
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H. SECOND STAGE OF LONG TERM (TENTATIVE) PROGRAM 

Second stage of the recomnended program will include a new sourcedevelopment, the Manangu Iam and appurtenances, a new raw water system,treatment works, treated water transmission lines and expansion of
distribution system. 
These works till be implemented in two phases.
 

Clogtruction-Phase A1(1982:: 

Souroe 2velwm*nt. To meet the year 2O&8 demands in XCHD andin Talisay area, 72a m high rockfill dam will b constructed withappurtenances, includin 
diversion works during the construction and
the regular and emergency spillways. The reservoir crea+ed with this

dam will inundate a land area of about 140 ha, which will require replaoament of a 5-km section of an exicting road along the Nananga

River and relocation of Barrios Jaolupan and Ma7haw-y 

Dam site geology, foundation and construotion materials were

disoussed in Chapter VII. 

The Mananga reservoir safe yield studies are based en an extrapolation with the Balamban River 
 lows. These safe yield analyseshould be reviewed after several years of stream flow gaging in both 
streamso
 

The raw water system will oonsist of a reinforced conorets intake structure and 1,000 mm diameter and about 6.0 km lezd irarsmission line, as shown in Pigure VIII-3. he minimuim water surface
elevation in the recervoir is estimated to be about 81 m.
 

Water Treat ent Plant. The proposed water treatment plant forthe Nananga system will be a conventional type, similar to theTalamban plant for the Lusaran system. 
Design capacity of this plant
will be 82,000 oumd. A minimum land area of 10 ha will bs necessary 
at this site.
 

Transmission Facilities. Transmission pipeline locations andsits are shown in Figures VIII-3 and IX-2. A sumwwy of these 
lines i a as follows: 
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Transmiusion Lines and Valve 
in Stage II - PhaeL 

Location Size Ienth Number of 

Cebu City to Mandaue 700 5,500 2 
Nandaue to Consolacion 500 3v&0 2 
Consolacion to $6de 153 
 450 5,200 2 
Nodl 153 to Liloan 200 1,000 2 
Liloan to Compostela 250 6,400 3 
Node 60 to Lahug 1000 2t000 2 

ananoa VT to Node 30 1,200 7700 3 

"he diatribution storage capacity will be increased by theoonstruction qf an additional 17,000 cum storage unit at Lahug. 
DPistrin , System. During the period 1590-94 parallellines will be installed-in some areas of Cebm to reinforoe lineslaid in the early years of the iaprovements program.are The lineslisted in Table I]-9 along with other lines to be oonastzotedbetween 1990 and year 2000. Areas receiving water servioe in theperiod 1990-1994 will "e the reolaimed area between Pardo andCebu, the area between Mandau and Talamban, portions of Lalm-Lapa,

Consolaoiok and Liloan. 

In 1993 and 1994 a 15,000 cum storage facility will be addedto the site at Lahug. This will bring the total distribution storage
to 62,000 cum. 
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TABLE IX-9 

STAGE II - PHASE A CONSTRUCTION PROMAM 
FOR DISTRIJTION SYSTEK (1990 - 1994) 

Construction Description Pipe N o d e Pipe Size Pipe Lengt]
Period .... Em To - - 

1990-94 Cebu - Reinforce- 16 28 16 400 550
 
met of Stage 1 21 16 13 400 1,350

Lines 22 30 18 350 950
 

23 31 21 300 450
 
19 18 19 300 300
 
8 13 14 200 1,o80
 
9 14 7 250 1,050
 

1990-94 Cebu - New Area 	 501 5 1 200 1,500
 
502 8 5 300 1,040
 
503 15 8 30 1,050
 
504 20 15 300 1,300
 
505 15 14 250 1,oo0
 
506 8 7 25P 1,000 
507 5 4 250 960 

1990-94 Lapu-Iapm New 5,311 199 205 250 1,300
Arep. 	 532 205 206 200 1,450 

533 206 209 250 1,6oo 
534 209 211 200 500 
535 210 211 150 500

536 208 210 200 600 
537 207 208 200 1,100 
538 209 208 150 500 
527 193 194 200 950 
528 196 194 150 1,150 
529 197 196 200 350 
530 198 197 200 400 

1990-94 Nandaie New Area 	 508 80 81 200 650 
509 82 81 200 850 
510 88 87 200 850
511 86 85 200 700 
512 86 96 150 950 
513 87 86 150 300 
514 81 87 150 700 

1990-94 Consolaioin Now 539 135 136 200 700 
Axe& 540 140 136 150 1,000 

541 139 140 200 800 
1990-94 Lilan. w, 563 148 152 200 1,400

Area 561 152 159 200 1,400 
546 145 146 250 1,100 
547 146 180 250 300 
558 180 183 200 1,200 
559 146 151 200 600 

No pipe oleaning and lining are scheduled at this phase. 
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1 '! 1M REPORT'74! 

_V0IAFTER 110V 1915
 

COST SUMMARY OP CONSTRUCTIoN 
STAGE - PHAS A (i989M4) 

I t 
........ 

e a Omstraotion 
P-id 

Cetruotion 
cost (') 

Poreign Nxohalge
.2ed(s) 

Kananga Dam and Appurtenanoes 1989.-93 123,300,000 2,64000 
Raw Water System 1991-93 17520,000 980,000 
Water Wreatmant Pla1t 1990-93 37,000,000 1,850,000 
Transmission Paoilities 1991-93 59,327,90O 3,010,000 
Dixtribution Mains 1990-94 14,652,000 568,000 
ntermal Network 1990-94 25,470,000 716,000 

Servioe Cameotions 1990-94 14,380,000 570,000 

Sub-Total 291,649,000 10,336,000 

Engineering & Cotinpnoise 25% 72,912,000 2,584,000 

.%4561.o00 12t920,000 
Land Costs 2,150,000 . 

Bub-Total 366,711,000 12,920,000 

Administrative & Legal Fees 3% 11,001,000 . 

377,712,000 12,20,000 

Interect during Construotion 

24% 43,52,000 1,349,000 
18% 8,574,000 416,000 
12% 11,873,000 599,000 

Total Project Cost 442,111,000 151284,000 
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ConstMAREcio 3ta#L II - Mhae B (1995--99) 

The proposed source development, raw water system, the water 
treatment plant and the transmission facilities daring the oonstruct.
ion Stage II - Phase A are adequate until the target design year
2000. Therefore, during the Phase B *onstruction, improveaents to 
the distribution system only will be necessary. 

DistrIbutLion SMtem. In 1995 it is expected that demand in 
the Talamban area will warrant extension of both low pressure and 
high pressure service to wastomers in the area. A booster pmp
station will be oonstruoted to serve the area. A line will be laid 
to connect the Talamban and Guadalupe bocter zones as well as to 
serve the higher areas between the two booster zones. Further 
booster zone extensions will be made to the ?isa area. 

Reinforoement of distribution main will be made in lapu-Lapa
with the oonstruction of parallel lines. New areas of Nandaue,
Liloan, Oonno ,aoion and Compostela will be extended service. 

Internal network will also be expanded in accordanoe with the
servioe area growth. 

?he distribution pipelines proposed for this phase of ons
truction are shown in Table IX-il. 
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TABLE 1l-II 

STAGM II - PASE B CONSTRJCTIc PR(OGM
FM DISTRERMoN SMTN (1995 - 99) 

Construction Description Pipe N o d e Pipe Size Pipe longth 
- Frigd _ k__ _Ib 

1995-99 CeOm - Reinfooe-. 40 30 36 250 1,000
mnt of Stage 1 41 36 40 250 700
Lines 118 73 30074 80
 

98 60 61 300 950
 
1995-99 Booptei' Zone 613 
 37 36 200 3,100

Rtension 614 38 26 200 3,000
615 92 72 
 250 39000 

N92 103 200 1,100
617 103 93 200 2,200
618 92 93 200 2,300
566 95 92 350 500
 

1995-99 LIMM-Lspu 145 189 19o 250 700
Reiuforoeaent 146 190 191 250 520 
of Sta6eI 150 199 198 250 550Lines 
 151 200 199 
 250 I,000 

154 201 207 
 250 i,100
1,156 201 200 400 
 450
 
157 201 250202 1,000
159 202 203 
 250 620 

1995-99 Nadae New 522 118 117 200 1,300
Area 
 523 124 117 
 200 550 

524 125 124 200 1,050
525 127 128 250 
 700
 
526 128 129 250 
 1,100

1995-99 CqmOlaoiah 542 142 140 150 1,100
Now Area 543 141 142 
 200 600 

544 138 133 150 
 1,ooo

545 139 138 
 150 i,100

1995-99 Liloan 548 180 181 250 
New Area 549 181 250 

600 
182 11,100

550 22 200185 1,400
551 185 188 200 1,250 
552 187 188 
 20 750
 
553 186 187 200 1,250

554 183 184 
 150 800 
556 184 187 200 
 1,100

557 181 184 200 1,340
555 184 185 150 
 900
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TAM TX-11 

STAGE II - P E B COSTRUMON MOGRAN 
FOR DISTRITHTION SYSTX (195 99)' 

Coztrutim Description Pipe N da Pipe Sis. Pipe Length
Rgriod MEW__ -FS & .m - a 

1995-99 Cbpontela New Area 562 167 173 150 1,400
563 173 174 150 1,500
564 174 172 150 400

190 170 172 20 700
193 170 169 200 360 

1995-99 Ob Now Area 515 95 105 300 700rear Tlmban 	 516 105 113 250 600 
537 113 114 200 1,400
518 114 115 200 1,500
519 116 115 250 
 1,700

520 106 116 250 700
521 105 106 250 900
565 29 36 200 1,500 

About 5,630 m of 150 am and 4,500 m long 200 s diamter
existing pipelines are soheduled for oleaning and lining during
this phase of oonstruotion. 
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F ! *EfM REPORT 
TAL IX  iVNI AFTER I NOV 19 5 

COST SUOoURT OP 0oNSTUCTION 

STAGE n - PHASE B (1995.-") 

I t * a Constraction 
.... .Period 

Talemban Booster Station 199496 

Distribution Xama 1995-99 

Internal Network 1995-99 

Servioe Conections 1995-99 

Pipe Cleaning & Lining 1994-96 

Sub-Total 

Engineering & Contingenoies 25% 

Sub-Total 

Land Costs 

Administrative & Legal FNo 3.% 

Interest d ing Constructioa 

12% 

24% 

Total Project Cost 

Construction 

Co t (P) 


1,350,000 

19,052,000 

29,712,000 

14,380,000 

870,000 

65,364,000 

16,341,000 

81,705,000 

a 

2,451,000 

84,156,000 

343,000 

19,511,000 


104,010,000 

ForeignnE can
£_one fL . 

94,000 

678,000 

724,000 

570,000 

19,000 

2,085,000 

521,000 

2,606,000 

2,606,000 

17,000 

473,000
 

3,0,96000 
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F. CAPITAL COST SUNXARY 

Capital oosta of each phase of construction including the 'Marly 
Action Works" and the "Interim Improvements" are muarized in Table 
31-12. Land costs for the Stage I facilities are included in the 
"Ikrly Action Program". The total project cost shown in this table, 
in general, includes estimated oonstruction cost of facility, engi
neering and oontingencies, Oost of land and easements, adminictrative 
and legal fees and interest during construction. As indicwted pre
viously, conetraction cost estimatee of th3 propocod inprov~ents 
are based an the projected July 1976 unit pricec. ForoiCn exWha 
omponent of total project cost which is also ahowm in Table V,-129 
includes cost of direct and/or indirect import items. 

The water supply and dnnd chart in riLr o M-3 iriic.t,1os 
timing of the omstruotion atagms for the so'rco davolccI.-nt in re
lation to the maximum daily water demand curvw for tho prcjze. remo. 

OPERATIONAL A1o ANNUAL JAUD aL?=A ! C3215 

.lnnual operational and maintcnanc c:zto ircln p ,zol 
power, chemioals, maintenanco, rantalo, rcra:mn;tr of rc' aaea 
in the past, and other misoollnecuc orznzs ,iic*- nncwz"-z- tc 
run the overall water system. Me total ernial caot of th- rxo-'ikA 
syatem in 1975 was P3,343,000, Follourinj imp1o-"'ra'Si:: ' "-
oom=nded improvements, the present oost will do 1crtrual Cr'r 
additional p3rsonnel, power, olincala an m-An/orn=!c ,' r 
ennual costs discussed hero exclude ths zar=al rv- of' t D l'cu 
for construction of the new facilities. 

The annual costs of operating the at.er d.iatrict faci.itio sz-0 
estimated to be about P6,850,000 in 1932.. 2z3oo c t3 ,ill zra'!e0 
to P9,020,000 in 1990 and P13,020,000 in 2xCCO. (Soo Tablz 3I-13. ) 
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TABLE IX-3
 

STAGE I - PHASE A CONSTUCTI0N PROGRAM
 
JM DISRIBUTI0N sYTM (1978 - 1981) 

CWmt2Uotion Description Pipe Pipe Size Pipe length 

1978 -79 Cozre City of 
OSCJu Reinforoing 
Neder Maine 

224 
30 
28 

102 
100 
101 
99 
6i 

611 
94 
65 
46 

23 
33 
35 
55 
55 
33 
61 

316 
316 
53 
42 
31 

24 
23 
25 
35 
54 
54 
54 
47 
48 
52 
49 
42 

250 
25C 
250 
250 
250 
250 
300 
250 
250 
200 
200 
200 

200 
150 

1,050 
1,120 

500 
280 

1,200 
500 
300 
300 

iooo 
620 

1980-81 amp-Lalm 
Owe City 
Reinforoememt 

59 
24 

145 
146 
159 

47 
24 

189 
19o 
202 

59 
25 

19o 
191 
203 

200 
250 
20o 
20W 
200 

1,10 
400 
700 
520 
620 

160 
158 
47 

191 
190 
191 

203 
202 
192 

150 
150 
200 

300 
430 
86 

161 203 192 200 760 

1980- 81 

1980 - 81 

cce City of 
Nwadaue 
Reinforzing Mains 

C City Re-
inforoing Exist-
ing Servioe zea 

157 
134 
138 
139 
143 
127 
128 
133 
126 
47 
95 
98 

201 
100 
90 

112 
111 
89 
90 

111 
84 
41 
51 
60 

202 
89 

101 
101 
112 
90 

102 
100 
89 
42 
52 
61 

200 
200 
200 
200 
200 
250 
250 
250 
250 
200 
200 
200 

650 
540 
850 
660 

1,700 
1,000

940 
900 

1.300 
600 
900 
350 

97 
48 

481 
60 
49 
23 
19 

60 
320 

41 
47 
45 
31 
18 

59 
46 

320 
46 
46 
21 
19 

250 
250 
250 
300 
250 
300 
250 

600 
700 
200 
68 
560 
450 
300 

22 30 18 350 950 
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INTERIM REPORT 
VOI% AFTER I NOV 1975WALE UL4 __- _ _ 

COST SMtiy OP CONS ZUCTION 
STAGE I 

t a to 

Iawaran Dam & Appartenancea 

Raw Water System 

Water Treatment Plant 

Transission Paoilities 4 

Distribtimon Mains 

Internal Network 

Serios Connections 

PSASE A (1978 

Construction 

kg~~Priod 

1978-82 

1978-82 

1978-82 

1979-82 

1978-81 

1978-81 

1978-81 

Sub-Total 

mginearinzc & Contingencies 25% 

Sub-Total 

Land Coats *w 

Administrative and !egal Fees 3% 

Intorst du-ing Constorution 2$% 

18%4'' 

Total Project Cost 

Inolude tranmission line to LMa-Lari. 

- 82) 

Const-no-tion 

I) 

167,800,000 

94,756,000 

51,50,000 

88,812,000 

10,531,00 

22,734,000 

6,423,000 

442,556,000 

110,639,000 

553,195,000 

16,595,000 

569,790,000 


979043,000 

29,697,000 

696,530,000 

Foreign Exohap 

99 w U 

3,596,000 

3,524,000 

2,500,000 

49924,000 

372,000 

613,000 

254,000 

15,783,000 

3,947,000 

19,730,000 

. 

19,730,C9
 

2,310,000
 

l9llOV0O0 

23,150,000 

** Land costs are included under the "Earl.y Action Works". 

4'4' Average interest duing oonstruotinaof o ding faoilitie. 
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9 Mtrction Phase B (1982-87) 

Source Dovelo ent. The raw water transmission line capacity
will be increased to i85,0O0 cumd by inatallation of 800 mm diameter
and 7.1 km long pipeline from the downstream end of the transmission
 
tunnel to the water treatment plant at Talsmbaz. 

N I ICI , Capacity of the plant will be increased 
to the full capacity 185,000 cured) the lUwaranof system by adding
MW process units. This caPacity will be adequate (including 40,000
cued from the groundwater) for HCHD until the year 1993.
 

Tran.n"Ocic- Filitiee. New transmission lines will be cow-.
truotod as Ohn3n in Pigures VIII-3 and 11-2, A ummary of thae lines 
is presented in the following table: 

_ranumieajon Lines and Valves in 
._Stai I - Phase B 

Sim~ Length Number of 

WTP to Tis.. 2c,i'asoTanr 1,000 10,720 3
WW to ?acV 800 4,000 2
Kandane 'o Cc:solac-iom 450 3,800 2
0oloaotcl t- P'2 153 40 5,200 2
Node 153 -'c 
 200 i,000 2
Liloan to C.-'o. 200 6,400 3

Nods 60 to I. .t'z.i-Ze 
 700 2,000 2
 

A r- ctcrr,,-. tark will be built at Labug, with an initial
capacity c2 8 CD c.no A minim= 
land area of 2 ha should be taken
 
at this site ' 1ccM c-dato 
 tua storage tank and future expansion
units.
 

An affi.t-nr! 57001 cm ctorage unit will be constructed atthe Tisa sv- . boontor pump station ai Qiadalupa will be put in
to operaticn for uervinc- hfrh level areas. 

....--. . t" . y rid-1982 the new surfaoe water souroe
will be io rvi4c3 along with the transmission line frMthe water t 
 'nin pkIZt. This trill significantly increase the 
water rurplv - t> !,.C. cuntci-r. To provide better pressurediltribrutiui -'r" ; peck ho.-s, a naw 32,000 cm storage tank will beonstructed .a-r .. T now transmission line will pass through
Consolaci;:, 
e-.. trvios to be extended to custoi r in thin area with v--rj iit-An incremrotal oost. The municipalities of Liloan 
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and Copostela will be served ty a transmission lin laid along the 
National Roadc The existing systems in each municipality mut be 
reinforced to provide adequate pressures daring peak-hdor and fire 
flow periods. 

In 1982-83, 250 m lines will be laid along the waterfrcmt in 
Ceba and connections made to existing distribution mains as well an 
the transmission line from the now souroe. Servioce will be extended 
to the reclaimod area in Cebu and andaue. Feeder mains in Pardo 
and a loop will be completed in the low pressure sone between Lahug 
and Ouadalupe. 

AY 19-85 the feeder main system will be extended to the li
mits of the low pressure zone. A booster pump station will be in
stalled to provide improved aervioe to areas in Miadalupe and Lalng
above 50 m in ground elevation. New distribution main will be laid 
to serve the booster zone and the Basilan storage tank will be used 
for booster zone storage. Also, the servioe area will be extended 
in Pardo, I *ug (toward Talamban) and Lapu-Lapi. 

Table IX-5 shows a sammary of the proposed distribution mains. 
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TEABL IL-.5
 

STACU I - P-AE B CONSTRUCTION PROGRAN
 
FOR DIST MnIoN 3SYST (1982-85) 

Construotion Description Pipe N o d o Pipe size Pip. Length 

1982-83 Liloan 182 
181 
178 
179 
180 

153 
154 
157 
]55 
154 

154 
157 
156 
156 
155 

200 
200 
150 
150 
150 

400 
600 
830 
400 
480 

1982-83 Carpostela 
183 
191 
192 
193 

136 
172 
169 
170 

159 
171 
171 
169 

1.50 
150 
150 
150 

800 
350 
660 
360 

1982-83 Xandmw Servioe 
Area Er't n on 

140 
141 

122 
122 

112 
123 

200 
200 

1,120 
640 

1982-83 Cebui Servioe Area 
Nrtenaic Along 
Waterfront North 

142 
132 
129 
103 
104 
105 

121 
120 
123 
62 
70 
76 

122 
121 
102 
55 
62 
70 

200 
250 
250 
250 
250 
250 

1,000 
480 

1,80 
680 
2,0 
950 

106 79 76 250 1450 

1982-83 Servioe Area 
Ertension Along
Waterfront South 

119 
26 
27 
20 

75 
22 
26 
21 

76 
20 
22 
22 

200 
250 
250 
200 

820 
60 
400 
580 

15 20 19 250 380 
1982-83 Pardo 4 

10 
3 

10 
2 
6 

250 
250 

1,100 
500 

1982-83 Lehug Area 
6 

51 
6 

66 
2 

58 
200 
200 

1,200 
900 

1982-83 Lapu-Lapu 
50 

152 
45 

200 
58 

206 
200 
250 

1,680 
820 

19B485 oocter Zone 
Network Near 
ouadlu & Lahug 

156 
602 
603 
604 
605 
606 
607 
608 
609 

201 
57 
4-
38 
37 
43 
56 
63 
72 

200 
65 
57 
44 
38 
37 
43 
56 
63 

300 
250 
250 
250 
250 
250 
250 
250 
250 

460 
1,100 
1,050 
1,300 
500 

1,350 
1,200 
700 
500 

610 
611 

63 
56 

65 
57 

200 
200 

550
Boo 

612 43 44 200 1000 
223 38 39 30 320 
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STAGE I - PHASE B CONSIRUCTION PROMM 
FR DISmrRJTION SYSTU (1962 - 85) 

OCatruction Description pipe No da Pipe size Pipe Lengtb
._r_ . . aI, __ J L L. 

1984-85 Lapu-Lapu Servico 154 207201 200 1,100
Area ERtension 153 206 207 200 113 

1984-85 Cebu Servioe Area 40 30 36 300 i1,Cc,
Extension to Booster 41 36 40 300. 70,,
PumpStation 44 46 40 3W00 

42 40 39 350 8 
43 45 3? 250 1,000 

1984-85 North of Lhug 52 77 66 200 600Service Area 53 314 77 200 85)
Extensio 531 80 314 200 35; 
1984-85 Pardo Industrial 3 4 2 250 &0 

7Area 7 4 200 1,020
11 6 7 250 i,1oo9 14 7 200 1,0,0 
e 13 '14 250 190014 19 14 250 1:600 

21 28 13 400 1,900 

The following exasting distribution pipelines will need olean
ing and lining during this phase of construction:
 

Eisting Pipeline Diameter Length 

Nagubiao Line 350 11,100 
Ti a Line 400 4,000 

350 630 
Steel pipes laid in 1974, '75 300 2,450 

250 2,79O 
Distributlon Nains 250 2,270 

200 2,270 

BEST AVAILABLE Di) IiAIT 
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VI't TERIM REPIORT 

- 6 1_VOIL AFTER I NOV 1975 
COST SUNMARY 0 CMTUTION 

;jTA0EC - PHASE B (1982 - 87) 

Construction Cowtruction Foreign Ex. 

Raw Water System 1984-86 14,484,000 731,000 
W P &psaaion 1985-87 8,00,000 t000,000 
TanmIssion Facilities 1985-87 55,4294000 2t603,000 
Ouadalupe Pump Station 1983--85 1,650,00 320,00 
Hagubiao Pump Station 1983-85 280,000 31,000 
Distribution Xains 1982-05 20,2201000 739,000 
Internal Network 1982-85 23,274,000 616,000 
Service Connections 1982,85 61423,O000 254t00 
Pipe Ceaning & Lining 1963-86 5,820,000 125,000 

Sub-Total 136,0809000 692199000 

Ea~ignering & Ccartingenoies 25% 34,020,000 1,555,000 

Sub-Total 170,100,000 7,77,000 

Land Ceets* 00-
Administrative & legal fees 3% 5,103,000 

Sub-Total 175,203,000 7,774,000 

Interest during Consatructic: 

12% 12,413,000 538,000 
18% 10,334,000 208,000 

Total Project Coat 197,950,000 8,520,000 

* Land costs are included under "Early Action Works". 
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No additional works will be required at this phase for the
8uroe develoPmint, water treatmnt plant and treated water trans
mission faoilities.
 

Distrib -ioz Sgom. In 1986-87 new storage facilities will beadded to the distribution. The Tisa storage site will be expandedwith the addition of another 5,000 azm storag. facility, A new sitewill be developed in Lahug with the oonstruction of a 10,000 oua 
storage tank. 

Signifianl expansion of the servioe will be made in the areabetween Cebu and Mandane in 198&-,9. hias will be done in oonjunotion with a new transassion line between tbse cities. TheNC(D will extend service to new areas north of the main highwayfrom Nabolo to Hagibiao. Other system expansion is expected to 
occur in Lapu-Lapu, Consolacion and Liloan.
 

The proposed distribution pipelines in this *ase 
 are show 
in Table IX-7. 

3X-19 
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TABLE 11-7 

STAGE I - PME C COnTRUCTION PROOAM 

PUM ITRnhUTON 
Centruction Description 

1986 - 89 LMM-Lapu, 

1986-89 Consolaoion 

1986-89 Llowi 

1986-89 Pardo 

1986-89 Nandaue Service 
Area Extension 

SYSTM (1986 - 1989) 
Pipe NodPip Size Pipe Length 

148 192 193 200 400 
149 
150 
151 

193 
199 
200 

198 
198 
199 

150 
200 
200 

860 
550 

1,000 
162 
164 
165 
166 

137 
137 
134 
134 

133 
135 
135 
133 

150 
150 
150 
150 

740 
670 
100 
100 

174 
175 
176 

148 
151 
183 

151 
183 
186 

200 
200 
200 

1,200 
1,200 

800 
177 157 186 200 1,150 

1 1 2 200 1,300 
2 

131 
130 
108 
109 
110 

4 
121 
129 
82 
88 
97 

1 
129 
123 
78 
82 
88 

200 
250 
250 
250 
250 
250 

960 
1,300 
ltO0 

800 
570 
6o 

121 83 82 200 640 
124 
125 
107 
118 

lo9 
118 
78 
73 

110 
119 
79 
74 

150 
,50 
50 

200 

860 
450 
780 
860 

120 
122 
111 

83 
98 
97 

84 
97 
96 

200 
400 
400 

560 
1,000 
1t230 

112 
55 
54 

96 
85 
80 

95 
95' 
85 

400 
300 
NO 

850 
19240 
1,300 

Cleaning and lining of the existing old 150 = diamter distribution man were inoluded in the interim improvements program. Clean-.ing and lining of 50 par osnt (5,630 m) of more recently laid existing 150 - diameter pipelines will be done during thir phase of the
reoommanded construotion program. 
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_ _ _ 

DESCRIPTIVE DATA GRAPHIC LOG 
DEPTH I 

WELL NO. (CDM CBU-41 (M) I 'PTl CASING STRATFICAtIONOTH ER N*ASA 18-66- 7 ,-G CN UFCLOCATION WEST SIDE OF PROV ROAD NEAR -'6RCUND SURFACEBULACAO BRIDGE, TAUUNOC -- 2. DROWNR SANDY CLAY 
CITY _._2,5__ _ _PROVINCE TALISAY, CEBU
 
CONST. By NWASA -HARD LIMFSTONE
 

DRILLER -P GOMEZ 12.2 40 :
 
STARTED _ _ _ _BROWN 
 STICKY CLAY 
COMPLETED 15 AUGUST 1966 15.2 50B S 
,, _ _ _ _ __ _ _ __ _ _ _ _ _ 21.3 70 ....OWNER_ 

1 lii s BUDBOULDERSTATUS ,_24.4 80 
BOULDERS 

CASING I A rETER 200 MM 29.0 95 SOLID BOULDER 
31.4 103SOIBULE 

DRILLEFI TEST DATA:. 
DATE 15 AUGUST 1966 
STATIC WATER LEVEL 12.2 M 4.2 145 

PUMPING WA.TER LEVEL _________1 BOUJLDERS 

TEST PUMP YIELD 37.9 LPS ! 

59.5 195 -

REMARKS. 64.0 210  _
 
PERFORATED CASING - 15.2 M. 200 MM
 

BEST AVAILABLE DOCUMENT 
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TABLE VII-1-2 

CHLORIDE CON NT OF WELL WAE 
KEROPOLITAN CKBU WAM DIMJIOT 

Well Chloride 1 Chloride 
Looatjon Tear j2v -( )b 

Ong Res. -
Casal Xabolo 1969 17.4 1975 24,0 PMe 

Go Thong Res.-
Jasmin,
tal 

Capi
1969 20.6 1975 29.0 Power 

La Do Rea.
Ramos St. 

-
1969 20.6 1975 30.0 Power 

70 Hipodromo 
St., Mabolo 1970 22.9 1975 39.0 Mind 

U.SC. Res* -
Lab., Pq del
Rosario St. 1970 45.3 1975 1,978.0 Poer 

134 V. Rama
Sto 1970 87.3 1975 104.0 Rud 

Cbbu Health 
Dept., Sika
tuna Sto 1970 146.9 1975 274.0 Rand 

Provinoal 
jail 1970 200.9 1975 784.0 Han. 

170 Xwialll 
St. 1970 201.4 1975 704.0 Hand 

110 Villa.
gcnslo St. 1970 1,044 1975 2,200 Power 

Southern 
N tors 1970 2328 1975 2,390 Power 

'Wilhelm Pruell, Intrusion of Sea Water Into the Mroundwater
of COebu City, The Philippine Scientist, 1973. 
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___ 

DESCRIPTIVE DATA GRAPHIC LOG
 

DMPFT.) CAIN STRATIFICATION

VIELL NO. ( C.) C9U -64 

OTHE) -GRUND
 
LOCATION _BORRIO NAWANAO , MANDAWE CITY __-'GROUNDSURFACE
 

CITY _ _ _----_ 

PFOVICCE CEIU
 

Cc."ST. iY _-- --


DRILLEH 

coL. ED S'PTT;,3aR 1955
 
YELLOW STICKY CLAY 

S TAT U5. . 

A. 3,T, 150 PAM 12.2 40 

p . C,Z, TZ3T r,; ,,'[ TA*
L, "#: ,. GRAVEL
 
,,. ,". LEVEL 12.2 M 4 

183 60 --

P , \:r.R LEVEL 12.2 M -- --


TSY PUN.? YIELD 1.3 LPS
 

'.AT R GULITY DATA - YELLOW STICKY CLAY 
CLEAR AFTER .. . SWATER IS FRESH AND 


t-0 HOURS OF PUMPING.
 

3346 111 
LIMESTONE AND 

REMARKS " 1 1 GRAVEL 

WATER LEVELS WERE STRUCK AT 14.3 M
 
BELOW GROUND SURFACE AND AT 33-8 M
 
BELOW GROUND SURFACE.
 

BEST AVAILABLE DOCUMENT 
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DESCRIPTIVE DATA 	 CRAPHIC LOG 
DEPTH ". 

DEPTH ASINGSTRATIFICATION 
WELL NO (CDM ) CBU-71 (M CASING I 

(OTHER) -GROUND SURFACE 
-LOCATION 	 SOUTH ILAYA, 0O. COTCOT 

LILO-AN 

CITY 
PROVINCE CEBU 
CONST- BY ___'-__._•__-.--'.
 

DRILLER 
STARTED _". "- YELLOW SANDY CLAY 

COMPLETED JULY 7.6 25 .2Z.1963 	 +-; 
OWNER
 

STATUS _ 	 _ _ _ _"_ 

CASING DIAMETER 100 MM 	 12.2 40 

DRILLERS TEST DATA, 
DATE
 
STATIC WATER LEVEL 7-6 M BLUE CLAY
 

PUMPING WATER LEVEL 9, M 

TEST PUMP YIELD 0.6 LPS 

23.8 78 	 F 

25.0 82 :, *. . ,. SAND 
26.2 86 	 GANO a GRAVELWATER QUALITY DATA: 


PH a 7.4
 
OOR a UNOBJECTIONABLI F
I.I" FINE SANDSAND
 
COLOR "5 UNITS .


2"- 98 " I "' 
TASTE UNOBJECTIONABLE 29.9SIY 	 A 

31.7 104 	 BLACK STICKY CLAYTURBIDITY a 5 UNITS 
-54=132.0 105ALKALINITY a 119 


BICARBONATE a 145.10
 

ACIDITY a 20
 
FREE CO2 9 17.6
 
CHLORIDES 2 16
 
IRON a 0.15
 
CuCOs a 293
 

GOOD FOR DRINKING , LAUNDRY AND
 

BOILER. EXAMINED - JULY 1, 1963
 

REMARI Z:
 

LEKGTH OF SUCTION 14.3 M
 

3.4 MPERFORATION 
SPECIFIC CAPACITY _, LPS/M 	 BEST AVAILABLF DOCUMENT 

FIGURE "IE-B-3 

WELL DATA SHEET 
FEASIILITY 	 STUDY OR WA C WeLL CBU-7 
SUPPLY OF TEN PROVINCIAL AREAS LUA-7	 ALL 
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tt 

Period 

EarlY Action Worzs 1976-77 

Interim Improvments 1976-78 

I - A 1978-82 

B 1982-87 

C 1986-89 

II - A 1989-94 

B 1995-99 

AIIUAL 

I'122 

I. 	 Source Fhailities 

2. 	 Water Treatment 

3. 	 Transmission & 
Distribution 

4* 	 Administration 

5. 	 miscellaneous 

T2taue 

Volt" NOVj14915 
T~AML nl-12 

CAPITAL COST SUMMRY 

Costraction 

g~t() 

4,690,000 

8,655,O00 

442,556,000 

136,080,000 

39,645,000 

291,649,000 

65,364,000 

TABLE IX-13 

OPERATION AND N 

Annual 

Ttal Project 

u 1-Cm 

5,400,000 

I01820r000 

696,53,oo 

197,950,00)j 

58,647,000 

ftraisn E-chap. 

e(UJS 

210,000 

576t000 

23,150,000 

8,520,000 

1,818,000 

442,111,000 

104,010,000 

15,284,000 

3,096,000 

ACE 0STn 

CostE.. (P b) 

19l 2000 

2,690,000 

1,990,000 
2,760,000 

2,710,000 

3,480,000 

4,320,000 

4I170,000 

800,000 

200,000 

2,350,000 

900,000 

300,000 

3,820,000 

1,000,000 

400,000 

6,850,000 9,020,000 13,020t000 

SWA!AE DOCUMENT 
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H. SWERAGE/DRAINAGE CONCEPTS 

General 

All the communities in MCWD lie along the shores of BoholStrait or the Camtes Sea. LapN-Lapu City is nearly flat, withvery gradual slopes from the shoreline to a maximum elevation ofabout 10 m above mean sea leve.l in the center of the island.of the other municipalities in the MC= 
All 

a -o in coastal settings,
with altitudes varying from near sea level at the shore to 50 m or more in the' more inland portions. 

Existing Drainage Svste l 

There axe no adequate Andsewerage drainage facilities forany of the cities in the XCWD service area. Many residences andestablishments have septic tanks with effluent being dischargedto open drains and storm drainage conduits, which ultimatelydrain into the Bohol Strait and Camotes Sea. Except for Cebuand Nandane, piped drainage systems of any type are limited tosmall gravity-flow storm drain systems in the central market andcommercial areas of each oommity.

to storn water runoff, these systems 

Though nominally restricted
 
all receive substantial

sanitary sewage and effluent from septic tanks, through manydirect connections or seepage from overloaded subsurface disposal
facilities.
 

in Compo:tela, Consolacion, Liloan and Lapu-Lapu opsaches and swaltq on grade convey runoff to 
dit

local chanuelh drainingto the bay. Relative to the densely-developed urbaiizad area. ofCeabi-andaue, the smaller ooimmnities have less general tendencytoward flooding, as paved areas are relatively cmaller in extent.Also, surficial soils are generally more granular in the outlyingoomnunities, so that a greater percentage of rainfall percolatesinto the ground. In the Cebu City area soilthe upper cover isclayey in nature, tending to make surface runoff larger. 

"anyprincipal streeta in centralthe section of the urban
area of Ceba City have a piped storm drainage system. nhese
drains discharge to the 3 major natural watercournes passing throughthe city (the Subangdako, Guadalupe and Kinalumsano Rivers) anddirectly to the Bohol Strait along the shoreline. However, mostareas in the City are drained by open ditches and earth channels.The City has considerable topographic relief in the areas to thewest of the downtown commercial zone, but the older section of thepoblacion, the andport, other land reclaimed from the harbor are 
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all very flat. All the drainage arrangements rely on gravityflow. During and immediately following periods of intenserainfall, brief flooding is experienced in these low-lyingmeroial areas, especially when 
com

severe storms coincide with hightides in the receiving waters. 

Portions of the river channels passing through the urban
area are essentially dry in the dry season. 
 Thi.s is especiallytrue in the area to the west of the commercial center of thecity, as these waterways are at higher elevations and are
oharacterized by steep channel gradient toward the shoreline.
In the flat low-lying areas along the shore however, these riversare sluggish, and very objectionable nuisance conditions prevail,due to the large amount of wastes conveyed.
 

Except for Lapu-Lapu, topography of the MCNDsteeply toward the area slopesshore, and flooding does not appear as seriousar in many other cities in the Philippines. However, existingfacilities are inadecuate and floodswith most of short duration do occur,of the attendant damage occurring in the low-lyingareas. With sanitary sewage (wastewater) being dischargedthe storm drainsp contamination into 
creating serious health 

of the environment is prevalent,hazards and conditions conducve to breeding mosquitoes and for the propagation of water-borneSince gradient of many drains diseases.
in the low areas is flat, the conduits and chnmels are often plugged with soil and debris adding
to the polluted conditions. There is also 
potential for pollutedwaters to percolate into the subsoil, contaminating the groundwaterin the vioinity of these watervays.
 

The Central Cebu piped drainage system suffers fromplanning. lack ofFor many years, there has been no coordinated drainagemaster plan; available drainage facilities are not put to optium 
usee 

Available drawings of Cebu drainage facilities are very
incomplete, both in regard to area covered by the system, andwith respect to many details of facilities which have beentructed. Drawings consindicate a basic Cebu City drainage system wasdesigned in 1940, including about 50 km of concreteranging from 150 pipemm to 19100 mm in diameter with gravity flow outfalls to Bohol Strait in the port area. Existing drainage systemin ts, manholes and appurtenant structures are seen throughoutthe central area of Cebu, encompassing the entire areathe 1940 design was prepared. However, 
for which 

records do not indicatewhether or not this original system was constructed in substantiveconformance with the design intent on these recorded drawings. 
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Numerous additions were made to this system over the years
 

The Bureau of Public Works Manila design office prepared a
master plan for drainage in a portion of Cebu City in 1956, butavailable recordts suggest there nohas been updating of the co
cept and detail for many years.
 

Relationships with Infrastructure and Other _bgineering and
 
Economic Factors
 

The provision of ccerage and drainage facilities in theseXCWD communities has a significant impact on water supp)y and
other infrastructure. On the other hand, economios (that is,"ability to pay") and public health affect the feasibility of
providing sewerage/drainage either on a s2prate or a cobined

basis. Because of its location, 
 any system of public sewerage
in this coastal area will include some form of discharge, treat
ed or otherwise into either the Bohol Strait or the Camotes Sea. 

As stated before, alternatives for water supply sources in
the MCM area include R.oundcater 
 from deep wells. Discharge of sewage and surface r .f into the open channels and creeks may

havm potential for pollution of wells in proximity to 
such discharges to a great-r degree than is usual, due to local geologyand well construction practice. Existing MCID wells in the CebuCity area tap a fundamental limestone complcx which forms an ex
tensive mantle owerlying the basement structure beneath the city.This limestone series is in turn blanketed with smificial sediments which are stiff clays an sandy clays varying from about 6 m to 25 m in thickness over the core city area. Local well drilling has almost exclusively beta done with cable-tool percussioneqaipment. In most casot thero is neither a surface casing ; or
grout seal of the inner casing in the clay layer which existween the ground surface and the top if the aquifer. ell com-

be

pletion has customarily consisted of pouring a concrete collar&round the top of the casing at ground level, with a slab on grade.
There is potential pollution of those wells which ara immediately
adjacent to drainage ditches conveying wastewaters. This pollutional threat is expected to increase as the water supply avail
ability improves. 

Because of the common topography and relationship with the
bay, any form of centralized wastewater disposal in MCWD -ill

necessarily involve dischrge of effluent, treated or otherwise,
into the bay. I is therefore immediately apparent that oceano
graphic investigation of the bay will be necessary tc determine 
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its ability to absorb these wastes, as this ability has very
great imipact on whether or not treatment will be necessary,if so when and what degree will likely be needed. 
and 

The 1970 census reported 32 per cent of the households inthe MU(D had flush toilets. However, such plumbing is
oentrated in the Cebu-X4andaue urban area, as shown in the 
con-

fol
lowing table.
 

Total No. HouseholdsCommunity of Households lush toilets Ratio (%) 
Cebu City 
 56,032 
 23,172 
 41
Mandaue City 
 9,658 
 2,347
Lapu-Lapu City 24


11,781 
 1,153 
 10
Liloan 
 4,123 
 711 
 17
Consolacion 
 3,120 
 343 
 11
Compostela 
 2,588 
 218 
 8
 
MXCf Overall 
 87,302 
 27,944 
 32
 

Erperience has shown that, as a general rule for core city
areas where population densities 
exceed 35 to 50 peruons/ba apublic sewer eystem may be economioally justifiable as opposed
to septic tank systems.
 

y 1980, the core city area of Cebu and Mandaue will have
densities much more than that of Lapu-Lapu, over 50 ersons/ha;while Consolacion, Liloan and Compostela will have overall densities less than 25 persons/ha. At that time Cebu, Handaue andLapu-Lapu may be able to justify a public sewer system whilethe rest may have to wait a while to increase densities and homes
with water-borne closets. 

ProjectedWastewater Volumes 

Wastewater production, like water supply demand, tends tobe concentrated in the core city area of Cebu, where the densityof structures with water-borne waste disposal systems is higher.This core city area largely coincides with the area served withthe existing piped storm drainage system. For this centralCebu City area, estimated potential connections for a sanitarysewerage system have been projected to be as follows: 
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eeetewater, cumd

Design % Sewered of Domestic 
 Allowanoe forYear Water Conneotiong Com/Ist. Industrial Infiltration ToAl 
1990 9 5,200 3,700 1,300 l0j200
2005 24 
 22t200 4,300 
 6t000 32,5002025 47 73,000 
 9,000 18,000 100,000 
Alternatives Available 

Before decisions can be made on the implementation of draina6 and/or sewerage facilities, it must be decided whether the
woka should be designed on the basis of separate piping for
 
storm and sanitary uastewater as a combined system. 
Although the
studies neocsary to determine the most economical system (or

oobinationu) have not yet been undertaken in Cebu, experienceelsewhere in urban Asian communities of similar size and economicdovelcpment indicates that it is unlikely that such a low peroenLtaga of modern toilets would jastify economically an immediate
orlearly sewering program, particularly on a separate basis. 
7he
rationale for the provision of wastewater collection facilities

has tradi-ionally been based on aesthetics and public health
bSeefits. 
In addition, provision of a financially self-cupport
in; sew:ora.T ysta-sn is seldom aahievad even indeveloped countries.
Itlis likely thit TIMUD will be no exception to this experienoa. 

At the prescnt, there is a distinct water supply shortage in
the 11C9. An the water 
supply problem is resolved, wastewatervolunos utill izcire3az. Related public health and aesthetic problerius nil! in turn oompouno, and aggravate the wastewater problem.Taking into aocount the area's ability to pay and its needs, implementaticm of infraztruiture facilities appears to be in thefolloing or-lr: 1) water supply, 2) drainage of surface runoff,

and 3) astc,,rater. 

izol.iyo-ot of trunk sewers and drains is greatly affect
ed by topo-.p y, with pipes ideally following the natural drainage slcpe of the ground to minimize sewer depth and need for
pumping. FHiaror, in urbanized coastal suchareas as that betweenTalisaar and Vand!..:. along the Bohol Strait, it is important toselect tru-',: set-ar alinments conforming to a long-range plan.
Mis is esnecially true in view of the configuration of the Straitwhich mey restrict the natural flushing action of the tides. The

mini,-%-in-:sttent scheme initially may be a trunk sewer and separate outfall in each major drainage basin in each community. Ooeanographic studies will help define the total wastewater load which
 

BEST AVAB!LALr DOCUMENT 

IX-36
 



can 	be assimilated in the bay water concerned with minimal effect
 
cm aquatio life, or nuisance and public health problems of a
 
degree which would not be tolerable to the communities. Such
 
studies, coupled with more detailed projections of the volume and
 
nature of the uastewater produced, will permit definition of the

time and locations at which some 
degree of treatment will be re
quired. In densely developed contiguous urbanized areas, such
 
as Cebu-Mandaue, when high degree treatment may be required it is

often found more economical to treat the wastes at a single lo
cation. It is thus important that trunk mains and outfalls be
 
so located thAt wherever possible they may be readily adapted to

conveying waste to a central disposal plant if such beoomes neces
sary in the long-term future.
 

Very preliminary conceptual trunk sewer basins# pump stations,

and outfalls for the Talisay-Randaue stretch of Bohol Strait are
 
shown on Figure
 

Treatment requirements cannot be defined until a drainage and 
sewerage master plan, including assessment of the waste-absorbing
potential of the Strait, is complete.
 

Planning concepts should be guided by the following:
 

1) 	Minimum cost (with the absolute limit of the ability of
 
the District to build and operate the system within the
 
resources likely to be available).
 

2) 	Optimum economic staging of combined and separate seers.
At some (or all) stages the most economic systems ma 
include both types, or combinations. 

3) 	Maximum use of the natural ability of the Bohol Strait
 
to assimilate untreated wastes, and to minimize the com
plexity and cost of any treatment which is requiredo
Ooeanographic studies will be necessary to determine this.
 

4) 	Minimize number of pumping stations required.
 

5) 	Make greatest possible use of the existing drainage system
 
piping. 

6) 	Define land requirements of important rights-of-way, pump
ing stations and treatment units, to enable the District
 
to acquire land well in advance of the time when
 
design of each successive eleLent is undertaken.
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7) Develop viable financing plans for each stage of theworks, including measures to equitably distribute cost.between domestic, commercial, institutional and industrial properties served and the general public. 

Capital cost of even first stage improvements to the sewerage/drainage arrangements in the Cebu-Mandaue core city area will besubstantial, While the detailed planning for these works is beyond the intent of this report9 several alternativen which shouldbe evaluated .n a master plan are apparent.
 

1) Combined 
 or separate system. Population density in this area tat present, is on the order of 200 persons/ha, predicted toincrease to near 300 by the year 2000. It is thus apparentthat no type of subsurface disposal systems will be workableat this density, with the clayey surfaoe soils common in thearea. Optimum systems should be determined for: 

a 
 Areas with piped storm drainage.

SAreas without piped storm drainage.
 

2) Gravity flow 
or pumped outfalls; 

3) Location, sequence and size of pump stations and interoeptor 
sewers which may in time become necessary; 

4) More complete treatment with short bay outfall versus veryminimum (i.e., screening of ooarse solids, etc.) treatment
with longer ocean outfalls; 

5) Effect of storms on adapting existing combined sewers to animproved system involving pumping stations and/or treatmentunits. Impact of storm runoff on reoeiving waters under these
conditions; 

6) Flood control in the high-value commercial districts. Ev&luation of existing drainage system, to include preparation ofaccurate and comprehensive as-built drawings of the existing
piping. 

REST AVAILAS.LE DOCUMENT 
IX-38 

http:AVAILAS.LE


As soon as the first phase water supply program is underway,
 
a comprehensive sewerage/drainage feasibility study should be
 
undertaken. This study must address the issue of combined vs.
 
separate sewers. It should incorporate oceanographic studies re
lative to marine disposal of wastewatere into the Butuan Bay. 
It should also update the population and water demand projections
 
of this water auppy study.
 

One the decision has been made to ueeithbr the combined or 
9eWate syst~me the water district must embark as expedietl 
as possible, into a street sewering1 and house connaction program. 

A plumbing code should be developed by the OWD to coordinate 
plumbing requirements for water, wastewater and surface runoff fa
cilities. This code becones very important mnd meaningful parti
cularly when a separate system of sewers is adopted.
 

In the meantim, a house-to-house survey should be 6onducted
 
to inventory existing wastewater and toilet fanilities. As-built
 
drainage of storm drains and peripheral canals must be compiled

and &coaratoly recorded in preparation for the sewerage/drainage
 
feasibility study.
 

For reeidenoe and establishments that currently lack waste 
disposal facilities and are financially unable to provide the modern 
flush toilet with septic tank, considerations may be given to an in
expensive water seal squat type toilet, developed by the Department
of Health (Division of Environmental Sanitation). 

1The rate of sewering is influenced by the following factors:
 

1. the limited rate local street sewers can physically be 
constructed by available forces within acceptable traf
fic 	dislocation. 

2. 	 the adminiatrative and social constraints on the rate 
at which premises can actually be connected to the sewer 
mystem.
 

3. 	the availability of funds.
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I. NANAGEYMT OF GROUNDWATER SOURCES 

'The basic problem of groundwater management in the OW]) is t 
provide an much water as possible, before surface water becomes 
available. No further MCED wells should be allowed in the arevA 
of heavy pumping in Cebu City and Nandaue and those wells that show 
marked increase in salinity should be permanently retired to inhibit 
the ealinization effect in the local aquifer. Necessary additional 
water for replacement of that from saline wells may be oletained 
from the Mananga River and Kotkot River areas. 

All operating wells should be monitored to provide records of 
time and rate of pumping, quantity pumped, pumping water levels,
static water levels, and water quality, to aid in refining predict
ions of safe yield and to determine the progress of salinization 
of the aquifer. 

The period immediately after surface water supply is available 
to MNOW provides the opportanity to temporarily remove some wells 
from servioce. This step will save the expense of well operatica and 
permit the full groundwater recharge to flow through the areas of 
heavy pumpJAg in order to restore the artificially lowered water 
table (or piesometric head) and to flush the salinized aquifer out 
with fresh water. In order to extend this rejuveration priol am 
long as possible (when it becomes necessary to use again ground
water to supplement surface wa, r due to demand increases), the 
wells distant from the core city should be reactivated first and 
phased into the system again. During the period of well ahutdown, 
the pumping units and all equipment and facilities must be carefully
maintained so as to minimize deterioration. Eaoh pump should be 
given routine operating tests as part of preventive maintenance. 
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TABLE VII-B-i 

WATER WELL DATA SUOARY 
J0OPOLITAN CEBU WATER DISTRICT 

Number Location 
Nominal 
Diamater 

Depth 
Total 

from 
Cased 

Ground Surfaoe 
SWL I Test 

(a) 
pWi3 

Test 
Yield 

Specific 
Capapity 

Year 
Completed Remarks 

CBU-1 

CDU-2 

CBU-3 
CBU-4 

!inasang-an
Pardo 

Jones Ave., 
Abellana 

Capitol 
Cwnputhaw 

250-200 

250 
250 
250-150 

30 

62 
74 
82 

23 

46 
65 
66 

4.6 

15.5 
25.3 
24.4 

28.0 
34.1 

3195 
12.5 

2.5 
1.4 1956 

1963 

XCVD 

MCWD 
MOM 
Throttled 

CBUT-5 F. Ramos 200 76 63 27.7 6.6 1957 
MOD
Abandoned 

CBU-6 Gudalupe CIM 200 68 60 18.3 1958 Throttled 
CBU-7 Lahug Rotonda 200 102 89 42.4 1958 

XNOD
Throttled 

CBU-8 

CBU-9 
CBU-10 
CBU-1 

Ramos Super
market 
Parian 
Warwick Barradi 
V. Ram 

200 
200 
200 
250 

104 
53 
20 
61 

92 
47 
18 
49 

14.6 
12o2 
3.0 

13.1 32.3 

25.2 

17.7 0,9 

1959 

1964 
1964 

*CWD 
MMD 
WCOD 
Throttled 

CBU-12 Dzaioao Pardo 250 64 48 7.3 15.8 1964 MCMD
Out of 

CBu-13 
CBU-14 

F. Llamas 
Pelaez Girl
Soauts 

200 

200 

67 

64? 

64 

61? 

9.4 

12.2 

15.8 1965 
Service MCWD
MCMD 

Abandoned high 

CBU-15 Sikatuna C1NMIMD 
Zapatera 200 61 56 5.5 8.5 26.4 818 MaD 

1Statio wter level. 
P=p wat.r level. BE3T AVAILA L3_,DO UMENT 



TAXLE VII-B-l (Cont'd) 

N'zber Looation 
G-tmww I 

Nominal 
Diamete
JU) 

Depth 
Total 

from Oround Suz'faoe() 
Cased SlL Test NWL 

Tebst 
ield11M) 

SPe9ific 
Capaoity 

Tear 
Cmpleted~,plld RemarksResk 

CBU-16 

CBU-17 
(m-18 

CBU-19 
CBU-20 

BU-n1 

CBU-22 
CBU23 

Nat iprnan. 
sbg 
Adlfa 
au 

laboiatoy. 

Johug III M 
N. Vaes 
Ouadalupe (ahach 

Sangoiangoo 
Don Jose Avila 

200 
200 

200 

200 
200 
150 

200 
200 

61 
62 

81 

101 
78 

-79 

52 
75 

53 
58 

71 

80 
62 
62 

37 
61 

3.4 
20.7 

38.1 

40.5 
24.4 
36.6 

7.0 
64.0 

50.6 

43.6 

12.5 

4640 

5.7 

12.5 

10.1 

15.4 

0.5 

4.0 

2.8 

1965 

1964 

1964 
1965 

NCUD 
Non 

ThrottledMOOD 
MCOD 
XCND 
No pwip 
XNcD 
No dis

CBU-24 

CBU25 

Glen, Nazi lomma
(tosc) 

Souith 34ress. 
IV 

200 

200 

75 

76 

60 

73 

17.1 

6.1? 

30.2 7.2 o.5 1964 

ohbage 

man 

No di.
ohargeMCMD 

MO-26 

CBU-e7 

C=-8 

0aU49 

03B1-30 

CBU-31 

CBU1-32 
CMU-33 

Talambon, (Ta-
Gem) 

CbU Royal
Plant 

Pepsi Cola
Plant 

S3S Bld, :ones
Ave. 

?Fresb Mgine,
Rebuilder 

Paradise Vile,
Banilad 

Silver Hills 
ROS Bldg. 

112 

200 

200 

100 

200 

200 
200 

8.5 

61 

30 

43 

17 

76 
92 
46 

793 

61 

30 

43 

17 

76 
92 
46 

4-9 

6*.7 

12.2 

8.8 

6.1 

25.9 
47.2 
9.1 

15.8 

21.0 

6.4 

29.6 
51.2 
10.1 

0.6 1956 

1972 

1964 

1971 

1974 

1965 
1974 
1974 

XoD 



TABLE VII-B-1 (Cont'd)
 

Number Looation 
Nominal 
Diameter 

Depth 
Total 

from Oround Sufaca (n) 
Cased SWL Test PWL 

Test 
Yield 

Spocifi 
CvFpaoity 

Year 
Completed Remarks 

CBU-35 
C~uplex
San Miguel 

114 114 6.1 9.6 15.4 4.4 1967 

C-omplex 114 114 14.0 18o9 13.3 2.7 1967 

CBU-36 San Miguel
Complex 107 107 17.3 18.7 12.0 8.6 1967 

CBU-38 San Miguel 

CBU-39 

CBU-40 

Complex 
Bonifaoio Ste I 
Mandaue 
Herman Cortes St., 
Cabanoalan 

136 

122 

122 

136 

122 

122 

19.4 

13.6 

16.8 

23.1 

22.0 

26.1 

15,8 

15.0 

29.8 

4.3 

1.8 

3e2 

1970 

1974 

1974 

OnU-41 
CBU-42 

CBUJ-43 

CBU-44 

CBU-45 

Tabutoo, Talisay 
Gez. Maxilom & 
0621. Xchaves 
San Nioolasp 
Plaa 
Lapu-lapu City 

Campar, Pardo 

200 

200 

200 

100 

64 

91 

46 

21 

59 

81 

41 

16 

14.9 

10.7 

2.7 

9.8 137 

37.9 

12.6 

12.4-14.6 

0.6 0.2 

1966 

1964 

1961 

1971 

2 eMlls,
high Cl 
NWASA 

CBU-46 

CBU-47 

CBU-48 
CBU-49 
CBU-50 

Bo. Catahm-en, 
Talamban 
Bo. Banilad, 
Mabolo 
Upper Banilad 

.dat, Pardo 
So. Iajon, Tina 

112 

100 
I00 
100 

29 

37 
33 
22 
30 

24 

30 
30 
20 
29 

1C.5 

22.9 
27.1 
9.8 
16.8 

10.7 
17.4 

1.3 

005 
0.R5 
1.1 

0.6 
1.8 

1957 

1957 
1957 
1957 
1958 

WASA 

1WASA 
WASA 
NWASA 
NWASA 
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TABLE V-D-1 (Con1d) 
~l IamDepth from ak%=d Sufaft(M) Teat Speoifio YearNumber Looation Diameter Total Cased SUL Test PL TieU Capacity Cocpleted Remavk 

CDU-.51 C&Mp aal200 73 72OB.52 Bo. Nasipit 100 32.9 34a7 3.8 2o149 47 25.9 1958 NWASA 
1958CBM-53 So. Csduloy,

101 NVASA 
Tiea 100 23 22CPU-54 amp Lp,-Lapt. 14o9 1595 1,175 65 1.8 1957CMLt-55 Labug 42.7 1*3 MA

150 49 48 33.5 1955 WASA34.4 101CBU-56 1o2 1955 wASA 
Nambalinzg,


Sun Niool" 200
CM-57 Uhug 35 35 2.1 1091 43150 55 46 3395 008 1958 WASACBU-m5 Binaliw 3696 1.3100 0.4 195546 37 27.4 29.0 0.3 WAA
0.2 1953CBU-59 Caqmpthao, WASA 

La2ug 
 00 28 21 19.2CBU-0 Cauaaho 1957 WASAOapitolRoe# 75 50 49 35.7 36.6 0.3 0.3 1968
 
C7U-61 
 Near Cpit ol $1
 
CBU-62 Bo. Pa 
 250 26 20 4o6Candau 150 34 33 ASA13.7 
CBU-64 Bo. Nuaa,. 

1.3 3955 WASA 
CB-5 Boo Caba. mp.aba a , 150 37 34 12-2 1.3 195Xandaue 1955 NASA150 22 21 10.7 11o0 1.6 5o3 1954 dAS.CBt-66 3. Poo, Naudaus 150 30 30 10.7 11.0 1.6 5.3 1954 WAUCBU-67 Boo Oasili. C mB-Eolacioz 150 17. 15 10,7
CBU-68 Bo. Tu4,b w i 

1o3 1955 UVAB 
Consolacion 100 29 23 16.8

MU-69 Bo. Tamak, i..- 195 
CIowa t150(MU-7o Bo Catazwmvo15 27 22 122 1.3Liloan 1955 MSA150 20 20 15o2 16.2 1.3 1.3 1954 NnSA 
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TABLE Vn-B-1 (Cont'd) 

Number location 
'1mina 

Diameter 
Depth 

Total 

fran (oud Surfaoe (m) 
Cased SVL Test PL 

Test 

Yield 

Speoific 

Capacity 
Tear 

Cnpleted Remarks 

CBU-71 

CBU-72 

CBU-73 

CBU-74 
CBU-75 

CBU-76 

CBU1-77 

CBU-78 

CBU-79 

CBU-:80 

CBU-81 
CDU-82 
CBU-83 
CBU-84 
CBU-85 

CBU-86 

CBU-87 

C.U-88 

Ilaya, cotCot. Liloan 
Tayud, Liloan 
Bo. Canamuoan, 

cqnp otela 

Tabunao, Talisay 
Bo. Luz 

Rome for BlindBanilad 

Salinas Dr.,Lahug
Nurses Home 

BeakSahoolBlem. 

tabanean lemoSohool 

Hipodromo 
Country Club 
Ouadalupe Church 
Tisa 
V. Rama 

Lahutg RunwayTip 

San Miguel
Brewery 
San Miguel 

100 
100 

150 

200 
250 

250 

250 
250 

250 

250-150 

250 
250 
250 
250 
250 

250 

32 
24 

43 

52 
107 

123 

123 
76 

67 

76 

76 
113 
122 

122 

32 
22 

37 

107 

117 

122 
76 

66 

76? 

113 

7.6 
12o8 

9.1 

14.3 
25.0 

27.4 

33,5 
25.9 

4.6 

9.1 

12.2 
25.0 

9.1 
13.4 

10.7 

28.0 

41ol 

0M6 
0.4 

009 

7.6 

6.3 

0.4 
0.7 

0.6 

3o6 

092 

1963 
1963 

1955 

1974 

1974 

1975 
1975 

1975 

1975 

1975 
1975 
1975 
1975 
1975 

1975 

NWASA 
NWASA 

NWASA 

Municipal 

Municipal 

Muicipal 
Municipal 

unioipal 

Municipal 

Municipal 
Munioipal 
municipal 
Municipal 

nmiipal 

municipal 

Abandonedhigh CI 

(7B31-90 
Brewery 
Power Pla tSOU 150 24 18 8.8 1956 1,978 PPM 

CBU-91 fathers (Qartera
S i 150 3030 BESTA VA.L A [L C):' 1961 1,098 ppm 

Cl 



Number 
-M)) 

0U-92 

C1U-93 
0U-94 

CBU-95 

CBU-96 

CHJ-97 

CB0-98 

CLJ.-99 

CBU-100 

CI- 101 
CBU-102 

TABLE VII-B-l (Cont'd) 

Location 
Nominal 
Diameter 

Depth 
Total 

from 
Cased 

around Surface (m)
SWL Test PWL 

Test 
Yield 

Speoifio 
Capacity 

Year 
Completed Remarks 

Near Perpetual 32 ppm 
Succor Hospital Cl 
F. Jaca St., Pardo 
Int. Cebu So. Express-

98 ppm 
Cl 

way near 
School 

Basak glemo, 35 ppm
Cl 

Punta Princesa 

J*M. Basa, Caffete 
16 ppm 

C1 
Side, CIT 156 ppm 
Tisa Kepakmlan 
Sta. Ana I 

CI
34 ppm 

Cl 
B. Rodri guez,Sr. 40 ppm 
T. Villa 719C1 
Hippodromo 

50aPiM 
Barrio Luz 19l 
Labangon Elsm.Schocl 23 ppm 

Cl 
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TABLE VIIT-I-1
 

XMEMOROLOICAL STATIONS 

T j 	 Sasonon aLVe of Record iodog eo 

Streamflm, Balamban River CebuLiki, Recorder 1956-57 
bAlamben River Iusaran, Cebu Recorder 1957-69 
Kotkot River Malao, Cebu Staff gage 1957-61 
Pitogo River Consolacion, 

Cebu Staff gage 1955-77 
Caroar River Caroar, Cebu Staff gage 1955-66
Sapangdaoo River Toledo, Cebu Staff gage 1955-66
Baaak River adian, Cebi Staff gage 1955-56
Mantayupan River Barili, Cebu Staff gage 1956-56 

Rainfall 2 Cebu Non recording 	 1920-40 
1966-74Lahug Non recording 1956-74 

Mont alongan Non recording 1956-74 
SiInglanilla Non recording 1966-74 
edellin Non recording 1966-74 

Tlisay. Non-reoording 1928-40 
Barili Non recording 1956-59 

URaporation 1 LUsn Qaezon City Pan 1965-68 
anila Pan 1963-65Saar Catarman Pan 1966-72

Samar Qainapond=n Pan 1961-65
Negros Delliman Pan 1961-65 

Tagbao Pan 1n964-65 
Orang Pan 1961-65
Dahile Pan 196465 

Cotabato aen. Santos Pan 	 1961-65
Ahgnan del DmawanSur 	 Pan 1961-65 

'From the bu-eau of Publio Works. 

2prom reoords of Philippine Atmospheric, Geophysical and Astronomical 
Services Administration. 
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TABLE VII-*
 

RAIAP1LL EEQMOM 

STATIOES II CFBU
 

(in millimeters)
 

TOTAL 

CEBU CIlrY 

YER Jl 17M Ik 21.Y 3Th JUL AUG SEPT OCT' IJOV ]XIC ;~ 

1920 . 58,8 103.2 15.5 93.9 79-3 62.1 32 251.8 1312 212.5 53.7 -
1921 114 165.4 82.3 24.7 235.5 2085 211.1 328.7 259.7 146.3 272.3 98.9 2147.4 
1922 260 74.8 96.9 56.8 192-7 187.1 227.6 50.2 131.3 25.6 143.5 157 1833.9 
1923 212.5 14.0 91.3 849 15.3 69 116.2 150.5 83.3 194.5 141.6 29.6 1340.4 
1924 963 13.8 54.2 138 134 216.7 132.7 19.6 178.4 259.9 254.9 326.6 2001.5 
1925 147.9 200.5 51.8 101.4 - - - - 132.9 173.9 150.5 61 -
1926 126.6 43,4 37.9 4.3 89.8 124.8 228.3 309.2 242.7 149.7 110.5 19.2 138.3 
1927 - - - - - - - - - - - - -
1928 171.1 194.4 56.1 - 178,8 150.3 24994 104.3 45.4 126.6 216 119.2 -
1929 125,9 13.3 59.6 113.9 158.3 162,8 231.8 128o7 68°7 - 88-3 143,5 -
1930 63.8 - 22.6 51,1 69.7 166,1 82 109.9 179.7 71.6 145-4 129.6 -
1931 94.8 28.8 36.2 2.4 70.9 143.2 C-3,4 82.1 207,4 297.4 259.1 113.3 1544.0 
1932 86.3 4384 12.1 14,1 88.5 154 217.3 106.8 236.3 94.8 215.8 86.8 1356,2 
1933 - 122.9 6.1 - 62.0 212.8 177.9 249.4 - 303.6 - 76.0 -
1934 44.8 218.1 81.8 107,8 200.7 72.5 202.8 323°5 125.5 87.6 165.2 210o3 1340.6 
1935 - 15.7 14.3 58,4 217.2 177.9 156-5 73.3 172o8 155,9 73-7 42 -
1936 139,5 23.5 54.3 39.9 83-9 1.80.7 117.9 115.5 113.2 116.3 52 - -
1937 73.2 17o8 100.9 29-7 93ol l1Too3 339.3 170,3 261.8 :18.9 135-1 55-1 1575.5 

BEST AVAILA BLE D0GuAN
 



TLE VfI--. 2 (ooMtinued) 
RAINFALL RECORDS 

YEU JAM MAP A?? 

STATIONS IN CEBU(inmillimeters) 
1.Ay JUN JUL. AUG SEPT OCT VOV ]EIC 

T.,TOTAL 

-UAL 
1938 - 68.2 117.9 221o7 197.9 388 135 66.9 237.2 292.9 171.6 91.0 -
1939 262.4 91.3 66,8 24.8 209°7 246.5 137.6 67.9 128.8 161,4 169.4 267.3 1828.9 
1940 56.6 32.4 12.4 76.4 83.4 169.3 141.2 199 - - - -

1966 703 38.4 80 24.5 271.8 125.2 305.2 214.8 142.5 202.1 208.9 161.8 1773.5 
1967 463.7 73.5 778 124 57.7 187.9 180.4 985 113.0 107.1 1393 59,6 15709 
1968 

1969 

57.1 

1,5 

564 

4.8 

58,1 

26,5 

32,6 

5.5 

51 

54°5 

144.6 

172.5 

115.7 

103.7 

1349 

181-5 

177.3 

141.3 

147.6 

89.0 

265.8 

47°5 

41.1 

66.2 

1236,3 

904-5 
1970 

1971 

51.8 

84.1 

22,8 

53,5 

17.6 

21,4 

17.0 

86.0 

43.8 

194.0 

239,6 

301.5 

238.7 

137,0 

182.0 

96.1 

98.1 

253.4 

197.5 

295.1 

231.> 

138.1 

152.0 

77.7 

1492,0 

1726o2 
1972 253.2 16.8 83.7 82,7 126.7 166.3 86.8 194,6 249.1 100.3 100.2 70o5 1530.9 
1973 12.3 70.0 20.4 10.8 28.4 154,1 234.4 172.1 315.5 109.7 480,3 112.8 1720.8 
1974 67.6 137,5 113.4 35,2 - - - - - - - - -

BEST AVAILABLE DOCUMENT
 



TABIa V (ontinod) 

RAINFALL RMECORDS 

STATIONS IN CEBU 

(in millimeters) 

YEAR , JAN FEB MAR APR MAY TUN JUL AUG .SEP OCT NOV DEC TOTALANNUAL 
LAIITUG 
1940 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

83.3 

56.4 

69.6 

1603 

-

62.7 

43.4 

47.5 

67.6 

67o3 

79.5 

79.5 

460.3 

59.3 

11.5 

60.1 

106.8 

298.1 

15-1 

47.6 

11.2 

143.5 

36.1 

51.4 

48-5 

36.6-

193.8 

24.1 

145.5 

104.4 

35.8 

73.1 

18.0 

5.1 

39.0 

56.3 

15.0 

7505 

21.2 

49.5 

46.5 

117.9 

57.7 

78.0 

29.0 

73.2 

74.9 

38.6 

177.3 

8.4 

69.7 

60.5 

51.4 

24.9 

26.2 

'7.7 

23.9 

119,8 

174.0 

51., 

40.4 

41.9 

175.8 

)6.9 

18-8 

89.2 

97.8 

63.5 

29.3 

25.0 

19.3 

56.7 

14.0 

55.7 

75.7 

9.1 

80.6 

26249 

11.2 

126.6 

49.5 

48.8 

99.3 

13u.3 

zO.o 

221.0 

23.4 

315.2 

52.4 

6.1 

82.5 

65.6 

126.6 

131.C 

29.6 

235.4 

164.6 

158.0 

6o.4 

7U.1 

216.9 

147.6 

199.4 

117.4 

227.1 

233.9 

117.6 

171.4 

116.6 

236.5 

275.2 

342.6 

202.1 

181,o 

173.5 

91.2 

200.7 

139.7 

227.6 

247.1 

222,5 

195.8 

229.1 

256.8 

95.0 

370.1 

174.1 

132.0 

105.4 

254.6 

141.8 

59.4 

285.6 

255.2 

160.0 

142.0 

209.3 

25b.3 

242.1 

97,5 

367,5 

186.2 

65.3 

223.5 

231o9 

88.5 

24.8 

164.7 

217-6 

134.0 

265.4 

195.5 

-

89.7 

73.2 

105.4 
2550*0 

290.8 

160.8 

148ot$ 

290.8 

194.8 

127.2 

162.3 

140.8 

25.9 

201o.6 

98.6 

326.7 

238.9 

-

-

156.0 

146,0 

152.4 

133.1 

134.6 

261.4 

155.7 

241.0 

272.5 

279.6 

241.2 

175.3 

5.0 

95.6 

256.2 

300.4 

107.2 

105.4 

-

134,9 

104.9 

*13.7 
155.4 

172.2 

141.2 

172.0 

102.6 

381.0 

127.3 

275,9 

142.3 

363.7 

52.9 

249.4 

132.3 

116.4 

568.7 

-

229.9 

20.6 

97.8 

130.0 

19,0 

96.5 

43.9 

45.5 

69.6 

132.3 

204.2 

77.8 

62.1 

97.6 

132.7 

103o4 

79.3 

128.3 

-

1582.3 

1169.5 

1320.2 

-

1736.5 

1397.7 

1746.7 

1613.1 

2037.3 

1667-4 

2081.6 

1650,7 

893.3 

1161.5 

1687.9 

1857o8 

1677.5 

-
1974 52.4 128,3 

'-T AVAILA'S'LE DOCUMENT
 



TABLFE VI-02(t±u) 

RAIH.ALL RECORDS 

STATIONS IN CEBU 

(in millimeters) 
TOTAL 

YEAR JAN MR APR MAY JUN JUL AUG SEP OCT AOTCL-UA. 

MONTALONGAN 
1932 - 106.4 112.2 i5.7 186.9 286.7 205.9 72.3 - 392.8 170.3 166.3 -
1933 - 178.8 37.1 - 112.5 253.2 294.2 94.6 319.6 408 329.1 269 -

1938 - - - 253.2 167.5 306.4 297.1 140.6 296.1 277.5 247.5 127.9 -

1940 - 131.7 20.6 113.9 14.6 165.7 225.5 238.2 - -

1956 

1957 

1958 

1959 

149.1 

159.0 

98.8 

119.8 

39.-* 

119.9 

125.2 

105.4 

131.3 

68.3 

98.8 

124.5 

198.1 

80.0 

67.6 

106,2 

305.8 

59.7 

113.8 

241.3 

123.7 

171.7 

152.1 

231.4 

364.7 

300.7 

109.7 

150.9 

198.6 

166.6 

122,7 

253.0 

178.1 

63.2 

88.6 

2)7.7 

414.5 

134.6 

237.2 

154.2 

84.8 

51.6 

266.2 

119.1 

589.5 

38.1 

51.8 

203.9 

2778.1 

1413.4 

1532.5 

2047.2 
1960 

1961 

184.9 

111.5 

126.2 

78.0 

55.9 

48.3 

97.3 

91.4 

129.0 

239.3 

231.4 

162.0 

179.1 

149.6 

128.5 

110.5 

103.9 

113.8 

181.1 

210.8 

203.7 

130.6 

59.7 

127.5 

16-.7 

1573.3 
1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

28.2 

123.2 

209.8 

175.8 

118.0 

105.3 

45-8 

21.7 

164.8 

90.9 

272.6 

159.8 

77.1 

14.7 

34.4 

6.1 

148.8 

227.6 

34.0 

234,2 

46.1 

78.3 

18.0 

33.0 

105.7 

19.6 

212.6 

226.6 

31.2 

8.3 

8.4 

10.4 

85.6 

77.0 

254.3 

131.8 

219,2 

32.4 

40.2 

238 

288.3 

96.0 

307.8 

231.1 

127.5 

21.3 

,05 

51.3 

353.6 

211.3 

21301 

247.6 

303,8 

87o4 

23.1 

43.6 

290.1 

314.9 

67,3 

151.4 

154.2 

63.2 

6,0 

90.2 

215.4 

182.1 

184.4 

215.9 

154,9 

538 

37.2 

89.9 

147.6 

303.5 

19701 

255o3 

219.0 

99.2 

333 

74,8 

354.1 

88.9 

437.7 

220.5 

49-9 

107.6 

116,1 

28.3 

126.0 

114.0 

387 
167-9 

46.3 

48.2 

47.2 

62.6 

2308.3 

1849.0 

2502,3 

2417.12 

1547.2 

769.7 

473.2 

53507 

Rf F MOUiENT 



TABLE VII-:*O--2 (ooni~~ed) 

RAINFALL RECORDS 

"STATIONS IN 

(in1 millimeters) 

YEAR JAN 

MO~fALONGAN 
1970 5304 

1971 147.6 

1972 175.0 

1973 34-9 

1974 150o4 

FEB 

45.5 

282.2 

45,8 

94.7 
112.1 

X" 

17.8 

93.8 

111d2 

45.7 
109.5 

APR 

13.9 

114,9 

69.6 

13,0 

26,6 

XAY 

61.6 

94.6 

68.3 

6.2 

161.9 

JUN 

87.7 

316.5 

218.8 

145.8 

219a4 

JUL AUG 

828-..... 0 

203.6 164.5 

31,8 185.0 

357o9 212.4 

201.1 1,qA.-1 

SEP 

535 

129.2 

183.9 

-

1n1-6 

OCT 

209.2 

252.6 

74.9 

212.3 

340,5 

NoV 

230.1 

185.5 

127.6 

412.2 

-

DEC 

107.3 

95,2 

223-9 

66.9 

-

TOTAL 
ANNUAL 

1009.8 

2080o2 

1515.8 

-

1938 

1939 

1940 

-

134.9 

53.2 

114,7 

35o2 

131.6 

39.6 

- -

10.7 434.8 263.5 

79o4 164.1 192.6 

-

89;1 

220.7 

-

105;6 

153.5 

22,9 

207.1 

713.7 

284.2 

241.9 

290.2 

151.9 

518.6 

-

-

2585,0 

-
1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

64.1 

326.9 

90.1 

29.3 

35,8 

123,2 

-

45.5 

44.6 

89.3 

20.2 

12.7 

86.4 

81.2 

48.2 

-
111.5 

15.0 

107o1 

2.3 

100,3 

45.7 

60.9 

129.4 

-

46.0 

38a3 

2.0 

114.3 

0 

185.5 

11.5 

60,7 

390.4 1406.0 

,6.4 30.7 

2.9 67.4 

99.6 62.7 

0 310.0 

154.9 193o1 

118.4 114.3 

- -
259.9 308.2 

313.9 

26,4 

9,6 

200.8 

187,9 

223.5 

-

-

112,9 

206.0 

10.8 

83.6 

161.3 

175*3 

220.9 

30o4 

-

74,8 

130.3 

27.9 

125.2 

99.0 

172.1 

244.0 

211,0 

-

98,9 

272.5 

37-.0 

29.6 

180.4 

274.4 

364.0 

121,8 

319,4 

201.0 

115.5 

55.0 

71,2 

0 

101.4 

-

-

167.3 

63.5 

27o4 

86.4 

203.1 

180.4 

27.0 

156,7 

3257.1 

960.0 

515-3 

1218.0 

1490.7 

2133.0 

-

BEST AVAILABLE DOCUMENT
 



RAWALL wm 

x~r JUN OTAL 

1932 
1933 13297 

5301 

36.3 
57.8 

098 
-39&4 

2W 
221,2 

550.6 
30 
307.2 

221o2 
121.2 

--
-125.2 

266.8 
17949 

157.5 
290.3 

199.4 
219,8 

92°5 
153.8 

-

1643.8 
1938 5709 49.6 62.3 141,7 12'49 105.8 156"t 112 203.2 212.1 191.9 236o2 1654.1 
1966 
1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

3.6 

r5.2 

15.2 

!1.3 

12.5 

d7,9 

506.2 

20o6 

77.7 

33a2 
134.8 

17.3 

1*3 

67.8 

32.5 

1147 
68.6 

-

10,3 
51,3 

409 

3.0 

60.0 

4461 

56.9 

45o7 

36.9 

10.2 

17o6 

28,2 

29o5. 

0 

2*43 

67.5 

18*3 

37*3 

409.2 

54.8 

36,8 

37.9 

29.5 

273.8 

95.3 

37.0 

138O 

156.5 

64.0 

98,6 

320.5 

344.6 

418.3 

214.3 

149,5 

84*9 

41 5 

97.3 

180.3 

248.9 

350,0 

457.0 

56.4 

169.6 

-

285o2 

228 6 
114.9 

241.6 

60.4 

122.7 

520.9 

195,6 

63,8 

153.9 
145.8 

128.5 

169.9 

193,5 

317,0 

486.9 

272.4 

66.5 

168.2 
247.4 

1491 

120.9 

384.3 

3167 

70.6 

113.6 

444.9 

76,2 
190.5 

295.1 

82.3 

252.0 

138,7 

298.9 

246.3 

-

248.7 

29.5 

25.1 

96,0 

85.3 

61.7 

146.2 

186.2 

-

1997.7 

1636.8 

1160.0 

1373.6 

1859.7 

2494.7 

2558.8 

1523.4 

TALISAY 

1928 

1929 

1930 

1931 

1932 

. 

109.6 
46*5 

121.6 

83.7 

... 

5.1 

-

35.1 

41.8 

57 

20.2 

28,9 

16.6 

. 

41.1 

66.3 

10.2 

504 

216,5 

225.4 

131.4 

43.5 

179.3 

214.6 

774 

14047 

139,4 

206.1 

123o3 

171,4 

81.1 

241.,4 

192,2 

106.7 

138.3 

95.6 

59.l 

150.3 

847 

77,2 

122.4 

101.7 

286-4 

208.5 

-

40.8 

291,8 

139 

269.7 

85.2 

112.6 
296.4 

23392 

145.9 

14.3 

96.1 

74.2 

83.3 

-

-

-

1446.3 

1617.3 



WANALL 
STATIOM IN CEBU
 

YEAR . . FE.IA, APR-APR I'. • : ,-T Jmw ... AUG S1.Po. OCT O T A L tAL 

TALISAT 

1933 

1934 

1935 

1936 

142.3 
71,2 

-

143,1 

100o6 

246,,3 

20,8 

25.5 

9,2 
53.4 

3203 

48,1 

119.,1 

27.6 

27.6 

109.2 
209.5 

162.,6 

140,8 

284;4 

804 

161o2 

279.,5 

284.4 
244.8 

205.8 

272.3 

1514. 219.8 
o2953148'08 

25,8 159,9 

2095 109.4 

324.9 
122,7 

256,2 

-185,4 

-

320.8 

71.7 

110,9 

84,9 
246,4 

62,2 

-

-

'7158o7 

-

-
1937 82o4 30.9 99.5 47.6 161,2 97,9 176o8 145.8 121,4 104.8 209,8 39.6 311.8 
1938 

1939 

-

230.8 

48.6 

81.7 

123,9 

61.6 

145.2 219o2 

134' 134.6 

324.5 

17.9 

222,4 

145c3 

112-7 

43.1 

119.6 

191.4 
288,2 

147.8 

160.,1 

248o4 

141e2 

232.5 1709*9 
1940 5905 34,0 3.9 124,8 81.8 175,1 154.7 149.5 a-s 

1940 - 46.5 32.9 207o6 21.9 142,2 67.9 194.4 

1956 183,1 91.7 129.3 277. 355o8 375*9 261.6 231.6 "845.5 173,5 12798 206.5 2559.4 
1957 88.4 64°8 58.2 49.8 31.? 47.0 202.4 122,9 76,7 82.3 665 17.8 908 
1958 

'959 
.50.8 

49.5 

12.7 

19.0 

39°4 

-. 

12o2 48.3 

. 

.31.8 31.8 

. 

122.9 

. 

26.9 

15g.2 

100.1 

.. 

151.4 167.4 845.7 

BEST AVAILABLE DOCUMENT
 



TABLE VU-4 

EVAPO)RATION FaMOM)B 

STATIONS IN THE PHIaIPPMSfl 

MwVaAma, OSAW2ATO 

YEAR-
SILLD(IM TAGBAC 0RONG DAHflS GUfAPDAN CATUMN DIsET P~IA___ 

1961 

1962 

1963 

1964g 
1965 

1966 
1967 

19680 
19691969o 
1970 
1971 

1972 
1973 

20090 

191 

201 

197 
188 

-

-

..... 

-

-

-

-

200 
164 

-

-

-

-

-

173, 

174 

171 

4I62 

155 

-

g 

-

-

-

-

-

154 
136 

-

-5 

-

-

167 

163 

165 

157 
152 

-

4w 

-

-

-

*-176 

-

166 
174 

18 
175 

151m 
139 

143 

149 

-

-

-

-

16 

182 

178 

194 

-

-

-

195 

19* 

-

-

-

204 

218 

245 

286 
. 

_ 

. 

-

-

128 

131 

-

145 
143 

. 

. 

-5 

-

as 

W. 

AVE. 195.4 182 167 -45 160w 151.6 179.8 18953 23892 136o8 

Note: All recorda from openim t7p waomatim p 

,.,-B L.EDAIBLEUD Lil cNT 
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TABLE: VI=C4 
TOTAL N0MTI STREAM FLOW RECOHD 

STREAM FLOW GAGING STATIONS IN CEBUJ 
(i, million cubio meters/month) 

YEAR JAN FEB MM APR TOTALMAY JU -JUL AUa SEP OCT NOV DEC A-TAL 
BA~a2RAT LInJatershed area -1.sru 

1956 -  - 13.80 5.80 4.30 4,10 5.60 5.70 8.301957 9,10 2,20 1,44 
 1:10 1c20 1910 
 2.10 ....
 

BALAMBA RIVER AT LUSARAN (watershed area - 49, ) 
1957 .. -... 
 . 2,iO !.20 1.50 1.90 .80 _
1958 .61 .40 
 .50 .40 1.90 1.60 2.00 1.40 .60 
 7.20 9.60 17.50 43-70
1959 5.50 4.60 5.10 5.20 
 5.60 4,40 14,20 7.10 3.40 3.90 1o70 
 2.70 63°40

1960 2,20 4.50 2.30 5.30 2,20 5,00 3.20 1.60 
 3.50 3,80 6.30 3"0 43,00
1961 2.20 1.80 1,60 
 1,20 2.80 5.60 3.60 1,60 3.20 9.20 3.80 2.90 41.501962 1.40 7.70 
 3.70 2.00 3.50 15.00 9,30 11,10 14.20 6.30 22.60 5,30 100.201963 5.40 2.90 2.80 1.50 1.30 1.00 1.20 8.70 6,60 4.90 5.00 4.00 45.30
1964 2.75 3.94 2,36 
 4.75 14,46 5.56 12.67 
 0.93 1.50 6.21 39.76 1,07 96o30
1965 6.90 1,40 
 6,90 2.10 2.10 10.70 4.60 3,70 5.80 7.70 5.80 8.60 
 66,30
1966 3.20 1.75 1,60 
 1.10 15.90 1.70 8.10 8.80 2.80 5,70 3.40 7.00 61.o5
1967 23.03 9,17 11.84 5.94 5,06 4.15 4.90 1.34 
 1.14 1.90 5.26 1.93 
 75°69

1968 2.59 1.72 1.31 o83 ,75 1.22 1,87 1,21 e96 
 - - 2,97 1969 1,26 ;63 .64 .47 o86 1.17 3.54 
 .29 5,88 5.22 2e26 
 2.92 25.14
 
WDM/T RIR AT MALUO watezrahed area -55 LaftI) 

1957 
 - ?O - 2.05 32 16
BEST NVA I11sil JOGUWMLN.3I~6 



TABLE VII--4 (continued) 

TOTAL MONTHLY STRAM4 FLOW RECORD 
STREAM FLOW GAGING STATIONS IN CEBU 

(in million cub.c, meters/month) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
TOTAL 
ANNUAL 

KOTOT RIVER AT MALUO (watershed area  55 ac ) 

1958 .07 004 .03 001 .27 .12 .24 .73 -45 2.05 2.45 2.20 8.66 
1959 .49 *22 .13 .12 .33 .65 2.51 5.30 2.10 1.60 .75 1.50 15.70 
1960 .30 .30 1.20 2.30 .30 2.30 1.50 .70 350 5.00 3.20 1.80 22A40 
1961 1.30 1.10 .70 .60 2.50 2.50 6.90 4.60 5.20 9.80 10.60 9.50 55.30 

PITOGO RIVER AT CONSgLACION (watershed area - 40 sgia 

1955 - .60 .40 -40 .60 .60 .60 .60 .70 090 1o30 1.20 . 
1956 .80 .70 .70 .8o 1.00 1o30 1.90 1,50 .70 190 .80 1,30 12.40 
1957 .*o .50 .50 .45 .40 .95 .40 .35 .20 .60 .20 .20 5.40 
1958 .25 .20 035 .65 o55 920 .45 o30 o30 .35 .30 .25 4.20 
1959 .20 .20 .20 .20 .20 .25 .35 3.50 2.2o 1.40 .30 045 9.40 
1960 .40 .40 1.00 5.60 .30 5.50 1.70 1010 1.80 5.20 8o70 .40 32.10 
1961 .40 .30 .30 .30 .60 o30 .90 .90 1,20 2.30 .30 .40 8o20 
1962 .40 1,60 .40 .30 .30 1.20 090 9.60 14.40 6.30 1.10 *47 37.00 
1963- 1010 .29 .29 .29 930 .29 .61 19.40 .91 10.30 5.80 .27 39,80 
1964 .29 1o50 1,10 .27 10,20 4.40 10,10 .46 3.30 4,10 6,,30 .87 42.90 
1965 068 .94 2,80 .38 .46 2o40 .49 7.60 1.50 .70 .64 2,80 21,90 
1966 .88 .69 .65 .33 1o20 .43 1.90 2.60 .40 .81 .85 .98 11.70 

CARCAR RIVER AT CAROAR (watershed area = 31 S,;!'1 

1955 - 1,20 1.10 1,20 1.4u 1,2,) 1000 090 1.50 30 5,00 2.60 -

"IPfc00I%\IN 



TABLEII.Z Vf (continued) 
TOTAL MONTHLY M FLOW RECOR) 

STREAMILDW GAGING STATIONS IN CEBU 

(in million cubic meters/month) 

YEAR JAN FEB MAR aPR MAY JUN 

,MANTAYUIPAN RIVER AT BARILI (watershed area ' -skm)_ 

JUL AUG SEP OCT NOV DEC 
TOTAL 
ANNUAL 

1955 

1956 1.70 

-

1.40 1,50 

-

1.50 

-

1.80 

1.50 

1.70 

1.40 

1.90 

1.40 

1,60 

1.90 

1.30 

1970 

1,40 

2.80 

1.40 

2.20 

2.20 

-

19.40 

.EST ....... EDOCUvI .iNT
 



TABLE Vi I-,0-. 

TOTAL MONTHLY STiEAM FLOW 
BALAXBAN RIVER AT LUSARAN GAGE
 

,IATERSHED AREA 49.0 SQ=( 
(in million cubic meters/month)
 

. . .
AUG E ... TOTAL
YEAR JAN MAR APR MAY JUN JUL AUG OCTSEP NOV DEC ANNUAL 
1957 .... 
 - - - 2.80 1o20 1.50 1,10 .80 -1958 .61 .40 
 .50 j4 1.90 1.60 200 1.40 .60 7,20 9.60 
 17.50 43-71,
1959 5.50 
 4.60 5.10 
 5.20 5.60 4.40 14.20 7o20 3,40 3.90 
 1.70 270 
 63.40
19.60 2.20 
 4.50 2.30 
 5.30 2.20 5.00 
 3.20 1.60 3.5o 
 3o80 6,30 3910 
 43.00
1961 2.20 1,80 1.60 
 1.20 2.80 5.60 
 3.60 1.60 3,20 
 9.20 5.80 
 9.90 48*50
1962 1.40 7.70 3.70 200 
 3.50 15.00 8,30 11,10 14,20 6.30 
 22.60 5.30 
 1-02o2O
1963 5o40 2.90 2,80 1,50 1,30 
 1030 1,20 8.70 
 6,60 4.90 500 4.i 45.30
1964 1,00 2,70 1.10 
 100 1.30 3,80 6,20 1.60 
 1010 1,60 39,14 1,06 61.60
1965 6.90 
 1,40 6.90 2.10 
 2.10 10,70 4.360 3,70 5,80 
 7.70 5,80 8.60 
 66,30
1966 3.20 
 1.75 1.60 1.10 15.90 1.70 8010 8,80 2.80 5.70 
 3.40 7.00 
 61.05
1967 23.03 9,17 11.84 
 5.94 5.06 4.15 
 4.90 1.34 1.14 
 1.90 5,26 1.93 
 75066
1968 2.59 1,72 1.31 
 .83 .75 1,22 1,87 1.21 .96 
 5.15 38.01 2o97 
 58.59
1969 1.26 
 .63 a64 .47 
 o86 1.17 3.54 
 242 5.88 5o22 2.26 
 2.92 25.14
1970 1.74- 1.36 1.30 1.30 1.61 5-77 
 5.77 4,28. 2,51 4.62- 5.55
1971 2o26 1.77 1.36 2.29 

3.60 39*41
 
4.56 7,66 3.26 
 2.48 6.17 7,44 
 3,29 2.14 
 44.68
1972 6.17 1.30 2,23 2.23 3007 
 3,91 2o32 
 4.56 6.08 2.54 
 2.54 2,02 38,9'7
1973 1.89 2,02 1,33 
 1.24 1.43 3.60 
 5o61 4.03 
 8,12 2o73 15,00 2.79 49,77
1974 1.98 3.29 2,79 1,49 3,6o 3.98 
 4o34 3.79 4.17 
 4,30 5.53 3,18 
 42-4.4
 

4.08 2.88 2.85 2.09 3.39 4.72 4.94 .3.92Note: 4.30 4.76 9.88 4.53
Data 1957 to 1969 are from record, 53.51Data for 1970 to 1974 are developed by. rainfall correlation.
 

'E21 ~,nAr 



TABLE VII-.C-6 

TOTAL MONTLY STREAM FOW 

BALAMB RIVER AT LUSARAN DAMSITE 

9ATERSH7-D AREA 63.2 [8QXK 

(in million cubic meters/month) 

YEM. JAM FM MIAR APR .AY JUN JUL AUG SEP OCT NOV DEC 
7OTAL 
AIUA 

1957 - ... _ - 3.61 1.55 1.94 1.42 ai,03 
1958 0.79 0.52 o.65 01* 2.45 2.06 2.58 1.81 0.77 9.29 12.38 22.57 56.39 
1959 7.09 5.93 6.58 6,71 7.22 5.68 18.32 9.29 4.39 5.03 2.19 3.48 81.91 
1960 2.84 5.80 2.97 6.84 2.84 6,45 4.13 2.06 4.51 4.90 8.13 4.00 55.47 
1961 2.84 2o32 2.06 1.55 3,61 7.22 4.64 2.06 4.13 11.87 7948 12.77 62.55 
1962 1.81 9.93 4.77 2.58 4.51 19.35 12.00 14.32 18o32 8.13 29.15 6.84 131.71 
1963 6.97 3.74 3.61 1.94 1.68 1.29 1.55 11.22 8.51 6.32 6.45 5.16 58,44 
1964 1.29 3.48 1.42 1.29 1.68 4.90 8.00 2,06 1.42 2.06 50,48 1,37 79.45 
1965 8.90 1.81 8.90 2.71 2.71 13.80 5.93 477 7.48 9.93 7*48 11.09 85.51 
1966 4.13 2.26 2.06 1.42 20.51 2.45 10.45 11,35 3.61 7.35 4.39 9-03 F9.01 
1967 29.70 11.83 15.27 7.66 6.53 5-35 6.32 1.73 1.47 2.45 6.78 2.49 97.58 
1968 3.34 2.22 1.69 1.o7 0.97 1.57 2.41 1.56 1.24 6.64 49.03 3.83 75.57 
1969 1.63 0.81 0.83 0,61 3.11 1.51 4.57 3.76 7.58 6.73 2.92 3,77 383 
1970 2.24 1.75 1.68 168 2.08 7.44 7,44 5*52 3.24 5.96 7,16 4.64 50.83 
1971 
1972 

2.92 
7.96 

2,28 
1.68 

1.75 
2o88 

2.95 
2.88 

5.88 
3.96 

9.88 
5.04 

4.21 
2.99 

3.20 
5.88 

7.96 
7.84 

9.60 
3.28 

4.24 
3.28 

2,76 
2.61 

57.63 
50.28 

1973 2,44 2.61 1.72 1.60 1.84 4.64 7.24 5.20 10.47 3.52 19.35 3,60 64.23 
1974 2.55 4.24 3.60 1992 4.64 5.13 5.60 4$9 5.38 5.55 7.13 4.10 54.73 

AN 5.26 3.72 3.67 2.70 437 6.10 6.38 5.05 5.55 6.14 12.75 5.84 67.53 
NOTE: Developed from Stream Flow Record of Balamban River Gage of Lusaran.

BEST AVAILARI 0FOCUIMENT 
(Watershed 49 sqcm) 
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MANaNA '"IVra !)A~jITz 

WAMMAn& 67.5 S~M 

1957 - - m -- 3.o6 .65 2.07 1.52
19s 084 ,5.3 o69 066 2.62 2.20 

1.20 
Z.76 1.93 83 9o92 13.23 24.11 60o195 758 6.34 7.03 T016 7-71 6fA 1 9 e92. 4.68 5.37 o34 3.72 67.47160 3o03 6.20 3.17 7.30 3.03 09 4o4 2.O 4*W %7-4 B8 427 39o241961 3.03 2.48 2*.-0 16 3.86 771 496 420 441 22'67 7.*99 2364 "*20192 1e93 10.6 5.10 2.76 4*82 20. 1291 1529 .56 %68 31913 7o30 140.651%3 7.44 4.00 o066 2.07 149 1.38 1.65 149 9o09 675 6,8. 5.51 62 42 

264 1.o6 3*72 1452 1.38 2r4'4 5.24 8,54 2.201965 9o51 1,43 
1.52 420 53.52 1*46 84.a751 23 2 9 2474 60"4 5i,, 799 10.61 7.94 1.83 91.35

19"6 44. 2.201% AV 1.52 21490 2.34 11.16 2.12 3.86 7.05 468 .9.64 8401967 34.73 12.6o %u.3 ,18 6997 5.72 6#T5 X$35 1.50 2,62 7.25 2.66 104.17198 3 ' 237 1,811.14,3 1 ., 258 167 - 7o" 54 4.o9 0T11969 474 eST .65 1491*61 .88 4. 4,028o.1 7'49 3.11 4.2 34.6419TO 444 1.17 1o79 1.79 2.22 To" 7.95 540 346 . T66 4o96 54.o
2M1 3.11 2o44 oO7 3.55 6.2 l 0. 5 4.49 3, 9o50 3o, 4.53 2.95 61.541M2 850 2.79 3.07 3907 4,23 5 37 3.20 6.28 . 3.50 3.50 473 53.671973 2.6O 2.78 1.83 1.71 297 4.36 7.,73 5,55 1.19 3°76 20.66 3.84 Mo."1974 2073 4.53 3.84 Z5 496 548 5.98 52 5.74 5492 7o62 438 53045 
mm 5.62 3*97 3092 2'688 4.6 650 6.81 574 5'o92 64-6 "3.1 -(42;0 
5ms Ibmipem f ftr8 ommm odorz2mm iwfe = m Oatus 4 sa 

BEST AVAI? i. r) 
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TABLE VII-C-8
 

TOTAL MONTHLY STREAM FLOW
 
KOTKOT RIVER-MLAO GAGING STATION
 

WATERSHED AREA - 55.0 SQKI
 
(in million cubic meters/mouth)
 

Tear Jan Feb Mar Apr May Jun 
 Jul Aug Qpt Oct Nov Dec Total 

1940 1.50 0.95 0.55 2.05 1.50 3.75 2.85 4.05 2.64* 3.31* 3.47* 2.18* 28.801956 1.10 040 0.95 

1957 

2,85 4.20 2.70 1.60 2.65 1.55 2.60 2.25 3.70 26.55
1.30 2.40 0.95 1.00 0.40 2.6 3.25 
2.35 0.20 2.04 0.33 0.16 16,98
1958 0.07 0.04 0.03 0.01 0.27 .12 0.24 0.73 0.45 2.05 2.45 
2.20 8.66
1959 0.49 0.22 
0.13 0.12 ,33 .65 2.51 5.30 2.10 
1.60 0.75 1.50 15.70

1960 0.30 0.30 1.20 2.30 
0.30 2.30 1.50 0.70 3.50 5.00 3.20 1.80 22.40
1961 1.3G 1.10 0.70 
0.60 2.50 2.50 6.90 4.6o 5.20 9,20 10.60 9.50 55.30
1962 0.95 
3.15 1.30 0.50 2.20 3.25 3.15 5-75 
2.50 2.60 2.80 0.90 29.05
1963 1.25 0.60 1.35 1.55 0.55 2.0 
 3.70 3.00 4.60 3-85 1.75 0.90 25.10
1964 1.25 2.40 0.80 1.70 3.55 3.65 4.1 1.20 3.15 4.35 5.95 1.25 33.351965 1.40 1.80 
2.90 1.20 0.55 3.75 1.65 3.60 2.15 
4.45 2.15 2,25 27.85
1966 1.40 0.75 0.35 0.65 4o95 2.0 
 5.75 3.70 2.65 3.85 4,40 3.30 33.75
1967 7.10 1.35 
1.25 0.60 1.00 2.8 2.85 1.55 2.35 
2.85 2.35 1.40 27.45
1968 1.10 0.5 1.20 0.50 0.30 2 2.20 
0.60 0.60 0.30 5.65 1.15 16.10
1969 0.40 0.3 1.00 1.05 1.45 
 3.8 1.80 2.70 3.25 1.65 1.00 1o70 20.10
1970 1.15 0.8 0.6 0.45 1.20 4.35 4.05 3.50 1.70 4.10 3.95 
2.20 28.05
1971 1.85 1-05 0.6 1.o5 2.10 5.35 2.35 
2.25 5.10 4.75 2.20 1.85 30.50
1972 4.70 0.45 1.55 1.35 2.20 
3.3 1.10 4.20 3.80 1.85 2.00 1.40 27.901973 0.45 1.35 0.55 
0.35 0.65 2.95 4.50 3.15 2.64 1.80 8.70 2.15 29.2
 

Nean 1.53 1.05 0.95 1.05 1.59 
2.83 2.95 2.93 2,64 3.31 3,47 2,18 26.40
 

* Estimated 

BEST AVAILABLE Dnrn. 



TABLE VII-C-9 

TOTAL MONTHIY STREAM FLOW 
PIT0GO RiV._rI - CONSOLACION GAGING STATION 

WATERSHED AREA = 40.0 SQIN 
(in million cubic meters/month) 

Year Jan Peb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 

1940 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

0.60 
0.50 
0.80 
0.10 
0.25 
0.20 
0.42 
0.40 
0.40 
1.10 
0.29 
0.68 
0.88 
6.45 
0.45 
0.30 
0.45 
0.75 
3.65 
0.30 
0.40 

0.40 
o.6o 
0.70 
0.50 
0.22 
0.20 
0.40 
0.30 
1.60 
0.29 
1.50 
0.94 
0.69 
0.55 
0.30 
0.25 
0.35 
0.45 
0.30 
0.55 
0,95 

0.30 
0.40 
0.70 
0.50 
0,35 
0.20 
1.00 
0.30 
0.40 
0.29 
1.10 
2.80 
0.65 
0.5O 
0.45 
0.40 
0.30 
0.30 
0.60 
0.30 

0.85 0.55 
0.40 0.60 
0.80 1.00 
0.45 0.40 
0.65 0.55 
0.20 0.20 
5.60 0.30 
0.30 0.60 
0.30 0.30 
0.29 0.30 
0.27 10.20 
0.38 0,46 
0.33 1.20 
0.30 0.40 
3.30 0.25 
0.45 0.60 
0.30 0,50 
0.45 0.90 
0.55 0.95 
0.30 0.30 

2.10 1.35 2.35 
0.60 0.60 0.60 070 0.90 
1.30 1.90 1.50 0.70 0.90 
0,95 0.40 0.35 0.20 0,60 
0.20 0.45 0.30 0.30 0.35 
0.25 0.35 3.50 2.20 1.40 
5.50 1.70 1.10 1.80 5.20 
0.30 0.90 0.90 1.20 2.30 
1.20 3.90 9.60 14.40 6.30 
0.29 0.61 19.40 0.91 10.30 
4.40 10.10 0.46 3.30 4.10 
2.40 0.49 7.60 1.50 0.70 
0.43 1.90 2,60 0.40 0.81 
1.35 1.35 0.60 1.05 1.35 
0.85 0.95 0.30 0.30 0.25 
2.10 0.75 1.25 1.65 0.70 
2.70 2,35 1.85 0.70 2.40 
3.85 1.05 1.00 3.55 3.10 
1.65 0.45 2.55 2.15 0.80 
1.45 2.85 1.55 2.06* 0.75 

1.30 
0.80 
0.20 
0.30 
0.30 
8.70 
0.30 
1.10 
5.8o 
6.30 
0,64 
0.85 
1.05 
4.30 
0.40 
2.30 
0.95 
0.85 
9.54 

1.20 
1.30 
0.20 
0.25 
0.45 
0.40 
0.40 
0.47 
0.27 
0.87 
2,80 
0.98 
0,55 
0.45 
0.70 
0.95 
0.80 
0.55 
0.95 

8.40 
12.40 
4.85 
4.15 
9.45 
32.10 
8.20 

36.97 
39.85 
42.89 
21o39 
11.72 
15.50 
9.15 
9.55 

15.15 
17.15 
14.45 
20.90 

Mean 0.89 0.57 0.59 0.67 1.03 1.69 1.57 2,97 2.06 2.27 2.42 0.77 17.50 

* Estimated 

BEST AVAILABLE DOCUMENT
 



TABLE VII-C-1O
 

TOTAL MONTHLY SIEAN FLOW 
KOTCOT RIVER AT UPPER DAMSITE 
WATERSHID AREA 38.5 S 

(in million cubic meters~month) 

Year Jan Feb Mar Apr Ma Jun Jul Aug Sept Oct Nov Dec Total 
------------ Annual 

1956 0.77 
1957 0.91 
1958 0.05 
1959 034 
1960 0.21 
1961 0.91 
1962 0.67 
1963 0,88 
1964 0.88 
1965 0.98 
1966 0.98 
1967 4.97 
1968 0.77 
1969 0.28 
1970 0.81 
1971 1.30 
1972 3.29 
1973 0.32 

0.28 0.67 
1.68 o.67 
0.03 0.02 
0.15 0.09 
0.21 0.84 
0.77 0.49 
2.21 0.91 
0.42 0.95 
1.68 056 
1.26 2.03 
0.53 0.25 
0.95 0.88 
0.35 0.84 
0.21 0-70 
0.56 0.42 
0.74 0.42 
0.32 1.09 
0.95 0.39 

2.00 
0.70 
0.01 
0.08 
1.61 
0.42 
0.35 
1.09 
1.19 
0.84 
0.46 
0.42 
0.35 
0.74 
0.32 
0.74 
0.95 
0.25 

2.94 
0.28 
0.19 
0.23 
0.21 
1,75 
1.54 
0.39 
2.49 
0.39 
3.47 
0.70 
0.21 
1.02 
0.84 
1.47 
1.54 
0.46 

1.89 
1.82 
0.08 
0.46 
1.61 
1.75 
2,28 
1.40 
2,56 
2.63 
1.40 
1.96 
1.40 
2.66 
3.05 
3.75 
2.31 
2,07 

1.12 
2.28 
0.17 
1.76 
1,05 
4.83 
2.21 
2.59 
2,87 
1.16 
4.03 
2.00 
1.54 
1.26 
2.84 
1.65 
0.77 
3.15 

1.86 
1.65 
0.73 
3.71 
0.49 
3.22 
4.03 
2.10 
0,84 
2.52 
2,59 
1.09 
0.42 
1.89 
2.45 
1.58 
2.94 
2.21 

1.09 1.82 
o.14 1.43 
0.32 1.44 
2.10 1.12 
2.45 3.5 
3.64 6.86 
1.75 1.82 
3.22 2.70 
2.21 3.05 
1.51 3.12 
1.86 2.70 
1.65 2.00 
0.42 0.21 
2.28 1.16 
1.19 2.87 
3.57 3033 
2.66 1.30 
1.89* 1.26 

1.58 
0.23 
1.72 
0.53 
2.24 
7.42 
1.96 
1.23 
4.17 
1.51 
3.08 
1.65 
3.96 
0.70 
2.77 
1.54 
1.40 
6.09 

2.59 
0.11 
1.54 
1.05 
1.26 
6.65 
0.63 
0.63 
0.88 
1.58 
2.31 
0.98 
0.81 
1.19 
1.54 
1.30 
0.98 
1.51 

18.56 
11.90 
6.30 
11.62 
15.68 
38.71 
20.36 
17.60 
23.38 
19.53 
23.66 
19.25 
11.28 
14.09 
19.66 
21.39 
19.55 
20.55 

Mean 1,07 0.74 0.68 0.70 1.12 1.95 2.07 2.02 1.89 2.32 2.43 1.53 18.52 

• Estimated 

BEST AVAILABLE DOCUMENT
 



TABLE VII-C-11 

TOTAL MONTHLY STREAM PLOW 
KOT1OT RIVER AT MIDDLE DANSITE 

WATERSHED AREA 60.3 SMKM 
(in million cubic meters/month) 

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
Ann1ial 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

1.21 
1.43 
0.08 
0.54 
0.33 
1.43 
1.04 
1.37 
1.37 
1.53 
1,53 
7.78 
1.21 
0.44 
1.26 
2.03 
5.15 
0.49 

0.44 
2o63 
0.04 
o.24 
0.33 
1.21 
3.45 
0.66 
2.63 
1.97 
0.82 
1.48 
0.55 
0.33 
0.88 
1.15 
0.49 
1.48 

1.04 
1.04 
0,03 
0-14 
1e32 
0.77 
1.43 
1.48 
0.88 
3.18 
0,38 
1.37 
1.32 
1010 
0.66 
0.66 
1.70 
0.60 

3.12 
1.10 
0.01 
0.13 
2.52 
0.66 
0.55 
1.70 
1.86 
1.32 
0.71 
0.66 
0,55 
1.15 
0.49 
1.15 
1.48 
0.38 

4.60 
0.44 
0.30 
0.36 
0.33 
2.74 
2.41 
0.60 
3.89 
0.60 
5.43 
1.10 
0.33 
1.59 
1.32 
2.30 
2.41 
0.71 

2.96 
2.85 
0.13 
0.71 
2.52 
2.74 
3.56 
2.19 
4.00 
4.11 
2.19 
3.07 
2,19 
4.17 
4.77 
5.87 
3.62 
3.23 

1.75 
3.56 
0.26 
2.75 
1.64 
7'56 
3.45 
4.06 
4-50 
1.81 
6.30 
3.12 
2o41 
1.97 
4.44 
2.58 
1.21 
4.93 

2.91 
2.58 
0.80 
5.81 
0.77 
5.04 
6.30 
3.29 
1.32 
3.95 
4.06 
1-70 
0.66 
2.96 
3.84 
2.47 
4.60 
3.45 

1.70 2.85 2.47 4.06 
0.22 2.24 0.36 0.18 
0.49 2.25 2.69 2.41 
2.30 1.75 o82 1.64 
3.84 5.48 3.51 1.97 
5.70 10.74 11.62 10.42 
2.74 2.85 3.07 0.99 
5.04 4.22 1.92 0.99 
3o45 4.77 6.52 1.37 
2.36 4.88 2o36 2.47 
2,91 4.22 4.82 3.62 
2.58 3.12 2.58 1-53 
0.66 0.33 6.19 1.26 
3.56 1.81 1.10 1.86 
1.86 4.50 4.33 2.41 
5.59 5.21 2.41 2.03 
4.17 2.03 2.19 1.53 
2.89* 1.97 9.54 2.36 

29.11 
18,63 
9Q49 
17.19 
24.56 
60.63 
31.84 
27.52 
36.5' 
30,54 
36.99 
30.09 
17.66 
22.04 
30.76 
33047 
30.58 
32.03 

Mean 1.68 1.15 1.06 1.09 1.75 3.05 3.24 3.14 2.89 3.62 3.81 2.39 28.87 

* Estimated 

BEST AVAILABLE DOCUMENT
 



TABLE VII-G-:2 

TOTAL MONTHLY STRA] FLOW
 
KOTKOT RIVER AT LOWl. DAMSITE
 

#ATESED AREA 67.15 SCX4
 
(in million caubic meters/month)
 

Year Jan 
 Feb Mar Apr May Jun. Jul Aug Sept Oct Nov Dec 	 Total 
AnnUal 

1956 1.34 0.49 1.16 3.48 5.13 3.30 1.95 3.24 1.89 
3.17 2.75 4.52 32.42
1957 1.59 2.93 1.16 1.22 0.49 3.17 3.97 2.87 
0.24 2o49 0.20
040 20.73
1958 0.09 0.05 0.04 0.01 0*33 0.15 0.29 0.89 
0.55 2.50 2.99 2.69 10.581959 0.60 0.27 0.16 0.15 
0.40 0,79 3.06 6.47 2,56 
1.95 0.92 1.83 19.16
1960 0.37 0.37 1.47 2.81 0.37 2.81 1.83 
o.85 4.27 6.10 3.91 2.20 27.36
1961 1.59 1.34 0.85 0.73 3.05 3.05 
8.42 5.62 6.35 11.96 12.94 11.60 67501962 1.16 3.85 1.59 o.61 2.69 3.97 3.85 7.02 3.05 
3.17 3-42 1,10 35.48
1963 1.53 0.73 1.65 1.89 0.67 2.44 4.52 
 3.66 5.62 4.70 2.14 1.10 30.65
1964 1.53 2.93 0.98 2.08 
4.33 4.46 5.01 1.47 3.85 5o31 7.26 1.53 40.74
1965 1.71 2.20 3.54 1.47 0.67 4,58 2.01 4.40 
2.62 5.43 2.75
2.62 34.00
1966 1.71 0.92 0.43 o79 6.04 2.44 
7.02 4q52 3.24 4.70 4.40 4.03 40,24
1967 8.67 1.65 1-53 0.73 1.22 3.42 3.48 1.89 2.87 3.48 
2.87 1.71 33.52
1968 1.34 0.61 1.47 0.61 0.37 2.44 2.69 0°73 0.73 0.37 1.40
6.90 19.66
1969 0.49 Go37 1.22 1.28 1.77 4.64 2.20 3.30 
397 2.01 1.22 3.08 24.55
1970 1.40 0.98 0.73 0.55 1.47 5.31 
4.94 4.27 2.08 5.01 4.82 2.69 34.25
1971 2.22 1.28 
0.73 1.28 2.56 6.53 2.89 2,75 6.23 5.80 2.69 2.26 37.22
1972 5074 0.55 1.89 1.65 2.69 403 1.34 5.13 4.64 2.26 2.44 1.71 34.07
1973 055 1.65 0.67 0.43 0.79 3.60 5.49 3°85 3.22* 2.20 10.62 2.62 
 35.69
 
1974 

Mean 1.87 1.29 1.18 1.21 1.95 3.40 3.61 
3.50 3.22 4.03 4.18 2.67 32.10
 

* Istimated 

BEST AVAILAB3LE 0OCUMENT 
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BEST AVAILABLE DOCUMENT 
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