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General Ransger TILITIES | nwmcmrmn
Looal Hater Utilities Aministration U e iy
5th Flr., Fhilowacon Building | ‘ oy
Ortigas Ave., Puoig, Rizal T 2 ’).(«: 9_;_f<f B
Scbjsots Imterim i&p&zs;ht:mlitm&en--——:_~-.
¥ator District/ Water Supply T
14t

Dear Kr. Lesfies

¥ are pleased to sulait ihe subject Interim Repert in

aooordance with deoiesicas made in & moeting wit) you on 25 Rarch
1975, 4o agrevd upen, the Interim Bsport will yprovide fer early
roview of LWUA, tho Water District and interested lomning agencies
of the findings and esrly action guidelinos teo upgrads e wator
swpply and sorvios to ths Distriot COnSWMOT'S,

e report ocovors the follewing:

le Desaription of the existing facilities.

2s Kncum defioicnoles of the water smpply sywtem.

3. Identification of alterzative soxroes of wmtorg
transmission routos) ireatwont pesnidilitisn ard
wter distributica sohemes,

4+ Evaluation of the alternative plang; soroening and
e3lection of a tentative Plan,

final report. It ig poseidble that the selected tontative soheme
a8 identified horein Bay have te be medified in the final wereion
to £it the cenrumers’ "ability to FaY" and the ocutoome of the finan-

oial

studies. Almo this Interim Ropert has not beer reviewsd vev

aprreved by the CDX-Poston Vezign Review Camittee Deoawse of the

time

coustrainio asmeciatod with thig early sudtmissiocn, Mwiy

review will parallel yours.
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¥r. Carios C, leaiio, Jr.
Re Interim Report - Metropolitan Cebu Water Distriat

26 August 1975
- Page 2 =

During the course of ths study, the project tean was engaged
in the following activities:

ls review and oollation of availeble data;

2. field work to fill in data gaps and develop design
paramstors;

3¢ establich dasign oriteria and address the izsua of
"ability to pay™;

4. analyze all available data to develop an sccnomioslly
defensidble long range water supply plan to the year
2000. ‘

The Interim Report shows that the long-term water supply of
Metropoliten Cebu will come from impoundments on the Balsnben Riwer
and the Mananga River. Raw water will bo transported from tha im-
poundments to new water treatment plants amd to an upgraded die-
tribution network. .

Capital oosts for the early action works, interim improvemsnts
and the initial phase of the firai wtage of the loag-term prograx
total tc roughly P712.8 aillion, of which $23.9 million will be im

foreig» exchange,

We wish to axpress our sincere appreciation for the exoellent
team work and occperation given us hy your office, the Water Distriot,
DCCD/EDP and other governmental agencies.

He are confident that you will have queations CoRcerning some
of the findings. Please feel fres to raice them sc that we ococuld
discuss these at your sarliest convenience.

Very truly yours,

: Project Nanager

oot HCWD (3)
ADB~ Manila (6
ATD- Nanila (4
CD¥~ Boston (3
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CHAPTER I SUMMARY
Findings

The Metropolitan Cetu Water District which covers tha Cities
of Cebu, Mandaus, Lapu~Lapu and the Munioipalities of Compostela,
Liloan and Consolacion was eatablished on May 9, 1974 by virtue
of Resolution Noe 873 of the Cobu City Councile. Upen the establia)
ment of the MCHD, the Osamefia Watersorks System which was inaugurat
in 1912 was dissolved and its aownership and management tare trange
ferred to the KCHD,.

The project area is lecataed betwaeen 5 m and 90 m gbovo mean
sea level. About 12,570 hLa, the projecy area consista of two
partst the present servios area (2,370 ha) of the MCHD and the
projected additional eervice area through the year 2000, The pre=
sent servios arna comprises portions of Cebu, Mandaue, Lapu-Lapa
and Compoztela, all with existing public water syatems.

Based on the 1970 populaiion oensus, there were 446,400 resi~
dents in the project area. During the pariod 1960=70, tha projest
area population increased at an averags growth rate of 4.1 per osnt
¥he average density was 36 persons/ha. The urban sectcr mostly
living in Cebu, Mandaue and Lapu~Lapu ocorprised 92 per cont of ihe
population in contrast to the rural sectcr of only 8 per cent.

Central geographioal location and varied natural TrosScuUross
are important feotors in the economioc developmant of the project
arca. In recent years, industry has overtaksn agrioulture an the
leading econcmic aotivity with its greatest oconcentration in the
oities and Liloan. However, agriculture ocntinues to be the main
industry in Compostela end Consolscion.

The Port of Cebu, ths Nactan Intermetional Airport and the
Opon-Kandaue Bridge have contributad greatly to the reoent
development of commsros and trade in Metropolitan Cebu, The port,
the second largeat in the country, serves as the key link of
foreign trade in the Visayss and Mindanao region,.

Oebu is a priority area in the Philippine tourism program.
Its development is oconcentrated in the project area since the
best tourist spots in the nrovince are located therein.
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Like in moat oities in the Philippines, the water supply
syastem for Metropolitan Oesbu is inadequets, unsafe and poarly
nmaneged. The basic water system is more than 65 ysars., e
present lavel of servioe of the NCKD is ssriously deficient.
Water pressure in the poblacions of Cebu City, Kandaue and Lapu-
Lapu is inadegrate at most times. Night time demands are ssvere—
1y restrioted becanse of the need to ratiom flow during this
psriod. :

Cebu and Mazdaue share one public water system originally
built iz 1911. It underwent three major stages of aocuros
developmentt the Buhisan River in 1911, the Hagubiwmo Spring in
1934, and the 26 deep wellp in 1958 and 1964. Twelve additiomal
wells are under oconstruotion at presant. The public water supply
syoctem of Compostele was developed in 1939, Lapu=~Lapu's water
supply system wes established in 1962. Iilean began the construct-
ion of its wakor system in 1973, which will bs turned over to the
MC¥D upon its completion.

The main water supply facilities of the NCHD are as follows:
the Buhisan Dam,aconcrete arch structure that cen -impound water
up to 230,000 cum; the Hagubiao Spring.aminforosd concrate
chamber utilizing a 4=unit pump station; the 26 dsep wells which
vary in diameter from 125 mu to 250 mn with depths ranging from
20 to 105 m; the Tisa Treatment Plant, which treats impounded
surface water from the Buhisan Dam (partial source of MCWD).
Lapu~Lapn derives its water fupply from 2 wells. Compostela's
source is a spring from which water ie collected in a 300 oum
atorage tank before it flows into tha system. Liloan also has
a spring as its prinoipal souros,

_ The HCUWD service area suffers from inadequate water and poor
quality of the surface water supply. With treatment facilities
available anly part of the year, water in the project area is there-
fore partially treated. In the Cebu-Mandaue water system, 80 per
ocent of the Buhisan Reservoir's original ocapacity is filled up with
eilt, thus only 20 per oent is serviosable. The pumping unite
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at the Hagubizo Spring are antiquated and. are in constant disrapair.
T™he small spring which is the only source of supply for Compogtela
is reportedly drying out. The Tisa Treatment Plant ig only operative
from 4 to 8 months overy year due to lack of ray water supply, It

is poorly designed and its operation needs improvement.

Analysis of water from the Buhisan Reservoir indiocated high
color, taste and hardness while other parameters ware within
acoeptable limits of the Philippine Drinking Water Standards. Ths
Hagubiao Spring is considered of good quality exocept for marginal
exosas in hardness. Of the 6 wells in the Cebu~Nandave systenm
chacked for chlorides, 4 showed exocas amounts. Water frem Lapu-
Lapu wall has excossive hardness, calcium and chlorides,

Potential water sources in the Cebu area (which includs the
Balamban, Kotkot and Mananga Rivers) have been sampled. Results of
the analyses from Balamban River indicated exssss oolor, turbidity,
total snlids, ocalcium, magnesium, sulfates, manganese and as such as
25 mg/1 of iron. One sample taken from the Kotkot River indiomted
marginal excsss in turbidity and hardness and 1 Bg/1 of iren. Samples
taken from River showad marginal exoess in turbidity, hard-
ness, and 2.1 mg/1 and .85 mg/1l of iron.

Within the present and future servioe area, tha population is
projected to increase from 446,000 in 1970 to 1.1 million in the
year 2000, with Cebu City accounting for about two-thirds of the
total. The growth rate betweon 1970 and 1980 is projected to ave-
rage about 3.6 per osnt por annmms while the growth rate botwsen
1980 and 1990 is projected to be about 3,1 psr cent. Of the total
Projeot area population, the serwved population is projeoted to be
about 55 per ocent in 1980, 70 per osnt in 1990 and 85 per ocent in
the yesar 2000. Thus, the served population will increase from
191,000 in 1970 to about 605,000 in 1990 aud 960,000 in the year
2000, a 5-f0ld increase in 30 yoare,

Projections show that the per capita average dajly water de-
mand including allowance for unaccountable water will increage
from 152 lpod in 1975 to 267 lpod in the year 2000. Ths combined.
domestic and non-domestic portion of ths water demand will also
increase from 76 lpod in 1975 to 201 1pod inthe yoar 2000. Ave-
rage daily water demand ias projected to inocrease from 40,500 oumd
in 1975 to 155,700 cumd in 1990 and to 256,300 cumd in the year
2000, at vaioh time, ovor 60 par cent represants domestic demand.

Bydrologic (surface water) and iydrogeologic (groundwater) in-
formatien is scaroce and inadsquate to make accurate asgescaent of

the future potential water rssouross in the study area. However,
broad estimates have been }..m:d on judgment and available data.
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1N TERI REdaRT
VOIE AFTER | npy 1975 |

The tentative recommended water supply program MAY DE it
Plemenied in 7 steps: (1) oarly actions which should be started
and implemented as moon as possible; (2) interim improvemenis to
minimize the worsening water shortages until the yoar 1982; (3) Phase 4
of the first stage of construction 1978-82); (4) Fhase B of the first
stage of construction (1982-87); (5) Phase C of the firat otage of
construction (1986-89%; (6) Phase A of the seoond stage of ocanstruct-
ion (1989-94), and (7) Phase B of the second stage of construction
(1995-99).

@roundwater potential in the MCHD area is estimated to produce
about 13 per cent of the max-day water supply requirements by the
year 2000, Consequently, the long term water supply for Metropolitan
Calas will cone from the development of the Balamban end Mananga Rivers
&8 supply souroes, Two damg will be constructed: initially, an 82 m
bigh dam on the Balamban River and in 1989, a 72 m high dam on the
Mananga River. Raw water transmission lines, two new treatmant
plants and an expanded distribution network have to b provided to
allow better ang offective service for the present and future public
water supply users,

By the iime the new surface water souroces are available, some
wells will have to be phased out of operation to permit groundwatar
rechargs to areas of overpumping and to flush the salinized aquifer
out with fresh water. Salinization due to overpumping is the major
groundwater problem in the projsot area.

Project costs for the early actinn works, interim improvemente
and Fhase A of the first stage of construction program are as follous:

Early Aotion Works ¥ 5,400,000
Interim Improvements 10,820,000
Stage I, Phase A 696,530,000

Iuearan Dam and Appurtenances ?167,800,000

Raw Water System 94,756,000

Water Treatment Plant 51,570,000

Transmission Facilities 88,812,000

Distribution Horks 39,688,000

Engineering & Cantingencias (25%) 110,639,000
Adninistrative and legal Fees (3%) 16,595,000
Interest during Construotion 126,740,000

Total Projeot Cost 712,750,000
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Foreign exchange ocomponent of f.he foregoing project costs
is estimated to be about P23.9 million.

Annual operation and maiutenancs costs are estimated to
inorease from P8¢9 million in 1982 to P12 million in 2000,

Early Action Guidalinsa

While the findings and recommendations of the interim (and
final) reports are being discussed, and pending their approval by
the Water District, LWUA and finenoial agencies, ocsrtain steps may
be talkten in the meantime to facilitate "early action” in the NCHD

water supply systeme These early aotion guidelines are as followss

1, Continue the publiocity and promoticnal campaign abhout ths water
feasibility study so that water district customers are mads
fully sware of the improvements that are about to happan and
prepara thom for the oorrespending water rate increases.

2¢ Discuss in detail within the water district ideas relative to
raising the implemeutation funds (local and the foreign ex-

change component ).

e Strongthen the legal basis for dsvelopment of ney water
aouross, its implementation and enforoenent,

4. Acquire the land surrounding the proposad water sourcaa,
trestment plant, dietribution =torage sites and right of way
for the itransmission lines, and conduct a detailed topo~-
graphical survoy of such land and right of waye. The water
distriot new administration building end chop and laboratory
facilities may bs located at ths propossd trsatment plant site.

5¢ Aoquire a oomplete laboratory testing cnd sampling equipment;
meter repair, testing and shop equirment; assorted toels; and
supplementery water district vehicles.

6e Acquire disinfection (chlorination) oquipment and opsrate the
8am6 &8 soon as possiblo at offactive locations of ths exigte

ing system,

7+ Continus water meter installations to have all tho water ser-
vioces metered as soon as pomsible, '

8. Imitiate a routine hydrologic ard moteorological data colloote

ion program in the Kotkot, Balamban and Manunga Rivers (in
cooperation with the Iational Water Resouroes Council) to

BEST AVAILABLE copy
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9.

10.

11,

12,

13,

15.

develop strean flows, evaparation, rainfall and siltatiom
measurements over a period of at least 10 years; initiate

& well water level amd discharge gaging and monitoring
program at the existing and the proposed wall fields identi-
fied as a long term sourcs of KCHD.

Initiate routine water sampling and analysis at the proposed
surfaos sourves, well water souroes and distribution system,

Conduct & physical inventory and survey of the water syoten
and sewer system faoilities end their connsotions to the
private premises, Inventory private wells, septio tanks,
private and publio drainage systems,

Initiate a sewsrage/drainege feasibility study as soon as the
water supply planning is completed. In conjunotion with this,
conduct an oceanographic survey of ths Bohol Strait and
Camotes 3as.

With oconsultation, adopt a flexible, enforosable plumbing
oode in antioipation of the water supply. improvements and
nsar-future sewsrage/drainage system.

Carry on with leakage and corrosion survey of the water
system, identifying actual and potential cross—-oconnectiong
of water supply and pollutional material,

Initiate a jar test progrem at the Tisa Water Treatment

Plant to maximize the use of existing facilities and optimisze
the use of chemioals for coagulation (in the interim period
to 1982). Provids a by-pass piping to the filter to 8ave on
washwater and to eliminate back-up overflow in the seiiments~
tion dasine, during non-rainy periods; unthrottle the valwe
on raw water line from Buhisan to Tisa.

Initiate improvements to the management, enginesring and
operation and maintenance procedures of the Water Distrioct
in accordanoe with the establinhed INUA guidelines and in
anticipation of future requirements that may be imposed bty

loaning agenoies,.
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CHAPTER II INTRODUCTION

A. PURPOSE

Thic interim technioal report is being presenmted (July 1975)
prior to the completion of ths full technical, cocnoxic and finan-—
oial feasibility study to give the probable configuratica and rough
costs of the emergency and first phase oonstruotien program of the
water supply improvemonte for tho Matropolitan Cebu Water Distrioct.
Also, this report will serve zs a basis for early teohnioal eval-
uation by LHUA or any interested internmational financing agencies.

This report doss not provide the dotail required of a
feasibility etudy. The full study (dne in draft form iu Octow
ber 1975) will provids the techniscal, econonic and financial details
to support the recozmanded progran,

B, NETROPOLITAH CEBU WATER DISTRICT

Matropolitan Cebu area is situated alumgz the eastern ocoast
of Oebu Provinoe. The etudy area inoludss the cities of Cebu,
Hendaue and Lapu-Lapu, and tho municipalities of Cannolacion,
Liloan and Compostela. (See Pigure II-1.)

Ce LOCAL WATER UTILITIES ADMINISTRATION

The Local Hater Vtilities Adaministration (IWUA) was esteblish-
ed by Presidential Docree Fo. 193 iseued on May 25, 1973. Tho
deorse sought to esiablish, oporate, maintain amd develcp reliable,
adequate end cconcmioally vimble muniocipal water supply and waste-
water disposal systems. As differentiated from the Matropolitan
Waterworks and Sewerags System vhich operates within Metro-
peiitan Hanila, INUA oovers previnoial urban population oen-
tera in the entiro commtry. LWOA was formally organized ca Saptem—
bor 18, 1973,

In order to attain its objectives, LWUA has been aotively
encouraging the formation of indepandent, lecally controlled pub-
lic water distriots in provincial urban areas, This is a step ds-
signed to ensure safe and sufficient potable water sapply By %the
distriot and its cperation on a business—like basis.

Primarily, LWUA rendors assistance to looal water districts
in firanoial, training end techniocal metters. It also establish—
ea siandards for water quality and servios, operaticns, manage-
ment and adminisiration ineluding accounting praoctices. In
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addition, it presoribes activities neoessary to emnsure conformanoe
with such standards.

In recognition of the vital role water supply performs in
contributing to the well-being of the peopls, LWUA has been plaoced
under the Wational Eoconomio Development Authority, the highest
sconcmio planning body of the country.

Organisational Set-Un

IUA is directed by a five-man Board of Trustecs through a
General Kenager. The Doard Cforwmlates polioies on all the busi-
nesd affairs of LHUA end the Ganeral IManager is responsible for
the implementatiom of such policies.

In ordor to carry out its functicns, IMUA maintains 5 opera-
ting divisicns, each headed by u director.

The Loans and Pregranmc Division sdminisiers INUA's revolving
fund and relending pregrem. It dsvelops losn epplication ariterias
and oovenants and proocessss loan applications of duly constituted
local water distriots. It nlso negotiates domostic and inter-
national loans.

The Teohnical Serviess Division provides technios)l assistanoce
to water distriots and at the sams time develops design, oonstruote
ion and oporational standards.

The Regulz'ory Tivieion menitors the performance and opers—
tions of water distriots. Ii alsc processes and administers the
Adnministration's certification program for water disiricts,

The Moenagewent end Training Division conducts seminars among
the board of directors of water distriots, their goneral managers
and other key personnel end technioiens. Such seminars are ‘aimed
et strengtbening the institutional strncinre of water districts,

Finally, the Administrative Division rrovides the nsosasary
staff support to LWUA in terms of porsonnel reoruitzment, racords
managsment, genural gaxvices and related funoctions,

Only duly organised water districts which have boen issued a

Conditional Caxtificate of Conformance ocan avail themsalves of
financial essistancs from IHUA.

BEST AVAILABLE DOCUMENT
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Accomplishments

/\s of December 1974, IWUA had issued a Conditional Osrti-
ficate of Conformesnce (CCC) to 11 water districts out of 16 which
have been filed. A CCC is iosusd to a water district once it has
taken significant steps towarde the improvement of domestic water
supply to ths publie, aocording to certain oriteria prescribed by
LNUA, :

By the end of 1974 or after one year and three months of
operation, LWUA had a staff complement of 53. By the end of 1975,
this ie expsoted to inorease by about 80 to enable the Administra~
tion to ocope adequately with its expanding oparations.

In pdditicn, 9 other water districts hawe been crganized but
their resolutions have not been filed yst with LWUA, Another &
cities and munioipalities are in the proosse of erganiging their
water disiriots and 7 more kave nignified their intentien to
organise.

o carry on its provinoial waterworks dewelopment program,
LWUA has plarnod the following projects for early implementatioms

le The design and conntruo*tioﬁ of improved waterworks syw-
tems in Bzoolod City, San Psblo City, Cagayan de Cro
City, Davao City and Tacloban City;

2. The feasiuility study, design and constraation of water-—
works systems in Marawi City and Batengas City:

3. The watsr resources evaluation study for Baguio Gity;-
on

4. Tho water supply feasibility study of 10 provinoial
areas, including this report, .

A8 part of ite training program, I¥UA has condunoted 7 eomi-
-nars in 4 different parts of the country emmmg the key personnel
of water districts. It has also develeped the conoopt for & long-
renge planning survey and interim demoustration program. Such a
plan is aimed at setting up a data bank for water needs and sub-
sequently, undsriake immediate high impact rovenents cn the
waterworks systems of several hundred cities munioipalities,
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D. HISTORICAL BACKGROUND: NETROPOLITAN CEBU WATER DISTRICT

Until 1974, the wator systems of the cities of Cabm, Kandane
and Lapu-Lapu and the manicipality of Compostela were awmied and
managed by their lecal govermwentis. The oldest and meat developed
of these systeme was the Oemsiia Waterworks Syotem which serviced
both Cebu and Handane. This systen was inaugurated in 1912 by the
United States Gevernment during its ocoupation in the Philippines
(1858~1941) and was initially nanaged by the municipal government
of Cebu then under its head, the mmnicipal president.

When Csbu becams a chartersd city in 1937, a new waterworks
supsrintendent from the City Enginser's 0ffico managed the Ommefia
Waterworks Systems In 1959, she Cobm City Kayor apprinted & manager
who, until 1974, took chargo of the administration snd eperatiem of
the sysienm, ' '

On Bay 9, 1974, the Ormefia Waterworks System was disselved.
Ites wmership and menagement wore transforrod to the Kstropolitan
Cobu Uster District (MGD) formed by virtue of Resoluticn No, 873
of the Csbu City Counoil, This resolution, howewer, was amanded by
Resolution Ho. 1378 on July 18, 1974, to includs provisicns em the
funding of the Dictriot. The HCWD intogrates ar well, the oxiste .
ing water systems of Mandauws- Lapu-Lapn, Composiols smd includss
the municipalities of Lilaa: shone veier mystom iu carrently under
constravtion and Consolucion which has no public water gysten, In
geparate resolutions; trsir lecal governmants endorssd and ocaomrred
with the formation ¢f ths wator dietrict.

As constituted wnder Presidentinl Decres No. 198 (Provinoial
Woter Utilition Ast of 1973) which governs its operations, the KCHD
is a govornmont corporation but politically indepondent from ths
local goverrmonis. The decroc stipulates that financial end toch-
nical assistanos ehall btw granted v tater distriocts throngh the
Loosl water Utilities Adminindratice in ordsr te provide adoquate
water gystems, Thns, the MGD was ectablished for the purposss of
soquiring, installing, improving, raintsining and oporating the
wator eupply and distribution sysioms as well as the wastewater
colleo*icn, treaimont and disporal faoilities. The decres alse
providen that tho water dietrict zhall cpsrate on a finanoially
gelf-gufficient basis,

he wator distriot is headed by a five-member board of direot=

ors appointed by the Cstu City Hayor. The diatrict cam cnly be
dissolved through the aot of this boawrd,
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CHAPTER III DESCRIPTION OF THE PROJECT ARZA
A. PHYSICAL DESCRIPTICN

Logatjion and Sise

Ths projeot area alsc Imown as Netropolitan Cebu ooouples the
cantral portion of the provinoe of Ceba. It covers 12,570 heotares
or 245 per ocent of the provinoe's area.: The projeot ares inocludes
Oobu City (ceniral portion), the north-oentral oities of Lapu-Lapn
and ¥endaue, and the northern municipalities of Compostela, Conso~
lacion and Lilosn. Exoept Lapu~Lapu which is located in Mactan
Island, the rest of the project area lie adjacently to cue another,
The project area oonsists of 2 parts: the present servios arsa .
(2,370 hectares) of the Ketropolitan Cobu Water Distriot (NOMD) or
24 per cont of the total projeot area and ths projected additional
sorviou area through the yesr 2000, The present servios ares come
prises portions of Cebu, Mandane, Lapu-Lapu and Comportela, all
with existing public water systeus; Consolacion and Liloan do not
have piped water at present. (Seo Figure ITI-1.)

Zopography

The landscape of Cebu Province is rugged and mountainous, with
& fow peaks reaching from 1,000 to 3,000 feet, The project area,
however; is looated in the emall coastal plaine Jutiing out east of
the provinoa's Central Highlands. Lapu=lapu, Liloan, Compecastela
and Consolacion lie on fiat ocoastal lands chout 10 meters abeve sea
level; Cobu &rd Mandaus are situated at graduslly sloping elevations
that range from 6 to 30 meters,

The rivers which drain ths projeot area are the Buhisan, Ma-
nange, Balamban, Mandaue and Kotkot. Puhisan River, one of the
present supply sources of Cebu City, drains an area of 509 hactares
and empties eastward into the Bohol Strait. The Nanangs River,
flowing through a distancs of about 2465 kilometers, drains south-
west and then southeast into the Bohol Strait. The Balamban River
with headwaters at Barrio Lusaran flows northeaat, then northwest
and finally westward into the Balamban Bay. Mandaue River has its
source northeast of Mandans City and drains southeast into Cansage
Bay. Northeast of the study area is the Kotket Riwer draining to-
wards Compostela,

Geology

The study area is made of 3 geologio formations of the eleven
found in the provinoces. These formations, of medimentary and meta~
morphic struoture, are reoent alluvium, Carcar formation and base-
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ment oomplex,

Recent alluvium is the predominant geologic formetion in the
project area. It includes rubble, clay, silt and gravel deposit—
ed by present sitreams in the eastorn coastal plains and river
flood plains. Carcar formation is a limestone group that dates
from Plioocens to Pleistooens age and is deposited as a mixture of
ribble, gravel and marl. Of unknown age, bassment ocaplex is made
chiefly of diorite and quertz found in the Cantral Highlands,

Soil and Yegetation

Sevoral soil types are represented in the projeot area. Cebu
Provinoe especially supporte clay loam, a fertile, organic soil
said to be more produoctive to corn than to rics. This axplains
why oorn and not rice (the national staple) is the main crop in the
projoot area as well as in the province. .

¥andaue olay loam in the moderately-drained plains of Cobm,
Mandaue and Compostela, is osnsidersd the best agrioultural seil
ir the province. The s0il surface is free frem salt concantration
and outcrop, allowing dsep plowing and cultivation. The Kedellin
oclay of ths uplands is formed from limestone and shals. This black
and heavy soil is very sticky when wet and hard when dry but cen
be improved for plenting whsn properly fertilized. Jugar grows well
in this soil type. Eydrosol in the wet lands along ths eastern
coast of the project area is commonly used as mangrove fields, fish-
ponds and salt-making beds btecause of the soil's poor agricultwral
valua,

Host of Cebu Island, inoluding ths projeot area, kas lest a
significant portion of its top soil and iu its Plave is eithsr sub-
soil or weathered rook.

Climate

The Philippines has 4 distinot climatio iypss bssed on rein-
fall. The project area is classified undsr ths third climatioc tyre,
one of 2 types prevalent in the Celu Provinos. The projeot arca
hes no woll-defined dry and wet seasons; it is relatively dry from :
Hovember to April and wet during the rest of the year. (See Figure II1-2, )

The average annual rainfall for the past 20 years is 1,600 mm.
Much meisture is lost, resulting in moderate rainfall, when the
northeast and southwest monsoons cross the mountains within and
outside the provinoe. The Weather Bureau (PAGASA) records show an
average menthly temperature of about 27°C for the project area while
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average relative humidity is about 80 por cent. The projest area
ia oonsidered warmer than other parts of the country.

The wind directions change gradually from southwest to north-
east in October and vice versa in Juns. The wind directions oan
be altered by local thundsrsiorms any time, more likely, dmring
the latter half of the year.

B. POPULATION!

Ketropolitan Cobu area is oomsidered the densest part of Cebu
Provincs. In 1970, there were 445,400 rosidents in the project
area, who represented about 29 per oont of the provinoe's popula~-
tions During the period 1960~1570, ths projoot area population
inoreased at an cverage growth rate of 4.1 per cent and the avo
rage density was 36 persons per heotars. The urban sesctor coa=
prised 92 per oent of the project area population in contrast to
the rural section of only 8 ver oent, '

Cobu, Mendeus end Lapu~Lepn are olassified as totally urban
areas. The most heavily populated arcas are Cobu and Mandzue where
84 per oont of the nroject area ropulation resided in 1970, The
population was further distributed as 8 per osnt in Lapu=-Lapu, 4
per ocent in Liloon, 2.5 per cent in Censolacion and 1,5 per oceant
in Composiela.

Lo of 1970, the Philippines (areas 300,000 sqkm) had a popula~

tion of 367 million with a growth rate of 3 per oent, density of 122/
sqkm and a median age of 1704 yoars. As such, the comtry rank~

ed seventh and sixteonth in population in Agia and in the world,
respectively.

Expeotedly, theso demographic characteristics are imposing
pressures on ths country that prevent further eoonomio dsvelop-
ment. A high population growth rate nmagnifies problems in the
eoconcey, environmeat/ecology, sozial services and factors that af-
feot the quality of human 1ife in goneral,

To ccunteract these pressures, the Philippines hag adopted two
approaches to population comtrols the contraceptive or family

planning anproach and tha integrated approach in which population
control beocmas part of the nationsl dovelorment plan,

ITI-3
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Population Growth Trend

From 1948 to 1960, economio devolopment stimulated migration
off the rural areas into ths cities. 48 a result, ths populations
of Cebu and Mandaue, with the exoception of Lapu-Lapu, grew rapidly
while the populations of the municipalities inoreased slowly. The mae
king of Handaue into an urban oenter 1 greatly attribtumted to its
immediate proximity to Cebu City (the country's fourth mest
ted city in 1970),Lapu=Lapu did not match Cebu's rapid population
increases because of its loocation in the offshore Mactan Island.

Ia the 1960-1970 dscade, larger inoresses in urban population
gave rise to the converaion of Handaue and Lapu-~Lapu into ocities
and the birth of Metropolitan Cebu. Meanwhile, Cetu's growth rate
declined from 3.5 per cent to 3 per cent as migrantas and industries
were begimning to disperse to the new satellits oities, There were
also increases in the growth rates in the muniocipalities during the
game deoade, -

Population Characteristics

Persans born ir the project area representad about 84 per ocent
of the population in 1970, Those horn in othsr muniocipalities of
Cebu Provinos totalled ahout 10 per oent while nigrante from other
provinces represented 6 per osnt. :

The project area population with a median age of 16,5 ysars
is young, tho rural residents being younger than thore in the ur-
ban areas. About 44 per oent are classified within the age bracket

0-14 years; 52 per cent comprise the working age group (1564 years)
and 4 per cent belong to the older group (65 years and above).

In 1970, there wers 95 males to 100 males in ths projest area
as a whole,

While the average literacy rate in the projsct area was about
80 per cent in 1870, urban areas had a larger literate group than
the rural areas. The high literacy rate of the projeot area is due
to Cebu City's teing the educational center in Southern Philippines,.

In 1970, the ecocnomically active sector of the project srea
was composed of some 200,000 employed or 42 per cent of its popula~
tion. The heavy industrial growth of Csbu, Handaue and Lapu-Lapu
has resulted in a manufacturing workforce bigger than that of agri-
oulture. The rmnicipalities hawe slightly larger proportion of farm-
ers, fishermen and loggers than the manufacturing worlforoce.

ITT-4
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Ce LIVING COMDITIONS

Acoording to the 1970 ocensus, 68 per cent of the tetal 86,000
dwelling unitc were of the single-family type and 4 per oent were
of the duplex typs. The remaining 8 per oent included low-olass

apartments, barong-barong (makeshift hr 8), coxmorcial, light
industrial and institutional buildings,.

In 1970, 44 por ocent of more than 80,000 housaholde wore
served with eleotrioity; over 50 per cant ussd kerosens for light-
ing. Wood waa the most commen cooking fusl end was used by near—
1y 90 per cent of the households in 1970, :

Those provided pipsd water service by the MCWD inoludsd 43
per oent of the total projeot area population or 57 per
oont of the service area population in 1970, Over €0 psr osnt of
the houssliolds derived thoir water supply from groundwater souross
while the rest used surfaocs water. :

(Technical dotails of existing water supply follow. in
Chapter IV.)

The most oommon toilet type, flush/water-zealed system is used
by 32 per ocent of the houssholds in 1970, Other toilet facilities included
closed pit (29 per cent); open pit (7 per oent); amd publio toilet
(2.5 per cent)s The rest of the households did¢ not have voilet
faoilities,

Do PRESENT ECOHOMY

8inos the imposition of martial law in the late 1972, the
Philippine economioc struoture has been undergoing various reforms.
Gonocrete resulis were achieved in 1973 when all economic indicators
of the country reached unprecedented levels.

In 1974, however, inflationary end reocdssionary developments
and domestic food shortages disturbed the improving oocnomy. As o
result, the gross national product (GHP) dsolined from 909 per oent
in 1973 to 5¢9 per cent in 1974, Howsver, thes country managed to
realize a modest balanoe of payments (BOPS anounting o $80 mil-
lion despite the prioce dscreases of some mein export prodnots,
notably oopper and wood preducts. In addition, international re-
gerves stood at a oomfortable level of $1,16 billion at the end
of the year,

Traditionally, the country has been hoavily dependent on agri-
culture, The national mooounts for 1974 showsd that agrioculture,
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forestry and fishing accounted for 29.2 psr ocent of the GNP, The
pservioces ssotor followed with a share of 17.2 per cent for the
same year. The caonstruction industry posted the higheat growth
rate, 18.5 per oent.

Eroject Arop

Central geographical loocation ard varied natural resourcea
are important faotors in the economic dswalorment of the project
area. In reosnt yoars, industry has overtaken agriculture as the
leading economio activity with its greatest conocentration in the
oities and in the munioipality of Liloan. Hewever, agriculture
continues to bte the main industry in Compostels and Consolacicn
as well as in the entire provinecs.

Agriculture. In the rural saotions of the projeot area,
about 10 orops are harvested and marketed to nearby oities and
provinees, and among them are corn, oassava, coocnut, sugar, rioe
«d magusy. Ths most notable of the fruits grovn in the project
arsa are mangods in Cebun City and grepes whioch are rars in the
Philippines bat grown in productive winsyards "in Cebu and Mandaune.

Pishing in the project area, except in Lapu=~Lapu City, is
nmainly for sustenance, The waters around Lapu-Lapu are reportodly
rich in crustaceans, Artifiocial culture of milkfish (bargas) is
limited to the hydrosol areas of Mandaune and Lapu-Lapue

ries. The poop;lo in the projeot area are engaged in a
wide range of indusirjes. Largc industrial activities such as
mining and food processing ere ooncentrated in the urben centsss
and cities.  Mandame, for instavcs, has for ite heaviest taxpayers,
T beverage and liquor companises. Cobu is the loocation of one of the big-
gost oil refineries in the Far Bast.

Consolacion and Compestela are especially kmown for blacksmith-
ing; Liloan specialises in poimaking. Cottage industries liks gui~
tar-making, garmsnt-meking, handioraft and shelloraft are spread
throughout the project area.

o In Cotu City, land use is prinoipally commerocial
and residential, with about 10 per oent of its area occupied by
industrial establiohments. MWandaune which follows Ceb: in the mat-
ter of ecocnomioc activity has developed about 9 per ~ent of its
area to industirial use. Lapu~Lapu has 30 per cer’ of its pobla~
oion developsd to commerciel and industrial activities. 11 Com-
postela, only 3 per oent of the poblacion is used for lizht indus-—
trial and ocommercial activities and the 1est inoludss residential
units.

I1I=6
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Publio Utilitien. In general, the projeot area has an ef=
ficient road sysiem and adequate transportation system. 1ith
"Cobu City s contral point, the road netuork oiretches to the
southernnmos’ and northarnmoet poinis cof the province.

Tho Port of Cobu, ths lacsten Internaticznal Airport and the
Opcnl-ﬂmém Pridgs havs been cigaificonut feotors in the recent
davelopmont of cerrasrece and trado in tho projoot area. The port,
tho eouatrys ceeond largess, coatinuon to corwe as koy link of
foroign trads in the Viseyas £ad MNirndanao Regicne Oma of the
longest bridgos in s country, thoe Oporeiiandaus Bridge makes
pensibleo orcsu trips Lotweon the lieinlond and Hactan Islande, The
Kaoton cirpors is azd of ths combiryris 2 internationsl airporto.

Dompdrae - (Yun provines ir o priority area un&ar ths Philip-
pins touriex preogran, Iis drvelopneont will to concontratsd in the
projeci arvea os ttho best tourist orols of tho provinco are found
therain, :

Too projoot eroa stends cnt oz o touriet stirection primarily
tacancs of itn historical sisifingonece The best-krom tourist
gpots in Cotu Clty ara Fogollnn®n™ Cress gyubolising tha coming of
Cariotienity to the Failippires in dho pix'sonth contury, Pasilioa
Hinoro del Ocnto Hido ousing the cocrntoy®s oldest religlious re-
lio3, Port Sen Pedro end Plaza Indspendencin. In Lopu-Lopu, ano-
ther histerionl teuriot oltraction is the Lapv-Lapad Menumoent,
Ou$sido ¢? Coba and Lopu=larn 270 geveral kosch rosorts.

lhe.p*.-.-ch.t Cizty.
pﬂzp lexereitovsi mtom.

3local ehisftain vho killed Magollan.
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CHAPTER IV EXISTING WATER SUFPLY PACILITIES
A, OGRYNERAL

On tho basie of studies made on the first 5 cities of this
10-Provincial Water Supply Peasibility Study, the following have
been found to be the oor~en problems to all water supply systems.

Inadsquato Systen

In gensral, ths systems oonsist of insdequate meins ond sto-
rago facilities, poorly decigned and maintrined pump or well BY e
tems and inenffiocient distribution sywtems, Pressurss are very low
particularly during the psak hours. Servioe io non-existent during
fire-fighting situations and, in general, there is no continuous 24~
hour esrvios. '

Unpale Systenm

Hater is gousrslly bacteriologioally unsafe. Nany opportuni-
tios for oross-comneotions exist, Because of ths marginally low
pressures baok-siphonsgs ocsn oasily oocur. Chlorination equipment
when available is not gemerally in use.

&or;x gmd Bmtm

Until recontly, authorities have tolerated wastags of wmtor.
So fur, there has bsen no prior loakage survey conduotad in any of
the waver distriois except during the study. FMinancing is poors
collection is lows There is herdly any enforcsment of ronglty.
In geueral, there is no master plan, little maintcnanos and opara-
tion, and hardly any operator training. Recordineping is almosot
non-exiatent,

Bo EXISTING WATERWORKS FACILITIES

In the projeot area, anly Cobu, Mandmze, Lapu~Lapu and Coa=
postela have piped water, Censolascion has no publio water syctems
Liloan's public water system im in the process of ocastruction.

Csbu and Handaue share ore public water system originally built
in 1911 It underwoni three stages of source developmont:s ths Bu.-
hisan River in 1911, the Hagubiao Spring in 1934, the 26 deep wells
in 1958 and in 1964, Twelve additional wells are under oanstruction
at present, (See Pigure IV-1.) In 1974, the water system was turn-
ed over by the Cebu City Govermment to the Metropolitan Cebu Water
District,

v BEST AVAILABLE DOCUMENT



~ SEDIMENTATION

RAPID SAND
FILTERS \ /

~

TISA FILTER PLANY

26 POWER PUMPED
DEEPWELLS,

BURISAN DAM
8 RESERVOIR

_~OPEN STORAGE
15000 GUM

HAND PUMPED
WELLS

-84
AT T T
~. P e . —— CABOTES SEA
- - -
) R yl - A *954 -
: : S e HAND PUMPED
Y ) WELLS
SSHT LAPU LAPU A AP FIGURE TV-1|
SR R ——— EXISTING (773 “UPPLY  SYSTEM
AR |+

. ‘Weeas CDA - LWUA

P e el e ———

(1939)
PUM? — ,—HAGUBWO SPRING, J
evariay 1\ / ELEV. 10 (19'52) s
r'd
R ~SPRING (1975) /BnRED
> HAND PUMPED ( /- STORAGE(IS70) HELLS
o —
oW U me, ST
- ="
y CEBU DISTRIBUTION K - ,ﬁ— WELLS =
£ ——sisTEM T

SPRING & STORAGE\

/
; : S ST COMPOSTELA .~

fr o —

= e

BEST AVAILABLE DOCIMENT



The public water system of Covpostola was developed in 1939;
Lapu-lapu's system was establish:d in 1962, ILiloan began the
oonstruction of its water system only in 1973, which will be turn~
ed over to the MCUD wpon its completion.

ter Souxr ilities

The main souros faoilities of the Cebu~-iandauns water systoa
ars the Bubissn Daa, the oollection chamber at Hagubiao Spring
and 26 deep wells, The Buhizan Dam i8 & concreto arch structure
that oan only impound water up to 0.23 million cmm. 7Tho raw water
sain, 350 ma in diameter and 3.5 km long, ocnveys water from the
Buhigan Dam to the Pisa treatment plent., (3¢s Pigure IV-2.)

Spring water at Hagubiao is first collected in a reinforoed
ooncrete chamber and then puxped into the system through & 4~umit
pumping station. (Sec Pigure IV-3.) The 26 deep wells vary in diae
meter from 125 mm to 200 mm and 250 mm; have depths ranging from 20 m
to 105 m; and actual pump aischarge rates of 0 to about 30 lps.

Lapu-lapu derives its water supply frow 2 wells which are sperated
alternately. Compostela‘s supply source is = spring from whioch water
is collected in a 300 ocum storage tank befere it flows into the sys-
tem. Lileam also has a spring as its rrincipal sourecs.

Zreatment Foilities

The Tisa Treatment Plant treatis impoundsd surfaoe water from
the Buhisan Dam. Treatmont procasses oonsist of coagulation,
sedimontation and filtration. Flow measarements taken from the
raw water main range from 5,700 to 7,000 omd. The facilities
inoluds a chemioal fesd facility, 2 sedimentation basins, 3~day
rapidand filter, an open top storage well, 1 wash water tank and
backwash pmping system. The chemiocal feed facility socommodates
4 lime/alum feed tanks and chlorination facilities.(See Figure IV-4,)

Water from the Hagubiao Spring iz chlorinated: water from the
26 desp wells is untreated.
Watoer Transmisaion Lines

In the Cebu-Mandaune systom, the tieated water from the Tisa
plant is ocaveysd to the service area through a oast iron trans—
mission main, 400mm in diameter and 2.3 km long.The treated water

framHagubiso is conducted to the city through 5 ¢ast iron pips, 350
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ma in diameter and 11.6 km long.

Compostela's existing transmission main is a 100 mm diameter,
7 lm 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 oonnected to the distribution system.

NWater Distribution System

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

Cobu, The existing distribution system is shown schematically
in Figures IV-5-a, b, 6 The initial construction stage for the
Cetu distribution system was in 1912 whon the Tisa transmission line
brought water from the Puhisan River by gravity flow to the core
city area. DBy 1932 some 27 km of pripes was in plaoe. 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 cent is at least 43 ;=ars old.

The maximum total water supplied to the Gebu distribution sys=-
tem is 35,920 cumd, assuming the following producticas

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

(Bagubiao produces a total of 8,710 cumd, with Mandsue con-
suming 4,530 cumd.) Often less water is delivered to the systom
because of pump failures at the wells and Hagubiao pump station;
and during the dry season the supply to the Tisa plant reduces %o
1,000 cumd. Hydraulic tests have been performed in the transmission
lines from Tisa and the Hagubiao Spring. The 350 mm line from Tisa,
which was constructed in 1912, has a Hazen Williams C—walue of 83. s
350 mm line from Hagubiao, installed in 1928, has a C-talue of 71. Both
lines 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 service for over 45 years. It is likely that

BEST AVAILABLE DOCUMENT
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TABLE IV-1
SUNMARY OF WATER DISTRIBUYIOR SYSTEMS

Gebu City ¥andeye Isgu-lapn  Comsolsoion  Lilosn Conpeniola
Scurce of Pudlie Supply Buhisan Dan Obtains wator Hell No pablie 8pring Syring
Hagubise Spring  from NOWD supply
¥lls
Aneunt Produced (oumd) 35,920 4,530% 2,180 200%# 1605%»
Year Tistritmtion Placed :
in Operation 1912 1933 1974 Proposed 1974-7% 1939
System
Total Length of Distridutiecn :

Syetem Piping (km) 76.620 13,850 2,740 6.0 520 2.980 5.018
Tetal System Storage (cum) 11,600 None 190 300 270
Total Fumber of Comnectioans 9,708 894 437 105 191
Aves Served (ha) 1,800 304 35 8o 28
Irtimated Population Served _

(1973 200,000 20,000 54000 1,000 2,000

PNeaswred supply to Msndame - Nay 1975.
“Hoasured supply - Nay 1975,
#*45apply rationed by valving ~roocedure.
*s4Proposed system.

BEST AVAILABLE DOCUMENT
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smaller pipes of similar age within the distribution system have
saverely reduced carrying capacity and little useful life remain-

Stox,

m%hqmemhu3nteragotanm-a19omtmkwthe
Cepitol, & 75 cum facility at Talamban, amd 11,3€0 cam Pasilan
Tanc moar Lelmg, The Capitol tamk has boen itakan out of service.
Booanse of the shortage of water in the Cela area, it is net possibl
to £ill this storage temk. The tank at Talamban serves a mmall ares
consiating of 110 cormecticns. Thoe Talemban gystea is not comneot-
ed to the Celm distribmtion systemjit serves an isolated sorvios orea.

The Basilan sterage tank ia Baing oompleted. Th» tank is at
an elevation over 100 m. The overflcw elevation is approximately
110 me A 300 mm pipeline comnects the tank to the distribuation
cystem near Caxp Lapu-lepe. A puep station is plamned at the point
of coumsctien to pump the water into the storage tank. This fagi-~
lity ia pourly desigmed ~ the hydraulie grade line it will establish
is about 40 m highor than the recommended meximnm HGL of 70 m-
Farthorwxre, a 150 horsepswer purp insizllation is planned, tat te
fill the reservoir durimg an owernight filling cyole requires a
pump station capacity of 1,200 horsepowsr. Also, the ressrvoir has
no cover to protect the water from contsmination.

System Prossure

Existing pressures within the distribwtiocn systen fluotuate
over a wide range. Seoversl 24-hour pressire readings were takea
within the distribution aystem and aro summarised belews

Day-Tine Night-Pime
Logation Rate  Qowwnd Elevation FPresssre _ Presmure

El Filibusteriano MNay 13 2.2 m O=eT & O=eT m

8t (ncar Node 55

Figure IV-54) Nay 12 O=T m O=7 m

Jones Avemne ¥ay 16 12,5 m le4~6e3m  2.8-12,6 m

(near Node 139

Flgurs IV-SQ) Kay 17 oT~5.6m o= 8.4 n

Don Jil Garcia St. May 14 28 m O=3¢5m 05 m

(near Node 152

Figure IV-5}) Hay 15 oT=T m 36591 m

BEST AVAILABLE DOCUMENT
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tribution system. Bacause of the low prossurea an” tha rationiz
Plan, the distribution systaa is of doubtfn] utility during fire
fighting periods,

for-Hat

ded to oustomers in tulk quentitiea by tank trucks
and in 20 liter oans by tricycles. The tank truok vendors chtain

ths type of customer. The trigyole wendors gell water to private
homes at P5-15/oum, depending on the distance the vendor must tra~
vel. In oomparison, NCWD ustomora pay P0.50/oen  of water, Ob~
vicusly, water vendors are able to got mok higher prioes becamse
of tks water shortage,
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» The distritution syatem in Kandwme (Pigures IV-50,4)
was installed in 1933, The entire nystem consists of 100 am or
smallor digmeter pipes. Some 4,530 cumd is delivered to the dim-
tritution system through 3 comnections to the Hagubiao transmissiox
line ~ Hodas 203, 205, and 237 in Pigure IV-53.Thers arc M oon~-
neotions tc the system, of which 390 have meters. There is no die~
tribution storage for the Xandawe syatem.

Uater preasures are also very low in the oore city area. A
24~hmar reoerding preasure gago showed that on Kay 13 prossurss at
the Xandaus fire station did not exoesd Tm andfor leng pericds
the prossure was sero.

Beocauso the Nandaue systea is only a sub-aysism of the NCUD,
the same oporationnl and maintenanoce problems discuszed for Cshu
are appliocable to Mandaus. '

The distrioution system for Lapu~-Lapa was ocons—
tructed in 1%4. Of thke 2,74 kn of pipes, 79 per camnt iz less
than 100 mn in dismeter, The distribution systen is showm in
Figare IV~ 6 . The 2 wells pump about 2,180 cumd of umchlorimated
water into the distritution system. Tha systea has a 190 oam
sterage tank located in the poblacion,which ean store 8 per ocent
of the average daily sepply. There are 420 active comneotions to
the system (17 connections have been valved-off) all with flat-
rate scoounts,

Sompentolg. The Compostola distribmtion mystem (Pigare IV-)
was inwtalled in 1939. Originally, water was supplied by gravity
from & spring 5.5 m from the mnioipality. 4 270 cum storsge
tank was oonstimcted along the tranemission line and 1 km from the
poblacicn. The spring yleld has decreased in the last 20 years,
ard the sierage tank has been valved-off since 1960, s water
is rationed to 191 servios conmections by valve operations similar
to that in Jebus A 24~hour reading showed that pregsures range
from o7 m to 8 m. There are 3 publioc wells in the manioipality
whioh belp alleviate the water shortage.

Liloan, The Lilcan distributien mysten will be completed
this year. (8ee Pigure IV- 6.) The system oonsists of 2,98 km
of pipes, 58 per cent of which is less thmn 100.-me in dianeter.
Preasures in the system are positive most of the time but are
rednosd to sero when the starage tanmk sxpties. A 24=hour reading
at the City Hall shewed a maximum presgure of 2] m and a minimmm
pressure of 0 when the tank emptied.
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Gamsolpoion, At this time, the mmnicipality of Comsclacion
has no public water supply or distribution systom. Private wells
supply most of the water required by the residents. A propesed
public water supply plan for the mnicipality consists of the
installation of 6,5 km of piping and the developmsnt of the Ville

Rooa Spring.
io ok of the Exist r 3

In the Cobu-NMandsme water system, 80 por cemt of the Bahisan
Reservoir's original oapaoity is filled with silt; only 20 per
oent, tlmn, is serviceadle., The pusping units at Hagubiae Spring
are antiquated and are in ocnstant diarepair, 4ll supply touross
of the aystem lack control valves and flew meaguring devioss,

The small spring which is the enly source of supply for Comm
postela is reportedly drying out. Chloride oontenmt of the Lapu-
Lapn wells already exceeds the nllowable limita,

The Tisa Treatment Plant is only cperative from 4 to 8 months
every year dwa to lack of raw wator supply, It is poorly designed,
inadequate and inefficiently operated. The plant has no flow~
moasuring devioes, The alum conocentration ig weroly estimated and
unoontrolled. The filters are unoontrolled and lsck necessary
appurtonances for flexible oparation. Norecver, ths filter material
is not of the appropriate sise snd gradation to provide optimum
performance. The baokwmsh aystea is inadequate; backwashing doea
not remewe most of the scowsmlated solids on the filter eedia.
Chlerination ie unoontrolled. Chlorins 823 from the sterage system
is simply gllowed to flow under presaure to the solution tmik,

Almost all the water producod in the MCHD aerea is delivered un~
ahlorinated. The ouly existing treatment faocilities oap be feund
in the Cebu-Jlardaue area. Therefore, mignifiocant potential exists
for water~borne dissase outbreaks,

The existing Cebu-landaue transmisoion system is inadequate
for present dsmands and has no valves or meters for prover opora—
tion.

Hoat daficiencies in the 5 distribution asystems within the
prosent KQID servios area are similar. The significant defiocien—
cies are the water shortage, system ags, water aocountability, in-
adacuate chlorination, and poor design of aystem improvements.
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The water shortage affects the gysism pressures, fire-fight-
ing potential, and consumption patterns. Decaxse water mast be
rationed, presemres fluctuate vver a wide range and eften become
negative. The negative prossures increase the poss‘Mility of eon-
tamizuted water entering the distribution oystem. Aress meoceiving
no water are oxtremely wvulnerable to fires until waler vervios can
be rostered to the ares, Many water district customsrs mast modify
their oconsumption petterns beczuss of the water rationing. Some
got water aaly during night-time hours and others omly doring day-
time hoars. Suoch servioce strains any geedwill developod batween
customers and the water distriot.

Potential water caciomers aro, in the bost of oircumstaxoes,
sub-users who obtain their water frawm dwallings connected to the
distritution system. Other potoutial owstomers muat PRy vendors
exoesaive rates for water whion they oould buy from KCHD at muoh

lowsr ratews.
Distritmtion eR

The distribmtion system for Cebu and Mandews ig largely over 40
yoara old. Field tests show that because of reduced oarrying capa~
oity the older pipes have likely oomtrituted to the losr Pressures
and marginal fire fighting cepabilities in these areas.

ter tabil

Of the appreximate tetal prodmnotion of 40,000 ownd, caly
12,000 cumd is aotually billed to the castomers. Aprreximately
5C por ocemt of the omdimmmtomdmﬂd‘mu&mm‘t
ore astimated to fMmotian properly. Commscticns without meters and
non-functioning meters are ®illed en a flat-rate basiss a situation
that emoocurages the wastage af water,

Isprovements made to the distribution systen are poorly de-
signed. Two improvomonts mads in recent yoars illastrate the
situation. The Maholo panp station was instslled fer the PATrpose
of improving system presgares in the Cetn: Contral Distriot area.
On fts initial operation, the pump statiom mmpad the Hagubiso
transaisaion line dry in & matter. of mimmtes. The wstation was not
operated again, The present improvement program inoludes the sto-
rage tank and pump ctation desoribed in the preceding sectiom onm
the existing distribution system. Both the storage tank amd peap

BEST AVAILABLE DOCUMENT
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statien are hydrauliocally incompatible with the existing system,
These improvemonts represemt capital expanditures that will net
necessarily help in solving the operational diffioulties of the
existing system.

C. WATER QUALITY

Samplen were taken from the Cebu-Mandaue and the Lapu-lapa
water systems. Analyais of water from the Buhizan Reservoir in-
dicated high color, taste and hardness while other paramsators were
within the acosptable limits of the Philippine Drinking Water
Standards. Results showed that taste and color of the water were
removed by the Tisa plant although hardness remained. Samples
alrvo showed that thn filter effluent slightly inureassd in tur-
bidity.

The Hogubiao Spring is oconsidered of good quality, axospt for
marginal exoers in hardness. Of the 6 wells in the Colm-Hondame
systom checkod for chlorides, 4 showod excsss gmounts. Water from
the Lapu-Lapu wells has axcessive hardness, calcium and chleridos,
Field tests indicated that samples from a publio well in Compestela
and from a spring in Liloan contained excassiwve chlorides,

Results of the analysis of the ssmples are shown in Table IV=l,
and Appendix Tabls VII-B=2.
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WATER QUALITY TEST RESUIRS

TABLE IVe 2

NETROFOLITAN CEBU WATER DISTRICT

Gbbu-Handane System

Location %hisanu ?;ii:a

Date et 88IV0 ter
Tent Allowable

3ampling Bffluent Effluent

2 Oeg) (e

PHYSICAL
Colox umit 15 20,0 0.0
Taste unit 3 20.0
Odar unit
Turbidity (unit 5 3e4 702
Solids ng/1
a. Total
be Susponded 500 as . 384
CHENICAL
pH 7“805 8.1 Te4
Alkalinity(mg/1)
a. Fhenol nil nil
be HNothylorange 213,52 214020
Potal Hardness (mg/1) 280,39 269,60
Jaloium 1) 15 50470 50470
(agnesium ng/1) 50 16,81 22,28
[rex ng/l) 0.3 0.16 0.05
"luoride ng/1) 1.5 0,10 0,10
‘hloride 1) 200 2,01 8.03
nlfate me/1) 200 56050 61
litrate ng/1
itrite rg/1 00,05 nil
langaness ng/1 ol nil «05
opper w/l 1.0

¥ Philippine National Standards

Iv-11

Hagubiao Lapu~Lapa
Spring Syatem
Deop Well
‘ 18—12-14 ! ‘ 18-2-1’ !
0.0 0,0
nil
34 2.10
440 1,480.0
7.8 Te6
502 26.88

213.73 224.67
180030 502.20

50070 107.40
18,95 24014
0s11 0e22
0e22 nil
4406 765093
32,5 54.50
nil 0024
nil nil
BEST AVAILABLE DOCUMENT
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CHAPTER V FEASIBILITY STUDY CRITERIA
A. GENERAL

The planning, design and economic criteria used in the feasi-
bility 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 uti-
lized 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 develop—
ment of the recommended scheme. The key point, however, must be
consistency. As lont 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. PLANNING CRITERIA

This water supply feasibility study has been guided by the
following planning criteria (not in order of importance)s

l. Regional Approach: Planning of facilities will be based
on a regional basis, taking into account for the shortw
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,

3o Self-Sufficiency: 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.

4e (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
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Construction Targe
Stage Implementation Design Year
Emergency 197678 Continuous 1980
First Stage 1978-80 program 1990
Second Stage 1987-50 2000
FPuture Stage 19972000 2020 (optional)

6. Alternative Plan Sercenins and Selection

From an array of identifi:d plan 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' "ability
to pay", ways will be determined to reduce costs to cole=
Sumers such as, lowering initial design standards; post~
poning treatment, fire protection for later stages; re—
ducing effective interest rates to water districts, etc.

Te BSkilled Manpower Shortage. The recommended plan must re-
cognize, in the short term, the apparent shortage in skille
ed technical and managerial expertise. Emphasis will be
given on the need for district persomnel training and
certificatione

8+ Mater Quality. 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 CRITERIA #

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 exist—
ing and current conditions, actual metered (or connected) customers
and"borrovers" are considered meparately. However, for
near~ and long-range planning, it has been assumed that "borrowers"
will eventually become meiered consumers. Per capita domestic use

* Ret'er to Appendix V-j.
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has been increased each year to account for econamic growth within
the community. (See Chapter VI for detailed wnit water demands. )

Institutional and commercial water demands have bsen estimated
as a percentage of domestic demand. Where noreliable records are
available, a unit flow of 5 cum/ﬂay/ha (gross) has been used.

There ic currently little or almost no heavy and/or "wet" in—
dustiry in the project area. Land zoning plans. where available,
show those areas designated for future 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 from
available recordse For the basic analysis of the water supply fa~
cilities, the following ratios have been used:

o maximum day to average day ratio = 142
0 peak hour to average day ratic = 1l¢5 = 2,0

Unaccountable Hater

Review of the available records and consumption patterns indicate
presemt; unaccountable water to be in the order of 505% 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.

© 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%
(Wmaccountable water includes leakage losses and unrecorded usage. )

D. ECONOMIC CRITERIA

Discount Rate

The opportunity cost of capital or discount rate proposed for
use in this feasibility study is 12¢% The discount rate will be
used for economic screening of the technically viable alternatives.

BEST AVAILABLE DOCUMENT
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Two other rates have been develoned: borrowing rate and so-
cial rate. The 'horrowing rate" ranges from 9.9 to 10.2 per cent
depending on the proportions coming from both foreign and local
sources of financing. The '"social rate" is a low interest rate
such as those granted by financing institutions (Social Security
System) for low 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 desree of price stability, marred only
by a brief period of inflation resulting from the 1960~62 devalua-
tione From 1959 to 1969, the Philippines experienced an average
inflation of 5% per amnum.

However, the pace of inflation from 1969 to the present has
been at least double that of the post-1962 inflationary periocde
Political unrest, extraordinary monetary expansion in 1969 (elect—
ion), typhoons, plant diseases, floods and a second devaluation
e:~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 rlayed a relative=~
ly small role in the price increases.

By contrast, the large price increases in 1973 were attributable
mainly to external factors, ise., the oil energy crisis, In this
sense, the inflation of mid-1973-1974 was largely imported., The
sharp increases in the price of crude 0oil, 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 - & much sc that inflation
rate could be brouzht down to about 12 to 18 per cent for fiscal
year 1975, A 124 to 187 rate of increase per year may sound op-
timistic given recent experiences, but it is not likely to be a
remote possibilitye. 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 LWUA project under—
taken in 1972 assumed the same inflation rate based on mid-1972
prices. Recent developments such as the large increases in import
bills due to o0il crisis signify that the 5% inflation rate would be
too lows

Projections done in this feasibility study indicate a general
price escalation rate of lZﬁ»for the rcriod 1975 through 1980, and
about 15% for the years beyond until 1990, subject to the follow-
ing conditions:

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

0 no significant changes in production technology as to ree
duce derendence on oil;

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

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

0 no significant oil discoveries in the country and

0 no internal political upheavals of significant proportions.

For detail analysis, following rates are surgested:
(o} 18% - for cost of construction materials

o 10% - for wages and salaries (both during the cousiruct-
ion and operating phases of the project)

0 6~8%- for the cost of fuel (o0il and power) on the assump-
tion that the operation is either oil-based or
utilizes electric power

o0 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 ESTIMATES

For purposes of cost comparison, a construction cost index for
water supply projects has been developed, usirng 1965 prices as the
base (=100)s Unit costs and prices for the water supply feasibility
studies ho/e been projected to July 1976 prioe levels (=384)e The
construction cost index referred to above was developed by classi-
fying water supply projects into general categories, such as equip-
ment, local and imported; labor, skilled and unskilled; profit and
overhead. To each category, a particular cost index as developed
by the Central Bank of the Philippines was applieds The construct-
ion cost index, shown in Figure V-1, is a composite curve of these
individual cost indices.

Conustruction cost curves have been developed for water treat-
ment plants, pump stations, covered concrete ground reservoirs,
elevated tanks, deep wells and water ripe complete and in place.
Details are shown in Appencix V-RB,

A word of caution: these cost curves are only to be used for
estimating the relative cost magnitudes of the various plan alter—
natives. Use of these curves expedites the cost comparison and
evihluation. It is not intended that these curves be used in the
detailed cost estimates of the recommended plan.

Fo CONSTRUCTION FITHODS AND MATSRTIALS

The construction of water supply system components such as
Source >f supply facilities, transmission mains, treatment and dis-
tribution syster works requires a wile range of construction proce—
dures and specific materials desi/med Tor each purpose. Construction
may vary from the laying of small underground pipelines to the conse
truction of relatively large stiructures; including the construction
of buildings, installation of complicated mechanical and elecirical
equipment, excavation of all types, constructian below Sround le-
vel, pavement removal and replacement, and a host of other types
of construction depending on the nature, magnitude and complexity
of the watcrworks project. Appendix V-@ describes the materials
and methods of importance in obtaining Liwe class of construction
needed ito carry out the intent of’ the preliminary design. Cons—
truction must be such tha+ proper ond economical operation is as—
sured in order to protect the large invesiment that must be made
to achieve the goal, which is to make an adequate supply of safe
and potable water available to the people, within reasonable coste.
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G. IMFIEMFX4TION SCHEDULE

For purposes of feasibility study and economic/financial
analyses, an implementation schedule has been assumed. This
probable time-table which covers the planuing, Aczizn and oon-
struction phases is shown as follows :

Submission of Final Report of

Peasibility Studies . . .+ o . o v . o . . July 1976

Acooptance of Water District, LWUA and
Other Governmental Agencies « « o o o o o o Sept 1976

Submission to Loan (Financing) Agency,
Select mBi@ &zgineor ®* o 0 0 ¢ 0 0 e o o0 Dec 1976

StMFﬂl&lD@Bi@--.oooooono-oo J’un61977

Complete Pinal Design; Prequalify
Contractor..... e o o o 0 0 0 0 0 0 @ lar1978

StartConstmction.......-...... Junel978
Complete Constructicn (simple structures) . , June 1980

(complex structures) . . June 19681
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CHAPTER VI POFULATION AND WATER DEMAED PROJECTIONS
A. TETRODUCTION

Projecting futurs conditions han one epacifio application: te
estimate trerds into the future. WFhother it is called forecasts,
extrapolationc, ectinates er projections, it oonsisis rzerely of
extending soze recorded pattsrn of grewth froa the past into the
futuro. To eoocmplish sach goal, it beoomes nscesoary to outline g
couree of vital ovents bty mwans of aasumptions. Any calculations,
far example, of futuro pepulation are, by their nature, hypothatiocal.
As actunl prediotiens, thay ususlly trrn out rather poorly. How~
ever, expericrcs in many enginsering Projoots shows that it is more
worthwhile to investigeie or evaluate possible impacts cn ths pro=-
posed schoms of a different futars condition of growth rate than
what has been projeoted rather than to opard to0o much timo and efe
fort on the projection itsslf,

B. POPULATION PROJECTIONS

Popalotien projsations hevs taken into account individual past
populztien trends in {he cemncaent cities end eunicipalities of
the projact area, phynical linits of the urben areas, ourrsnt and
proposed trazspert facilitiocs, rogicnal infrastruoture, sohsols and
collegen, rilitary installaticus and na‘iona) cffices. The projecte
ed lend voo of ths projest arca io chovm in Mlaare Vi-1,

Frpulatim {rands indicate that within ths progent and future
8srviza erea, pommlaticn would inereass frem 446,000 in 1970 %o
1,129,330 in tho year 2090 with Cobm City acoourting for sbout two-
thirds of ike totale (Ses Figure VI-3, Tebles VI-l and VI-2.) The
growtd rate betwoon 1970 erd 1920 in projested to raorags ehout 3.6
per csni per erntm vhile tho grewth rate between 1580 and 1990 is
projeoted te b9 3¢l por cent. Growth rate for 1990-2000 is 2,7 per
conte MNandens kas the projscted higheot growth rates, Average
demsities will fncrease frea 36/ha in 1970 to zbout 90/ha in the
yoar 2200,

0f the total projsot aroa populeticn, the eerved populaticn is
projsoted te repressnt 55 por esnt in 1980, 70 per coat in 1990 amd
85 psr con? in the year 2000. (Soe Teblos VI-3 and Vid.) Thme,
ths gorved popnlation weuld incronse frem 190,900 in 1970 to sbout
605,000 in 1900 and 960,000 iu the year 2000, This reprosents a
five-fold increass in 30 years,
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POPULATION ~ PAST TRENDS ARD PROJECTIONS

TABLE VI-1.

NETROPOLITAN CEBY WATER DISTRICT

a— Year 2000 Exfensjon | Tomal
A=2.800 hy 4.2 3,000 hp A= 5,300 by,
Popula~ Density Growth Popule~ Density OGrowth Popula~ Donsity Growth
Toaz _tion  (P/Fa) Rate () _tin = (P/Fa) Rate (%) tion  (P/Ha) Bate
1948 141,103 18 ; 7,215 2.1 148,324 28.4
3¢5 S5el _ 35
1950 213,10 118 13,608 349 226,708 42,8 .
3.0 8.0 35
2.8 7.0 3.0
2920 375,500 209 59,800 17" 435,300 82,1
242 640 2.8
1950 464,000 253 107,000 31 571,000 108
1.7 5.0 : 264
2000 543,300 302 175,000 50 718,300 136
Present Service d 00 Frte Total
Popula= Density Growth Popule~ Density Growth Fopula~ Density Growth
Year _timn Rae (8) _yiom  (P/Wa) Pate (%) fiom = (P/Ha) Bate (%)
643 303 5oP
1850 17,178 34 9,800 5.8 26,978 1263
8.0 5e2 Ted
19710 38,532 16 _ 16,200 9.6 54,732 25,0
: 6.0 5.0 60‘
1530 69,000 137 . 26,400 157 ] 95,400 43.6 .
640 4.0 400
1950 102,000 202 39,000 23,2 241,200 8307
3.0 440 . 3.3
20600 137,000 271 58,600 3404 195,000  116,0
%“Includes the pebleofon (areas 420 ha),
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1948
1950
1970
1980

1340
2000

1949
1960
1979
1980
1950

2030

M
L-g@k

Popula~ Donsity Growth

®ABLE VI-1
LY

(Cont.)

Year 2000 Extension

A= 1,515 ba
Fopula~ Density Growth

Total

A= 1,775 ha

" Popula~ Density Growth

S (P/Ea) Bate (%) _tion  (P/fa) Rate (%) _tin (P/Ea) Bate (%)
2,122 8,2 o5 5,838 3.9 P Ti960  4e5 o
2,81; 10.8 20 7,668 5ol 5.5 10,480 5¢9 5..1
4,152 1640 305 13,16§ 8.7 a5 17,320 9.8 03
5,850 22,5 5.0 20,400 | 1345 4.0' 26,250 1448 -
9,600 3649 a0 30,200 20,0 40 39,800 22,4 420
14,200 5446 44,700 29,5 58,900 332

Eoblacion Jear. 2000 Rrtensjon Zotal
A= 470 ba A= 190 ha . A=660 ha

S () mie (0 fmo () Gl St () m )

1,512 303 - 1,450 | Te6 25 3,032 446 .

i 4l 365 W e 3.0 A0 6 342

3,220 68 35 2,600 1347 10 5,810 8.8 -

20 M, R e S Y

6,700 1443 40 4,700 24,7 30 11,400  17.3 »

10,000 21,0 6,300  23.0 16,300 2447

VI3 BEST AVAILABLE DOCUMENT
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1948
1960
1970
1980
1990

2000

1970
1980
1990

Poblaciop
A=2100 hp
Popula= Dengity Growth
Sdon . (P/a) &
3,351 3345
3,320 33.2
4,142 41.4
5,600 5640
7,8% 7800
10,500 105.0

Eoblacion

Awm 5% hp

Popula~ Density Growth

ddan  (P/Ea).
2,046 LTy
2,019 el
3,11 Te8
44600 11,5
8,200 20,5
130400 3305

TABLE VI-1  (Cont.)

25
3.0
305

309

Bake (%) _tion

45

40
6.0

5.0

2otal
Am !':z! h.
Fopula~ Dunsity Growth
tion ‘PZE! Rate ‘ﬁ
16,681 12,0
2.5
22,621 16,2
4.8
36,152 26,0
3.9
53,060 38,1
' 3¢5
74,600 537
3,0
lwﬂm 7200
Zotal
A= 1,260 be

Popule~ Density Growth

54500
70550

11,600
17,100

26,700

40,800

404

6.9

9.2
13.6

212

32.4

Bate (%) _sion (P/Hp) Rato (%)

247
43

440
446

43

BEST AVAILABLE DOCUMENT

LAPU-LAPY
Year 2000 Ertension
A= 1.292 m
Popula~ Density Grewth
tism  (P/Ha)  Rate
13,330 10.3
3025
19,300 15,0
, 5019
32,010 24,8 v
440
47,450 36,7
. 3¢5
66,800 5148
3.0
899500 69,0
Yoar 2000 Extensjon
Awm @ ba
Popula~ Density Growth
(p/Ea)
3,454 440 ,
440
50531 G4 .
4¢3
89459 908 )
4,0
12,500 4.5
4.0
18,560 21,5
4.0
2794w 3IOR
Vi
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1948
1960
1970
1950
1939
2000

Cebu
148,324
226,708
320,752
435,300
571,000
718,300

TABLE VI-2 -

SUMMARY - POPULATIONS IN PROJECT AREA
KETROPOLITAN CEBU WATER DISTRICY

¥endane lapu-lapy Comsolacion Iilogn Compostels ___fofal

16,920
26,978

54,732 .

95,400
141,000
195,000

16,681
22,621
36,152
53,000
74,600
100,000

5,500
74550
11,600
17,100
26,700
40,800

VI-5

7,960
10,480
17,320
26,250
39,300
58,900

3,032
4,220
5,810

8,000

11,400
16,300

198,417
298,557
446,366

635,685

865,364
1,129,300
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TABLE V1.3

POPULATION SERVED ESTINATES
METROPOLITAN CERZU WATER DISYRICY

Oebn City Other Munioipalities
Year  Fope Scrved % Pope Sorved £  Pops Served %  Pope Served £
1960 213,100 75,435 25 13,600 - - 27,600 15,120 55 44,230 =~ -
1970 290,325 166,000 57 30,427 =~ - 53,180 24,850 47 72,440 -

158 375,500 245,000 65 59,800 18,000 30 89,550 545,000 60 110,260 33,000 30
1990 454,000 370,000 80 107,000 48,000 45 134,300 107,000 80 159,200 80,000 50
2000 543,300 515,000 95 175,000 113,000 65 185,000 175,000 5 225,900 157,000 70

TABLE Vi-4

POPULATION SERVED ESTINATES
NETROFOLITAN CEBU WATER DISTRIOT

yoar Igkal Fopulation £ .rved
1960 298,600 30
1570 446,400 43
19680 635,100 55
1990 865,400 70
2000 1,129,360 &
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C. DE¥AND FROJECTIONS

Water supply projeotions have been bassd on reeidential,
commercial/institutional, industrial and unzccounted—for-sater
demands. Aralyses were condunoted on metered water use in the
project area. The projeotions have considered inccme levels,
multi-family residenoces, type of industry and zoning. Present
(1975) and future (1990, 2000) average unit consumptions and ave—
rage daily dsmands are presented in Tables VI-5 and VI-6,

The per capita average daily water demand, including an allow-
anoe for unacocountable water, is estimated to increase from 152
1pod in 1975 to 267 lpod in 2000. The combined domestic and non-
domestic portion of the waler demand will also inorease from 76
1pod in 1975 to 201 lpod in 2000.

Average daily water demand is projeoted to increase from
40,500 cumd in 1975 to 256,300 ocumd in the year 2000, at which
time over 65 per oent represents domestic demand.

BEST AVAILABLE DOCUMENT
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TABLE VI-5

AVERAGE UNIT CONSUMPTION AND SUPFLY REQUIREMENT
METROPOLITAN CEBU WATER DISTRICT

Iten/Toar 195" 1080° 19907 20007
Domestic, lpod 45 135 155 175
C rcial/Institutionals
of Domestic (10) (10) (10) - (10)
Equivalent lpod 5 U 16 18
tri
ha) (45) (10) (10) (10)
Equivalent, lpod T 10 12 12
Sub~Total, lpod 57 159 183 205
Unaocounted~For-¥ater
(% Production) (69) (40) (30) (25)
Equivalent, lpod 127 105 14 62
Losses, lpod 37 40 37 37
Unrecorded Use, 1lpod 90 65 37 25
Total Unit Demend/Supply
Requirement 184 264 257 267
TABLE VI-S
AVERAGE DATLY WATER
DEMAND AND SUPPLY REQUIREMENT PROJECTIONS {(CUMD)
Ttem/Yoar 1915 1980 10 2000
Domestic 9,680 47,610 93,800 168,000
Commercial and Institutional 970 4,370 9,380 16,800
Industrial 1,540 3,550 74550 11,550
Sub~-Total 12,190 55,530 110,730 196,400
Umomted"water 28 ’260 37 '020 44'990 59,9%
Total 40,450 92,550 155,720 256,300

Note: IInoludes Cetu City and Mandaue.City only.

aIncludas all cities and municipalities in project area,
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CHAPTER VII WATER RESOURCES
A. GENERAL

The Metropolitan Coby Water District obtains most of its
Bupply from groundwater Sources. The projected water requirements
for the service areas, however, are much greater than the area's
groundwater potential, Therefore, in addition to groundwater, it
is necessary to consider surface water for future source develop—
ment .

Bs GROUNDNATER

The Metropolitan Ceby Water District overlies a typical coast-
al aquifer system and derives most of its water supply from ground-
water, largely from wells and partly from springs. Wells have
been investigated to be more productive than 8prings and can be
considered as good supplement for surface water supply in the future
improvement Programs

The geologic sectian in the MCWD has been known from wells to
a depth of 140 m and from outcrops in the hills %o the west of the
study area. The general geologic section is ‘composed of the folm
lowing (from hottom to top layers):

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

Cretaceous: andesitic volcanic rocks,
Miocene : shales, sandstones, canglomerates, limestpnes.

Flioocene-Pleistocene: Carcar formation, transgressive,
coralline limestone with Sandy, gravelly and
rubbly beds; and its clastic facies,

Reoent ¢ alluvium and beach deposite,.

Aquifers, The aquifer systems of interest include the Carcar
formation and alluvium, both widespread in the study areas These
units kave been examined from available information on existing
wells and springs.

Pigure VII-1 is a location map of existing wells and springs,
Appendix Table VII-B~1 is a Sumnary of aquifer data on 102 wells,
Appendix FigurenVILAB—l, 2 and 3 are stratigraphic logs of typical
wells. Appendix Figures VII-B-y, 59 6 and T are geologic oross-—
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sections (their location is shown in lkigure Vii=i).

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 fellowing specific capacities
(pumping rate divided by drawdow: )t maximum, 8.6 1ps/m; ave-
rage, 3ol 1ps/m; and minimun, Oe2 1ps/m. These imply aquifer
transmissivities of about 1,025 sqmd, 375 saqmd and 25 sqmd, res-
pactively. A reported pump test on the wells of the San Miguel
Plant in Cebu City indicated a high transmissivity of about
1,700 sqmd. These figures show an aquifer system of variable
characteristicse. The productive wells will be able to produce
more than 30 1lps; most of the wells will produce more than 15 lps
and other wells will simply not produce enocugh water supplye

The coarse-grained deposits of the Kotkot and Mananga Rivers
are also potentially good aquifers in the study area. It is pos—
sible to cafich most of the low flow of these 2 rivers with a
gseries of shallow wells that can induce infiltration in the coarse
aravel aquifer of the river channels, If these wells are of ade«
quate sizes, enough water will pass downstream to recharge the
aquifers supplying downstream towns such as_ Talisay.

Springg. Springs occur whenever a water table intersects the
land surface or whenever a natural conduit extends to the land
surface from an aquifer with enough hydraunlic head to force the
water oute 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 surfaoge
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
Mines recomiaissance survey in 1972 noted springs at about 30 dif-
ferent locations, with measured yields ranging from 25 ocumd to
65,450 cumd.

In the MCHD, there are several springs generally occurring in
the Carcar formation. In this chapter, the Hagubiao, Liloan and
Compostela Springs are discussed since they are partially develop-
ed as publi¢ supply scurces. Other smaller springs relevant to
this study, inamely Pulpugan Spring and Danao City Springs (out- .
side MCWD) yield very small quantity of water and Tisa Springs
have already dried out.

VII-2
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subiao Spring. This 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 digw
charge c.ambines in an adjacent small pool from which it flows to
waste through a channel meandering to the geashore, about 1,500 m
to the northeact. Available drawings suggest that a temporary
gaging weir was installed in this channel in 1922, Surviving
records dated September 1922 show observations on tie spring
yield: 28,590 cumd and 24,620 cumd.

The pumping station which was constructed in 1934 has had
minor structural modifications and numercus major revisions to
pumps, engines and piping. Records suggest that there have always
been 4 pumps in ihe station; each with nominal capacity of about
59400 cumde All spring yield in excess of yump capacity flows to
waste in the original spring outlet chammel 4o the sez. There are
ne operating records on the pump siation to vermit accurate osti-~
mates of either spring yield or quaatity pumned to the city over
the operational history of the facility. However, the technical
stalf assoclated with the sysion for many years has reported an
obvious long term decline in yield. They have indicated that the
spring yield has normally app2ared %o trluctuate directiy with the
seasans, such that it is usually possible t¢ operate 3 or 4 punps
only during the rainy months while spring flow is inatequate to
support %his rate of pumping in the drier periodse

There are ro operative flew rezsuring facrilities on any of
the 4 pumps at Hazubiao or 1o determine the volunme overflowing
te wastes Accordingly, as part of this investigation, pumped dis~
charge was measured by installing a pitotmeter in the 350 mm dia-
meter main (discharge lire) just outside the punp siation. A tom—
porary gaging weir ves instuiled in the rpring overflow channel,
to measure the overflow. Yo%al sprinT yields were determined on
2 dates and are showm o8 £allews:

Date Pauiped Dicchargs Grevllow Total Spri
1975 (cume) (cord) Yield (cumd ;

17 Apr 10,380 3,07¢ 13,450

1 May 8,703 44260 13,000

On these 2 dates, 2 1ouos (numb:rs 3 and 4) were operating;
the other tvo were put oui of scrvice fer repair.

If the 1922 (rainy reacon) flow observation records are
accepted as correct, the discharge measured in Anril 1975 sug—
gests a reduction in yield of about S0 per cent over the

BEST AVAILABLE DOCIIMENT
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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 flowe 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 in yield
relatively slowly from year to years. If the spring outlet struo-
ture 1s cleaned to insure that the yield is not being locally
restricted by accumilated sediment and the flow is regularly
measured and recorded, it may be assumed that the spring can yield
about the observed 13,000 cumd for the short-term future (5 ysars)
and from then on, the longer—term trend will be determined.

Liloan Spring. The Liloan water supply, which is under cons-
truction, is derived from this nearby spring estimated to produce
from 1.350 to 4,000 cumde From a brief examination, the lower
quantity is considered more likely.  This spring is not consicdered
suitable for long term local supply to Liloan,

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

Wells (Cebu City-Mandaue Area). The MCWD water supply comes
mainly from wells. In the Cebu City-Mandaue area which is the
most developed area in the MCWD, ocurrent yield of the operating
MCWD wells is estimated to total about 25,000 cumde Private wells
in the 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 12,000 cumd but it iz located 3 km northeast
of the area of high well development and its recharge area is, or
originally was, scparate« Thus, the area of major pumping, about
10 km along the coastline, produces about 36,000 cumd 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 may 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)e. This area is bound-d by lines perpendicular to
the coast and 10 km apart, within which pumping wells are concentra-
ted. This area comprises about 50 sgkme

The average annual rainfall is about 1,600 mm distributed in
a short dry season and a long rainy season. Considering the nature

BEST AVAILABLE DOCUMENT
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of the aquifer outcrop area, and increasing the allocation of rain-
fall to compensate for additional recharge from imported water from
the northwest, allocating 10 per cent of rainfall or 160 mm/yr %o
recharge seems reasonable and will result in an annual estimated
recharge of 8 million cum or 22,000 cumds 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-ghors walls. Nommally, a little over 89 psr oent
of the recharge oan be safely pumped in such a situation without
requiring extensive measures to provide protection from saline
intrucion. This would indicate that the 10-km zone would ealaly
produos about 13,000 cumd of groundwater. Sincs the aquifer sys-
tem obviously has beea overpumpaed and saline water has intruded,

it is suggested that withdrawals be limited to about 15,000 cumd

or less as soon &8 possible to permit at least partial recovery

of the squifer. Thess estimates of safe yield are very rough and
are based on very limited data. Howover, this observation is sup-
ported hy an mnalysis of the progressive aquifsr salinization and
loss of plezometrio head that reflects ocurrent gross overpumping.

Progrossive Salinisation. The Cobm City area is typical of
many ooastal groundwater provinoes where rechargs from rainfall
and from etreambed infiltration occurs. Te ooastal groundwater
flows througk alluvial and badrook acuifers -to the sea, the floxr
being at abocut right angle to the general direction of the coast-
line., Thus the area can %o oconsidered a corridor of groundwater
flow extending from the mountains in ths northwest to the sea in
the southeasts This corridor is about 10 km wids fram the noxrth-
east to southwest and supplies the major wells for Cetmi City and
Mandaue, B:fore significant pumping withdram.lt bogan, this
groundwater corridor was mainly a stable eystem™ with tho average
annual recharge in the northwest balancing the discharge to the
sea in the southoast. The water table, under this conditionm,
slopsd from the recharge area gently toward the sea, with some
variations in slope resu)ting from differential aquifer paxe
moability. At that time, the water table nsar the coast was sbove
sea level, In some aquifers or agquifer gones; probadly, even the
groundwater piezometric level under the sea was cansiderably above
@sea lewvel as a result of aquifer rechargse and permeability relation-
ships. Undsr these conditiosns, fresh water was flushing the aqui-
fers and seawater was kept out.

As pumping on a emall scale bagan (probably near the coast),
the stability of the esystem was upset. Pumping removed water from
storage, lowering the water table., This rednoced the geaward
gradient, consequently reducing the flow to the sea. The water
table in the pumped area sank until a new eciilibrium was formed

lAlmost all groundwater was flowing ic the sea vwith some slight loss

to evapotranspiration where the water table approached the land sur-
faoe and perhaps some loss to springs where the water table inter-

ospted the land surfaoe,
nEQT AVAN ARLE DOCUMENT
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wherein inflow (recharge) balanoced a reduced outflow(seaward
diacharge plus pumped water). As rate of withdrawal by pumping
inoreases, a situation has been reachad where pumped discharge
ourrently exoceds racharge. The water table in the area of heavy
pumping continues to lower to belew sea isvel. The lowering
table has caused the groundwater discharge to the sea to oceass,
thus, inducing the seawater to f. - into the aquifer and supply
the pumping demand. In effect, an har eqmilibrium is establishw
ed wherein recharge plus_seawater i trusion into the aquifer
equale puapsd diaoha.rgml

This is a serious situation bocause as the water table (or
piezometric level) approaches ssa level pumping, the wells tend
to draw saline wuter, Likewise, as the water table (or piezo-
metric lovel) sinka below sea level, seawater intrudes the aqui-
fers und the handpump wells in the aroa of intrusion besooms unfit
for uss, This situation is olearly shoun in the decline in statie
water levels in the wolls near the coest to below sea level. This
situation is also shown in ths progressive sezlinization of water
produced from wells in that same coastal area. Reocant teste of
vater from 1l wells originally tested 5 years ago showed sig—
nificant increases in chlorides in 10 walls, (See Appsndix
Table VITwB-2.)

Another faclior indicating progressive decline in piescmetric
levele is the decreasge in yield of the Bagubiao and Pulpugan
Springa. This is due to a loocal water tablo decline as water is
drained off by the large groundwater sink undar Cebu City. Tisa
Springs in Csbu City have bsen oompletely dry for the same reason,

A1l of these factors indicate a pumping rate grossly in ex-
ocess of raecharge rate. WVory roughly, they tend to oconfirm the
provicue approximation of a safe yield for thir 10 km sone of
15,000 to 19,000 oumd,.

The basic problem, therefore, is the everpumping of the aqui-
fer, that is, puvmpage exoceeds rocharge., However, the solution is
not to construct new wells inland for additional water supply (as

,‘In all the previous discussiona, recharge has been aseumed conse
tant. This ie not %rus, however, bsocause as the levels in the
corridor of groundwater flo¢s dscline, groundwater will bs induced
to flow into fhe ocorridor from the aquifers to ihe north and scuth
as novw directions of the steepest groundwater gradients are es-
tablished, consequently, adding oxternal recharge to the oorridor,
This effect normally does not significantly change the situatiom,.
Therefors, a simplified discussion has besen chosen for this study.
It does indicate that the pumping exceeds recharge to the 10 km
corridor even more than the effeots on the local water table would
indicate. It also explains the decline of springes outside this

corridore
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ie being done) because these new wolls interoept the same limited
flow of rechargs water further upstream. Purthermore, new wells
will deprive the existing wells of recharge and will accelerate
the lowsring of the groundwater levels with consequent incrwvased
8salixisation,

If a number of the wells in the congested pumping area that
are equal in pumpage rate as thu new inland wells would ke paased
out when the new wells are put into servics, the oritical situa-
tion in the coastal area would be 8lightly alleviated for a short
time. The stored groundwater vould, thus, tend to 111 the ba
low sea level depression in groundwater levels. But as pumping
would continue at rates groater than recharge, the situation would
aleo continue to doteriorate.

The ultimate solution iz to roduos punping in this area to
154000 cund or even loss to alles tho c-uifer to recover (a long
and slow procasz) or, at lecst, to prevant its deterioration,
Heamhile, i{ is obviously unronlistio for the EGHD to reducs
pusping until alternate grcundwnioer or rurfacs watsr supplies are
available,

¥enanma River Arezs Scuthisest of Cabu City, the Honanga River
area offers prospecis cf a large interim md a less permancnt
groundwater source for NCWD. The water iable contours (Figure VII-1)
erch in semi=cirole arcund th» paoint whare the river leaves the
hills, outlining a groundwater mousd indicative of a large conosairated
reoharge arens

A test progrom of 2 test wells in plenned to determine if shale
low infiltration wells can recover much of this watere It inm ex-
pected that 10 shallow proeduction w2lls, each producing 19 lps, can
be installeds A1l those wellu ere outside the KCWD and might eventuale
ly compete with those of Talisay for water supply when the Talisay
demand incroases and the mumping rete eventually might have to be
reduced. Horrsver, MCHD men h~ve allewed evploration end planning in
the area bacanse they anticipato Talisay's eventual membership in
tha EC&D.

Half a kilomeier from ths ¥anenga River, well CBU-4l emcounter—
ed an exonilent seotion end was tested at 38 lps. It is proposed
that 2 production wells, each producing at least 16 lps, can be ocons-
tructed in this srea, outside the HCHD.

BEST AVAILABLE DOCUMENT
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About 1 m northeast of CBU-41, on the northeast side of the
Pulacao River, it is expected that 3 production wells, each produ—
cing 13 lps, can be constracted on the basis of data from existing
pearby wellad. This area is within the present MGWD.

Thus, the total additional supply expected from the Mananga
River area is about 22,000 cund. This quantity would be consider—
ed too much for so limited an area although the greater portion of
it is expected to ocome directly from natural or induced infiltra~
tion of Mananga River water and the remainder should be within the
recharge capability of the area.

bi Pul Liloan Area. This 8 km-long zone northeast
of Mandaune currently provides 15,000 oumd or more of spring watere
The greater portion of the spring vield is used as mmicipal supply
to Cebu City-Mandaue and the remaining portion is supplied to
Liloan, with some of it wasted.

The spring discharge already appears to be close to the safe
yield of the zone and the springe are very sensitive to changes in
water table. In fact, Hagubiao and Pulpugan Springs appear to be
less productive due to water level decline resulting from overpump-
ing in the Cebu City-Mandaue area. Thus, it is recommended that no
mmicipal wells be drilled in this 8 km zone from Mandauve to beyond
Liloan in order to preserve the springs. If the springs eventually
dry up, wells can then be drilled and probably produoe as much or
more water than the springs but at considerable expense.

Kotkot River arsa. The Kotkot River area, about 12 lan north-
east of Mandaue, also appears to have considsrable potential as an
jntensive souroe of water produced from infiltration walla., It is
anticipated that the river gravels can support 10 wells; each pro-
duoing 19 lps. The water would ba derived from river flow by na~
tural or induced infiltration into the gravels.

Two wellg, each producing 16 lps, are expected to be oonstruct-
ed from 1 to 2 km south of the river and should not affect the ground-
water table, ia order to protect the Liloan Springe

The Kctkot River area is expected to produce about 19,000 cumd
for the MCWD.
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Magtan Island

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, bul records indicate that
wells in the southeastern portion of the island are saline and, for
some reason, the fresh water sone does not reach to that point,.
Thus an effective recharge area of 20 ggkm is used. The ostimated
recharge is 140 ma/yr (considering the flat topography and thin
80il cover overlying porous rocks and no imported water is added
to recharge). The consequent recharge to the island that is ef-
feotive in maintaining a bubble or lense of fresh water floating
on the seawater in the deep beds is about 7,500 oumd. The greate
er part of thias should not be pumped but should be allowed to flow
to sea to maintain the fresh water lense under the ieland and to
prevent .urther salt water encroachment into the aquifers. Thus,
perhaps,3,500 camd could be developed safely. 7The population cur=
rently obtaining water from private wells i estimated to be ower
90,000 If the daily per capita consumption is 20 lpd, the cur-
rent private use is over 1,800 curds In addition, piped water is
supplied to the city of Lapu—-lLapu froem 2 wells which are puaped
alternately and deliver an average of about 1,200 oumd. Thus, the
current withdrawals total about 3,000 cumd, almoat the full safe
yield if proper well location and spacing were used to minimige
saline intrusiom.

Under these conditians, it appsars that groundwater on ths
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 produoce
saline water which has about 1,480 ppm of dissclved salte and is
not generally used for drinking. Many or most of the other wells
on the island are also saline. If furthe- development of ground-
water for interim supply to Lapu~lapu is a necessity, the maximm
development should be 3 dug or shallow drilled (15 m) wells located
near the airport where the grovndwater, at present, seems of the
best quality. These wells should be pumped at a maximum rate of
6 1lps and each will deliver a total of 1,500 cumds The existing
mmicipal wells should he phased out.

Proposed Teat Well Program

The proposed test program is divided into 2 phases., The first
phase wtich is in progress concerns testing the Mananga River area
aquifer:. Two 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
Mananga River surface flow and underflow. In addition, a pump
test is planned for nearby well CBU-4l to determine the potential
for production of the apparently favorable section,

The second phase is planned to test the Kotkot River area
gruvels to delermine the potential of this area for infiliration
wells, One or two 150~ or 200-imm wells are proposed to be comse-
tructed in the Kotkot gravels to test their depth and permeability.

Estimated Oroundwater Potential and Phasing. Under existing -
conditions, the estimated long term potential of groundwater in
and near the MCUD area for total use inoludes the following:

Mananga River avea ’ 22,000 cumd
Cebu City-Mandaue area 15,000 "
Haguhiao~Pulpugan-Liloan area 14,000 "
Kotkot River area 19,000
Mactan Island 3,500 %

However vital considerations of water requirements, economios and
timing make these estimates purely of academic interest for some
time. Groundwater will have to provide all of the NCWD requira—
mente until the surface 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 Mananga River until aquifer response
to pumping at low river flow indiocates 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 arsa is fulfill~
ed, After the Mananga River area is fully developed, the same
proocedure should be applied to the Kotkot River area with the use
of infiltration wells as required until this potential is fully
utilized. Subsequently, well oonstruction should be extended to—
ward the southe Economy of new well field development in the
Nananga and Kotkot gravel beds, for the MCWD eapply, will e ine
Yegtigated,
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The possible MCWD groundwater sources in 1982 are:

Mananga River area 22,000 cumd

Cebu City-Mandawe ares |
Pre~1975 walls 19,000 "
12 1975 wells 14,000 %
Total MCHD wells 33,000

Hagubiao-~Pulpugan-Liloan

area 14,000

Kotkot River area 19,000 "

Mactan Island 1,500 "
Total (MCWD) 89,500 cumd

In addition to the 33,000 cumd produced from MCWD wells in the Cehu
City-Maridaue area, it is estimated that aboui 11,000 cumd will still
be pumped from private wells, reaching a total of 44,000 cumd but
the system can probably safely supply less than 20,000 cumd. The
entire system will still bs short of water. It is only realistio
to recognize that all operational wells producing even marginally
acoeptable water will be pumped. As a result, water quality in

the Cebu City~liandzue area will cantinue to deteriorate until sur-
face water becomes available.

As  surface water supply becoues available, the wells .
(particularly in Cebu City-Mandaue) should be phased owt to allow
the aquifer to recover, to reducs the salinization problem and to
rejuvenate the springns. In later years, groundwater will again be-
come necessary as a surplementary supply to defer further dem cong-~
tructions Hells, by that time, should be phased back into the sys~
tem as needed, rcactivating the Cebu City-Mandaue wolls and not re-
activating any }NC/D Mactan Island wells at all,

By the year 2000, the groundwater availability to MCWD is
expected to te as follows:

Maaanga River area 5,000 cumd
Cebu City-Mandaue area 15,000 "
Hagubiao-Pulpugan-Liloan

area 14,000 "
Kotkot River area 10,000 " BEST AVAILABLE DOCUMENTY
Kactan Island 0

Total (MCUD) 44,000 cumd
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Ce SURFACE WATER

Metropolitan Cabu Water Distriot has 3 major potential supw
face water sourcos of supply. These are Balamban, Kotlot and
Hananga Rivers whose basins ars loocated to the north and west of
Cebu City, as shoim in Pigure TII=2.

The averass daily uator demand for the yesar 2000 has heen
estirated to ke ebent 255,300 cumds Sinoe yield from groumdwater
and/or eny cne of ihe 3 rotential surface water souross will not
b3 sufficient to suwpply +his camand, otudies on several resorvoir
s8itsc have been conduotzd for a ataged sourcs development,

Lpproxirate locatinona cf itk potential dem=reservoir sites
ip the 3 river bosing are shem in Figure VII-2 and also listed
belosr:

River Tanin Dam Site
Blerhan Eear Barrio Iusaran
lenansa 9 Im north of Tabunoc Junction
Kodtoh a) Lower -« About 1 lm south of
Barrio Mulso
b) Middle= Abcut 1,5 km north ef
Barrio Mulao
¢) Upper « About 5 kn upstremm of
Rarrio Mnlao

For an inoreasad calchment area, furthsr downstream sites
have also been irvesiigated in the kananga and Kotkot Rivers, tut
foundation maierialn ai these sites are found to be unsuitable for
dam consiruction ond rescrvoir impoundment.

A grovity flow (iversior from the Balamban River ints the
Kotkot bosin iz g topogrunhiceily feasible alternative by which
safe yield of the Kotkot Eivar can B2 augmented,

P2toonelogingl Patn,  I2teoroleogical data utilised in analysing
safe yields ¢ {':2 £lm<sr~ inelvde records of rainfall, streax~
flew and evaporaticn vhich tere obiained from meteorologioal stem
ticrs gheim in the location mno {Appendix Figure VII-C-l and Ap-
pendir Teble VII-C~1l). Foricd of record for these stations i e
lativaly chort end data hed 2o P2 exionded for applioable stations,

The records for rcinfall and eTanoration are presented in
Appendix Tebles VII-C=2 and VII~C-3, rospectively.
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Stream Flow Data. The available stream flow data at gaging
stations of lusaran-Balamban River, Mulaoc-Kotkot River and Con—
solacion-Pitogo River, are presented in Appendix Table VII-C~de
Since the period of these stream flow datae is very short, it jig
necessary to extend thesc records by correlation with rainfall to
study safe yields of the sources.

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

This date is applied to the proposed Lusaran and Mananga dam
sites in proportion with the catchment areas to obtain monthly
stream flows at these dam sites and resulting data are®shown in Appendix
Tables VII~C-§ and 7.

The siream flow of the Mulao and Consolacion gaging steztions
were correlated with monthly rainfall data of the station at Lahug
airfield, Cebu City, which has 19 years of record. The extended
atream flow data at these stations are shown in Appendix Tatlasg
VI[~C-8 and Gs.These flows are prorated for the upper, middle and
lower Kotkot dam sites and the results are shown in Appendix
Tables VJI-C-10, 11, and 12.

Sedimentation Estimates. Sedimentation of reservoirs for this
study is based on measured siltation that occurred in the existing
Buhisan Reservoir, located west of Cetu City and comstructed in
1911, The Buhisan Reservoir has had a siltation rate of 2,906
cum/sqkm. This sedimentation rate appears high and poasibly caused
by deforestation of the catchment area during 1942-45 resulting in
< serious erosion problem. Assuming that the MCHD and other agen-
cies will participate jointly in a s0il conservation project for the
raservoir catchment areas, a siltation rate of 1,000 cum qum/bear
is assumed in this study. A dead volume Tor 50 years, the assumed
service life will be provided in the proposed reservoirse

Riparian Rights. There are no nown rights for downstream
water users in the Xotkot and Balamban basins, therefore no water
allocation is made for the riparian water rights during the safe
yield siudies on these rivers. The Mananga River which flows
through the Talisay mmnicipality, is not under the jurisdiction
of MCWD. 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 Analysise Reservoir safe yields for the proposed
alternative dam sites of the applicable rivers were determined by
utilizing the mass diagram method. This method involves plotiing
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 of
withdrawal from the ressrvoire Assuming the reservoir to be full
wherever a demand line intersecits the mass curve, the maximum
departure between the demand line and the mass curve represents the
net reservoir capacity required to satisfy the demand. Dead storage,
as necessary for accumilation of silt and the assumed service life
of the facility, was ccnsidered in determining required storage
volume,

Stage-area and capacity curves (Appendix Figures VII~C-3
through C=7) appropriate for the dam sites ware developed to deter-
mine the height of dam neoessary to provide the required storage
volumeo The total dam height includes allowances for spillway overe
flow and freeboard, The maximum potential yield of a river is the
demand line which spans a Bignificant dry period and is drawn tane
gent to the high points of the mass curve, The egtimated potential
safe yields of the river basin at the propogsed sites with the re-
lated reservoir volume and danm heights are shown in Table VII-1,

The results shown for the Mananga dam site in this table arg
based on assumptions that hydrological characteristios of ikhs
Mananga River are similar to the Balamban River,

The stream flow records show that the annual surface 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 per cent of the Balamban dam sites
with the same drainage areae

The minimum flows, reservoir safe Yyield 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
POTENTIAL SAFE YIELDS

Potential

Total

River Potential Catohment . Mean Fl Safe Reservoir Vole(10%cum) Dan
Bagin  _Dam Site Area(sgim) 10 10° qupd Yiela(103 Dead Active Total g_‘e%gg_
)

Balagban Lusaran 6302 61¢5 18540
Kotkot (1 dam
Upper 3805 18,5 50.6
Middle 60,3 289 791
Lower 67e2 32.1 8840
Kotkot (2 dams) *
Middle 21.8 10.4 2245
Lower 2847 1346 374
Manangs (See Figure 6749 T261 19840
VII-1)
fotkot (1 dam) With Balarban Diversiong to:
Niddle 123,5 99e7 27340
Lower 130.4 103.3 283.,0

{otkot (2 dams) * Kith Balamban Diversions tot

" Middle 85.0 194 217.0
Lower 9109 8295 22660

15440

45.0
7340
81.0

270
35.0
16560

212.0

221.0

166.0
173.0

3.1 802

19 6561
3.0 103.0
3s4 11446

lel 3849
led 4746
3e4 8562

50 1740
640 1850

300 111.0
4.0 119,0

* Assuming Kotkot upper dam will be built first and the middle or

the lower Xotkot dam to be constrv ~ted

VII-15

later.

833 82
67.0 52
1060 103
118,0 96
40,0 80
49,0 74
88.6 98
179.0 116
191,06 117
114.0 104
123,0 39
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Dam Site Geology

(a) Eotkot River Basins ‘Three dam sites are under consie-
deration in this basin. The lower Kotkot dam site is underlain
by the interaalated ssquence of andesite flows, audevsite hreccia,
some pyrooclastica, and highly indurated sandstones and nilt-
stones, The sedimeutary members apparently belong to tha upper
horizon.. of the whole formation with the basal gection predo-
minantly made of meesive aniesite flows. Tae foundation material
beneath the proposed swbankment consists mzinly of andesite
flows. Ths borehole drilling which was carried out in June 1975,
interceptsd the fresh bedrock at a dopth of 1344 m and up to the
bottom of the hole at 34475 m, it enoountsred the same andenite
flows. I{ is estimated that the gront take of the dam foundatisn
will be nominale A larger grout éonsumption will be recorded
only where the grout holes intersect a severoly fraoctured sone,
which is not very likely, sowersr, since no Bajor faults ¢ shears
pass through the dam site. The reservoir fs meinly underlain by
the same intercalated sndesite and indurated gedimentary rocks
similar {o thoso underlying the dam site. In epite of the major
frulting in the region where some minor onss have traversed the
resorvoir, the expscted water losses along these fault zanes are
negligible. Investigation for oenstruction materials for a rocke
fill dam has shown that clay for the earth ‘core, sand and gravel
for filter sections are "~ . .ilable within 3 km distanoce. A possible
source of good rockfill -.terial is the massive porphyritic ande-
site some 650 m dovmstream of the proposad dam site. Geologio
geiting for the mis2ie and 'pper Kotkot dam sitss is likely to be
similar Yo that of the lower dam site. ,

(b) Mananga River Basin: The sbutments and foundation of

the proposed Kananga dam ara basically made up of andesite flows
which have undergone vegional mstamorphism. Grout teke of founw
dation is expected to increase eubstantially in the fraotured
zones. The andesits rock itwmels is impervious and the grout holes
shiould intersect the fractures ¢¢ effoctively grout the founda~
tions The whole reservoir area is practically underlain by the
meta~andesite belonging to the Cretsseous formation. The wppsr
reaches, however, of the Mananga River are underlain by inter-
bedled conglemerate, sandstone ard shalee With the exoception of
olay for an impervious core, all the necessary construction
materials for a rockfill dam are available within ths vicinity
of the proposed Mananga dam site.

(c) Balamben River Basin: The lusaran dam site is under-
lain by a medium grained andesite in fault oontaot with the sedi-
mentary formation underlyinr ths reservoir and the catchrent
areas, Foundation and abutrents orf the propugsd dam will he on
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the andesite. All the necessary construction materials for a
rockfill dam are available within a short distance from the pro~
posed dam site,

Seismicity of the Area

Active volcanism is entirely absent in Cebu Island. The
known active wolcanos nearest to Cebu are thoae in Negros Island
to the west and the Camiguin Island farther south. Both these
areas are at least 100 lm away and separated by deep sea water.
Thus, any activity in these volcanos will not affect the area.

In the design of sarth structures, therefore, a seismio factor of
about 0.05/g may be enough to oounteract any ground scoeleration
during earthquakes affecting the Island of Cebu.

D. WATER QALITY

Grourdwater

Spring water is of good quality exocept for moderately exoes-
sive hardness. Well wa*er quality is variable. Water from uella
near the coast where the aquifer is being overpumped is exosssive-
ly salins. On Mactan Island, a greater nmumber of wells is Pro—-
duocing saline water. Some well wator on the mainland from lime
stone aquifers is exoessively hard btut, in general, the remainder
of the wells produoe gocd water,

Surfaos Water

Results of physioal and chemical analyses of water from Ba~
lamban, Kotkot and Hanangs Rivers are shown in Table VII=2. Two
samples wore taken from the Balamban River. The first sample
which was tested in two dii'ferenrt laboraterios shows exocess iron,
turbidity and manganese, Tests on the second sample verify thes
previous results. Analysis of samples taken from Kotkot and
Manangs Rivers indicates marginal exosss in turbidity, hardness
and iron, '
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TABLE V1I-2

HATER QUALITY TEST RESULTS

location Allow~ Balamban Balamban Balamban Kotkot
& Date of able River River River River  Mananga
Test OSampling Limits* Lusaran Lusaran lusaran power River River
lite dan aite dam site dam site dam Bite dam site
PHYSICAL
Color (unit) 15 150,0 15.0
Taste n 3
Odor " .
Tarbidity  * 5 12335040 a0 - 6 - 67,9 0
Solids :
a. total (mg/1) 500 1264 1,370 436 440 451
bs suspended 254 1,175 30 12
CHEMICAL
pH 7"805 8.05 707 7.8 801 890 8.1
Alkalinity
a. total (mg/1) 140 . 164 162
be Phenol " nil 0 2 8436 2
Ce Mathylorange " 94436 15777
-Total Hardness " 195.1 180 262 2555 294
Caloium  (mg/1) 75 81,3‘"‘ 31.0 5765  5T¢5  4Te1  63.0
Xagneaium " Oz g 19.8 2242 18.(1)8 2303
Iron n 0.3 g,g 11,85 1,00 29 0
Fluorids " 1.5 0.22 032 0.44 22 O.EB
Chloride " 200 nil 12 8 4,01 8
Sulfate " 200 845 28.8 155.2 87.5 12362
Nitrate "
Nitrite " 0.08 nil
Manganese " 0.1 BRI 1e37 .% «02 nil «01
Copper " l . 0004 +002
Zino " 5 0050 +012 +002
Underlined figures indicate excess over allowable limits,
“Philippine National Standard.
“iResults may not bs reliable.
‘ 2 [ AVIM .‘l ‘ DO([UFAFNT
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CHAPTER VIII ALTERNATIVE STUDIES
A. @ENERAL

Alternatives on water sources, source development, water
treatment, transmission and distribution of treated water are pra-
sented in this chapter. Other water conservation measures such as
reuse or reclamation, desalinization, 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 maximum daily demand was about
80,000 cumd or twioce the avmilable 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 batween the
present supply and demand indicates ‘that growth in the project area
will be hampered unless new eupply, transmission and distribution
facilities are planned for immediate oconstruction.

Potential sources of water supply for the projoct ares are
ground and/or surfaoe waters. Almost all of the present supply
comes from wells and springs. Salt wator intrusion has been an acute
problem in wells which are relatively nearer the seashore. At preo-
sent, 12 new desp wells are being comstructed in Cebu City and may
increase the total supply by about 10,000 to 15,000 cumde However,
some of the existing wells subject to salinity problem will eventually
have to bs phased out. Thus, addition of these 12 wells in an aquifer
area that is already overpumpsd, is not expected to increase the sup-
ply without subjecting more ccastal wells to salt water intrusion.
More usable groundwater potential may be found on the northsastern
and southwestern extension of thes project area. New wells in the
Pardo area and shallow infiltration wells in the Nananga 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 ierm neede of the project
areae

For the long range water supply needs of the area, the available
surfaoe water sources were inveatigated and large size reservoir im-
poundments were found to be feasible on the Kotkot, Menanga 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 ths construction staging for each
alternative, The staging of dsm and reservoir development was
based on the average daily derands 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,

Be ALTERNATIVE WATER SUPPLY SCHEMES

A long range water supply scheme for MCWD will include about
40,000 cumd safe yield from the groundwater sources as expleined
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 Manenga Rivers as againat 3 sites (lower, middle
and upper) on Kotkot River. The river cross-section at the lower
Kotkot site is not as favorable as the middle or upper sitese The
lower site; in comparison to the upper site, requires larger dam
embankment for the same amount of safe Yield, and henoce more costly.
A present worth cost comparison betwesn the lower and middle Kotkot
dams and transmission lines thereof, based on the available data,
showed that the lower Xotkot scheme would ba ahovt P40e0 mil'ion
more expensive. The potential safe yield of the upper Kotkot dam
site is estimated to bs 47,000 cumd. As this 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 siml-
taneously. This will obviously ba a more expensive scheme than a
single dam construction during the first stage of .onstructian.

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
MCWD, treatment of water with chlorination will be sufficient. For
all the surface sources, a complete treatment is ccnsideiwd for re—
moval of color, turbidity and bacteriae

Five alternative schemas wore developed and studied for water
supply to MCWD. Each alternative scheme includes sourcea, 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 cust analysis of the alternatives.
Water supply augmentation for MCWD in relation to the various alter—
native schemes is presented in Table VIII-1.
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INTIRIM REPORT
VEH ATTER 1 KOV 1975

TABLE VIII-1

ALTERNATIVE SUPPLY AUGMENTATION

Alternative Source Development Construction Cumulative % Year Remarks

Scheme Poeriod Supply (cumd) Augmented

Seft-) a) Middle Kotkot Dam 1978-82 73,000 1962 Avarage yield
b) Balamban Diversion  1980-83 212,000 1983 " "

S-T=2 a) Mananga Dam 1978-82 148, 500% 1982 " "
b) Middle Kotkot Dam  1989-93 216,000 1993 " "

S~T-3 a) Lusaran Dam 1976-82 154,000 1982 " n
b) Mananga Dam 1989~93 216,000 - 1993 " "

ST} a) Mananga Dam 1978-82 © 148,500 1982 " "
b) Lusaran Dam 1989-93 216,000 1993 " "

S-1-5 a) Lusaran Dam 1978-82 154,000 1982 " "
b) Middle Kotkot Dam 1989-93 216,000 1993 " "

* 40,000 oumd from the ground sources not included

*#* Excluding 16,500 cumd which is allocated for the Talisay area
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INTERIM REPORT

1
| VOIS AFTER 1 upy 1975
Water Supply Alternatives [

Interim Improvements, It is estimated that development of a
major surfaoce supply scheme for MCHD will take at least 3-4 years.
During the period from 1976 to 1982, water supply to MCHD oan be
increased somewhat, by construction of new deep wells towards the
southwest and northeast of the city and by improvements tos the
Hagubiao Spring pump station. In addition to this, the rresently
high water waste ocan be out down with (1) continued meter installg~
tions, and (2) pips repairs following o leakage swrvey in the transe
misgion and distribution system. As a result of these early aotions,
the amount of water available to the customers can bo increased by
aboul 25~30 per cent. With tho propoced overall interim improve~
ments which are discussed in Chapter IX, the total water supply to
MCWD is expected to reach about 76,000 cund rate, In comparison to
the projected maximum daily demand curve (Figure IX-2), thore will
be an increasing water shortago during the period from 1978 until
new supply facilities are put into servica,

A preliminary cost analysis is made for the proposed interim
supplies fram the Mananga and Kotkot well fields, including well
and pump station and transmission lines. The results of this analysis
are shown in the following table:

Net PH Costs Hat P¥ Costas
Well Field Construct- Construot~ Total  for 20-Year Operation for 4-Year Operation
and ion ion Cost Project Capital & pital &
Estimated Period Cost Annugl Unit Cost Anmucl  Unit Coat
Tield (») (®) (®) (P/cam) - ()  (#/oun)

Hananga  1976-18 7,695,000 10,927,000 11,600,000 0:24 6,300,000  0u32
(Q '921002)
cum

Kotkot 197618 15,336,000 21,870,000 19,570,000  0.46 11,530,000 069
(Q -aa.ooo)

It can be concluded from this table that dovelopment of the
Kotkot well scheme may tot ba economically feasible unlass the
P17.0 million pipeline cost can be reduced or eliminatede This
oan be achieved by an early construction of the treatcd water trans-
mission line which is proposed in the main scheme for this area.
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Alternative S-T=1 Kotkot Middle Dam and Balamban Diversion,
As shown in Table VII-1, the potential safe yield of the middle
Xotkot reservoir, is estimated zt 73,000 cumd with a 103 m high
dame This safe yield can be inoreased by the Balamban River
diversion into the Kotkot bagin, as shown in Figure VIII-]., For
an average reservoir safe yield of about 216,000 cumd to meet the
year 2000 demands, a dam height of 116 m will be required to re-
gulate the combined flows of the Kotkot River and the Balamban
diversion. The necessary works in this scheme are summarized below
by the constructicn stages:

Construction Stage I — Phase VA" (1978-83):

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

b) Raw water inteke structure and transmission line,
1,300 mm diameter and 10,0 km long;

¢) A conventional type water treatment plant with an
initial capacity of 121,000 oumd and ultimate capa~
oity of 267,000 cumd, the projected maximum daily
demand in the year 2000 from the surface sources alone,

d) A 3w high diversion dam on Balamban River, near
Barrio Lusaran and an access road to it;

8) A raw water intake structure and 446 km diversicn
tunnel to divert Balamban River flows into the
Kotkot basin;

f) Treated water transmission lines and storage tanks,
as shown in Figure VIII-1,

Construction Stage I - Fhase “B" (1984~87):

a) A new raw water line, 1,100 mm diameter and 10,0 km
' long, to parallel the previous line;

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

c) Treated water transmission lines and distribution
storage capacity will be reinforoced with new
pipelines as shown in Figure VIII-1,
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VIil-H



. " N P V‘l \,’1,\. .
N T Ry e T %,-\ '
N .

J ) ——
( / / ]
~ LA (
{ L — .
.‘Q
\ A s ( \*L ,/ ~Man
\ ‘.r N - - ‘5- vy’
Ra— ".
S 2 D )
. - '
~ ‘3 T — - - . 1 A ‘(\ TJ
“ R
/ P ] ' N "" -1
- -~ [ N - 3 ‘ ’ ’_'l ‘\I' r]
e v ~ ¢ o o ]
g ! R 4 . p
0':' ¢ hs { ‘ ! N U ravsuean \ l{,
4 o t
{ ~T e - J R Y r‘\ \J
’ 4 ) - Vs
! ! ) R | 1 VNG Proet YRSy St
o ) ~ A I
! ‘{ -~ *\ IT‘ J ) ; —“TconsgLacIOn
-—— ) ~ = | : i .
o . } ) l o N > .

¥ 1008
<

\’% t ;. = N
: _\_}'.I) . 'k’ ’; #‘ \)_\}‘ o 2 ',7)
) 27 PN O/ ! 1300 W 9 4o g :
S“"‘{_ ) e mé“'*'s '.l"ﬁucg'-'“'l"' ‘mfﬁ

’l . %‘ -’ 7 1000 2 £
1
\ o
) - >
/ Py rf) s
{ , TR e 7 A -
S~ - / <)
] s cITY \ o
. raussar § . - \ -
\ ;” eas?

'ovlol' -~

”
s LAPY - LaPy
P

[~ o ——— " ]
scaLe L) L { ]

LEGEND:

— —.— WATERSHED BOUNDARY
...... SERVICE AREA BOUNDARY

PROPOSED WORKS
FIRST STAGE

& oam
s—me—eme  TRANSMISSION LINES (PHASE
CP]  WATER TREATMENT PLANT
STORAGE TANK )
e=mmes TRANSMISSION LINE (PHASE
SECOND STAGE
€73 DAM
TRANSMISSION UNES
, WATER TREATMENT PLANT
'§TR]  STORAGE TANK

FIGURE YT - I

/ / ALTERNATIVE SCHEME $-1
oy o vl veca, 14T CDM-LWUA Loy Tuacran isano \ MIDDLE KOTKOT AND BALAMBAN DIVE

BEST AVAILABLE COPY

Ny



With implementation of these works, capacity of the supply faci-
lities will be increased by 72,000 cumd.

Construction Stage II (1990-94):

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

b) The treatment plant expansiun for an additional
capacity of 74,000 ocumd;

o) New treated water transmigsion lines and storage
taaks. ‘

Alternative S—T-2 Mananga Dam and Middle Kotkot Dams In this
alternative the Mananga source will be developed first with the
following facilities:

Canstruction Stage I ~ Phase A (1978-82):

a) A 98 m high rockfill dam at the site showm approxi-
mately in Figure VIII-2, including diver-ion woris
during construction, regular and emergency #pilli~
ways, and the road and barrio relocations.

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

¢) A conventional type water treatment plant with an
injtial 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
640 km long, will be laid parallel to the previous
line, : ‘

BEST AVAILAELE DOCUMENT

VIII-6

Cr &



b) The water treatment plant capacity will be expanded for
additional supply of 57,000 cumd.

¢) The transmission facilities will be reinforoed as shown
in Figure ViII-2,

Construction Stage II (1989-93)

a) 4103 m high dam and appurtenances at the middle Kotkot
dam site;

b) Raw water intake and transmission line, 1,200 mm diameter
and about 100 km long;

¢) A new conventional type water treatment plant, located
at a site with ground elevations 7T~75 m, about 1¢5 km
northwest of Lilwan. The plant capacity will be about
88,0% cumds

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

Alternative S5-T-3 ILusaran Dam and Mananga Dem. Tais schems
consists 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 VIII~3. As axplained in Chapter VII, a water
allocation in the amount of 16,500 cund, is made from safe yjeld
of the proposed Mananga reservoir for the estimated downstream
water rights. An outline of tie works involved in this schems
is as follows:

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

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

VIII-7
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Barrio lusaran, and appurtenanoces;

b) A raw water system, consisting of an i.take struo=-
ture, 7.5 km long tunnel with a diameter of 2.5 m,
and 900 mn diameter and 7.l km long pipelina;

©) A conventional type water treatment plant near
Barrio Talamban, with an initial capacity of 121,000
ound and provisions for future expansions;

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

A raw water pump station near the intake of the Lusaran reservoir
and a foroe main from it was studied as an alternative to the 7.5
km long tunnel, but it was found to be more expensive and was there-
fore eliminated.

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

During this phase of construction Stage I, additional
units will be inatalled for full utilization of tha Lusaran
gsouroe., -

a) A raw water pipeline from the downstream end of the

tunnel to the treatment plant, 800 mm diameter and
Tel km long;

b) Water treatment plant expansion for a 64,000 cumd
caracity increase;

©) Additionnl treated water transmission lines and
storage tank as shown in Figure VIII-3,

Construction Stage II (1989-93):

During this stage, the Mananga River source will be
developed with the following facilitiess

a) A 72 m high dam cn Hananga River at a site showm
approximately in Figure VIII-3, including diver-
sion works during construction, reguler 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;

BEST AVAILABLE DOCUMENT
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6) A new conventional typs water itreatment plant for
the Mananga scurce, with a capacity of 82,000 cumd;

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

Alternative S~ Dam and Lusaran Dam. This alter—
native schems is basically similar to Alternative S-P-3, the dif-
ference being that potential safe Yyield of the Mananga River source
is utilized firsi and lacer the Balamban River source is developed
to meet the remaining demands for up to the ysar 2000. In other
words, the Manange system will have a larger capacity and the lusa-
ran system will have a smaller capacity in ocomparison with Alter—

native S~T-3, A summary of the proposed works in this scheme is
as follows:

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

a) A 98 m high rockfill dam and appurtenances on Ma~
nanga River;

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

¢) A conventional type water treatment plant for an
initial capaocity of 121,000 cumd with proviaicns
for later expansion to a capacity of 178,000 cumd;

d) Treated water trans ission lines and distribution
gtorage tanks,

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

During this phase, capacities of raw water system, water
treatment plant and treated water transmission facilities will
be expanded to a level of 178,000 cumd, the estimated maximum
regulated yield from the proposed Mananga reservoir,

Construction Stage II (1985-93):

&) A 57 m high rockfill dam and appurtenances on Palam-
ban River, near Barrio Lusarang

b) Raw water intake, 2.5 m diameter and 7.5 km long tun-
nel and 900 mm diameter and 7.1 km long pipeline;

BEST AVAILABLE DOCUMENY
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6) A new water treatment plant for the Balamban
source near Barrio Talamban, with a design
capacity of about 89,000 cumd;

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

Alternative S-T-5 lusaran Dam and Middle 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 cop=-
pleted in two construction phases, 1978-82 and 1985-87 and will
be adequate until the year 1993. The remaining supply for the
Yyear 2000 demands will be obtained from the mjddle Kotkot reser-
voir with the following facilities:

Construction Stage II (1989-93):

2) 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 distritution
storage tanks as shown in Figure VIII-4.
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Cost Analysis of Alternatives

Criteria. Economic coast comparison of the proposed alter-—
natives is made on the basis of present worth cost. Preliminary
unit costs were developed for estimating construction costs of the
proposed facilities (Appendix V-B), The criteria used in the analysis
include the followingt

Base ysar : 1976

Discount rates 12%

Servioe life of facilities:
a) Structures and pipelines i 50 years
b) Mechanical equipment : .25 years
¢) Land 1 infinite

For purposes of the analysis of the vialhle alternatives, it is
assumed that the engineering design of the first stage workes will
start in 1977 and construction phase will be completed in 1982,
Construction cost estimates of ihe proposed improvements are based
on the projected July 1976 unit prices. All estimates on the import-—
ed items are based on an exchange rate of T pesos to 1 US dollar. It
ig assumed that no customs duty will be charged on items imported
for this public water supply projacte

: Total project cost includes construction cost, engineering and
contingencies, land cost, administrative and lagal fees and intersst
during construotion. Present worth of capital costs is calculated
backward from completion time of constructian.

Anmual costs include personnel, power, chemicals and maintenanoe
costs, where applicable, These estimates are carried out for 1982
(the year when the first stage of proposed improvements is oompleted),
1990 and 2000. Present worth cost of anrual expenditures is based
on uniform and gradient series (where applicable) at 12 per ocent in-
tereast rate. Cost of any facility to be replaced during design
period (1977-2000) is inoluded under capital costs for that year,
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During eocnomic analysis, no escalation factor is applied to
July 1976 unit prioces as it is sssumed that all the alternative
schemes will be affected approximately with the same rate.

Salvage values of a facility is estimated by using linear
depreciation f'or its value throughout its servioe life.

Eoconomic comparison of the alternative schemes is based onm
present worth of nei disbursements during the period of 1977-2000.
Annual maintenznos oost estimates are based on construction costs
of the faoilities: for structures and pipelines, 0.5 per oent}
and for squipmeat, such ao pump and motors, 2.0 per cent of the
estimated ocanstruction cost is used. Whsre applicable, diessl fuel
coat of P1,00 per liter is used.

Peraonnsel and maintenance costs may increase as mor~ facilities
are put under operation. FPower cost at the pump station will in-
creass gradually in relation to the daily pumpage of water.

Salvage values of the facilitiss at the end of the design peried
are important in the ocomputation of net present worth of the tetal
expenditures., With this, comparison of the alternatives can be mads
at the same economio base., Az explained previcusly for estimating
the salvage valuea, it is assumed that the value of the faoility
will dspreciate uniformly throughout its service life, Therefors,

a facility with longer servics life will depreciat: less than a
facility with shorter servics life during the sam study periode
Also, a facility oconstructed at a later stage will nave higher sal-
vags value than the similar one oconstruoted at am earlier date,

Tho difference between tha tatal present worth ocost oapital and

annual expenditures, and the present worth of salvage valuss would
give the net present worth cost of the altermative scheme.
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Capital Costs.

alternatives is shown in Table VIII_[-?.

TABLE VIII-2

CAPITAL COSTS

ALTERNATIVE S-Tw] #

A breakdown of the capital costs for the

Iten Construciica Totas Froject
Cost (P) Cost (P)
Stage I - Phase A (1978-83)
Souroce Development# 489,700,000 777,160,000
Water Treatment Plant 57,200,000 91,550,000
Transmission Facilities 132,700,000 201,660,000
Total 679,600,000  1,070,370,000
Stage I ~ Phase B (1984~87)
Source Development 29,700,000 42,830,000
Water Treatment Plant 18,700,000 26,970,000
Transmission Facilities 89,900,000 129,660,000
138,300,000 199,460,000
Stage II  (1990~94)
Source Development ** 32,800,000 47,300,000
Water Treatment Plant 22,100,000 31,870,000
Transmission Facilities 72,800,000 105,000,000
127,700,000 184,170,000

* Niddle Kotkot dam and Balamban diversion

** Source dsvelopment includes dam or diversion dam and appur-

19,140,000
3,500,000
11,608,000

34,248,000

2,212,000
1,680,000
64996,000

10,888,000

2,562,000
1,680,000
6,016,000

10,258,000

tenances, raw water intake, transmission tunnel a.nd/or pipeline.

Foreign Ex
Camponent (US

e

andtVR

ARl 1LY,
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TABLE VIIT-2

{Cant'd)

CAPITAL COSTS

ALTERNATIVE S-Tw2 #

Iten Construction Total Project Foreign Exchsngu

Cost_(P) Coat (P) Component (US$

Stage I - Fhase A (1978-82)
Souroce Development#* 291,880,000 470,890,000 10,656,000
Water Treatment Plant 52,700,000 84,330,000 3,875,000
Transmission Facilities 68,050,000 108,660,000 5,668,000
412,630,000 663,880,000 20,199,000

Stage I - Phase B (1985-87)
Souroce 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 II (1989-93)

Source Development#* 360,300,000 576,830,000 14,422,000
Water Treatment Plant 40,000,000 64,020,000 2,448,000
Transmission Facilities 64,700,000 93,170,000 59363,000
465,000,000 734,020,000 22,233,000

* Mananga dam and Middle Kotkot dam

** Source development includes dam and appurtenances, raw water

intake and transmission pipeline.

VBIL RFTER INOV 1975
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Iten Construction Total Project Foreign BEx
Cost (P) Cost (P) Component Eusgg
Stage I - Phase A (1978-82)
Souroe Davelopment #*# 262,556,000 422,607,000 11,036,000
Water Treatment Plant 51,500,000 82,411,000 3,875,000
Transmiesion Facilities 82,416,000 125,235,000 6,4673,000
Total 396,472,000 630,253,000 21,584,000
Stage I ~ Phase B (1984-87)
Source Development 14,484,000 20,886,000 1,024,060
Water Treatment Plant 8,500,000 12,257,000 1,400,000
Transmission Faoilities 55,429,000 79,951,000 3,644,000
Total 78,413,000 113,094,000 6,068,000
Stage II (1989-93) .
Source Develcpment #* 140,820,000 227,732,000 54467 ,000
Water Treaiment Plant 37,000,000 56,395,000 2,729,000
Transmission Facilities 59,327,000 85,550,000 4,214,000
Total 237,247,000 369,677,000 }g 410,000

TABLE VIII-2 (Cont'd)

CAPITAL COSTS

ALTERRATIVE S~T-3 #

* Lusaran and Kananga schemes

** Source development includes dam and appurtenances, raw
water intake, transmission tunnel and/or pipeline.
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TABLE VIII-2 (Cont'd)

CAPITAL COSTS

ALTERNATIVE S—Tw.4 #

Itenm Construction Total Project Foreign Ex

Cost (P) Cost (P) Component (US$

Stage I ~ Fhase A (1978-82)
Souroe Davelopment 291,880,000 470,886,000 10,656,000
Hater Treatment Plant 52,700,000 84,327,000 3,875,000
Transmission Facilities 90,098,000 143,976,000 7,409,000
Total 434,678,000 699,189,000 21,940,000

Stage II ~ Phese B (1985-87)
Source Development #» 14,160,000 20,419,000 024,000
Water Trvatment Plant 15,300,000 22,063,000 1,400,000
Tranemission racilities 65,027,000 93,792,000 44375,000
Total 94,487,000 136,274,000 6,699,000

Stega II (1989-93)

Souroe Development 179,556,000 287,640,000 8,217,000
Water Treatment Plant 40,000,000 64,052,000 3,100,000
Transmission Facilities 45,468,000 69,077,000 3,243,000
Total 265,024,000 420,769,000 14,560,000

# Mananga and lusaran schemes

** Souroe development includes dam and ap enanoes, raw
water intake, transmission tunnel and/or pipeline,

BEST AVAILABLE DOCUMENT
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TABLE VIII~2 (Cont®d)

CAPITAL COSTS

ALTERNATIVE S-T5 #

Item Construction Total Project Foreign Exchange
Cost () Cost (¥) Component (US$)

Stage I - Phase A (1978-82)

Source Devulcpment## 266,900,000 427,780,000 11,480,000
Water Treatment Plant 53,000,000 84,810,000 3,875,000
Transmission Facilities 82,400,000 125,180,000 5,986,000

402,300,000 637,770,000 21,341,000

Stage I - Phase B (198587)

Source Development ##* - - -
Water Treatment Plant 16,000,000 23,070,000 1,400,000
Transmission Facilities 55,400,000 79,710,000 3,438,000

71,400,000 102,780,000 4,838,000

Stage II (1989-93)

Source Development ## 360,300,000 576,830,000 14,422,000
Water Treatment Plant 40,000,000 64,020,000 2,448,000
Transmission Facilities 64,700,000 93,170,000 5,363,000

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

* Lusaran dam and Middle Kotkot dam

*##* Source development includes dem and appurtenances, raw water
intake, transmission tunnel and/or pipeline.

VIII-17
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Annual Costs

Table VIII-3.

Alternative Year

STl

SeTw2

S-.Tw3

STy

S5

The estimated annual costs of the facilities which are included
in the ocomparison of the alternative supply schemes, are shown in

1982
1983
1986
1987
1992
1994
2000

1982
1987
1990
1993
2000

1982
1986
1987
1990
1993
2000

1982
1987
1990
1993
2000

TABLE VIII-3

ANNUAL cosTs { )

Chemicals

679,000
770,000
978,000
1,068,000
1,547 4000
1,784,000
2,540,000

679,000
1,041,000
1,313,000
1,630,000
2,444,000

725,000
1,017,000
1,101,000
1,383,000
1,687,000
2,336,000

619,000
1,030,000
1,312,000
1,619,000
2,503,000

718,000
1,089,000
1,367,000
1,712,000
2,536,000

Total

4,805,000
5,416,000
99503,000
6,211,000
6,881,000
7,679,000
8,435,000

3,402,000
4,335,000
4,607,000
7,861,000
8,675,000

3,633,000
3,997,000
4,081,000
4,794,000
5,098,000
7'768 ’000

3,465,000
3,816,000
49562 ,000
4,869,000
7,669,000

3,651,000
244944000
447924000
T4725,000
8,551,000

VBIE AT

INTERIM RERPORT
TER 1 KOV 1875

Personnel Maintenance Power
340,000 3,463,000 323,000
360,000 3,693,000 323,000
360,000 3,842,000 323,000
370,000 4,614,000 350,000
370,000 5,145,000 ~ 380,000
370,000 5,145,000 380,000
340,000 2,063,000 320,000
350,000 2,624,000 120,000
350,000 2,624,000 320,000
670,000 4,911,000 650,000
670,000 4,911,000 650,000
340,000 2,245,000 323,000
340,000 2,317,000 323,000
340,000 2,317,000 323,000
346,000 2,742,000 323,000
346,00C 24742,000 323,000
6644000 4,122,000 646,000
340,000 2,123,000 323,000
340,000 2,123,000 323,000
340,000 2,581,000 323,000
346,000 2,581,000 323,000
660,000 3,860,000 646,000
340,000 2,273,000 320,000
350,000 2,735,000 320,000
350,000 247355000 320,000
670,000 4,693,000 650,000
670,000 4,693,000 650,000
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BEST AVAILABLE DOCUMENT

/0



Salvage Values

| INTERIM proomy
VOIS A5TER 1 oy 1975

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

Alternative

S=T1

S=Tw

S~T-3

S~Tg

S~1-5

Net Present Worth Costs

TABLE VIII-4
SALVAGE VALUES
Construction Construction Salvage Value
Stage/Phase Cost (P) in Year 2000 (¥)
1-4 679,600,000 431,255,000
B 138,300,000 99,576,000
2 127,700,000 109,410,000
B 91,000,000 65,543,000
2 465,000,000 390,600,000
1-A 396,472,000 250,302,000
B 78’413’000 55,935,“)0
2 2374 147,000 206,684,000
l'é 434,678,000 277,254,%0
B 94,487,000 68,120,000
2 265,024,000 226,932,000
1-A 402,300,000 260,205,000
B 71,400,000 52,820,000
2 465,000,000 390,600,000

The net present worth costs of the alternative water supply
schemes are shown in Table VIII-5. T™e present worth of the alter-—
natives includes cost of source, treatment and transmission facilities.
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Alternativs

STl

C

S~Tw5

Construction
Stage Pexricd
1-A 1978-83

B 1984~87
2 1990-94
1f 197882
B 1985-87
2 198993
1-A 1978=82

3 1684-87
2 1989-93
1-A 1978=82

B 1985-87
a 1989-93
1A 1978~-82

B 1985-87
2 1989-93

- T

TABLE VIII=5

WATER SUPPLY ALTERNATIVES

PRESENT WORTH COST COMPARISONS

‘;

INTERIM BEPORT
i ATTER 1 MDY 1975

FRodeot  pnmua) Costs (Pr1,000) P Costs (Px1,000) TS Salvage
(P x 1,000) 1982 1950 2000  Capital Annual Total 2000 (Px1,000)
1,070,370 538,622 10,065 548,687 28,420

199,460 574345 6,681 64,026 6,562

184,170 23,942 6,171 30,113 7,210

4,805 6,576 8,435 619,909 22,917 642,826 42,192

563,880 3364322 6,890 243,212 17,673

131,250 37,734 5.405 43,13C 4,318

734,020 _ 106,873 5,445 112,318 25,740

3,402 4,607 8,675 480,929 17,740 498,669 47,731

630,253 319,286 6,954 326,240 16,495

113,094 33,235 5,604 38,839 3,686

3690‘577 539824 4v888 581717 139621

3,633 4,734 7,768 406,345 17,446 423,776 33,802

699,19 354,207 6,583 360,790 18,271

136,274 39,178 5,317 44,495 4,488

420,769 61,264 4,749 66,013 14,955

3,465 44562 7,669 454,649 16,649 471,298 37,714

637,770 323,094 7,280 330,374 17,147

102,780 29,550 5,470 35,020 3,480

734,020 105,873 5,340 112,213 25,740

3,651 4,792 8,551 459,517 18,00 477,607 46,367
BEST AVAILASLE DQCURERT

™ of Net
Disbursemen
(¥ x 1,000)

1978=2000

520,267
57,464
22,903

600,634

325,539
38,821
86,578

450,938

309,745
35,153
45,096

389,994

342,519
40,007
51,058

433,584

313,227
31,540
86,473

431,240
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Conclusions

The present worth analyses of the five sourcs alternatives in-
dicate that Alternati.e S-T-1 is the meat ocostly surface water altor-
native but that the other four are all within 15% of the least cost
alternativs (S-T-3), See table below :
Present Relative

Alternative Souross or Dam Sites Phase I-A Horth Present
Cost (Px105) (Px105) Worth fost

S=P-1 Hiddle Keikot/Salamban 1,070 600 1.54

S~P2 Nananga/Nidale Kotkot 664 451 1415

S~1-3 Insaran/Mananga 630 390 1,00

Sedfnd Manange/Lusaran 699 433 111

S-T5 Imgaran/Middle Kotkot 637 431 1.10

lasaran Dam is an element in all the first three least ocost
alternatives, Tha hydrologic data for Balamban River or Lusaran
Dam is of longer duration and appears to bs rather reliable., Goo—
logio oonditions at the Lusaran Dam are also favorable to rookfill
dam construction,

{lternative S~P-3 is ranked best Tfar the following reasouns:

(1) It has the least present worth cost and initial project
cost.

(2) I the long range, it will provide NCWD water supply from
two direotions. Aress to the southwest such as Talisay
may be avenitually served, if they so desire to Jjoin MWD,

system, Barrios of Jaclupan and Maghaway and about 9 km of the exigt-
ing road will have to be relocated; the raw water pipeline and the
water troatment plant will have te be built in a relatively diffi-
cult terrain; and also, water requiremsnts of the Talisay area smst
be considered in slzing of the Mananga dam and reservoir.

Frior to final degign of the elements of the long range prog-
ram, additional hydrologioal and dam 8tudies will bs required. Strean
flow gagings must be established 48 poon as possible at the Balamban,

and Kotkot Rivers. Topographiscal surveys and aore extensive
805l ifoundation) investigations must be comducted on all these
potential dam sites.
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Co WATER TREATMENT ALTERNATIVES

It is assumed that the Tisa Filtration Plant will not bes ex~
pasded nor npgraded as part of the long range program. This plant
will be abandoned as soon as practicable.

Water quality test results of the surfaocs water scuross were
shown in Table VII-2. These sources would roquire ocmplete treat~
ment before the water can be delivered to the servics area.

Applicable alternatives which will bs investigated for all
phases of the treatment proosns, would includs chemical mixing and
soagulation, flooculation, sedimentation, filtration, taste and
odor centrol, iron and mangansse removal and chlorination. The
proposed ireatment plant sites for each alternative scheme aroa are
shom in Figures VIII-1 through 6, For a gravity surply to the
first pressure sone of the distribution syatem, the ireatment sites
must be located at an elevation of about 70 m.

For groundwater souross which have no turbidity and bacterio—~
logical contamination problems, only disinfection treatment will
bo proviied. In some special cases, iron and manganezs removal
may be considereds The wells high in chloride ocontent will have
to be abandoned as treatment would not dbe soconomiocally feasible,

Disinfection Alternatjives

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 baoteria %y mixing with it under ocertain time constraints
and when applied in correct dosage.

Iodine has chemical properties that make it an offective
agent against virus and oertain bacterial cysts. Howover, recearch
indiocates that iodine treatiment in excess of three weeks may have
detrimental effects upon individuals afflicted with thyroid diseases,
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Oszone, a blue gas and active form of oxygen, is rated to be a
more vigorous oxidizing agent than chlorine, This versatile ele-
ment not only disinfeots but also sterilizes besides performing
color reduction, iron and manganese oxidation, taste and odor cone
trol. Despite its impressive known qualities, ozone is yet to
achieve universal acceptance,

Ultra=triolet radiation is another method of disinfeotion appli-
cable to emall water systems. It involves high~cost equipment and
oonsiderable amount of powsr is required. Moreover, this type of
treatment requires high quality water, otherwise the ultra~riolet
rays may be absorbed by substances present in the water supply,

The uee of metal ions with bactericidal properties such as
oopper, silver and mercury is limited by their cost, availability
and potential adverse health effeots if not properly dosed,

Bromine as a water disinfectant is costly and soaroe. 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 cintact
time and high dosage.

The economics of disinfeotion serves as an important, if not
8ole, basis for the selection of treatment method suitable to a
particular water system. Seleation is not necessarily based upon
the cheapsst method available but on its dependability, effective-
ness, suitability and reasonableness in oost. Froa this viewpoint,
ozone and chlorine merit further comsideration.

Ozone, as earlier indicated, lacks extensive practical appli-
cation but its versatility makes it advantegeous over chlorine un-
der certain conditions, It can be more effestive and economical
when used for two or more stages of water purification. Where taste
and odor in water are organic, ozone may be as effective as chlorine,
Where disinfection only is required or water supply is oclear, how-
ever, chlorine will be much mare economiocal,

Plant-ecale studies on ozonation show that it entails bigger
capital investment than chlorination by the ratio of 3 or 4 to 1.

While ozone appears to be an efficient disinfectant, its prao~
tical application is supported with soarce datae This leaves chlo-
rine, a proven disinfectant, as more dependable for treatment. Al~
though oonsidered a less rapid agent than ozone, ohlorine fits well
in large water supply systems,
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Since the early 1900%s, chlorine has been widely used in
water ireatment but recently in the U.S.A., it has developed into
a critical issue. Studies done by regulatory agencies rewealed
the presenoe 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 oertain organio
and chemical wastes. 'The studies indicated that through chlorina~-
tion, the hazard levels of man-mads chemicels and pestioides that
pollute the river sources are increased.

However, the critical aspect of chlorination does not apply
to the study area at this pariod of its dewelopwent. Rivers are
not generally contaminated by agro-industrial chenicals, a oondi-
tion foresecen to remain for quite some tims. :

For either groundwater or surface wator souroes, residual

chlorine in the distribution system is desirable and chlorine
booster stations will be oonsidered for this parpose.

VIII=-24
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D. DISTRIBUTION ALTERNATIVES

Seperal

The distribution system, in general, ie composed of a network
of feeder mains, internal distribution networks, storage facili-
tiem, booster pump statioms, booster chlorination stations, and
appurtenances such as valves, fire hydrants, meters, and servios
connections, The distritution system conveys the water to the con-
sumer. The fesder mains are the larger pipslines which taks ihe
wator from the tranamission lines to the demand areas. Boestor
punp stations are required to raise water from lowsr pressure gones
to higher pressure zones where consumers are ustally at higher ground
elevations., The boester chlorination stations are required at ths
fringe areas of the water distriot to keep the chlorine residual at
the desired concentraticn. The distribution storage facilities pro-
vide supplementary flows during the peak demand pericds, The trang-
mission lines convsy the water to and from the storage faoility
depanding on whether i% is filling er emptying.

The valves are placed throughout the distribution ayotem to
permit emall service areas %o be igolated by ehutting off the valves
at timus whon maintenance is requireds The fire hydrants are oon-
nected to the distridbution systom at regular intervals deponding
upon the type of area served. Te servios conneotions convey the
water from the iztarnal distribution system to the consumer. Yeters
are placed on the servioe oonnection line to measure the amount of
water consumed by the customer. The companents of the distribution
systen described above are illustrated in Figure VIII-5,

Servige Area Growth

The present service area is expected to grow in a logiocal pat~
tern from the present population centers and adjacent to the road-
ways along which transmission liues will be installed. The ser—
vice area will increase from 24450 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 as follows:

Service Area in Heotares

Cit icipalit 1975 19% 2000
Cetua 1,800 2,600 - 3,550
Mandaue 504 430 1,200
Lapu-Lapu 35 560 500
Consolacion - 335 500
Liloan 80 470 700
Compostela —t8 230 L2

Total 2,447 4,925 7y020
VIII-25
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The average-day demands for the cities and municipalities
within the NCMD project area have been projected as foliows:

Average Day Demand (oumd)

City/Municipality 196 2000
Csbtn 108,400 168,600
Nandaue 26,300 45,300
Lapu-Lapu 9,000 17,800
Consolacion 5,700 11,900
Liloan 4,400 9,200
Compostala 1,900 34200 .
Total 1554700 256,300

Connection to Existing Sntm

A great portion of the existing systems in Cebu City and Mandaue has
aged beyond their useful life. It is recormanded that the 150 mm
and larger mains be renovated by cleaning and lining. Also, recent-
ly installed steel mains should be lined to prevent corrosion. The
100 mm pipe lines which are beyond their useful life, and all lines
less than 100 zm should Be replaced as the existing system is re-
inforoced. Thess lines total 35.66 km of pipe.

Distribaution systems in Lapu-Lapu and Liloan should be re-—
inforoed to provide adequate fire protection and peak-hour preg-
sures. The entire system of Compostela (5.015 km) should be re=
placed since 84 per oent of the pipe is less than 50 mm in sise and
all of it is over 315 years old.

System Requirementu

Bydraulics of the proposed disiribution system altermatives
han been checked for the design years of 1990 and 2000, The NCWD
average water demands ave projected to be 155,700 cumd in 1990 and
256,300 cumd in year 2000. These demands are projected according
{0 consumer categories as follows :

BEST AVAILAGLE DOCURMENT

VIII-26

/T



Dewmand Year

1990 2000
(cumd) (oumd)
Domestio 93,800 168,050
Commercial, Institutional
and Industrial 16,930 28,350
Unaccounted for Water
Leakage 22,500 25,900
Unrecorded 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 (mini-
wum peak hour pressure in feeder mains is 14 metors). The peak
hour demand is the highest demand during any hour of the year and
is assumed to be 75 per ocent higher than the average daily demand
for 1990 and 100 par cent higher for year 2000, By having proper
placement of storage facilities within the distribution system,
transmission mains and feeder mains ocan be sized for supplying
maximun 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 demands The projected maximum daily and
. peak hourly demands for MCWD are :

Year Kax~Day Peak~Hour
Demand ‘gggd! Demand (cumd)

1990 186,800 212,500

2000 307,600 512,600

The distribution storage will maintain the HIL at a highar
level at remote parts of the distribution system. During periode
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 scurcs. The
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higher RUL due to the aystenm storage will permit higher headlosses
in the feeder mains and internal distribution network than would be
the case without system storags. Also, the system storage contri-
butes water during firas. The higher BJL will ensure adequate Pres~
sures at the fire hydrants, The volume required for distributien
system storage is esiimated to be about 20 psr cent of the maximum-
day demand, Storage facilities can be designed to coinoide with
tranumission line staging and source developmont. In line with
this, 3 periods are used for staging the necessary storsnge volume.
The HCWD storage requiremsnts are:

Design Year Distribtmtion Storage
1987 32,000 cum
1993 or 1994 * 45,000 cum ar 47,000 oum *
2000 62,000 oum

* Depending on alternative proposed for the souroe develspment

Distribut -] L) 8

For the MCWD, the major distribution elternatives are soncern—
ed with the storage facilities, feedsr maing, internsl distritutiom
systen network, booceter zons gervice, and ssrvios tc Lapu-lapm,

Stor Facilities. The choice of location for storoge faci-
lities is an important undsriaking., The storage should be loocated
a8 close to the demand center as poRaible and on the opposite side
of the servioe area from the mouroe. For operational purposes, ths
storage should be located at the same elavation as the E3L eantool
on the transmission lins oming from the water treatment plant.
Since the HOL will bo established at an elovation of 70 m, the loca~
tion of storage is Fractioally limited to a sito having an vlevation
between 63 and 70 m, allowing a 7 @ operational range., In the
Cebu matropolitan area, 4 sites meet the desired oriteria. These
are looated as followss

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

Site 2 Near Barrio Lahug about 4 km from the oentral oity
district of Cetm.

Sitea 3 The existing Basilan storage tank near Lahug.

Site 4 Near Barrio Talamban about 7 km from the oentral oity
district of Cebu.
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There are several other potential storage sites which are
nortk of Cebu City and 4~7 km from the oentral distriot. However,
these sites are not as accessible by road as those listed atave.
The sites listed are not intended to be the rracise looation but
only a desoription of an area whioh is suitable. The exaot deter—
mination of the storage sites will depend upon land availability
and costse

Of the 4 sites whioh are suitable for locating a distribution
storags, sall exoept the Bagilan (Storage Site 3), can serve the
firat pressure zone which will provide service to ground elevations
up to 50 me The Basilan Tank has an overflow level of about 110 m
which is too high for the lower prassure rone. Howsver, this stor-
age faocility is suitable for the high pressure zone which will be
served by booster pumpage. Thus, ths booster zone can provide ser—
vice up to a ground elevation of 90 m.

Computer analysis of several alternative transmission and
storage schemes showed that proper location of storage was dependent
upon the direction water was supplied from the sourcs and ths area
of greatest demand. For all alternative Bouroe Bchemes, it was
found that storage located near Talamban (Site 4) did not contri-
bute sufficiently to peak hour demands. Storage located at Sites 1
and 2 were more suitable for all alternative source gchemag,

The astorage sites and the required volumes are summarised

bolow:
Stage 1 (Phase #) Stage II (Phase B) Stage II

Site 1 32,000 oum 5,000

Site 2 8,000 or 10,000 oum 15,000 or
17,000 cum

Site 3 ~ Booster sone Booster zone Booater zone

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. Por the tank
to Be incorporated into the MCWD plannsd distridution systes: improve-
ments, a reinforoed conorete cover should be constructed to protect
the water supply from potential contamination,
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The storage %anks will be looated approximately on-grade and
will parmit a HGL range of 7 m from 63 m at the outlet elevation
to 70 m at the overflow elevation, The structures will be re-
inforoed concrete construction and ocovered. Tank filling will take
place during the minimum demand periods. Amount and duration of
minimpn demand can be determined by 24-hour coneumption recerds,
Since these data are not available, it is assumed that this minimum
gemand is about 30 per oent of the average demand for a period of

hours,.

Plecing the atatio HUL at an elevation lowor than 70 = ia not
recozmended basocauss this will mean the areas at the extrems ends
of the distribution system will have insufficient pressures unless
“nordinaiely large feodor mains ars provided for. If locating the
distribution storage tank at o lower elewation than the source is
considered, a double acting altitude valve must bo placed on the
supply line to the tank. %Ths valve closes when the water elsva~
tion in the tank gets to tho overflew level and opens when the
preasnre drops in the distribution gystem, pormitting water from
storage to enter tho system. If the valwe is not maintained at
all times, it could fail to operate properly and cause lower pron-
sures in the distribution system than is required. Bocause the
storage is at an elevation loss than the souros, it is diffiocult
to obtain ths required flew from giorage during peak flow demands
a8 most ef the supply will come from the direction of the source —
the locaticn of the highest HOL.

Another storage alternative that must be considered is the
staging of ths required volume. Initially, adequate land ares
should bs purchased so that tho ultimate storage ocapacity of the
sits can easily be accommodnted. The storage facility is design-
ed and oonstruoted in incremsnts so that the desired oapacity is
available whon neadad. Elevated or standpipe type stsiage tanks
should bo avoided. This is becauss these structures are nore 6Xe
pansive to construct and maintain than ground tanks and are usually
objectionable from the environmental point of view.

: Distribtution and Feeder Nains. The alternatives fer fesder
mairs are location, sire, staging and tho spacing in the nstwork,
To avoid land costs and also to place the mains as olose to the
demand ocenter as possiblo, the alignments for future feedor majing
have besn chosen along existing and planned road and street right-
of-ways. Where the servios area extension is in areas without
planned or oxisting roadways and streets, the feeder mains have
been located arbitrarily while paying clome attention to topo-
graphic features. A4s much as possibla, the feeder mains have been
looped to avoid dead-end servioe areas; to reduoa ths number of
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ocustomers affecied by valving off of lines for maintenanos; and to
provide adequate pressw:y at times of maximm demand as the demand
can be supplied from mere than ona direction,

The minimwum sise of feeder mains has bean taken as 200 .
In genoral, this size is large snocugh to provide adoquate pressure
during pesk hour and fire flow conditions, In some residontial
areas, alternating 150 mm and 200 mm pipe sizes are adequate,
Staging of feeder mains is economicsl at 10-year intorvale in areas
having wide streets and esmal} population densities. However, in
high density areas having small streets, it is usually prafersble
to avoid 2-stage construction. There ia limited spaca for utilitiss
in these areas and oonsiderable disruption oucurs when the street
is excavated for the nsw water main, It is better to inetall the
pipe mige required for ultimats design in these congested areas so
that these problems ocan ke avoidad, :

It is desirable to maintain the maximum spacing of feedey
mains at 1,000 m, This will provide uniform sige and epacing for
the internal mains as well as better pressure distribution through-
out the aystem. A wider spacing of the fesder mains would require
larger pips siges in the internal distribution network to maintain
sufficient pressures durir, fire flew and peak hour periods,

It is not roocmmanded that the minicrum feader main sizes be
staged. However, larger foeder mains oar bs staged in somo instanous,
A required pipe size of 250 mn for ysar 2000 demands can be oen-
veniently steged with ome 200 mm line in Stage I and another 200 mm
parallel line in Stage II. Hewsver, in Stage II an extra cost of
15 per ocent may be included in the construction of the parallel line
becauss of the problem emcounterad with interties to the Stage I
line and safeguarding and sometimes transferring the comnections
with the internal network. The economic evaluation of 2-gtage ver—
sus l-atage construotion of a 250 mm line ism presented belows

EVALUATION OF FEEDER NAIN STAGING

' 1976 Present Worth#
Construction Pipe Constructe Project Anmual Capital Annual Total

Alternative Period Size ion Cost Cost Cost Cost Cost Cost
{=) (@h) . (t/a) (/) (o/a) (o/w) (#/n)

Single-Stage 1980 250 430 587 3 3713 Y 367
Total 387

1980 200 260 355 2 226 9 235

1990 200 300 409 2 84 2 86

Total 321

* Discount rate = 32 per oent
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Comparison of the 2 alternatives shows that constructing 2
parallel 200 mm lines in each stage is more economical than a
single 250 ma line in Stage I. Similar caloulations for staging
a 300 mm line with parallel 250 mm and 200 mm lines alao indiocate
savings with 2-stage oconstruction. Seleotion of feeder mains which
should be staged must follow an analysis of the peak hour and fire
flow conditions in 1990 to be sure that the smaller line construct-
ed in Stage I will be hydraulioally adequate.

The timing ef the construction of the feader main system should
be such that an attainable level of growth in the distribution sys-
tem is maintained. Areas having higher densities of potential
customers should be conneotsd in the early construotion periods bhe-
cause the cost per connection will be lower and more revenues will
ba generated. Also, extonsion of service to large demand customers
such a8 indusiries and commercial areas would be desirable when a
reliable water supply is availabla. Service to this type of custom—
or would have a positive impact on the toonoxy of tha projeot area,

Interna) Disiribution Metwork. The alternatives in the inter-
nal distribution network are dependsnt on the level of water servioce
provided. A system designed fer fire flow derands may require larger
intarnal distributior pipes than a systen desigaed only for peak
hour demands. The fire flow requirements for MCHD are:

Type _of Area Flow
Commercial, Industrial end High 20 1ps at each of 2 ad-
Value Residential Jaceut fire hydrants
Single Pamily Residential 10 1pas at each of 2 ad=

Javent fire hydrants

The internal network design is controlled by sither of 2 oon-
ditions: peak hour demands with minimum main pressure of 10 m er
fire flow demand coinoident with maximum-day demands with a minimum
hydrant pressure of 7 me In order to determine the range of flows
which oan he expscted during peak hour and fire flow plus maximum-
day oonditions, a typioal area in Cebu was studied in detail, Several
ocomputer analynes were made for varying population densities. The area
studied was assumed to be an area of mixed residential and commercial
land use. The domestic flow requirement was assumed to dbe 175 lpod
(the yoar 2009 projeoticn), and the commercial and institutional demand
was assumed to be 10 par cent of the domestio demand. The unsccounted
for water was zasumail to be 25 per cent of the area's %otal -demand,
The demand was applied uniformly over the entire area. The table
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below lists the flows found in the computer analysis for internal
network pipes, .

Are
(pergmg'ha) (;Ea_') (1pe) (1ps) (1ps)

100 30 16 16.8 19.4
200 60 1745 174 2040
300 90 1943 18,2 20e5

In all cases, the pipe flows for the cormercial fire testa
ars larger than the peak hour ripe flows,. However, in residential
areas, the peak hour flow is slightly larger than the fire flous,
It is not sufficient, however, to determine only the ocontrolling
flow condition. One must also examine the pressures during peak
hour and fire flow conditiona because tho minimum allowable pres—
sure is different for each condition, Computer analysis of the
area describsd above showed that the minirum pipe size which will
meet the pressure requirements, iz 150 mm for internal network maing
conneoted to hydrants. For those mains not connected to hydrants,
the uirimum size is 100 mr. In single family residential areas with
a maximum ultimate density of 150 perscrsper ha under the spacified
oriteria, 100 mm mains can support fire flows,

Staging of internal network pipes is not usually economical or
praotioal. Streets and utilities should bo provided in accordance
with development and zoning planse The intermal network should be
designed with the ultimate plan of the area fixing the required
demands and fire flows.

, The valves in the priping network should be spacsd so that
interruptions in servios due %o maintonance affeot as few customers
ak possible. Each internal network connectinn to a feeder main
should have a valve so that repairs to an internal main do not re-
quire closing of valves on feadar msine. High demand areas should
have more frequent valve spacing than low demand aress, Valvaes
should normally bs placed at street intersections with a minismun
spacing of 300 m to 500 m depending ocn th: oharacter of the aroa.

Fire hydrants should ba placed at sireet intersections to par-
mit quick location and enable fizhting fires in several directions,
In high value areas, hydrants will be spaocad a maximum of 150 m
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apart with 2 outlets-a 1 x 60 mn hose outlet and a 1 x 100 mm
pumper outlet. The hydrant will be connected to a main with a
minigum diameter of 150 mm. In single family rosidential areas,
hydrants weuld bs connected to 100 mm mains and spaoced a maximum
of 250 m apart. The outlet will conneot to a 1 x 100 mm pumper
or hoze.

Customer sarvios oonnections consist of a oonnection to the
internal mtwork main and a service lins %o the ocustomer, The
servios line may be provided with a "gocaensck® for ooansoting to
the distribution main and a service meter will be providad for oon-~
tinuous measuremant of water providesd to the custcxzer, A valve
should be inssrted in the sorvios ahead of the nater to permit the
water distriot to terminate service when it beoomes necsssary.

4As menticned earlier, it is not practiocal to stage the ocna-
truotion of the internal neiwork mains. Therefore, the anly
alternative is svaluating peek hour requirements vis-a~vis fire flow
requirements. The internal network is designad for the type of
land use plan, zoning requirements, or developments which will take
plaoe along the sireets of tbe sorvice area. Its design should
take into aocount the ultimato water demands along the streete.
For vitimate flows into the internal network, the required flows
for peok-hour and firaflow ccnditions are usually within 10-15 per
cent of one another. Thus ths required pipe sismes far psak-hour
condition are likely %o be the same as those for the fire fiow
conditions. The major cost difference betwaen ths 2 oonditions
is the fire hydrants that must be added for fire protaoction, In
order to obtain the cost of fire hydrants in the internal network,
2 areas wera chosen and the internal network wes designed for each
area. The results of this study are listed in Table VIII-§, Tha
inoremental cost of fire protection in the internal network dis
tribution is 23 per cent in the core city area and 7 per oent in
the servioce ares extensions to residential areas. The reasecn for
the higher incremental cost in the core city is mainly because
the spacing interval for hydrants is less in high-value areaa,
The final determination to include fire proteoction must follow an
assessment of the benefits acoruing to fire protection. Such bena-
fits include reduced fire insurance premiuns and a decrease in
monetary losses due to fire damages.
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Iype Ares

Core City
(Reinforoement)

Servioca Ares
Bxtension

{
.

INTERIM REPORY
VOIS SETER 1 MDY 1975

TABLE VIII~6
INTERNAL NETWORK COST

Internal Network Construction Costs

- Componant ¥ per Ha

Pipes and Valves 14,000

Hydrants 4,400

Servios Conneotions 4,800
Total 234200

Pipes and Valves 18,600

Hydrants 4 1,500

Service Conneotions 3,100
Total 234200

MEST AMLEDEE popti sy
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Booster Zane. Portions of the present service area are at slevations
too high to be served Yy gravity froa the HSL of 70 me These areas
are at elevations above 50 m and must be served from a high pres-
sure gzons by booster pumping, Guadalupe, Lahug, and Talamban
comprise the barrios whiok are presently ssrved by the MCHD at
elevations which will requirs booster ruzpage. The future ser-
vice area extension near Tisa will also require booster pumpage.

The Stage I improvemsnts are ascheduled so that it is not
practical to omnatruct the booster pump station to serve Guadalupe
and laimg wntil 1984 or 1985, At this time the foeder main net-
work will extend the improved service to thim area. By using the
existing Basilan Storage Tank as booster zone storage, the bhoont-
or pump station can be designed to deliver maximum day require-
ments. The peak hour demands oan be supplied from both storage
and ths booster station. The Basilan Tank has an overflow ele-
vetion of about 110 m which will enable ths booster gone to axtand
sorvice to areas with a grouad elevation as high as 90 m. The
looation of the booster pump station should be opposite ths demand
oenter from ths storage site. Sinos the storage is near Lahug,
the booster station should be constructed southwest of Guadalupe.
The boostor station should also be located so that it is easily
caonnected to the feeder main network,

Prior to service from the hooster pumping staticns, the areas
of Guadalupe and Lahug should be isolated from the existing distri-
bution syatem by olosing valves in the feeder mein network. Rach
area can b served by the existing wells at Guadalupe Church, Gua~
dalupe Fire Station, Camp Lapu-Lapu and Lahug. The iotal produoct-~
ion from these wells has boen measured at 2,800 ocumd, whioh should
suffice until the booster pump station cun be conneocted to tha
feeder main network. However, replacement of the existing pumpe
_Bay b8 recescary for obtaining adequate operational heads. The
existing servioc area at Talamban is served Wy a well whioh can
produce 900 cumd,

At the present time, water from the well is pumped 4-5 timas
a day for one-hour perieds into the Telamban storage tank. This
operation of a separate supply to Talambem should continue wntil
the well is pumping at capacity level, The Talamban area should
remain a separate servics area until 1992 to 1994 when it is pro-
Jeoted that foeder main servios will be extended as far ag Talam-
ban, At this time, the demand in the Talamban area should be suf-
ficient to expand the system and provide servioce by construction
of a booster pump statici. The Talamban booster zone should be
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_conneoted to the Guadalupe-Lalug booster sone. By so doing, the
Basilan Storage Tank oan serve the whole booster sone a8 it has

sufficient capacity. By year 2000, the Guadalupe-Lahug boocster

gone will be expandid to include service in the Tisa area, thus

making the total servios area of the boostsr sans about 800 ha.

Location of the booster scne facilities is shown in Figure IX-l,
A sumnary of the booster sone expansion is provided helow:

Projected Year for Booster Station
Arep Booster Zone Servioe Capacity
Guadalupe 1984
11,750 oumd
Lalmg 1984
Talamban 1994 75600 oumd

Tisa 1998 Served by Gusdalupe
: Booater Station

Servioe to Lapu~Lapu. The transmisasion lins serving Lapu-Lapu will
oross the Bohol Strait along the Maotam Bridge. The bridge was designed with
provision for supporting a transmission line to serve Lapu-Lapu and
Naotan Island. fThree alternatives for providing servioce to Lapu-

Lapu were examined:

ALT=1., Oravity servioe te Lapu~lapu. This zlternative ia
feasible because the HUL is 70 m at both the treatment plant
and storage tanks, The highest roadway elevation on the Bridge
is 32 ms A HOL of 3840 m at this point would provide a suffie
cient factor of safety to ensure positive pressure,

ALT-2, Booster pumpage to Lapu~lapu. A booster punp station
would be required in Mandaue to pump the water across the Wridgs
to Lapu-Lapu. The atation would be designed to delivar peak
hour flow requirements to Lapu-Lapa.

ALT-3, Booster pumpage to Lapu-Lapu with mtorsge in Lapu-Lapu,
This is the same as ALT-D exocept that providing storage in

Lapu~lapu will require the booster station to deliver maximum
daily flows,
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The required pipes, booster statian and storage tanks are
listed in Pable VIII-7 as well as the present worth of net dis-
bursements. Computer analysis of ALT-l within the overall NCWD
system showed that the HAL at peak howr conditions for year 2000
wouldbe about 46 m for the 500 mm gravity flow bridge crossing,
The gravity transmission line, though more expeneive in Stage I;
costs cheaper in the long term in comparison to ALT-2 and AlA~3, In addi-
tion, this pipe may be constructed in 2 stages to reduce the
initial cost. The transmission line in ALl will be able to
serve Lapu-Lapu beyond year 2000 by two ways. PFirst is by pro-
viding a storage tank in order to reduoe peak hour flows from the
Source and second, by installing a booster station in Mandane to
further extend the serviosability of the transmission lina,

ALT-2 is atiractive because f its low initial cost; however, the
useful life of the pumps is only 25 years and will require reo-
Plaocement later. Also, the transmission lines whioh are amallep
than those in ALT=1, must be periodically reinforocad. Beyond
ysar 2000, a third line would be required. Three lines across
the bridge are probadbly not practical and a more expensive under-
water crossing might be required. Thus, ALT-1 is economically
and practically the best alternative,
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TABLE VIII -~ 7

SUMMARY OF EVALUATION OF ALTERNATIVE
TRANSMISSION LINE SERVICE TO LAPU~LAPU

Tel

6£-111A

Construotion 1976 Presant Worth of
Construotion Cozt Ket Disbursements
Alternative Period Component Sise + (#1,000) (*1,000)

ALD-1 1981-82 Transmission Line 500 ma 6,396 4,520
ALT2 1981-82 Transmission Line 300 mn 2,706 1,914
Booster Station 17,000 ocumd 1,800 2,303

Sub-Total 4,217
1989-90 Trancmission Line 300mm & 2,982 740

350 mm

Booater Station 18,600 cumd 1,900 684

Sub-Total 1,424

Total 5,641
ALT=3 1981-82 Transmission Line 300 =m 2,706 1,914
Storage Tank® 29100 cum 24300 1,649
Bocster Station 10,600 cumd 1,600 1,369

Sub-Total 4,932
1589-90 Transmission Lins 300 em 2,706 771
Storage Tank# 2,000 cun 2,200 546
Booster Station 10,600 cumd 1,600 485

Sub-Total 1,802

Total 6,734

* Storage tank voluros listed are overational wvolunmes.
stand-pipss having a total volume

otend-pipes are requirod since gr

5—10 Bo

ound

Construction costs are for
of three +lmes the opsrational volume.

elevation on Maoten Island ig approximately



E. OTHER 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 dual
plumbing systems. These alternatives are discussed below.

Hastewater Rensa

One of the potential alternatives in meeting future water
demand is the reuse or recycl':g of wastewater (sewage)s In Singa~
pore, reclaimed wastewater is used in the cooling process in indus-
tries. "A full-gcale muniocipal reuse facility in Windhosk in South~
wost Africa built in 1969 provides a major source of potable water,

Reuse of wastewater can be acoomplished in 2 ways: by natural
self-purification which makes reuse possible for irrigation amd re-
charging of ground and surfaoce waters, and by technological process.
The technology of reuse involves treatmant of used water supplies
from the cormmity for domestic, industrial, irrigation amnd other

purposes,

Complex treat=ent prooesses are neoessary to remcve the ob-
Jectionablo charasieristics of wantewater and make it suitable for
& partioular usa, There are 3 basio phases of treatment - primary,
sacondery and edvanced. One of these or all may bs applied depend-
ing on the types of use znd pollutants present in the tastovator,

Stvdies on wastewater reclamation deal with enhancing itas
ecoromic fensibility for large scale use and technological expan—
Bione Achieving these objsotives will depend on several factors.

It is tachnolegically possible to produce water of any desired
qualily frou any souroce. However, the controlling faoctor is eco-
nomios. Descanse of its losser solids content, wastewater reclamg~
tion is sirpler than seawater desalting as an alternative source of

supply.

The foasibility of wastewater reclamstion as a sourocs of water
supply will be limited in the study area sinoce coilected wastewater
volumes are currently minimal, with future inoreases in sewage
expooted to be slow.

Decalting
Desalting is the process of converting seawater into fresh

water. It involves removing substantial amounts of the ooean's
salts and minerals,
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There are 3 basic methods of desalting: distillation, freeg
ing and electrodialysis, each with several variations,

Over 90 per oent of the present application of desaliing is
dons by distillation. In this process, scewater is evaporated and
the vapor is condensed. Salt deposits Tform on the surfaces of the
evaporating equipment and the desalinated water is the resulting
distillate. The least costly distillation unit uses golar energy
a8 heat scurce,

Eleotrodinlysis obtains fresh water by using an electric our=
rent to separate the ions of the contaminating saltss In the pro-
0888 of freezing, ioce is formed from a saline solution and is melt-
ed to produce fresh water. The melted ioe, however, sometimes has
a salty taste,

In 1970, 33 small-sized desalting plants were put in operation
throughout the world, with a combined capacity of 59,7 mgd. Kuwait
has the largest plant with a 30 ngd capacity sufficient to supply
& population of 150,000, Other plants are found in Nethsrlands,
United Statea, Venesuela and Aruba.

For the most part, desalting is still experimeutals At pre-
sent it is not technically and economically feasible to convert
meaningful amounts of seawater into fresh waters All the processes
have inherent defects for generzl use, including the problem of dis-
posing about 50 per cent of removed salts and minerals of the total
treated secawater,

These processes are also costly bscause they involve signifi-
cant quantities of energy. Wheruvas treatment of ordinary water
supply ocosts about 5 osnts per 1,000 gallans of fresh vater, de—
salting costs about $1.00 per 1,000 gallons of desalted water. This
cost covers only the plant itself and excludes necessary transmission
facilities. (Also these are pre-energy crisis costs. )

Precipitation Augmentation

Rain can be artifioially induced to increase water supply (al-
though it does not diminish the need to collect it). The most ocome
mon method of stimulating rainfall is cloud seading.

The theory behind cloud seeding is that under certain condj-
tions, air containing mmch moisture will not yield preoipitation
that might possibly occur because of the absence of partiocles of
dust, oarystal or chemical droplets. In cloud seeding, such particles
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are artificially implanted in supersaturated clouds to stimmlate
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 doos not always yield the desired effect of inw-
creased rainfall. Experiments show that the method also results
in deoreases in the amount of expected precipitation. These effeots
have not been sufficiently explained although a theory advanced is
that the amount of rainfall depends ca the types of oloud systems
being seedsd.,

Inoreases in precipitation do not neosssarily producs propor—
tional increases in usable water supply. The opportunities to in-
crease precipitation depend on olimatic conditions such that during
the dry season, water supply increases are less frequent. Preoi-
pitation augmentation enocourages the growth of wvegetation that oan
reduoe usable water yield.

Land Management

Land management oan affect the amount and quality of water
available for use. Ii{ is a method of both inoreasing and oonserwv-
ing water supply.

Two potential teahniques of land management that apply to
Philippine conditions are forest management and control on stream—
bank vegetation. Forests impaot upen 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
iranspiration. Through their roots, leaves and other parts, forests
facilitate the infiltration of precipitation into the soil. They
also tend to shade the soil, reduce wind velocity, thus, reducing
evaporaticn from the soil surface. Any alteration on the amount
and typs of vegetation, such as deforestation, will affect water

supply.

Phreatophytes or deep~rooted vegotation along the banks of
canals and rivers consume much water in their growth. Especially
in oases as when precipitation is low, this vegetation redmoes the
streamflow and the discharges of springse Sometimes, it also tends
to increass 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 hahitat. Othervise, they do not
have food value. Based on these uses and effects on water supply,
they have to be managed carefully as uprooting them is not neces~
sarily the best answer to increasing water supply,

Dual Plumbing Systems

A relatively small inocrement 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 instanoce, to use seawater for toilet flushing, washing streets,
fire fighting. Where fresh potable water is in short supply, such
a8 in Singapore and Hongkong, a dual system has demdhatrated its
efficacy. For example, in Hongkong during the severe drought of
summer 1963, water service was rationed into the various city sec-
tors 4 hours every 4 days. Extraneous uses of water such as toilet
fluehing were therefore severely curtailed. In some of the highe
rise government housing in Hongksng, dual plumbing system had been
uled, with seawater for toilet flushing.

There are 2 main objections that have been identified in the
use of dual system — crose—connsctions and asgociated cost. Dual
water supply system where one systam delivers potable water and
the other system furnishes untreated water can very well lead to
serious water~borne disease outtreaks. Where proposed, the dual
water supply system should have the non-potable supply oclearly
indicated and soparated from the potable supply. Proper plumbing
codss and supervision of Plumbing installation could minimize this
health hasard,

If an existing aystem is to he replaced entirely by a dual
system the ocost may well be unreasonable. However, if the exint-
ing water supply piping is retained for potable (drinking) system
and a new non-potable pipe network utilizing seawater is added
there ig g possibility that the eoconomics may prove the dnal sys-—
tem to be worthwhile, Savings acorue 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 off=
set by eliminating the need for developing new water resources and
above all retaining high quality premium water for domestic ocon-
sumption. Accordingly, the feasibility of dual systems has already
been proven under certain conditionsa,

VIII~43

BiST AVAILABLE DOCUMENT

/3



CHAPTER IX DESCRIPTION AND COST OF THE (TENTATIVE) SELECTED PLAN
A. GENERAL

To achieve the required long range water supply system of NOWD
will entai) undartaking an erxtensive construction program inoluding
new source dsvelopment, treatment, transmission and distributiom
facilities. As analysed in the pruvious chaptsr, Alternative 313
has been selocted as the tentatively recommended ascheme for the
water source developmant and transmission system,

This chaptor desoribes the early actions and interim improve~
ments required; the firat etage and seocond stage facilities of long
tern oconstruction program. Chapter IX also presents oapital and
aanual costs; sowsrage and drainage ooncepts; and management of
groundwater souroes.

The recammended plsn may bs implemented in 7 steps: (1) the
early actions which should be started and implemented as soon as
possible; (2) interim improvements to minimise the worsening water
shortages until the year 1982; (3) Phase A of $he first stage of
construotion (1978-82); (4) Phase B of the first stage of ocnatruct-
ion (1982-87); (5) Phase C of the Pirst stage of construction

1?66-89); (6) Phass A of the second stage of oomstruction (1989-94);
7) Fhase B of the second stage of construction (1995-99),

B. EARLY ACTION GUIDELINES

While the findings and recommendations of the interim (ana
final) reports are being discuswed, and pending their approval ty
the Water District, LWUA and financial agencies, oertain steps may
be taken in the meantime to facilitate "early action" in the MCHD
water supply system. Thess early action guidelines are as follows:

le Continue the publicity and promotional osmpaign about the water
feasibility study eo that water distriot customers are made
fully aware of the improvements that are about to happen and
prepare thea for the corresponding water rate increasos.

2, Discuss in detail within the water district ideas relative to
raising the implementation funds (looal and the foreign ex-
change ocumponant ).
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3.

Se

6.

Te

8.

9

10,

11,

12,

Strengthen the isgal basis for developwent of new water
sources, its implementation and enforcement,

Aoquire the land surrounding the proposed water souroes,
treatment plant, distribution storage aii.a and right of way
for the transmission lines, and condunot a detailed topo-
€rephical survay of such land and right of “@ay. Ths water
district new administration bailding ard shop and igboratory
facilities may be locatoed at the proposed treatment plant
site,

Aoquire a cocmplete laboratory testing and sampling equipment;
moter repair, testing snd shop oquipment; assorted tools; and
suiplementary water district vehicles,

Aoquire disinfection (chlorination) equipment and operate the

‘#ame as soon as possible at effective locations of ths exist-

ing system.

Contime water m;er inatallations to have all the wator sere
vices metered as soon as poasible,

Initiate & routine hydrologic and nmetaorological data collecte
lon program in thé Kotkot, Balamban and Mananga Rivers (in
cooperation with the Hational Water Resources Council) to
develop stream flova, evaporation, rainfall and siltation
measurementsa mria perioa of at least 10 years; initiate a
well water level and discharge gaging and monitoring prog-
ram at the eximting and the propcsed well fields identified

as a long term somrce of KCWD.

Initiate routine vater sampling and analysis at the proposed
surface souroces, well water sources and distribution system.

Conduct a phyaical inventory and survey of the water system
and sewer system facilities ard their connections to the
private premises. Inventory private wolla, septic tanks,
private and public drainage systema.

Initiate a sewsrage/drainage feasibility study as soon as the
water supply planning is ocompletods In conjunction with thia,
oonduct an cceanographic survey of the Bohol Strait and
Camoten Sea,

With consultation adopt a flaxible, enforceable plumbing
code in antioipatgon of the water supply improvements and
near-future sewsrsge/drainage system.
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13,

14.

15,

Carry on with leakage and corrosion survey of the water
systen, identifying actual and potential cross-conneotions
of water supply and pollutional material.

Initiate a jar test program at the Tisa llater Treatment

Plant to mavimize the use of existing facilities and optimise
the use of chemicals for coagulation (in ths interim peried
to 1922). Provide a by-pasz piping to the filter to save on
washwater and to eliminate back-up overflow iv. the sedimenta~
tion basins, during non-rainy periods; umthrottle the valve
on ravw water line from Buhisan to Tisa.

Initiate improvements to ths management, engineering and
operation and maintenance procedures of the Water District
in accordence with the established LWUA guidelines and in
anticipation of future requirements that may be imposed by
loaning agencien.

Egtimated construction costs and the foreign axchange oom-

poneats for the recommended early works are showm in Table IX=-1.
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TABLE IX-1
COST ESTIMATES FOR EARLY ACTION WORKS

Rstiﬁatod Foreign Exchangs
Itenm Construction Cost Component
(®) (Us §)
1. Chlorinators 845,000 95,000
2 at Tiea WTP
2 at Springs
20 at Ceku wells
2. Fater Repair Faciliticz 60,000 7,000
(Bquipment for one shop)
3. Laboratory Equipment 200,000 23,000

(Por one laboratory)

4. Hydrologiocszl & Kateorological
Equipmsnt 50,000 5,000
(For 4 stations) '

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

6. leakage Survey 400,000 50,000
7o Land Takings # 3,000,000 -

(Por dam and reservoir area, TP,
storage tank, pump station, roads

and pipelines) N
Sub-Total 4,690,000 80,600

15% Contingenocies 710,000 30,000
Total 5,400,000 210,000

* For the facilities in the Stage I oconstruction culy.
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C. INTERIM IMPROVENENTS

During the period of 1976~1978 certain improvements may be
made in the MCHD system to alleviate the water shortages until
the recommendsd long term program is implemented.

The works considesed in the interim program will inolude the
following:

1) Improvementa %o the Hagubiao pump station;

2) Construction of new groundwater wells in Pardo and
Mananga areag

3) Pipe cleaning and lining.
A brief description of these works 4jg presented beloss:

b Station. Ths exiesting Hagubiao Spring ool
lection chamber and pumping facilities were shown in Figure IV=3
in Chapter I¥. The presant total spring yisld is provisionally
eatimated to be approximately 13,000 cumds

Two of the four units at ths Hagubiso pump station are at
present inoperative dms 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 souros
of water is not fully utilized. Performance curves on all of
these exigting pumps are not available. However, field measure=
ments indicate thet the operating pumpe (Units No. 3 and 4,

Figure IX-1) together doliver about 8,700 cumd when operating
against a total system head of approximately 38 meters of water.
No field dataare currently availadle to indicate how this flow is
divided between the two units, which are of different pattern. In
the absence of pump curves and other pertinent information on come
of the existing pumps, it is diffioult to estimate the aggregate
discharges, hezds and efficiencies of the various operating oombi-
nations of the four units, However, the following improvements
which are shown in Pigure IX~1 can b6 implemented at least on

a relatively short-~tarm interim bssis,

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

b) Replace complete Unit Ko. 2 engine and pump with new 150
HP electric motor and new 150 mm centrifugal pump now

-5 BESTAVAILABLE DOCUMENT
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in MCWD atock, including new electrical service and con=—
trols as required,

©) Replace Unit No. 3 engine with the other new 150 HP elec-
tric motor now in HCHD stock, including eleotrical ap-
purtenancss as necessary.

d) Relocate fuel tank for Unit No. 4 engine outside the pump
building. Remove from the site all other fuel tanks and
agsociated piping which are at present within the pump
building. Use Unit No. 4 for etand-by except when apring
Yield is in excess of what the other three units ocan handle.

¢) Provide a masonry rocm for the eriating chlorinator and
spare full cylinders. This room oczn be adjacant to the
pump station but no direct acoess should be allowed be-
tween the two rooms for safety reasons.

f) Conduct a complete house cleaning, All squipment removed
in this rehabilitation, plus all existing dizmantled parts,
housings, caatings, fittings, abandoned fuel and water
piping and all othsr debris should bs oonplately removed
from the pump building for better operation and main-
tenance purposes, '

&) Convert the spring overflow gaging weir to a permanent
installation by constructing mascury abutments and in-
stalling a steel weir plate. Initiate a procedure faor
recording pump operations and spring overflows.

For incorporation of the Hagubiao pump station in the lang
term plan,tbe following permanent improvements may be necessary:

@) ¥ew pumps, if required to properly match the hydraulics
of the upgraded transmission system; this nay ba scheduled
for 1983-83. (See Stage I-B.)

®) Structural improvements to the pump building and appur-
tenant facilities, site drainage and flood control works,
tools, maintenance and rcpair facilities and related re-
habilitation measures to allow the station to operate
efficiently over a long term servioce life,

Pardo-anagnga Wells., 4 well testing program is underway in
downstream gravel beds cf the Mananga River to determine the well
and pump characteristica, well spacing and number of wells required
for an estimated total yield of 22,000 cumd. MNost of the proposed
wells will be looated at the Nanunga downstream near Tabunoc and

BEST AVAILARLF BOCUMENT
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Lawaan for relatively shallow depths but the well field will be
extended 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 dontown Cabu. A new
300 mm diameter and about 9.0 ki long pipe’ine will convey the
water along the C, Padilla Street up to the existing 250 mm pipe
near the Tres de Abril Street intersection.

In the lomg term plan, supply from the Pardo-Nananga wells
to MCHD will be reduced as water demands in Talis:y and tho sur-
rounding cqumunities will inarease. The proposed pipsline, at that
time, will serve as transwission line vo the Pardo area, by ocon-
Veying water from th- long term sourocss.

Pi Clean and Lining. Field investigations showed most
of the existing transmigsion lines, which have been in servios
more than 50 years, have lost about 25 psr cent of their total
hydraulio capacity. When pipe internal wall surfaos deterioration
reaches this level, it is usually economical to clean and line it,
However, thies should be dans without interrupting the servics.
Therefors, almost all of the major pipslines can be cleaned and
lined after new supply lines are put into service. No field check-
ing was performed on 150 mm diamster distribution mains. Assuming
that hydraulic capacity losees of these lines are in the zams level
of transmission lines, an early cleaning and lining of about T.0
kn long 150 ma diameter majns would be economical and practical as
service interruptions along these lines would aot be ag significant
as the transmission lines, Powever, a field checking of the pipe
"C" valves should be worthwhile before oontracting thias work out,
Cleaning and lining of Pipes, in diameter msmaller than 150 mm,
may not be economically justified and therefore,not recommended.
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TABLE IX~2

ITERIM REPORY |
VOIE ASTER I NOV 1975

00ST ESTIMATES FOR INTERIN IMPROVEMENTS

Iten

1.

2e

3.

Hegubiao Pump Station

Pardo-Mananga Wells
Holls & Pumps

Pipeline =

Pipe oleaning & Lining
(150 am ~ 7.0 km)

Sub-Total

2% Engineering & Contingencies

Total Project Cost

Estimated
Construction Foreign Exchange

Coat ( Component (US §)

100,000 * -
3,080,000 260,000
4,950,000 190,000

525,@ ll’m
8,655,000 461,000
2,165,000 115,000

10,820,000 576,000

# Based on usage of ths availadble units in stock and in-house work.

** Thio pipeline will be incorporated in the long term plan.
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D. FIRST STACGE OF LONG TERM (TENTATIVE) PROGRAM

Pirst stage of the recommended program which includes souroce
development, treatmont, transmisgsior and distribution facilities,
will be implemented in thres construction phazes.

Construction Fhase A (;ﬂB—Bg}

Souroce Davelopment. Tho preliminary investigations show that
with construction of an 82 m high dam, located om a narrow gorge,
near Barrio lumsaran, ths Balemban River flows may be regulated for
an estimated potential safe yield of 154,000 cumd. The selected
dam site was considered for an impoundment reservoir in the paet.
Aocsss to the dam gite oan be from east either hy going through
the Cebtu City-Talamban Roed which ends at Barrio Guba, or going over
Canawucan—~Dapdap Road nerth of Compostela. In either way, no road
exists for the remuining about 10 km distanos to the site. The danm
site can also be reached from the west, through the muniocipality of
Balemban with a feedsr rosd along ths Balawban River. Howover, from
the end of the road, the dam site is still more than 15 kn aWAY e
For moving heavy construction equipment to ths site, it will be
neocessary to oanstruct a 12 km long all weathor road togethar with
at least two major bridges, In addition, improvement on the Cabu
City-Talamban Road to Barric Guba will also be nsoessary, assuming
this route will bs selected as it is along or near the proposed
raw water conduit.

Ganeral gaologic setting and the foundation msterials at thse
proposed dam and ressrvoir site were discussed ix chapter VII,
The Lusaran dam site is suitable for & rockfiil dam with impervicus
clay ocore protected with filter material on both sides, Gaologioal
studies show tha availability of good endesite rock to bs quarried
and sand and clay borrcw areas within short hanl distances. The
dam embankmont wiil have a length of about 215 m at ths crest and
the aide slopss of 2.5:1 an the upstream and 2:1 on the doyvmstream
facs. When the dam is tuilt ths reservoir will inundate an area
of about 255 ha, which will require relacation of Barrio Lusaran,

The spillway and diversion tunnel can be located at either
left or right abutment, both being in the massive andesite forma~
tion. The regular epiliway will be a conorete chute type, design-
ed for an estimated 100-year peak outflow of 600 ocum/ssc. Aa
emergency spillway, excavated through the andesite formztions, will
provide safety to the dam for the greater btut less frequent floods.

BEST AVAILABLE DOCUMENT
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For temporary diversion works during the oonstruction, 2 tun-
nels, each having a diameter of about 5,0 m and a length of about
450 m and a cofferdam will be constructed. :

The raw water aystem will consist of a reinforced concrete in-
take structure, 2,5 m diameter and 7.5 km long gravity flow transe
mission tunnel and 900 mm diamoter and 7.1 km long pipsline, as showm
in Figure VIII-3. Flows into the raw water intake will be regulated
at the multiple lewsl gated inlet perts. Minimum wator surfaos ele-
vation in the reservoir will be at about 155 m.,

Water Treatment Plamt. fThe proposed water treatmen’ plant for
the Lusaran system will ba a oconventional type with chemical nixirg,
coagulation and flocculation, sedimentation, filtration and dis-
infeotion. It will bs looated at elevation 70-75 m, near Barrio
Talamban, Initial capacity of the plant will bs about 121,000 cumd
and provicion will be made in the layout to expand this ocapacity to
185,C00 cumd, considering & maxrimms day to average day demand up to
factor of 1.2. A mirimm land area of 15 hs will Dbe required at
this site. GQeneral sits work and chemical and administrative build~-
ing will be dssigned and canstruoted for ths ultimate capacity bat
the remaining procees units may be completed in two stages,

Tr ssion Ppojilities, The treated water from the Talamben
Water Treatment Plant will be conveyed inte the distribution system
through the transmission pipelines as shown in Figure VIII-3 and
IX~2, A summary of those lines is shown in the {ollowing table:

Transmission Lines and Valvas
in Stage I - Phase A

Location Size {mm) Langth (m) Fumber of
— —tRiyes

HTP to Pisa Storage Tank 1,400 11,450 3

WTP to Kandame 700 4,000 2

Randane to Consclaciom 500 3,800 2

Consolaocion to Node 153 350 5,200 2

Nods 153 to Liloan 250 1,000 2

Liloan to Campostela 250 6,400 5

Mandaue to Lapu-Lapu 500 4,100 2

The transmission lines are designed for maximum daily demands
as supplementary flows during the peak demand hours will be dramm
from the distributiom slorage. During the Phase A of Construotion
Stage I, a storage tank with 8 capacity of 32,000 cumd will be oconge
tructed at Tisa. A minimum land area of about 205 heotares should
be secured at this site for this and futurs storage units,
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Djstributjon System. In 1978 the MCHD will begin making sig-
nificant improvements te the existing distribution system. Table
IX--3 lists the recomnended improvements and Figure IX-2 is a sche-
matio plan of the improwved systems The first improvements will be
in the ocentral city area of Cobu. This will coazist of laying 200 mm
and 257 mm distribution mains and replaocing and reinforcing internal
detwork pipes. Naw fire hydrants will be installed and all pipes
100 mm or less which conngct to s hydrant will bs replaced by a mini-

During 1980 and 1981 improvements will be made in Mandaus and
Lapu-Lapu. For Handaue, now 200 and 250 distribution maira
will bo installed as well as improvements to the internal retwork.
Few 150 tm and 200 mm lines will be installed in Lapu-Lapu in pre—
paration for the transmission line which will be laid along the Mao-
tan Bridge in 1982, Additional lines will bo installed irn Cebu to
improve servioe in the areas nsar Guadalupe, the Capitol and Lalmg
vhich are lower than 50 m in elevation. The areas in Guadalupe and
Lalug higher than 50 m should be valved off from the main distrie-
bution system obtaining water supply from the arxisting wells in
these areas,
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TABLE IX-8

INTER!M REPORT
VOIL AFTER | NOV 1975

COST SUMMARY OF CONSTRUCTION

STAGE I - PRASE € (1986-89)

Constiruction
Pariod

I 1 e B
Distribution Mains

Internal Network
Servios Comnections

Pipe Cleaning & Lining
Sub~Total
Engineering & Contingencies 25%

Sub-Total
Land Costs
Administrative & Legal Fees 3%

Interest during Construotion
18%
4

Yotal Project Cost

1986-89
198689
1986-89
1986-87

BEST AVAILABLE DOCUMENT
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Gonstrusction

b

9,727,000
23,075,000
6,423,000
420,000

39,645,000

9,911,000

49,556,000

1,487,000
51,043,000

7,272,000
32,000

58,647,000

Foreign Ex

Copponont (US$)

392,000
617,000
254,000

9,000

1,272,000

318,000

1,590,000

1,590,000

227,000
1,000

1,818,000
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E. SECOND STAGE OF LONG TERN (TENTATIVE) PROGRAX

Second stage of the recommended program will include a new source
development, the Mananga dam and appurtenancss, a new raw water system,
treatment works, treated water transmission lines and expansion of
distribution system. These works will be implemenied in two phases,

Congtraction Fhase A (1989-94)

S vel nt. To mest the year 2000 demands in MCHD and
in Talisay area, a 72 m high rockfill dam will be construoted with
appurtenances, including diversion works during the construotion and
the regular and emergency epillways. The reservoir created with this
dam will inundate a land area of about 140 ha, which will require re-
placaxzent of a 5 km section of an exigting road along the Hananga
River and relocation of Barrios Jaclupan and Haghaway.

Dam site geology, foundation and construction materials were
disoussed in Chapter VII,

The Mananga reservoir safe yield studies ere based on an extra~
polation with the Baiamban River lows. These safe yield anslyres
should bhe reviewsd after meveral years of stream flow gaging in both
streams,

The raw water system will oonsist of a reinfercsd conoret; in-
take structure and 1,000 mm diameter and about 6.0 km lesyg traps-
mission line, as shown in Pigura VIII=~3. fhe minimua water surface
elsvation in the reserveir is ostimated to ba about 81 m.

ater Treatment Plant. The propoged water treatment plant for
the Mananga system will be a conventional type, sinilar to the
Talamban plant for the Lusaran system. Design oapacity of this plant
will be 82,000 oumd. A minimmm land area of 10 ha will be neossgary
at this site.

Tranemission Facilities, Transmission pipaline looations and

8izas are shown in Pigures VIII-3 and IX~2. A summary of these
lines { s as follows:

=22
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Transmission Lines and Valves
in 3tage II -~ Fhase 2

Location Sice Number of

() , Valves
Cebu City to Mandane 700 5,500 2
Mandaue to Comsolacion 500 3,800 2
Consolacion to Nods 153 450 5,200 2
Node 153 to Liloan 200 1,000 2
Liloan to Compoatela 250 6,400 3
Node 60 to Lahug 1,000 2,000 2
Mananga WTP to Node 30 1,200 1700 3

The distribution storage capacity will be inoreased by the
construction of an additiomal 17,000 ocum storage unit at Lahug,

Dist tion om. During the period 1590-94 parallel
lines will be installed in some areas of Csbu to reinforos lines
iaid in the early Yyears of the improvemsnis program. The lines
are listed in Table IX-9 alaong with other lines to be constructed
between 1990 and year 2000. Areas reoceiving water servioe in the
period 1990-1994 will e the reclaimed area betwsen Pardo and
Cebu, the area between Mandaue and Talamban, portions of Lapu=Lapu,
Consolacion and Liloan.

In 1993 and 1994 a 15,000 cum storage facility will bs added
to the site at Lahug, This will bring the total distribution storage
to 62,000 oum.

IX-23 BEST AVAILABLE DOCUMENT L
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TABLE IX-9

STAGE II ~ PHASE A CONSTRUCTION PROGRAM
IPOR DISTRIBUTION SYSTEM (1990 ~ 1994)

Pipe Sise Pipe lengt!

Construoction Desoription
Period
1990-94 Cedu -~ Reinforce~

1990-94

1990-94

1990-94

1990-94

199094

ment of Stage I
Lines

Cebu -~ New Area

Lapu~-lapu New
Arer

Mandaue New Area

Consolacion New
Area

Lilean . Nouw
Ares

Pipe

Node

No pipe oleaning and lining are schednled at this phase.

Number Fm o =)
16 28 16 400 550
a1 16 13 400 1,350
22 30 18 350 950
23 i1 21 300 450
19 18 19 300 300

8§ 13 u 200 1,080

? u 1 250 1,050
oo 2 ! 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 1,000
506 8 7 250 1,000
51 5 4 250 960
g2 25 ;6 2w 1,450
533 206 209 250 1, 600
534 299 211 200 500
535 210 21l 150 200
536 208 210 200 600
537 207 208 200 1,100
538 209 208 150 500
521 193 194 200 350
528 196 194 150 1,150
He9 197 196 200 3%,
530 198 197 200 00
509 82 8 200 850
210 88 87 200 850
514 81 87 150 700
539 135 136 200 700
540 140 136 150 1,000
541 139 140 200 800
560 148 152 200 1,400
561 152 159 200 17400
346 145 U6 250 1,100
547 146 180 250 300
559 146 151 200 600

1524 BEST AVAILABLE DOCUMENT

(53



TABLE IX-10
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\'TERIM REPORT |
1
|

l Villk AETER 1NDV 1975

COST SUMMARY OF CORSTRUCTION
STAGE II - PHASE A (1989-94)

Foreign Bx
Component iusgi

I ¢t o nm Construotion Coanstruotion
Period Cont _(P)
Mananga Dam and Appurtenances  1989-93 123,300,000 2,642,000
Raw Water System 189193 17,520,000 980,000
Water Treatment Plant 1990-93 37,000,000 1,850,000
Transmission Facilities 1991-93 59,327,000 3,010,000
Distribution Nains 1590-94 14,652,000 568,000
Internal Network 1590-94 25,470,000 716,000
Servioe Conneotions 1990-94 14,380,000 570,000
Sub~Total 291,649,000 10,336,000
Engineering & Contingenoies 25% 72,912,000 2,584,000
164,561,000 12,920,000
Land Costs 2,150,000 -
Sub-Total 366,711,000 12,920,000
Administrative & Legel Pees 3% 11,001,000 -
377,712,000 12,920,000
Interect during Construotion
4% 43,952,000 1,349,000
18¢ 8,574,000 416,000
12% 11,873,000 599,000
Total Project Cost 442,111,000 15,284,000

IX-25
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truction St 1Y - e B (1

The proposed source development, raw water system, the water
treatment plant and the transwission facilities during the construct-
ion Stage II ~ Phase A are adequate until the terget design year
2000, Therefore, during the Phase B construction, improvements to
the distribution system only will be necesBaTy,

Distribution System. In 1995 it is expected that demand in
the Talamban srea will warrant extension of both low pressura and
high pressure servics to oustomers in the area. A booster paxp
station will be construoted to serve the area. A line will be laid
to connect the Talamban and Guadalupe bocater zones as well as to
serve the higher areas tetween the two boostor mcnes. PFurther
booster zone extensions will bo made to the Pima area.

Reinforosment of distribution main will be made in Lapu--lapu
with the construction of parallel lines., New areas of Mandane,
Liloan, Consolacion and Compostela will be extendsd servios.

Internal network will also be expanded in accordance with the
servioe ares growth,

The distribution pipelines proposed for this phase of oonse
truction are shown in Pable IX-11,

BEST AVAILABLE DOCUMENT
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Comstruotion Desaription

Feriod
1995-99

1995-93

1995-99

1995-99

1995~99

1995-99

TABLE IX~11

STAGE IX - PHASE B CONSTRUCTION FROGRAM

FOR DISTRIBUTION SYSTEX (1995 - 99)

Cote -~ Reinforce—
ment of Stage I

Lines

Booster Zone
Extension

Lapu-Lapn
Reinforosment
of Stage I
Linesn

Mandane New
Area

Consolaoion
New Area

Lilomn

New Area

Pipe

Bugber
40
4

118
98

613
614
615
£16
617
618
566

145
146
130
151
154
1,156
157
159

522
523
524
525
526
542
243

544
545

548
549
5950
551
352
553
554
556
991
555

Rode
From To
30 36
36 4o
3 74
60 61
31 36
38 26
B
92 103
103 93
2 93
B 92
189 190
190 191
199 198
200 199
201 207
201 200
201 202
202 203
118 117
124 117
125 124
127 128
128 129
142 140
141 142
138 133
139 138
180 181
181 182
182 185
185 188
187 188
186 187
183 184
184 187
181 184
184 185

Pipe Size

250
250

300
300
200
200
250
200
200
200
350
250
250
250
250
250
400
250
250
200
200
200

250
250
150
200
150
150

250
250

Pipe length
—m)

1,000
100
860
950

3,1C0
3,000
3,000
1,100
2,200
2,300

500

700
529



TABLE IX-11

STAGE II — PHASE B CONSTRUCTION PROGRAM
FOR DISTRIBUTION SYSTEM (1995 -~ 99)

Construction Dasoription Pipe Node Size Pipe Length
Period Hyshor From o ;’i"@ )]
199599 Compostela New Area 562 167 173 150 1,400
563 173 174 150 1,500
564 174 172 150 400
190 170 172 200 700
193 170 169 200 360
1995~99 Cebtn Nevw Area 515 95 105 300 700
near Talamban 516 105 113 250 600
N7 113 114 200 1,400
518 14 115 200 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 mm and 4,500 m long 200 mm diameter
existing pipslines are scheduled for oleaning and lining during
this phase of construction.
BEST AVAILABLE DOCUMENT
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| W TERIM REPORT
l VEiL AFTER I ROV 1875

COST SUMMARY OF CONSTRUCTION
STAGE II - PHASE B (1995-99)

TABLE IX - 11

IX~-29

I t e m Construction Conatruction Poreign
Period Cost (P) Component (US
Talamban Boostar Station 1994~96 1,350,000 94,000
Distribtution Mains 1995-99 19,052,000 678,000
Internal Nstwork 1995=99 29,712,000 724,000
Servios Comnections 199599 14,380,000 570,000
Pipe Cleaning & Lining 1994-9H6 870,000 19,000
Sub-Total 65,364,000 2,085,000
Engineering & Contingencies 25% 16,341,000 521,000
Sub-Total 81,705,000 2,606,000

Land Costs - -

Administrative & Legal Pees 3% 2,451,000 -
84,156,@ 2,606.%

Interest during Construction

343,000 17,000
19,511,000 473,000
Total Project Cost 104,010,000 3,096,000
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F. CAPITAL COST SUMMARY

Capital costs of each phase of construotion including ths "Early
Action Works" and the "Interim Improvements" are swmarized in Table
IX-12, Land costs for the Stage I facilities are included in the
"Early Aotion Program". The total project cost shown in this table,
in genaral, includes estimated ocnstruction cest of facility, cngi-
neering and oontingencies, oost of land and eassments, adminicirative
and legal feos and interest during construction. As incicaisd pre-
viously, construction cost estimates of ths proporod improvizents
are based an the projected July 1676 wnit priceec. Forvign exchange
component of total projesot cost which is also shoim in Yeble Iim12,
includas cost of direot and/or indireot import itemsz.

The wator supply and demznd chart in Figuro IN-3 iniicetes
timing of the construction stages for the sourco dsvelezucat in po-
lation to the maximum daily water demand curvs fer ths prcjesv crea. .

G. ANNUAL OPERATIONAL AFD MATIIERANCE COSTC

inmual oporational end maintcnance cozto i::,cluw niracuizol,

powsr, ohemicals, maintenance, rsntals, rcreymenita o Loont cooraed
in the past, and other miscallenecun oxpcnacs which 2ve pococcomy e
run the overall water systam. Tas total cormal co:ﬁ of Lhn m..l..i.in(;
syotem in 1975 was P3,343,000. Tolloiring izmmlomerictic: o (L3 To=
corrondad mprdvementu, the presant carunl oo"t will fvzooros ¢o fe
edditional psrsonnel, power, chemicale and maintaoranece cosbas Tan
anmal costs disocussad hero exclude {hs sortal rcjz;;:n:"; ol the Icam
for conatruotion of the new fecilitiog.

The ancual costs of opsrating the woier district fac.lifios axo
estinated to bs about P6,859,000 in 1632,. T:ooo ceata will ircresco
to F2,020,000 in 1990 and P13,020,000 in 20C0. (Sos Toble Ti-13.)

BEST AVAILABLE DOCUMENT
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TABLE IX-3

STAGE I ~ PHASE A CONSTRUCTION PROGRAX
FOR DISTRIBUTION SYSTEM (1978 - 1981)

Constrotion Description
Period

1978 - 79 Core City of
Cetn: Reinforoing
Feeder Nains

1980 - 81 Lapu-Lapu
Core City
Reinforoement

1980 - 81 Caore City of
Nandane
Reinforoing Mains

1980 - 81 Gstu City Re-

inferoing Exist-
ing Servioes Area

Pipe Rods
Rumber PFrem o
224 23 24
30 33 23
28 35 25
102 55 35
100 55 54
101 33 54
9 61 54
6 316 47
611 316 48
94 53 52
65 42 49
46 A 42
59 47 59
24 24 25
145 188 190
146 120 161
159 202 203
160 191 203
158 180 2c2
147 191 192
161 203 192
157 201 202
134 100 89
138 90 101
139 112 101
143 111 112
127 89 S0
128 90 102
133 111 100
126 84 89
47 41 42
95 51 82
98 60 61
97 60 59
48 320 46
481 41 320
60 4T 46
49 45 46
23 31 21
19 18 19
22 30 18

IX]2

Pipe Size Pipe length
—-m—. _-h)‘-——-
250 200
25G 150
250 1,050
250 1,120
250 500
250 280
300 1,200
250 500
259 300
200 300
200 1,000
200 620
200 1,100
250 400
200 700
200 520
200 620
150 300
150 430
200 860
200 760
200 650
200 540
200 850
200 660
200 1,700
250 1 [ ] m
250 940
250 900
250 1,300
200 600
200 900
200 350
250 600
250 700
250 200
300 680
250 560
300 450
250 300
350 950
BEST AVAILABLE DOCUMENT
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TABLE IX-4

INTER!M REPORT
VOIL AFTER § NOV 1975

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

Construction Constvuotion

It em Period
lmsaran Dam & Appurtenances 197882
Raw Wator System 1978-82
Wator Treatment Plant 197882
Transmission Faoilities # 1979-82
Distribution Mains 1978-81
Internal Network 1978-81
Servios Connections 197881

Subt-Total

Engineering & Contingencies 25%
Sub-Total

Land Costs #»

Administrative and iegal Pees 3%

Intcrest during Construction 248 ***
1% 9

Total Projeot Coat

* Inolude transmission line to Lapu-Lapu.

#% Land couts ars included wnder the "Early Action Works",

Foreign Ex
mmﬁ

167,800,000 3,596,000
9447564000 3,524,000
51'500'000 2,500.0&
88,812,0@ 41924'000
10’531’000 372;“
22,734,000 613,000

6,423,000 254,000

442,556,000 15,783,000

110,639,000 3,947,000

553,195,000 19,730,000
16.595.“)0 -

569,790,000 19,730,090
97,043,000 2,310,000
29,697,000 1,110,000

696,530,000 23,150,000

##t Average interest during oonstruoticn of oorresponding facilities.

IX-13
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struction Finse B (19828

Source Development. The raw water transmission line capacity
will be increased to 185,000 cumd by installation of 800 mm diameter
and 7.1 km long pipreline from the downstream and of the transmission
tunnsl to the water ireatment plant at Talamban,

Hater Trcatmon J:gﬁ. Capacity of the plant will be increased
$o the full capacity (185,000 cumd) of the lusaran system by adding

Bew process units. This capacity will be adequate (including 40,000
cumd frem tho grounduatsr) for MCHD until the year 1993.

Irancniscicy Pacilities. New transmission lines will ba cong-
tructed as shoim in Figures VIII-3 and IX-2. A sursary of thase linsa
is presented in the following table:

Trancmiesion Lines ana Valves in
Stope I - Phase B

Size Langth Rumber of

Looaii o ‘m) ‘E‘.l Valyes
WIP to Tise Chcrage Tan'e 1,000 10,720 3
WTP to Mandoun 800 4,000 2
Mandane to C:iitolacion 450 3,800 2
Consolaocica ic J-29 153 400 5,200 2
Node 153 ic Lilonz 200 1,000 2
Liloan to Causa*oln 200 6,400 3
Node 60 to L-Ivg Storage 700 2,000 2

A rz eterrg? tark will be built at Lalmg, with an initial
capacity ¢’ 3,CC) cune A minimm land area of 2 ha should be taken
at this sito Y2 accezacdnte thig storage tank and future expansion
units,

An al2iticnnl 5,007 crs ctorage unit will be conastructed at
the Tisa £i’~, A boostor pump station a% (uadalups will bs put in-
to operaticn Tor marving hish level arvas.

Distritntien Srtem. Fy nid-1982 the new surface water souroce
will be brensis ivto earvicy along with the transmission line from
the wator toe-‘mant plonte This will significantly increase the
water curplv “n tha IT7D castemsrs, To provide bettser pressure
distributiza < ring peck hours, a new 32,000 ctm storage tank will be
oonstrucied no~r Tiszz, Tho new trancmission line will pass through
Consolaciin czrlins earvics 4o bs extendsd to customers in this
ares with very litile incremontal ocost. The mmicipalities of Lilcan

BEST AVAILABLE DOCUMENT
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and Compostela will be served by a itranamission line laid along the
National Road. The existing systems in each municipality must be
reinforced to provide adequate pressures during psak-hdur and fire
flow periods,

In 1982-83, 250 mm lines will be laid along the waterfrant in
Cebn and connections made to existing distribution mains as well as
the transmissiocn line from the now souroce. Servios will be extended
to the reclaimsd area in Cebu and Mandsue. Feeder mains in Pardo
and & loop will bes comploted in the low pressure zone between lalmg
and Guadalupes.

By 1684~85 the feeder main system will be extended to ths li-
mits of the low pressure sone. A booster pump station will be in-
stalled to provide improved service to areas in Guadalups and Lalmg
above 50 o in ground elevation. New distribution main will be laid
to serve the booster zone and the Basilan storage tank will bs used
for booster zone storage. Also, the servioce area will bs extended
in Pardo, Tahug (toward Talamban) and Lapu-Lapu.

Table IX-5 shows a sumsary of the proposed distribution mains.

BEST AVAILABLE DOCUMENT
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STAGE I — PIASE B CONSTRUCTION PROGRAM

TABLE IX-5

FOR DISTRIBUTION SYSTEN (1982-85)

Construoctien Descoriptien
—Feriod
1982-83 Liloan
1982-83 Compostola
198283 Nandsne Servioce
Area BExtension
1982-83 Cebu Servioce Area
Extensiom Along
Waterfront North
1982-83 Servios Area
Extension Along
Naterfront South
198283 Pardo
1982-83 Lahug Area
1982-83 Lapu-Lapu
1984~85 Boocter Zone
Retwork Near

Guadalupe & Lahug

Pipe

Bugbor From o
182 153 154
181 154 157
178 157 156
179 155 155
180 154 155
183 156 159
191 172 171
192 169 111
193 170 169
140 122 112
141 122 123
142 121 122
132 120 121
129 123 102
103 62 55
104 70 62
105 76 70
106 79 76
119 75 76

26 22 20
27 26 22
20 21 22
15 20 19
4 3 2
10 10 6
6 6 2
N 66 58
50 45 58
152 200 206
156 201 200
602 57 65
602, 44 57
604 38 44
605 37 38
606 43 37
607 56 43
608 63 56
609 72 63
610 63 65
611 56 57
612 43 44
223 38 39
IX-16

Node

BEST AVAILABLE DOCUMENT

Pipe Size Pips length

340

£88

8¢ 858

360

3

1,000
480

1,800
£80
240
950

1,450
8

20
600
400
580
380

1,100
500
1,200

5G0
1,680

820
460

1,100
1,050
1,300
500
1,350
1,200
700
500
550
800
1,000
320

Wt



PABLE IX~5 (Cont'd)
STAGE I - PHASE B CONSTRUCTION PROGRAM

FOR DISTRIBUTION SYSTEM (1962 - 85)

Construction Desoription Pipe Node
Period Humder Ioom Do
1984~85 Lapu-Lapu Service 154 201 207
_ Area Extension 153 206 207
198485 Cebu Servioe Area 40 30 36
Extension to Boester 4 36 40
Pump Station 44 46 40
42 40 39
43 4H 3¢
198485 North of lahug 52 Y 66
Ssrvice Area 53 34 7
Extension 531 80 34
1984-85 FPardo Industrial 3 4 2
Area T 7 4
11 6 7

9 u T
14 13 ‘14
4 19 14
21 28 13

The following existing distribution pipelines will need oclean-
ing and lining during thie phase of construction:

Existing Pipeline Diamater
Hagubiao Line 350
Tisa Line 400
350
Steel pipes 1laid in 1974, '75 300
250
Distritution Maing 250
" n 200

IX~-17

Pipe Size Pipe length

&

11,100
4,000
630

2,450
2,790
2,270
2,270

SEEBIBE 383 Qyssy 38

1,100
1,140

1,C0%
70"
820
1,000

609
850

650
1,020
1,100
1,050
1,080
1,600
1,500

BEST AVAILABLE DOCUMENT
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It o

Raw Water System

WTP Expansion
Transnission Facilities
(uadalups Pump Staticn
Hagubimo Pump Station
Distritmtion Kaine
Internal Xetwork
Service Ceinections

Pipa Cleaning & Lining

Sub~-Total

TABLE IX - 6

Construction
Perjod

1984~£6
1985-87
198587
1983-85
1963-85
1982~85
1982-85%
1982-85
1983-86

Engineering & cmtinéonoie- 25%

Land Ceats®

Subd-Total

Administrative & Logal Fses 3%

Sub-Total

Interest during Constructions

Total Projeot Cost

INTERIM REPORT

VOIL ATTER 1 NDV 1975

COST SUMMARY (P CONSTRUCTION
STAGE ) - PHASE B (1982 ~ 87)

Construction Foreign Ex
Sost (P) m@f

14,484,000 731,060
8,500,000 1,000,000
55,429,000 2,603,000
1,650,000 120,000
280,000 31,900
20,220,000 739,000
23,274,000 616,000
6,423,000 254,000
5,820,000 125,000
136,080,000 6,219,000
34,020,000 3,555,000
170,100,000 Ty T74,000
59103,000
175,203,000 T+774,000
12,413,000 538,000
10,334,000 208,000
197,950,000 8,520,000

* Land costs are included under "Early Action Works".

IX=18
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trgoti C {1986=8

No additional works will be required at this phase for the
souroce development, water treatment plant and treated water trans-
aission facilities.

Distribution Systom. In 1986~87 new storage facilities will be
added to the distribution. The Mima storage site will be expanded
with the addition of another 5,000 cum storage faoility. A new site
will be deweloped in Lahug with the construction of a 10,060 oum :
storage tank, -

Significant expansion of the servioe will be made in the area
batween Cebu and Mandaus in 1986-89, This will be done in ocon~
Junotinn with a new transmisesion line between thsse citien. The
NGID will extend service to nsw areas north of the main highway
from Nsbolo to Hagubiao. Othsr system expansion is expescted to
ocour in lepu-Lapu, Consolacion and Liloan.

The proposed distridation pipelines in this phase are shown
in Table IX-T,.

IX~19 BEST AVAILABLE DOCUMENT
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TABLE IX-T

STAGE I - PHASE C CONSTRUCTION PROGRAN
POR DISTRIBUTION SYSTEM (1986 - 1989)

Censtruotion Desoription Pipe Node Pipo Size Pipe Length
Poriod Buber From To __(m)
1986 - 89 Lepu-Lapu 148 152 193 200 400
149 193 198 150 860
150 199 198 200 550
151 200 199 200 1,000
1986-89 Consolacion 162 137 133 150 140
164 137 135 150 670
165 134 135 150 100
166 134 133 150 100
1986-89 Liloan 174 u8 13 200 1,200
175 151 183 200 1,200
176 183 186 200 800
177 157 186 200 1,150
1986~89 Pardo 1 1 2 200 1,300
2 4 1 200 960
1986~89 Mandaue Servioe 131 121 129 250 1,300
Area Extension 130 129 123 250 1,200
108 82 78 250 800
109 88 82 250 570
110 N 88 250 600
121 83 82 200 640
324 109 110 150 860
125 118 119 1 450
107 78 79 250 780
118 13 14 200 860
120 83 8z 200 560
122 8 97 400 1,000
111 o 96 400 1,230
112 9% 95 400 850
55 8% 9 300 1,240
54 80 85 300 1,300

Cleaning and lining of the existing 714 150 mm diamster digtri-
bution maing were inoluded in the interim improvements rrogram. Clean~
ing and lining of 50 per cent (5,630 m) of more recently laid exist-
ing 150 am diameter pipslines will be done during this phase of the
recommendsd construction program.

BEST AVAILARLE DOCUMENY



DESCRIPTIVE DATA GRAPHIC .LOG
DEPTH
WELL NO. (oM ] __ CBU- 41 M) [ (FT7] CASinG STRATIFICATION
(OTHER) NWASA 18-66-07
LOCATION _WEST SIDE OF PROV. ROAD NEAR * g~ GRCUND SURFACE
BULACAO BRIDGE , TABUNOC 25 8 |25 ZrZ| BROWN SANDY CLAY
cITY o > o
PROVINCE _ TALISAY, CEBU - ' %1 MARD LIMESTONE
CONST. By _NWASA —
DRILLER P_GOMEZ 12.2 0 f==tFf=
STARTED 8.2 50 -_— ==| BROWN STICKY CLAY
COMPLETED I8 AUGUST 1986 BOULDERS
'OWNER 213 70
SuLl
e 244 | 80 Al ULD:OULDER _
BOULDERS
.0 9
CASING LIAMETER __200 MM ::4 |o: SOLID BOULDER
DRILLERS TEST DATA: [
DATE 1S AUGUST (966
STATIC WATER LEVEL __ 122 M 4.2 | 148 |
PUMPING WATER LEVEL 'Illl BOULDERS
TEST PUMP YIELD __379 LPS 'Illl
59.5 | 198 Ll
REMARKS: 4.0 210 -
PERFORATED CASING __!5:2 M , 200 MM
|
)
!
}
;
]
¢
i
BEST AVAILABLE DOCUMENT |
FIGURE YE-B-|
WELL DATA SHEET
SPRLY OF el TR AR CDM~-LWUA WELL CBU- 4]
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TABLE VII«R~2

CHLORIDE CONTENT OF WELL WATER
NETROPOLITAY CEBU WATER DISYRICP

Well Chloridel Chloride

Looation Year (ppm) Year (ppm) Pump
w Res, =

Casal Mabolo 1969 174 1975 24,0 Power
Go Thong ReB o=

Jasmin, Capi-

tal 1969 20.6 1975 29,0 Power
Ia Do Rese =

Ramos St. 1969 2006 1975 3040 Power
TO Hipodromo

St., Habolo 1970 2249 1975 39,0 Hand
U.Socu Reﬂo -

leb., P, del

Rosario St. 1970 45¢3 1975 1,978.0 Power
134 V. Rama

Ste 1970 87.3 1975 104.0 Hend
Osbu Heslth

Dept., Sika-

tuna St, 19’0 14609 1975 27400 Hand
Provinoial .
Jail 1970 200.9 1975 784.0 Hand
170 Haualili

8t. 1970 2014 1975 T04.0 Hand
110 Villa~

Southern

Motors 1970 2,328 1975 2,390 Powor

llilheln Brusll, Intrusion of Sea Water Into the Groundwater
of Cebu City, The Philippine Scientist, 1973.

BEST AVAILABLE DOGIMENT
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DESCRIPTIVE DATA GRAPHIC LOG
DEFTH CASING STRATIFICATION
VICLL NO. (Culy) __Chu-64 (M) | (FT)
(OTHTR) _
! Locarion __BARRIO NAWANAO, MANDAWE CITY ¢~ GROUND SURFACE
ciTy = =
ProviNce __CESU - -=
CCHST &Y =\ |==
GRILLER ___ ==l |—=
STAKIZD -— g
. SCPTELAZR 1955 - ==
COLPLITED ==| |==] vyewLow sticxy cLay
Ui Zet —_— p—
STETUS = |=
CALMG DVuicTER __130 MM 22 | 40 ;—+£—
% == =
,= 46 | 48 = =
bODRILLCRS TOST GiTA: ;’ hod I S
| LATE Se b 18] oRaveL
i STAVIS WITER LEVEL __122 M NI |
LR .
i 183 | 60 =~ F—
l PURININ VATSR LEVEL _122 M =] ==
TEST PUNP YIELD -3 LPS = ==
i - -
J - =
TATIR QUALITY DATA: : =l |==
= - . —=! |==| YELLOW STICKY C
WATER 1S FRESH AND CLEAR AFTER = |= Y aar
£3 KOURS OF PUMPING- == |==
Be | m o |
ST | LIMESTONE AND
o o
REIMARKS : 3+ [har] GRAVEL
366 | 120

YATER LEVELS WERE STRUCK AT 43 M
BELOYW GROUND SURFACE AND AT 338 M
BELO¥/ GROUND SURFACE-

PEASIBILITY _8TUDY FOR .VAT R
SUPPLY OF TEN PROVINCIAL AREAS

CDM-LWUA

BEST AVAILABLE DOCUMENT

FIGURE YI[-B-2
WELL DATA SHEET
wELL CBU-64
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DESCRIPTIVE DATA CRAPHIC LOG
DEFTH CASING STRATIFICATION
WELL NO- (CDM) __CBU-7I (M) | ¢FT)
{OTHER)
LOCATION __SOUTH ILAYA , BO. COTCOT ¢~ ~GROUND SURFACE
LILO= AN ‘ =l 1=
Ty =] |5=
PROVINCE .__CEBU == |==
CONST. BY =1 |=
DRILLER == ==
STARTED ==| |[==| veLLow sanov cay
COMPLETED JULY 1963 L e
7.6 25 | =
OWNER iy Ml e
=5 (52
STATUS foda B pvey
CASING DIAMETER __100 MM 22 [ 40 po=y P
DRILLERS TEST DATA! == |==
DATE ==\ ==
7.6 M - |==
STATIC WATER LEVEL == 1E=! sue cay
PUMPING WATER LEVEL 3 M — =
TEST PUMP YIELD 98 LPS =l ==
238 | 78 [ [ FINE SAND
28.0 82 i B
WATER QUALITY DATA: 262 | ee |ern] [|Yels] SAND 8 GRAVEL
pH = 74 CERNR I .
ODOR & UNOBJECTIONABL ! -] FINE SAND
COLOR = 5 UNITS SR
TASTE 3 UNOBJECTIONABLE 289 | 98 I—=1iIr==
TURBIDITY = 5 UNITS a7 | 10a |=Z=hW|==| BLACK STICKY cLAY
ALKALINITY = 119 320 ' 108 —————

BICARBONATE s 145.18

ACIDITY s 20

FREE CO; = I7.6

CHLORIDES s 16

_IRON = 0.I5

CaCoj » 293
GOOD FOR DRINKING , LAUNDRY AND
BOILER. EXAMINED ~ JULY 8, 1963

'REMAR! S:

LEAGTH OF SucTioNn __14.3 M

PERFORATION .34 M

SPECIFIC CAPACITY _©% LPS/M

< —

FEASIDILITY S8STUDY POR WATER
SUPPLY OF TEN PROVINCIAL AREAS

CDM -LWUA

BEST AVAILABLE DOCUMENT
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Construotion

CAPITAL COST SUMMARY

Construction Total Project Forsign Ex
St Phase Period Cost (P) Component Zusgf
Early Action Works 1976~77 4,690,000 5,400,000 210,000
Intorim Improvements 1976-78 8,655,000 10,820,000 576,000
I-A 1978-82 442,556,000 696,530,000 23,150,000
B 1982-87 136,080,000 197,950,007 8,520,000
c 1986-89 39,645,000 58,647,000 1,818,000
B 1995-99 65,364,000 104,010,000 3,096,000
TABLE IX-13
ANRUAL OPERATION AFD MAINTENANCE COSTS
Annual Costse (P)
Itep 1982 19% 2000
le Souros Facilities 2;690,000 2,760,000 3,480,000
2+ Water Treatment 1,990,000 2,710,000 4,320,000
3+ Transmission &
Diatribution 1,170,000 2,350,000 3,820,000
4. Administration 800,000 900,000 1,000,000
S5« MNiscellansous 200,000 300,000 400,000
Totals 6,850,000 9,020,000 13,020,000
” r: »7' ; \ o . ’
BEST AYNLABLE DOCUMENT
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He SEWERAGE/DRAINAGE CONCEPTS

General

All the commmities in MOCWD lie along the shores of Bohol
Strait or the Camotes Sca. Lapu~Lapu City is nearly flat, with
very gradual slopes from the shoreline to a maxioum elevation of
about 10 m above mean sea level in the center of the island., All
of the other municipalities in the MCED are in coastal settingn,
with altitudes varying from near sea level at the shore to 50 m
or more in the more inland portions.

Existing Drainage System

There are no adequate sewerage and drainage facilities for
any of the cities in the MCHD service area. Hany residences and
establishments have septic tanks with effluent being discharged
to open drains and storm drainage conduits, which ultimately
drain into thea Bohol Strait and Camotes Jea. Except for Cebm
and Mandaue, piped drainage systems of any type are limited to
small gravity~flow storm drain systems in tho contral market and
commercial areas of each oczmunity. Though nominally restricted
- to storn uater runoff, these systems all receive substantial
sanitary sewage and effluent from septioc tanka, through many
direct connectioms or seepags from overloadsd subsurface disposal
faoilitiesn,

in Compostela, Consolacion, Liloan and Lapu~Lapu orzil dite
ches and swales on grade convey runoff to local chanuela draining
to the bay. Relative to the densely—-developed urbanizad aren of
Cebu-Mandaue, the smaller commmities have leas general tendency
toward flooding, as paved areas are relatively craller in extent,
Also, surficial soils are generally more granular in the outlying
comaunities, so that a greater percentage of rainfall percolates
into the ground. In the Cebn City area the upper soil cover is
clayey in nature, tending to meke surface runoff larger.

Hany principal streets in the central section of the urban
area cf Cebu City have a piped storm drainage system. Thege
drains discharge to the 3 major natural watercournes passing through
the city (the Subangdako, Guadalupe and Kinalumsano Rivers) and
directly to the Bohol Strait along the shoreling. Howover, most
areas in the City are drained by open ditches and earth channels,
The City has considerable topographic relief in the areas to the
west of the downtown commercial zcne, but the older seotion of the
poblacion, the port, and other land reclaimed from the harbor are

BEST AVAILABLE DOCUM: 7
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all very flat. All the drainage arrangements rely on gravity
flow. During and immediately following periods of intemse
rainfall, brief flooding is experienced in these low-lying com-
mercial areas, especially when severe storme coincide with high
tides in the receiving waters,

Portions of the river channels passing through the urban
area are essentially dry in the dry season. This is espacially
true in the area to the west of the commercial center of the
city, as these waterways are at higher elevations and are
charactaerized by steep channel gradient toward the shoreline,

In the flat low=lying areas along the shore howsver, these rivers
are sluggish, and very objeotionable nuisanos conditions prevail,
due to the large amount of wastes conveyad.

Except for Lapu~-Lapu, topography of the MCHD area 8lopes
s8teeply toward the shore, and flooding doss not appear as serious
ar in many other cities in the Philippines, However, existing
facilities are inadequate and floods of short duration do occur,
with most of the attendant damage occurring in the low~lying
areas. With sanitary sewage (wastewater) being discharged into
the storm drains, contamination of the environment is prevalent,
creating serious health hazards and conditions conducive to breed=
ing mosquitoes and for the propagation of water-borae diseases,
Since gredient of many draing in the low areas is flat, the con~
duits and chanaels are often plugged with soil and debris adding
to the polluted conditions, There is dlso potential for polluted
waters to percolate into the subsoil, contaminating the groundsater
in the vicinity of thesge waterways,

The Central Cebu piped drainage system suffers from lack of
plauning. For many yoars, there has been no coordinated drainage
nmaster plan; available drainage facilities are not put to optimm
use.

Available drawings of Cebu drainage facilities are very
incomplete, both in regard to area covered by the system, and
with respect to many details of facilities which have teen conge
tructed. Drawings indicate a basic Cebu City drainage system was
designed in 1940, including about 50 km of conocrete pipe
ranging freom 150 mm to 1,100 mm in diameter with gravity flow out-
falls to Bohol Strait in the port arca. Existing drainage system
inlec ts, manholes ang appurtenaat structures are seen throughout
the central area of Cebu, encompassing the entire area for which
the 1940 design was brepared. Howsver, records do not indiocate
wihether or not this original system was constructed in substantive
conformance with the design intent on these recorded drawings,
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Rumerous additions were made to this system over the yaara+

The Buarean of Public Works Manila design office prepared a
master plan for drainage in a portion of Cebu City in 1956, btut
available records suggest there has been no updating of the con-~
cept and detail for many years.

Relationships with Infrastructure and Other Ingineering and
Boonomic Factors

The provision of cowerage and drainage facilities in these
MCWD communities has a significant impact on water supply and
other infrastructure. On the other hand, econcmios (that is,
"ability to pay") and pudlic health affect the feasibility of
providing aewerage/drainage either on a geparate or a combined
basis. Beoause of its location, any system of public sewerage
in this coastal area will include somc form of discharge, treat-
ed or otherwise into either the Bohol Strait or the Camotes Seas

As stated before, alternatives for water supply sourocss in
the NCWD area irciude g.oundwater from deep wells. Discharge of
Bewage and surface rw . f into the open channels and creeks may
hzre potential for pollution of walls in proximity to such dis-
charges to a greater degree than is usual, due to local geology
and well construction practice. Existing MCID wells in the Cebu
City area tap a fundamental limestone complex which forms an ex-
tensive mantle overlying the basement structure beneath the city.
This limestone series is in turn blanketed with surficial sedi-
ments which are stiff clays and sandy clays varying from about §
m %o 25 m in thickness over the core city area. Looal well drille
ing has almost exclueively be.1 done with cable~-tool percussion
cjaipment. In most casos there is neither a surface casing nor
grout seal of the immer cesing in the clay layer which exis’%s be-
tweea the ground surface and tho top of the aquifer, Well come
pletion has customarily coneisted of pouring a concrete collar
eround the top of tke casing at ground level, with a slab on grade.
There is potential pollution of those wells which ar: immediately
adjacent to drainage ditches conveying wastewaters, This pollu-
tional threat is expected to increase as the water supply avail-
ability improves,

Beocause of the common topography and reletionship with the
bay, any form of centralized wastewater disposal in MCWD will
aecessarily involve dischirge of effluent, treated or othervise,
into the bay. I is therefors immediately apparent that oceano—
graphic investigation of the bay will be neocessary tc determine
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its ability to absorb these wastes, as this ability has very
great impact on whether or not treatment will be necessary, and
if 8o when and what degree will likely be needed.

The 1970 census reported 32 per cent of the households in
the MCWD had flush toilets. However, such plumbing is con~
centrated in the Cebu~Mandaue urban area, as shown in the fol-
lowing table,

Total Foe Households
Community of Houssholds with flueh toilets ~ Ratio (%)
Cebu City 56,032 23,172 41
Mandaue City 9,658 2,347 24
Lapu~Lapu City 11,781 1,153 10
Liloan 4,123 111 17
Consolacion 3,120 343 11
Compostela 2,588 218 8
NCGID Overall 87,302 27,944 32

Experienoe has shown that, as a general ‘rule for core city
areas where population demsities exceed 35 to 50 persons/ha a
public sewer eystem may be economically justifiable as opposed
to septic tank systems.

By 1980, the core city area of Cebu and Handaue will have
densities much more than that of Lapu-Lapu, over 50 perscns/ha;
while Consolacion, Liloan and Compostela will have overall den-
sities less than 25 persens/ha. At that time Cobu, Mandaue and
Lapu-Lapu may be able to Justify a public sewer system while
the rest may have to wait a while to increase densities and homes
with water-borne olosats,

Projected Wastewater Volumea

Hastewater production, like water supply demand, tends to
be concenirated in the core city area of Com, where tha density
of structures with water—borne waate disposal systems is higher.
This core ocity area largely coincides with the area gerved with
the existing piped storm drainage system, For this central
Cebu City area, estimated potential connections for a sanitary
gewerage system have been projected to be as follows:
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Wastewater, cumd

neéign % Sewered of Domestic Allowanoe for

Year Water Connections Com,/Inst, Industrial Infiltration Total
1950 9 59200 3,700 1,300 10,2
2005 24 22,200 4,300 6,000 32,500
2025 47 734000 9,000 18,000 100,000
Alternatives Available

|
i Before dacisions cun be made on the implementation of drain-
and/or sawerage facilities, it must be decided whether the

works should be designed on the basis of separate piping for
storm and sanitary wastewater as a combined system. Although the
studies nececsary to determine the most economical system (or
combinations) have not yet been undertaken in Cebu, experience
elsevhere in urban Asion commmnities of similar size and economio
development indicaies that it is unlikely that such a low por—
centaga of modern toileis would Jjustify sconomically an immediate
orfearly gewering program, particularly on a separate basis, The
raticnale for the provision of wastewater collection facilities
hes tradiltionally Ueen based on aesthetics and public health
beaafita, In addition, provision of a financially self-supporte—
ing sewcrage oysien is poldom achievsd cven in developed nountries,
It!ic likely thiat MGD will be no excaption to this experienca.

At the prescnt, there is a distinct water supply shortage in
the HCM. Ao ihe vater supply problem is resolved, wastewater
volumes will increasa, Related public health and aesthetic probe
lems will in {urn compouna end aggravate the wastewater problem,
Taking into aocount the area's ability to pay and its needs, im-
Plementaticn of infrastructure facilities appears to be in the
following ordar: 1) water supply, 2) drainage of surface runoff,
and 3) wastcuater.

Crlizun leyout of trunk sewers and draing is greatly affect-
ed by topozreplty, with pipes ideally following the natural drain-
age 3lecpz of the ground to nminimize sewer depth and need fopr
pumping. Hcoievor, in urbaniced coastal aroas guch as that between
Talieay and Fandove along the Pohol Strait, it is important to
seloct truart server alignments canforming to a long-range plan,
Tais is esneciclly true in view of the configuration of the Strait
which mey restriot the natural flushing action of the tides. The
minirun~-investrent scheme initially may be a trunk sewer and sepa—
rate outfall in each major drainage basin in each community. Ooean—
ographic studioes will help define the total wastewater load which
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can be assimilated in the bay water concerned with minimal effect
on aquatio life, or nuisance and public health problems of a
degree which would not be tolerable to the communities. Such
studies, coupled with more detailaed projections of the volume and
nature of the wastewater 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

a8 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 t=unk moins and outfalls be
8o located that wherever possible they may ba readily adapted to
conveying waste to a central disposal plant if such bscomeg neces—
sary in the long-term future.

Very preliminary conoeptual trunk sewer basins, pump stations,
and outfalls for the Talisay-Mandaue stretch of Bohol Strait are
showvn on Figure

Treatment requirements cannot be defined until a drainage and
Bewerage master plan, including assessment of the waste~absorbing
potential of the Strait, is completa.

Planning concepts should be guided by tlie following:

1) Minioum cost (with the absolute limit of the ability of
the District to build and operate the system within the
rescurces likely to be available).

2) Optimum eoconomio staging of combined and separate sewers.
At some (or all) stages the most economic systems may
include both types, or combinations.

3) Maximm use of the natural ability of the Bohol Strait
to assimilais untreated wastes, and to minimize the com—
plexity and cost of any treatment whichis requireds
Ooceanographic studies will be neoassary to determine this,

4) Minimize number of pumping stations required,

5) Hake 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 aoquire land well in advance of the time vwhen
design of each successive elewent is undertaken.
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7) Devalop viable financing plans for each stage of the
works, including measures to equitably distribute costs
between domestic, commercial, institutional and indug-
trial properties served and the general public,

Capital cost of even first stage improvements to the sewera,gn/

drainage arrangements in <the Cebu~¥andaue core city area will be

substantial, While the detailed planning for these works is be-

yond the intent of this report; several alternativen which should
be evaluated in a master plan are apparent.,

1)

3)

4)

5)

6)

Combined or separate system. Population density in this area,
at present, is on the order of 200 persons/ha, predicted to
increase to near 300 by the year 2000, It is thus apparent
that no type of subsurface disposal systems will be workable
at this density, with the clayey surface soils oommon in the
area. Optimum systems should bs determined for:

éa; dreas with piped storm drainage.
b) Areas without piped storm drainage,

Gravity flow or pumped outfalls;

Location, sequence and size of pump stations and interceptor
8ewers which may in time become necessary;

Nore oomplete treatment with short bay outfall versus very
minimum (i.e., 8creening of soarse solids, etc.) treatment
with longer ocean outfalls;

Effect of storms on adapting existing combined sewers to an
improved system involving pumping stations and/or treatment
units. Impact of storm runoff on reoeiving waters under these
oconditions;

Flood control in the high-value commercial districts. Eva~
lnation of existing drainage system, to include preparation of
aoourate and comprehensive as~built drawings of the existing
pipi.ng-
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Recoomendations

As soon as the first phase water supply program is underway,
2 comprehensive sewerags/drainage feasibility atudy should be
‘underteken. This study must eddress tbe issue of combined vs.
separate sowers. It should incorporate oceanographic studies re-
lative to merine disposal of wastewaters into the Butuan Bay.
It should aiso update the population and water demand projections
of this water supply study.

Onoa ths decision hao baen made to usseithor the combined or
ate system, the water distriot must embark as expsdiently
as possible, into a street sewering! and houss connsoction program.

A plumding cods should be dsveloped by the MCWD to coordinate
plumbing requirements for water, wastewater and surface rmmoff fa~
cilities. This code bacomes very important snd meaningful parti-
cularly vhen a ssparate syotem of sewers is adopted.

In the meantima, a house-to-house survey should be éonducted
to inventory existing wastewater and toilet fanilities. As-built
drainage of storm drains and peripheral canals must he compiled
and accurately recorded in proparation for the sewerage/drainage
feasibility study.

For reasidsnoe 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-
expsnsive water seal squat typo toilet; developed by the Department
of Health (Division of Enviroumental Sanitation).

ll'ho rate of sewering is influenoced by the following factors:

l. the limited rate looal etreet sewers can physiocally be
constructed by available foross within acceptable traf~
fic disloocation.

2. the adminisirative and social constraints cn the rate
at which premises can actually be connected to the sewer
syetom.

3¢ the availability of funds.
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I. MANAGE¥FENT OF GROUNDWATER SOURCES

The basic problem of groundwater management in the MCWD is ¢
provide as smoh water as possible, bsfore surface water becomes
available. HNo further MCWD wells should be allowed in the aress
of heavy pumping in Cebu City and Mandaue and those wells thut show
marked increase in salinity should be permanently retired to inhibit
the salinization effeot in the local aquifer. Necessary additional
water for replacement of that from saline wells may be ohltained
from the Kananga River and Kotkot River areas.

Al11 operating wells should be monitored to provide records of
time and rate of pumping, quantity pumped, pumping water lavels,
static water lavels, and water quality, to aid in refining prediot-
iona of safe yield and to determine the progress of salinization
of the aquifer,

The period immediately after surface water supply is available
to MCWD provides ths opportunity to temporarily remove some wslls
from servicc. Thia etep will save the expense of well operation and
permit the full groundwater recharge to flow through the areas of
bsavy pumpiag in order to restore the artificially lownred water
table (or piezometric head) and to flush the salinized aquifer out
with fresh water. In ordsr to extend this rejuvenation poriol as
long as possible (when it beccmes nsogesary to use again o
water to supplement surface wa. r due to demand increasef the
wells distant from the core city should be reactivated first and
phased into the asystem again. During the period of well shutdown,
the pumping units and all equipment and facilities omst be carefully
maintained so as to minimige doterioration. Each pump should be
given routine operating tests as part of preventive maintenance.
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TABLE VII-~Bwl

WATER WELL DATA SUMMARY
KETROPOLITAN CEBU WATER DISTRICT

Nominel Depth from Ground Surface (m) Test Specifie Yoar

Fumber Location Diameter Total  Cased SWI!  Test PWI? TYield Capacity Completed Remarks
(xm) jlml flz[nz
CBU=1 Kinasang-an
Pardo 250~200 30 23 446 MCWD
CBU-2 Jones Ave,,
Abellana 250 62 46 15.5 2800 3105 205 : MOND
CBU-3 Capitol 250 74 %5 2563 341 12,5 1.4 1956 MCWD
CBU-4 Camputhaw 250-150 82 66 244 1963 Throttled
MCWD
CBU-5 F. Ramos 200 76 63 27.7 6.6 1957 Abandoned
¥ouD
CBU=6 Cuadalupe CFD 200 68 60 18,3 1958 Throttled
XCWD
CBU~T7 Lahug Rotonda 200 102 89 4244 1958 m’l‘hrottled
CBU=-8 Ramcs Super-
market 200 104 92 14.6 252 1959 MNCHD
CBU=-9 Parian 200 53 47 1202 MCWD
CBU=10 Warwick Barracks 200 20 18 3,0 1964 MCWD
CBU-11 V., Rama 250 61 49 1301 32,3 17.7 009 1964 Tllgttled
|
CBU=-12 Bulacac Pardo 250 64 48 Te3 15.8 1964 Out of
_ Servioe MCWD
CBU~13 P, Llamas 200 67 64 9.4 15.8 1965 ¥OND
CBU=14 DPeleez Girl
Soouts 200 647 617 1242 Abandoned high
C1 ¥CWD
CBU=15 Sikatuna
Za.pa.tera. 200 61 56 505 805 2604 808 MOMD

Statio water level.
zPup wator level, BEST AVAILERLE GOCURENT



LA/

Fumdber Loocation

CBU=-16 Eatipunan
labangon

CBU=17 Adalfa

CBU-18 lahug
leberatory

CBU=19 Iahug IIT MA

CBU=20 XN, Voles

CBU-21 (Guadalupe Church

CBU=22 Sangoiangoo

CBU=23 Don Jose Avila

CBU=-24 (Gen, Maxilom
(uso)

CBU=25 South Express-
wny

CBG-26 ‘Falamban (Ta-
cean )

CBU-27 Cebu Royal
Plant

CBU~-28 Pepsi Cola
Plant

CBU-29 SS8 Bld, Jones
Ave,

CBU=30 Pirst BEugine
Rebuilder

CBU=-31 Paradise Vil,,
Banilad

CBU-32 Silver Hills

CBU=33 Rozen Bldg.

TABLE VII-B-1 (Cont'd)

Nominal  Depth from Oround Surfaoce(nm) Test Specific Year
Diameter Total Caeed SWL Test PWL  Tield Capacity Campleted Remarks

] {ips) @

200 61 53 3e4 4660 1965 NCWD

200 62 58 20,7 NCMD

200 81 71 38,1 5066 51 0.5 1964 Throttled
MCED

200 101 80 40.5 4346 12,5 440 MOND

200 78 62 24,4 : 1964 MCWD

150 79 62 36.6 10.1 1965 No paonp
NCMD

200 52 37 170 12,5 15.4 2.8 ¥OMD

200 75 61 6440 No dis-
charge
MO

200 75 60 17.1 3062 Te2 0e5 1964 MCMD

200 76 73 6617 Fo dig-
charge
MC¥D

112 8.5 To3 449 0e6 1956 ~ MCWD

200 61 61 5e7 1972

200 30 30 12,2 1548 1964

100 43 43 8,8 110 1971

200 17 17 6.1 6ed 1974

200 76 T6 2549 29,6 ' 1965

200 92 92 47.2 5142 1974

46 9.1 10,1 1974



TABLE VII~B-1 (Cont'd)

. Hominal Depth from Ground Surfacs (m) Test Specific Year
Fumber location Diameter Total Cased SWL Test WL TYield Capavity Completed Remarks
¢ {ips) (ips/m)
CBU-34 San Miguel A
Complex 114 114 Cel 9¢6 1544 4.4 1967
CBU=35 San Kiguel .
Cmplex 114 114 140 1809 13.3 27 1967
CBU~36 San Higuel
Complex 107 107  17.3 18,7 12,0 806 1967
CBU=37 8an Miguel ‘
Complox 111 111 83 10,5 10,7 4.9 1967
CBU-38 San Miguel
Complex 136 136 19.4 23.1 15,8 403 1970
CBU-39 Bonifacio St,, :
Mandaue : 122 122 13,6 2260 15,0 1.3 1974
CBU~40 Herman Cortes St,.,
Cabancalan 122 122 16,8 26.1 29.8 3.2 1974
CEU-41 Taiumoo, Talisay 200 64 59 149 379 1966
CBU=42 QGen. Maxilom &
Gen, Echaves 200 91 81 10.7 12,6 1964
CBU~43 San Nicolas,
Plaza 200 46 41 2.7 1961
CBU~44 Lapu-lapu City 1244=1446 2 wells,
high Q1
CBU~45 Campar,; Pardo 100 21 16 9.8 13.7 Oe6 0e2 1971 NWASA
CBU-45 Boo. Catahu-an,
Talamban 112 29 24 10.5 1.3 1957 NHASA
CBU~47 Bo. Banilad,
HMabolo 37 30 22,9 1957 FWASA
CBU-48 Upper Banilad 100 33 30 27,1 005 1957 NWASA
CBU-49 Quiat, Pardo 100 22 20 9.8 10,7 0¢5 0¢6 1957 NWASA
CBU=-50 30. Majon, Tisa 100 30 29 1648 174 . 11 1,8 1958 NWASA
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TABLE VII-E-1 (Conttd)
Keainal Depth from Ground SBurface(m)  Test Speoific Yoar

Fumber Looation Diameter Total Cased SUL Tost ¥L Tield Capacity Cempleted Remari
Qps/n)
CBU~51 Camp Lepu- .
Lapan 200 73 T2 32.9 34.7T 3,8 201 1958 NWASA
CBU~52 Bo, Nasipit 100 49 g7 2549 1,1 1958 RWASA
W3 800 cﬁnloy, . -
Tisa 100 23 22 14,9 155 1.1 1.8 - 1957 RWASA
CBU-54 Caxp Lapu~Lapn 75 65 42,7 13 1955 NWASA
CBG-55 lamg 150 49 48 335 3444 1.1 1.2 1955 WIASA
CBU-56 Hambaling, ' _
8an Niocolas 200 - 35 ig 32,.'!. 31292 6¢3 0.8 1958 EWASA
CBU-57 lahug 150 55 305 ° 1.3 0e4 1955 NNASA
CBU=50  Binaliw 100 46 Ky 4 274 29,0 03 0.2 1953 MuASA
CBU-59 Camputhao,
lahug 100 28 21 19,2 1957 RWASA
CBU=60 GCamacho Res,, :
Gapitol - 75 50 49 3507 3606 003 0e3 1968
CBU=~51 Kear Capitol 91 : H¥ASA
CBU=62 Bo, Pardo 250 26 20 406 AMASA
CBU3~63 Boe Guiso,
Mandaue 150 34 33 13.7 1.3 1955 KWASA
M Bo. llaltanao, .
Mandaue 150 37 k.| 12,2 1.3 1955 EWASA
CBU-65 Bo. Cabangkalan, . - -~
Mandaune 150 22 21 10,7 11.0 1,6 5.3 1954 FWA3A
CBU=66 Boo Poo, Mandaue 150 30 30 16,7 11,0 1.6 563 1954 HWASA
CBU~ET Boe Casili, Cone _ .
sclacion 150 17 15 10,7 103 1955 RWASA
CBU-68 Boo Tugbungan, .
Consolacion 100 29 23 1648 1857
CBU-69 Boe lamak, Li~
loau 150 27 22 12,2 1.3 1955 . KWASA
CBU=T0 Eo, Catarman, A :
Liloan 150 20 20 15,2 16,2 1.3 1.3 1954 NdASA
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b)

Number Location

CBU~T1 Ilaya, Cot
Cot. Liloan

CBU=T2 Tayud, Liloan

CBU~T3 Boe. Canamuocan,
Somportels

CBU~T4 Tabunao, Talisay

CBU~75 Bo. lus

CBU~7S Hame for Blind
Banilad

CBU~T7 Salinas Dr,,
lahug

CBU~T8 Nursss Home

CBU=~T9 Bazak Elem.
School

CBU=80 ILabangan Elem,
School

CBU~81 Hipedromo

CBU-82 Country Club

CBU-83 Guadslupe Church

CBU=-84 Tisa

CBU-85 V., Rama

CB-86 lahug Runway
Tip

CBU-87 San Miguel
Brewery

CBU~88 San Nigusl
Brewery

CBU-90 Power Plant
SCU

CBU~91 Fathers Quarters

3cu

Jominal
Diameater

100
100

150
200
250
250

250
250

250
250~150
250
250

250
250

250

150

150

TABLE VII-B~1 (Cont'a)

Depth fram Ground Surfacs (m)
Total Cased SWL Test WL
32 32 Te6 9el
24 22 12,8 1304
43 37 9.1 10,7
52 14.3
107 10T 25,0
123 117 2744
123 122 33,5 .
76 76 2549 28,0
67 66 406 41,1
76 762 9.1
76 1242
113 113 25,0
122
122
24 18 8.8
If\
v BEST AVA

Teat

Yield

006
0.4

0.9

Te6
603

Specific
Capaocity Completed
Lps/m)

0.4
067

0¢6

3.6
062

Year
Remarks
1963 NWASA
1963 NWASA
1955 NWASA
1974 Munioipal
1974 Municipal
1975 Municipal
1975 Munjoipal
1975 Kunioipal
1978 Municipal
1975 Municipal
1975 Mmioipal
1975 Muniocipal
1975 Municipal
1975 Mmicipal
1975 Municipal
Abandonsd
high €Y
1956 1,578 ppm
c1
1961 1,058 ppm
Cl
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TABLE VII~-B-1 (Cont'd)

Noininal Depth  from Ground Surface (m) Test
Number Location Diameter Total Cased SWL Test PHL Yield
slgs{

CBU=92 Near Perpetual

CHU-93
CBU-94

CBU=95
CBU~96

CBU-97

CBU-98
CBU--99
CBJ=-100
CHU--101
CBO0~102

Succor Hospital
Fe Jaca Ste, Pardo

Int. Cebu So. Express—
way near Bassk Elems
School

Punta Princesa

JoM. Basa, Cafiete
Side, CIT .

Tisa Kepakulsn
Sta. Ang, X

B. Rodrigues,Sre

T. Villa

Hippodromo

Barrio laz

Labangon Elam,Schocl

BEST

A :
A nh.‘l".r».é; L/\}UUH! ?5

Specifio Year
Capacity Completed Remarks
1ps/m

32 ppmn
Cl1

98 ppm
cl

35 ppm
Cl

16 ppm
c1

156 ppm
cl

34 ppm
Cl

40 ppm
71901
50 m
19 cYp‘”

23 ppm
Ccl
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Iype
Streanflow!

Rainfall®

Bvaporat i.cm1

Locatjon

Balamban River
Balamban River

Kotkot River
Pitogo River

Carcar River

Sapangdaco River

Baask River

Mantayupan River

Cetm

Cotabato

TABLE VII-0=1

Station

Liki, Cebu

Insaran, Cebu

Halao, Cebu
Consolacion,
Cetu

Carcar, Cebu
Toledo, Cebu
Dadian, Cetu
Barili, Cetu

Cebu

Lahug
Montalongan

dinglanilla
Hadellin
Talisay .
Barili

Quezon City
Manils
Catarman
Quinapondon
Doelliman
Tagbao
Orang
Dahile

Qsn, Santos

Agunan del Sur hmam

ll-"rom the Buceau of Public Works.

KETEOROLOGICAL STATIONS

Type_of Record Period of Reoord

Recorder
Recorder
Staff gage

Staff gage
Staff gage
Staff gage
Staff gage
Staff gage

Ron recording

1956=57
195769
1957-61

1955-T7
1955-66
195566
195556
1956-56

1920-40
1966=T4
1956-14
1956=74
1966~74
1966=74
192840
1956-59

1965-68
196365
1966-72
196165
196165
196465
196165
1964~65

1961-=65
196165

zProm records of Philippine Atmospheric, Geophysiocal and Astronomical
Services Administration.

BEST AVAILABLE DOCUMENT
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TABLE VII~gmp
RAINFALL REQORDS
ST2TIQIS 1IN CEBU
(in millimeters)

BEST AVAILABLE DOGUATENT

TOTAL
LiR Jil B HAD AP 1LY JUK JUL 4UG SZP? _ OCT 110}’ LG JINULL
CEBU CITY
1920 - 58,8 103.2 155 93.9 7903 62,1 32 251.8 131.2 212,5 53,7 -
1921 114 16544 8.3 24,7 235.5 208.5 211.1 328.7 259.7 1463 272.3 98,9 2147.4
1922 2600 74,8 96.9 5668 192.7 187.1 2276 5042  131.3 2506  143.5 1567 1833.9
1923 212.5 14.0 91,3 84.9 15.3 69 116.2  150,5 83¢3  194.5 141.,6  29.6 134044
1924 9603 13.8 5402 13,8 13,4 2167 132.7 196 178.4 259.9 254.9 326.6 2001.5
1925 1479 200.5 51,8 101.4 - - - - 132,9  173.9 150.5 61 -
1926 126.6  43.4  37.9 4¢3 7 89.8 124.8 228.3 309.2 242.7 149.7 110.5 19,2 138,3
1927 - - - - - - - - - - - - -
1928 1711  194.4 5601 - 178,8 150e3 249.4 104.3  45.4 126.6 216 119,2 -
1929 125.9 12,3 59.6 113.9 158.3 162,8 221,83 128.7 68,7 - 88s3  143.5 -
1930 638 - 22,6 5161 6947 166.1 82 109.9  179.7 Tle6 14504 129.6 -
1931 94.8 28, 36:2 - 2.4 70,9  143.2 208.4 82,1 20T7.4 297.4 259.1 113.3 1544.0
1932 86e3  43.4 12,1 1401 88.5 154 217.3 106.8 236,3 94.8 215,8 86,8 135602
1933 - 122,9 60l = 62,0 212.8 177.9 249.4 - 303.6 - 76.0 -
1934 44,8 218.1 81.8 107.8 200.7 T2.5 202.8  323.5 125.5  87.6 165.2 210.3 1840.6
1935 - 1547 14.3 5804 21742  177.9  156e5  73.3 172.8  155,9 73.7 42 -
1936 139.5 23.5 5443 39.9 8309  180.7 117.9 115.5 113.2 116.3 52 - -
1537 T342 17,8 100.9 397 9301 10063  339.3 170.3 261.8 118,9 135,1 5501 1573.5



TiBLE VII-O- 2 (continued)
RAINFALL RECORDS
STATIONS IN CEBU
(in millimeters)

YEAR JALY P B MAR AP MAY JUN JUL AUG SEPT .OCT l'ov 200 ’IZTC.?;PI;.LL
1938 - 68,2 117.9 221.7 197.9 388 135 66,9 237.2 292,9 171,6 91,0 -

1939 262,4 91,3 66,8 2448 209,77 24645 137.6 679 128,8 161.4 169.4 267.3 1828,9
1940 56.6  32.4 124 76,4 83.4  169.3 1412 199 - - - - -

1966 7003 38,4 8,0 24,5 271.8 125.2  305.2 214.8 142.5 202.1 208,9 161.8  1773.5
1967 463.T 735 778 1244 57,7 187.9  180.4 98,5 113.0 107.1 1393  59.6  1570.9
1968 5Tel 5604 581 32,6 5ol 14446 115.7 1349  177.3  14Te6  265.2 /1.1 1236.3
1969 115 4.8 26,5 5.5 545 172.5  103.7  18L5 1.3 £9.0  47.5  66.2 9045
1970 51,8 22,8 17.6 17.0 43,8 239.6 238,7 12,0 98,1 197.5 231, 152,.0 1452,.0
1971 841 535 214 86.0 194.0 30L5 1370 961 253.4 295.1 138.4 7.7  1726.2
1972 253,.2 1608 83.7 82,7 126.7 16663 86,8 194.6 249.1 10043 100,2 7005 1530.9
1973 123 70,0 2044 10,8 28,4 154.1 23444 172.1  315.5 109.7 480.3 112.8  1720.8
1974 6746 13705 1134 35,2 = - - - - - - - -

BEST AVAILABLE DOCUMENT



TABLR VII-0~2 (contimmed)
RAINFALL RECORDS
STATICNS IN CEBU

(in millimeters)

A4/

YEAR JAN FEB MAR APR MAY TUN JUL AUG SEP OCT NOV DEC A%
LAIUG
1940 83.3 47.6 21.2  119,8 80,6 235.4 173.5 25542 - - - - -
1956 56e4  11.2 49,5 174.0 262,9 164.6 9162 160,0 89,7 158,0 134.9 229.9 1582.3
1957 696 1435 48,5 SL> TL2 158.0  200.7  142.0  73.2 146.0 104.9 20,6 1169.5
1958 160,3  36.1 117.9  40.4 1265 60.4 13947  209e3 10544 15244 (3.7  97.8 1320.2
1959 - 51¢4 57«7 41.9 49,5 Tu.1 227.6 258,3 2550,0 133.1 155.4 130,0 -
1960 62,7 48,5  T8.0 175.8  48.8 2169  247.1 2421 290.8  134.6 1722 19,0 1736.5
1961 4304 3646 2940 56,9 9943 1476 22255 91e5 160.8 26144  141.2 96,5 1397.7
1962 47.5 193.8  73.2 18,8 13u.3 19y.4 19508 367e5 14808 155.7  172.0 43,9 1746.7
1963 6706 2441 7449  89.2 20.5 117.4 22941 18642 290.8 241.0 102.6  45.5 1613.1
1964 67¢3  145.5 38,6 97.8 221.0 227.1 25648 65¢3 194.8 272,5 381,0 69.6 2037.3
1965 795 104e4  177.3  63.5 23.4 233.9 9560 223.5 . 127.2 279,86 127,83 132,3 1667.4
1966 79.5  35.8 8.4 29,3 315,2 117.6 370.1  231.9  162.3  241.2  275,9 204.2 2081,
1967 460.3 7341 69,7 25.0 52.4 171.4 174.1 88,5 140.8  175.3  142.3 7.8 1650.7
1968 593 18,0 60,5 19.3 6.1 116.6 132,0 24.8 2549 500  363,7 62,1 893,3
1969 11,5 561 51e4 56,7 82,5 236.5 10544 164.7 20106 95.6 52,9  97.6 1161.5
1970 60,1 39.0 24,9 14.0 65.6 275,2 254.6 217,86 98e6 25642 249.4 132,7 1687.9
1971 106.8 5643 2642 55,7 126.6 342.6 141.8  134.0  326.7 300.4 132.3 108.4 1857.8
1972 29841 15.0  87.7  75.7 131.0 202.1 59+4 26544 238.9 107.2 116.4  79.3 1677.5
1973 15¢1 75,5  23.9 9.1 29,6 181,0 285.6  195.5 - 105.4 568.7 128.3 -
1974 5244  128,3

2ol AVAILSRIE COCUMENT



b/

TABLF VII-0-2(continned)

RATHFALL RECORDS
STATIONS IN CEBU
(in millimeters)

YEAR - JAN FEB___ NAR APR  MAY  JUN JUL AUG SEP oCcT NOV DEC fgﬁﬁzg
MONTALONGAN

1932 - 106.4 112.2 15,7 186.9 286.7 205.9  72.3 - 392.8  170.3 16643 -
1933 - 17848  37.1 - 112,5 253,2 29402 94.6 319.6 408 329.1 269 -
1938 - - - 253+2 167¢5 30644 297«1  140,6 296.1 277.5 24745 12749 -
1940 - 131,7 2006  113,9 14,6 165.7 225,5 238,2 - - - - -
1956 - 149.1 39.y  131,3 198.1 305.,8 123.7 364.7 198.6 178.1 414.5 84.8 589,5 277841
1957 159.0 119,9 68.3  80.0 59.7 171.7 30067 16646 63.2 134.6 51.6  38.1 141344
1958 98,8 125,2 93,8 6766 113,8 152,1 109.7 122,7 88.6 237.2 266,2 51.8 1532.5
1959 119.8  105.4 124.5 106.2 241,3 231.4 150.9  253.0  227.,7 154.2 119.1 203.9  2047.2
1960 184.9 126.2 5569  97.3 129.0 231.4 179.1  128.,5 103.9 181.1 203.7  59.7 165047
1961 111.5 78.€  48.3  91.4 239,3 162.0 149.6  110.5  113.8  210.8 130.6 127.5 1573.3
1962 28.2 164.8 148.8 105.7 85.6 288.3 353.6 290.1 215.4 147.6 354.1 126.0 2308.3
1963 123,2 90.9 227.¢ 19.6 77.0 96,0 211.3  314.9  182,1  303.5 88.9 114.0 1849.0 .
1964  209.8 272.6  34.0 212.6 254,3 307.8 21301 6703  184e4 19701 43747 38,7 2502,3
1965 175¢8 15908 23402 226.6 131,8 231,.1 247:6 15144 215.9 255,3 220,5 1679 2417,12
1966 118.0  77.1 46,1 31,2 219,2 127,5 303:8 15402 15449 219.0 49,9  46.3 1547.2
1967 10563 1447 T8¢3 8e3 32,4 27,3 87.4 6342 5368 99.2 107.6 4802 769.7
1968 45.8 3404 18,0 8e4 40,2 €145 23,1 6.0 37.2 333 1161 47.2 473.2
1969 21,7 601 33,0 10,4 23,8 51,3 43,6 90,2 89.9 74,8 28,3 6206 5357

~ T e

ST AVAILABLE DOCUMENT
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TABLE VII-0-2 (continued)
RAINFALL RECORDS

" STATIONS IN CERU

(ir millimeters)

BEST AVAILABLE DOCUMENT

TOTAL
YEAR JAN FEB MAR APR _ MAY  JuN JuL AUG SEP oct NOV IEC ANNUAL
MOYNTALONGAN ' '
1970 234 455 178 1349 6106 BT.T 82,8 4740 5305 209.2 230s1 10743 1609,8
1971 147.6 282,2 9308  114,9 9446 316,5 20346 16405 12942 252,6 185,5 95,2 2080,2
1972 17500 4508 111620 69,6 68,3 218,.8 318 185.0 183.9  T449 127.6 223,9  1515.8
1973 349 94.T 4507 13,0 642 145.8 357.9 212.4 - 212,3  412.2 66,9 -
1974 15004 112,1  109.5 26,6 161,9 219.4 203.1  154.1 1028 340,5 - - -
1938 - - - - - - - - 22,9  T13.7 241.9 151.9 -
1939 134.§ 11407 131.6 10s7 434.8 263,5 '89:1 10546 20T.1 284,2 290,2 518.6 2585,0
1940 5342 3562 39,6 79.4 164.1 192.6 220,7 153.5 - - - - -
1966 6401 4406 15,0 46,0 390.4 1406.0 313.9 206.0 130.3  272.,5 201,0 167.3 3257,1
1967 3269 893 107.1 38,3 3644 30,7 2604 10,8 27,9 3740 115,5  63.5 96060
1968 90,1 20,2 2,3 2.0 2,9 67.4 96 8346 125.2 29,6 55,0 27,4  515,3
1969 2943 12,7 10003 11443 99,6 62.7 200,8 16143 9940 180s4 712 86,4  1218.0
1970 35.8 8644 4507 0 0  310,0 18769 1753 1721 274.4 0 20341 1490,7
1971 123,2 812  60.9 185.5 15449 1931 223¢5 22069 24440 364.0 101.4 180.4  2133,0
1972 - 48,2 1294 11,5 11844 11443 - 3064 211,0 1218 - 27,0 =
1973 - - - - - - - - - - - 156.7 -
1974 4505 111.5 - 60,7 259.3 308.2 12,9 74,8 98,9 319.4 - - -



10T

 BAMBVTI-Bog (oot inued)

RATNPALL RECORDS
STATIONS TH OREU
(in =idlimeters)
' - TOTAL

KEIELLIN

1932 - 5301 57,8 -39u4 22152 30241 2212 - 2668 157e5 1994 92,5 -
1933 132,7 36,3 0.8 29 5506 301?.52 121,2  925,2  179,9 2903 2198 153¢8  1643.8

1938 579 496 62,3  141.7 128.9 105.8 156,5 112 203¢2 21241 19149 23642 165441

1966 3306  33:2 10,3 10,2 409,2 156,5 412,5  285.2 153,9 168,2  76.2 248,7 19977
1967 f5e2 13408 5163 1766 54,8 6400 9Te3 22846  145.8 24744 190.5 29,5  1636.8
1968 152 1743 40,9 28,2 36,8 98.6 180,3 1149 128.5 149.1 295,1 25,1  1160.0
1969 2143 103 3.0 295 37.9 320.5 248.9 241.6 1695 120,9 82,8 - 96:0  1313.6
1970 125 67.8 60,0 0 29,5 34446  350,0  60i4 1935 384.3  252.0 8543 18597
1971 STe9 32,5 48,1  224,3 273.8 418,3 457¢0  122,7 3170 316.7 138.7  61.7  2494eT
1972 50602 11,7 5609 675 95.3 21443 56e4 52009 486,59  T0.6 298,9 146.2  2558.8
1973 2006 68,6 45,7 18:3 37,0 149.5 16906  195.6 2724 113,6 246.3 186.2 1523.4

1974 T1e7 - 3609  37e3 128,0 84,9 - 6348  66e5 44469 - - -
TALISAY
1928 - - - - 216,5 214.6 1233 106s7 8407 208.5 26947 145.9 -

1929 1096 5.1 57 4101 225,84 17.4 17164 13843 7762 =, 85,2 1443 -
1930 4645 - 2002 663 1314 140,7 81e1 9546 122,4 40,8 112,6 96,1 -
1931 1216 351 289 10:2 435 1394  241e4 59,1 1017 2018 206.4  74.2 1446.3
1932 83.7 41.8 16,6 Se4 1793 206,1, 1922  150,3 286.4 139 23302 83,3  1617.3

AEST AVAILARLE DOCUMENT
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PABLE ¥FIT~8-& contimed)
RAINFALL RBOORDS
STATIORS IN CEBU
(in millimeters)

. _ TOTAL
TEAR AN FER JUR APR AT guN T ADG__SEP _ ocP WOV DEc  AmwvaL
TALISAY |
1933  142,3 10006 962 109.2 28434 Bded  151.7. 219.8  324,9 - 84,9 -
1934 T1e2 24603  53.4 11951 209.5 80,4 24408 29503  148.8  122,7 320,8 246.4 2158,7
1935 - 2008 32,3 27¢6 162.6° 16152 205.8 25,8 159,9 256.2 T1.7 6242 -
1936 143.1 25,5 4801 2706 140.8 2795 2723 20,5 109.4 18504 110.9 -
1937 82,4 30,9 . 995  47.6 161.2  97.8 17608 145.,8 121,4 104.8 2098 39,6  311.8
1938 - 4846  123,9 14502 219,2 324.5 22204 112,7  119.6 2882 16041 1412 -
1939 230.8 81,7 616 13,7 13446 179 145:3 4301 19144 147.8  248.4 232.5 170909
1940 595 3400 309 124,8 81,8 17501 154,7 1495 - - - - -
BARTLY
1940 - 4605 32,9 207.6 21,9 1422 679 19404 - - - - -
1956 183.1 91,7 129.3 27741 355.8 375.9 26106 2316  i45.5 113.5 1278 206,5  2559.4
1957 8844 64.8 5862 49,8 31,2 47.0 202,4 122,9 T6eT 82,3 6605 17.8 908
1958 5008 12,7 39,4 12,2 48,3 81,8 3168 122,9 26,9 100,1 1514 157.4  845.7

BEST AVAILABLE BOCLMENT
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TABLE VIT-2-3
EVAPORATION RECORDS
STATIONS IN THE PEILIPPINES

(in centimsters)

. ' _EVAFORATION STATION

' NEGROS OCCIDENTAL- SAMAR QUIZON CTTY MAMILA  COTABATO  AGUSAN_DEL KORTE
= SILLIMAN  TAGBAC ORONG = DAHILE GUINAFONDAN CATARIIAW DILL¥Y PORT AREA TN, SARTOS BIREIAT
1961 200,0 - 173, Y- 167 - - - 204 128
1962 191 - 174 - " 163 - - - 218 131
1963 201 - 171 - 165 - - - 195 245 -
1964 197 200 162 154 157 . - - 176 " 288 145
1965 188 164 155 136 152 - 165 19% - 143
1966 - ‘v - - - 166 182 e - -
1967 - - - - - 174 178 - - -
1968 - - - - - 180 194 - - -
1969 - - - - - 175 - - - -
1970 - - - - - 151 - = - -
1971 - - - - - 139 - - - - -
1972 - - - -, - 143 - - - -
1973 - - - - - 149 - - - -
AVE.  195.4 182 161 145 160.8 15146 17948 1893 238,2 13608

Note: All records from open rim typs evaporation pans.

LEST AVAILABLE DOCUMENT
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TABLE JII-0-&
TOTAL KONTHLY STREAM FLOW RECORD
STREAM FLOW GAGING STATIONS IN CEBU
(1r million cubic meters/month)

| . _ TOTAL
YEAR JAN FEB HAR APR ___ MAY  JUN JUL AUG SEP OCT NOV DEC ANNUAL
BALAMBAN RIVER AT LIKI (watershed ares w 11 _sglon)
1956 - - - - = 13,80 5080 4,30 4,10 5.60 5,70 8,30
1957 9410 2,20 1,44 1,10 1,20 1.10 2,10 - - - -
BALAMBAN RIVER AT LUSARAN (watershed ares = 49 ‘gai)
1957 - - - - - - - 2,80 7,20 1,50 1,90 80 -
1958 61 040 50 440 1,90 1,66 2000 1440 60 7420 9,60 17450 43,70
1959 550 4460 5610 5420 5,60 44,40 14,20 Te10 3040 3¢50 1.70 2,79 63040
196U 2020 4450 2,30 5,30 2,20 5,00 3620 1,60 3,50 3,80 6,30 3,10 43,00
1961 2,20 1.80 1,60 1¢20 2,80 5,60 3,60 1,60 36420 9420 3680 2,90 416,50
1962 1.40 7070 3070 2900 3050 15.“) 9030 11.10 14020 6030 22060 5030 100.20
1963 5.40 2090 2980 1.50 1.30 1.00 : 1.20 8.70 696‘0 4.90 SQw 43% 45.30
1964 2,75 3e94 2436 4075 14446 5.56 12,67 0.93 1,50 6621 39,76 1,07 9€.30
1965 6690 1440 6,90 2,10 2,10 10,70 4060 3,70 5,80 7,70 5.80 8.60 66430
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 61,05
1967 23,03 17 11,84 5094 5.06 4415 4.90 1e34 1.14 190 5026 1.93 75069 -
1968 2,59 1,72 1,31 o83  oT5 1,22 1.87 1,21 096 - - 2,97 -
1969 1426 63 o64 47 086 1,17 3e54 029 5,88 5,22 2,26 2,92 25414
KOTKOT RIVER AT MALUO (watershed area m 55 golm)

- it . - Ll - - - T 0,. S 200 32 016 -
190 BEST AVAILABLE nOCUMBNT *% 3
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TABLE VII-C=4 (continued)
TOTAL MONTHLY STREAM FLOW RECORD
STREAM FLOW GAGING STATIONS IN CERU
(in million cub!c meters/month)

YEAR JAN FEB HAR APR  MAY  JUN JUL AUG SEP oCT NOV DEC %EL
KOTKOT RIVER AT MALUO (watershed area = 55 sckm)
1958 007 04 003 001 27 012 024 T3 45 2,05 2445 2420 8¢ 66
1959 49 022 13 092 W33 .65 2,51 530 2,10 1,60 75 1450 15,70
1960 30 «30 1420 2.30 e30 2,30 1450 .70 3450 5,00 3420 1,80 22,40
1961 1630 1410 .70 «60 2,50 2,50 6490 4460 520 9.80 10,60 950 55030
PITOGO RIVER AT CONSOLACION (watershed area = 40 sqkm)
1955 - 060 040 040 460 .60 060 060 «70 090 1,30 1,20 -
1956 «80 «70 «70 80 1,00 1,30 1,90 1,50 70 .90 80 1,30 12,40
1957 0 «50 «50 45 40 95 040 35 20 «60 «20 «20 5640
1958 25 e20 035 065 055  o20 045 230 ¢30 035 e30 25 4420
1959 .20 «20 20 20 420 425 ¢35  3.50 2,20 1040 ¢30 045 9.40
1960 «40 040 1,00 5.60 ¢30 5650 1,70 1,10 1,80 5,20 8,70 40 32,10
1961 «40 «30 030 230 o650 030 «30 «90 1,20 2430 «30 «40 8020
1962 od0 160 «40 030 . 430 1,20 090 9460 14,40 6,30 1,10 047 37.00
1963 . 1,10 029 029 029 630 .29 061 19,40 e91 10,30 5,80 27 390,80
1964 029 150 1,10 027 10,20 4040 10,10 046 3430 4,10 6,30 87 42,90
1965 »68 094 2,80 e38 046 2,40 43  T.60 1,50 T0 064 2,80 21,90
1966 .88 069 065 033 1,20 .43 1,90 2,60 04U 081 085 .98 11,70
CARCAR RIVIR AT CARCAR (watershed area = 31 paim) '
1955 - 1,20 1,70 1,20 1,40 120 1,00 050 150 os 5600 2460 -
BEST AVl apre

‘Wf“ar" M:NT
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TABLE . VIXg-g (continued)

TOTAL MONTHLY STRBAN FLOW RECORD

STREAMFLOW GAGING STATIONS IN CEBU

(in million cubic meters/month)
YEAR JAN FEB MAR

TOTAL
aPR MAY JUN JUL AUG SEP 0CT NOV IEC ANNUAL
MANTAYUPAN RIVER AT BARTLI (watepshed area =sgkm)

1956 1,70 1,40 1650 1:50 1,80 1,70 1.90 1660 1030 1040 1040 2420 19,40
BEST AVAl &BI E DOCUMENT
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TABLE VII-C-5
TOTAL MONTHLY STiEAM FLOW
BALAMBAN RIVER AT LUSARAN GAGE
WATERSHED ARZA 49.0 SQXH
(in million cubic meters/month)

YEAR JAN FEB MAR APR _ MAY  JUN JUL AUG SEP OCT NOV DEC ?AYIIPWAII;L
1957 - - - - - - - 2,80 1,20 1,50 1,10 080 -
1958 o1 40 050 @B 1.90 1.60 2,00 1,40 «60 7,20 9,60 17,50 4307
1959 3030 4460 5,10 5,20 5,60 4440 14620 7020 3,40 3,90 1,70 2,70 63440
1960 2620 40,50 2430 5030 2,20 5,00 3620 1460 3650 3080 6630 3610 43,00
1961 2420 1,80 1.60 1,20 2,80 5,60 3660 1460 3020 9620 5680 9,90 48,50
1962 1640 7470 3,70 2,00 3,50 15,00 8030 1110 14420 6430 22,60  5.30 102,20
1963 5040 2,90 2,80 1,50 1,30 1,00 1020 8470 6060 4490 5,00 4,50 45430
1964 1600 2,70 1,10 1,00 1,30 3,80 6020 1,60 1,10 1,60 39,14  1.06 61,60
1965 6.90 1040 6.90 2,10 2,10 10,70 4,60 3,70 580 770 5.80 8460 66030
1966 3020 175 1,60 1,10 15,90 1,70 8.10 8,80 2,80 5.70 3,40 7.00 61,05
1967 23,03 9,17 11.84 5094 5606 4,15 4490 1.34 1.14 1490 5026 1.93 75066
1968 2,59 1,72 1,31 83 oT5 1,22 1,87 1,21 096 5415 38,01 2,97 58459
1969 1:26 W63 64 AT .86 1,17 3e54 282 5.88 5,22 2,26 2,02 25,14
1970 174 1,36 1630. 1,30 1,61 5,77 577 4028, 2,51 4e62. 5,55 3.60. 39.41-
OT 2026 WTT 136 229 4.56 Tu66 3,26 2.8 617  Toaq  3.29  21q 4468
1972 6417  1e30 2,23 2,23 3,07 3,91 2032 4456 6,08 2,54 2,54 2,02 38,97
1973 1089 2,02 1033 1,24  1.43  3.60 5061 4003 ° 8,12 2,73 15,00 2,79 49.TT
1974 1298 3429 2,79 1,49 3,60 3,98 4034 3479 4417 4030 5,53 3,18 42,44
Bean 4,08 2,88 2,85 2,09 3.39 4.72 454 3092 4.30 4.76 9.88 4,53 53451
Note: Data 1957 to 1969 are from record, Data for 1970 to 1974 ‘are developed by . rainfall correlation,

Lol o -l ’ll
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TABLE VII-C-6
TOTAL MONTHLY STREAM FIOW
B.ALA.'B{BAN RIVER Al LUSARAN DAMSITE
WATERSHED AREA 63.2 SQEM
(in million cubic meters/month)

IZAR JAN FuB MAR APR HAY JUN JUL AUG SEP OCcT NV DEC AQ?HT‘I!;EL
1957 - - - -, - - - 3461 1.55 1.94 1,42 1,03

1958 0s79 0652 0465 982 2,45 2,06 2058 1481 0477 9429 12,38 22,57 56039
1959 Te09 5493 6458  6o71 To22 5,68 18432 9429 4439 5403 2,19 3,48 81,91
1960 2484 5.80 2,97 6,84 2,84 6.5 4e13 2406 451 4690 8413 4,00 55047
1951 2484 2032 2,06 1,55 3061 Te22 4664 2,06  4el3 11487  TedB 12,77 62455
1062 1681 9493 4077 2,58 4051 19435 12,00 14432 18,32 8,13 29,15 6484 131.71
1963 6497  3eT4 3461 194 1,68 1,29 155 11.22  8.51 6432 6445  5.16 58044
1964 1,29 3448 1,42 1,29 1,68 4490 8e00 2,06 1442 2,06 50048 1.37 79445
1965 8090 1481 84,90 2,71 2,71 13,80 2093 4eTT  Ted8 9493  TodE 11,08 85,51
1966 4613 2426 2,06 1,42 20651 2445 1045 11035 3661 Te35 4439 9.3 79001
1967 29,70 11,83 15427  Te66 6453 5435 6032 1473 1a4T 2445 6,78 2449 97.58
1968 3634 2422 1469 1407 0497 1457 2041l 156 1424 6464 49403 3,83 75,57
1969 1463  0.81  0s83 0,61 1.11 1,51 4657 3076  Te58 6473 2,92 3,77 35083
1970 2,24 1.75 1468 1468 2,08 744 Tedd 5e52. 3424 5.96  7.16 4464 5083
1971 2092 2428 1475 2,95 5.88 9.88 4021 3420  Te96 9460 4424 2476 57463
1972 Te96 1468 2,88 2s88 3,96 5,04 2,99 5.88 T84 3e28 3428 2461 50428
1973 2.44 2.61 1472 1460 " 1,84 4464 Te24 5420 10447 3552 19435 3460 64423
1974 2455 4424 3460 1492 4464 5013 5060 . 4489 5438 5455  Te13 4410 54473
MEAN 526 3472 3467 2470 437 6410 6638 5605 5455 6414 12,75 5484 67453

NOTE: Developed from Stream Flow Record of Balamban River Gage of lusaran, (Watershed 49 aqian)

BEST AvAILARLE BOCUMENT



L07

PABLE WIT-C-7
0TAL OFMELY PYREAN FLOW
MANANGA RIVER NAMSITE
WATERSOND AREA 67,5 ST
(4n 12lion eubde mytors/mmth)

IBAR JAE__ DB FAR _APR WY W JoL _ - A 3 _
1958 o84 o33 69 066 2,62 2,20 2,76 1483 o83 9092 13,23 24,11 60,28
1959 To58 6034 703 7ol To7l 646 19656 952 4068 5037 234  3eT2 6747
1960 3003 6420 3,17 Te30 3,03 £:89 404l 2:20 4o82 5424 8568 4027 39024

1961 3403 248 220 165 3,86 T.71 896 220 Aol 12,87  To99 1364  §6.20
19862 193 16,61 5020 2076 4087 20,65 12,81 15.29 19.55 868 31,13 7030 140,65
1363 Tofd 400 2,86 2,07 1.7) 1,38 1665 11599 9069  GTS  6.82 5,51 62042
1564 138 3,72  L52  138 LTV 5.24 8054 2020  LBZ 220 5352 1445  84o87
1995 931 i3 351 289 2.8 .74 34 5510 739 1061  7.99 11485 91035
1966 4042 .81 2,20 152 21,90 2434 11626 12,12 3685  Te85  4e68 9,64 84,09
1961 LT 126 Ml 818 687 512 6T K 150 262  Ta25 266 10417
1988 3557 2037 1e82 114 2003 1,68 2,58 1067 1332 Te0D 52436 4009 80,71
1969 T8 BT 65 1519 161 4688 4002 8ol  TelS  3e1l 4402 34064
1970 oo 1e8T  LeT9  1aT9 222 7,93 TeS5 5090 3046  6e36  Tob5 496 54030

1572 301l 2044 13T 3615 628 10,55 4ed9  3ad2  Bo5O 10625 4453 2,95 6154
972 8,50 17?3407 307 4023 5037 3020 6028  Be3B 3450 3.50 278 53,67
1973 2460 2678  1a83 T 1.7 4436 ToT3 5055 1lal9  3.T6 20,66 3454 6385
1974 2073 4033  3.84 2,95 456 5048 538 5922 SeT4 382  To62 4538 5&6

HRAX 5662 35T 3092 288 4.66 650 6Bl 5.4 552 656 13,61 6324 72,09
BOTZ: Peseloped frum Stvesm Flow Rosord of Baloshun River Cage at Lusarese (Eatorshed 49 Bgim)
BEST AVAlLrer DO ENT
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Yoar

Jan

Feb

Har

TABLE VIT~C-8

TOTAL MONTHLY STREAM FLOW
KOTKOT RIVER-MULAO GAGING STATION
WATERSHED AREA = 55,0 SQKM
(in million cubic meters/month)

Apr

1340
1956

1958
1959

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

Maan

1,50
1,10
1,30
0.07
0449
0. 30
1.3C
0495
1,25
1,25
1040
1,40
Tel0
1.10
040
1,15
1.85
4,70
0e45

153

* Estimated

0495
0,40
2440
0.04
0.22
0.30
1.10
3615
0060
2040
1.80
0e75
1.35
O.5

0.3

0.8

1.05
0445
1035

1,05

0655
0e95
0695
0.03
0613
1420
0.T0
1430
1,35
0.80
2690
0e35
1025
1,20
1.00
0.6

006

155
0655

0495

2005
2485
1,00
0.01
0.12
2630
0.60
0e50
155
1,70
1,20
0465
0460
0.50
1.05
0e45
1,05
1,35
0¢35

1405

May

1,50
4420
040
0.27

»33
0430

2420
0e55
3e55
0e55
4095
1,00
0.30
1e45
1.20
2410
2420
0465

1.59

Jun

Jul

Aug

Sept

Oct

Nov Dec

Total

375
2470
26
12
065
2430
2450
3,25
2.0
365
375
240
2.8

3.8
435
535
303
2,95

283

2485
1,60
3625
0024
2451
1,50
6090
3015
3.70
4.1

1465
575
285
2420
1,80
4405
235
1,10
4450

2095

BEST AVAILABLE DNCUMERT

4405
2665
2¢35
0a73
530
0.70
4460
575
3400
1,20
3460
3,70
155
0.60
270
3.50
2425
4420
315

2493

2e64%
1.55
0.20
0645
2410
3450
520
2450
4460
3615
2015
2465
2435
0,60
3.25
1,70
510
3480
2464

2.64

30318 3,47# 2,18%

2660
2404
2405
1.60
5.00
9:20
2660
3.85
4¢35
4445
3485
2485
0.30
1465
4.10
4475
1,85
1,80

3431

2025
0033
2045
0.75
3620
10.60
2,80
1.75
5095
215
4,40
2035
5465
1.00
3695
2420
2000
8,70

3047

3070
0,16
2420
1,50
1,80
9.50
0.90
0490
1.25%
2025
3430
1.40
1.15
1,70
2420
1.85
1440
2.15

2.18

28,80
26455
16,98

8e66
15470
22440
5530
29.05
25410
33435
27.85
33.75
27445
16,10
20,10
28.05
30450
27090
29.24

26440

2(0



Year

Jan

Fed

TABLE VII~C-9

TOTAL MONTHLY STREAM FLOW
PITCQ0 RIVER ~ CONSOLACION GAGING STATION
WATERSHED AREA = 40,0 SQXM
(in million cubic meters/month)

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

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
025
0,20
0.42
0.40
040
1,10
0629
0468
0.88
645
0e45
0630
0.45
0e75
3065
0.30
0640

0,89

0040
0.60
0470
0050
0e22
0420
0440
0,30
1,60
0429
1450
0.94
0469
0e55
0630
0025
0035
0045
0430
0e55
095

0e57

* Estimated

0.30
0440
0670
0.50
0035
0620
1.00
0630
0040
0.29
le10
2,80
0465
0650
0e45
0,40
0.30
0630
0.60
0.30

059

0485
0440
0.80
0045
0065
0420
5060
0430
0430
0429
0.27
0,38
0033
0430
0430
0e45
0430
0e45
0655
0430

0467

0e55
0. 60
1,00
0.40
0e55
0.20
0.30
0,60
0.30
0630
10,20
0046
1,20
040
0.25
0. 60
0.50
0.90
0.95
0630

1.03

2410
0460
1,30
0.95
0620
0.25
5650
0.30
1220
0.29
4440
2440
0.43
1,35
0¢85
2010
2470
385
1,65
1.45

1,69

1,35
0.60
1,90
0.40
0445
0.35
1.70
0,90
2490
0.61
10,10
0.49
1,90
1.35
0495
0075
2635
1,05
0.45
2485

157

BEST AVAILABLE DOCUMENT

2035
0460
150
0635
0630
350
1610
0.90

0,70
070
0.20
0030
2420
1,80
1,20

9460 14440

19,40
0046
T.60
2,60
0,60
0.30
1,25
1.85
1,00
2455
1.55

2:97

0.91
3430
1450
0440
1405
0.30
1465
0470
3e35
2415
2406

2406

0490
0690
0.60
0.35
1,40
520
2430
6430
10.30
4.10
0,70
0.81
1,35
0e25
0.70
2440
3.10
0.80
075

2427

1,30
0480
0.20
0.30
030
8,70
0030
1,10
5480
6430
0664
0485
1.05
4.30
0440
2430
0495
0.85
9e54

242

1,20
1430
0420
0.25
0e45
0040
0.40
0.47
0.27
0,87
2,80
0.98
0655
0045
0470
0.95
o. 80
0¢335
0695

0677

Total

8040
12,40
485
4415
Fedl>
32,10

8.20
36.97
39485
42.89
21039
11472
15050

9¢15

935
15.15
17.15
14445
20490

17.50

A/



TABLE VII-C~10

TOTAL MONTELY STREAM FLOW

KOTKOT RIVER AT UPPER DAMSITE

WATERSHED AREA 38,5
(in million cubic meter

S
8/month )

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total

Annual
1956 077 0628 067 2,00 2494 1,89 1,12 1.86 1.09 1,82 1,58 2,59 18456
1957 0481 1468 0467 0470 0628 1.82 2,28 1e65 0414 1443 0623 0.11 11,90
1958 0005 0603 0,02 0,01 0el9 0,08 0617 0473 0632 ledd4 1472 1.54 6430
1959 0034 0s15 0409 0408 0423 0.46 1aT6 36Tl 2010 1,12 0,453 1,05 11,62
1960 0.21 0,21 0e84 1461 0,21 1,61 1.05 0449 2445 3.5 2424 1426 15468
1961 0491 0,77 0s49 0442 175 175 4483 3422 3464 6486 Ted2 6465 38471
1962 0667 2421 0e91 0635 1¢54 2428 2,21 4603 1475 1482 1,96 0463 20436
1963 0688 0442 0495 1,09 0039 16440 2659 2010 3422 2470 1.23 0463 17.60
1964 0,88 1.68 0,56 1.19 2049 2056 2487 0084 2421 3,05 4417 0.88 23438
1965 098 1,26 2,03 0.84 039 2063 1416 2,52 1451 3,12 1.51 1,58 19.53
1966 0498 0453 0425 0646 347 1040 4403 2¢59 1486 2,70 34,08 2,31 23,66
1967 4497 0095 0,88 0,42 0,70 1696 2,00 1409 1465 2400 1465 0.98 19,25
1968 0s77 0035 0084 0435 0.21 1640 1454 0442 0442 0421 3,96 0.81 11.28
1969 0e28 0421 0s70 0474 1402 266 1426 1.89 2428 1,16 0670 1619 14,09
1370 0481 0.56 0442 0,32 0.84 3605 2484 2445 1,19 2.87 2.77 1.54 19,66
1971 1.30 0.74 0042 0eT4 1447 3475 1465 1s58 3457 3033 1454 1,30 21.39
1972 3429 0632 1409 0695 154 2431 OeTT 294 2466 1430 1.40 0,98 19,55
1973 0e32 0695 039 0e25 0646 2,07 3e15 2421 1.89% 1,26 6409 1451 20455
Mean 1.07 0e74 0068 0,70 1e12 1,95 2007 2402 1489 2432 2443 1053 18,52

% Bstimated

BEST AVAILABLE DOCUMENT

LA



TABLE V1I-C~-11

TOTAL MONTHLY STREAM FLOW

KOTKOT RIVER AT MIDDLE DAMSITE
WATERSHED AREA 6003 S
(in million cubic meters/month)

Year Jan - Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total
Anmual
1956 1621 0044 1,04 3412 4460 2096 175 2491 1,70 2485 2447 4406 29,11
1957 1e43 2063 1404 1,10 0a44 2485 3456 2458 0422 2624 0636 0,18 18463
1958 0408 0004 0403 0,01 0430 0413 Go26 0,80 0ed9 2025 2469 2,41 949
1959 0654 0s24 0e14 0013 0636 0,71 2075 5481 2430 1.75 0.82 1.64 17.19
1960 0633 0633 1432 252 0033 2652 164 0477 3e84 5448 3451 1.97 24.56
1961 1443 1e21 0,77 0466 274 24T4 Te56 5404 5070 10474 11.62 104 60.63
1962 1404 345 1443 0655 2441 3656 3645 6430 2474 2485 3407 0699 31.84
1963 1637 0066 1448 1,70 0.60 2019 4406 3429 5.04 4e22 1492 0499 2752
1964 1.37 2463 088 1.86 3.89 4400 4050 1032 3645 4677 652 1437 36650
1965 1e53 1,97 318 1.32 0,60 4ell 1481 3495 243C 488 2,36 247 30.54
1966 1653 0682 0,38 0,71 5043 2419 6430 4606 26091 4422 4482 3,62 36499
1967 Te78 1e48 1437 0466 1.10 3,07 312 1,70 2,58 3412 2,58 1e53 30,09
1968 1.21 0455 1.32 0655 0033 2419 2041 0466 0466 0.33 6419 1,26 1766
1969 0e44 0433 1,10 1,15 159 4617 1497 2496 3456 1.81 1,10 1.86 22,04
1970 1426 0488 0,66 0,49 1.32 4oTT 4e44 3e84 1,86 4050 4433 2441 30.76
1971 2003 1,15 0.66 1,15 2,30 5687 2458 2447 5459 5.21 2441 24,03 33647
1972 515 0649 1,70 1448 2441 3462 1,21 4460 4417 2403 2,19 1,53 30,58
1973 0449 1448 0460 0438 0,71 3623 4293 3445 2.89% 1,97 9,54 2.36 32,03
1974
Mean 1,68 1.15 1.06 1.09 1.75 3.05 3e24 3.14 2.89 3062 3.81 2039 28.87
* Estimated

BEST AVAILABLE DOCUMENT

A



TABLE VII-C=-12

TOTAL MOSTHLY STREAM FLOW
KOTKOT RIVER AT LOWEF. DAMSITE
WATERSHED AREA 67.15 SQKM
(in million cubic meters/mcath)

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oot Nov Dec Total
Annual

1956 1e34 0.49 1416 3448 5013 3430 1.95 3424 1e89 3017 2475 4652 32042
1957 1e59 2493 1416 1422 0e49 3417 3097 2487 0424 20649 0440 0420 20473
1958 0409 0,05 0604 0401 0033 0.15 0629 0489 0655 2050 2499 2469 10.58
1959 0660 0.27 016 0015 0640 0579 3.06 6,47 2456 195 0692 1,83 19,16
1960 0637 0637 147 2081 0,37 2.81 1.83 0085 4427 6410 3491 2420  27.36
1961 1,59 1434 0485 0473 3405 3005 8442 5.62 6835 11496 12,94 11,60 6750
1962 1e16 3485 1659 0061 2069 397 3685 7T.02 3605 3017 3042 1,10 3548
1963 1053 0073 1065 1.89 0.67 2044 4052 3.66 5062 4070 2014 1.10 30065
1964  1o53 2493 0,98 2408 4633 4046 5,01 1647 3485 5031 Tea26 1.53 40474
1965 1eT1 2420 3454 1647 0667 4058 2401 4040 2462 5043 2462 2,75 34400
1966  1oT1 0492 0043 0s79 6404 2444 To02 4952 3624 4470 4040 4,03 40,24
1967  Be67 1465 1053 0s73 1422 3442 3048 1,89 2487 3.48 2.87 1.71 33.52
1968 1,34 0061 1,47 0461 0.37 2444 2469 0073 0473 0.37 6490 1.40 19,66
1969  0e49 Gu37 1.22 1428 1477 4064 2420 3430 3e9T 2401 1,22 3,08 24455
1970 1e40 0,98 0473 0655 1e47 5631 4e%% 4427 2,08 5001 4082 2,69 34425
1971 2,22 1428 0s73 1428 2456 6653 2689 2,75 6423 5¢80 2,69 2426 3722
1972 5074 0e55 1489 1465 2469 4403 1034 5,13 4664 2426 2,44 1,71 34407
1973 0055 165 0067 0e43 0479 3460 5049 3085 3022% 2,20 10662 2,62 35,69
1974

Moan  1.87 1429 1418 1421 1695 3640 3461 3450 3422 4603 4418 2,67 32610

* Estimated

BEST AVAILABLE DOCUMENT

2t
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CITIES i @
STREAMFLOW STATION..... &
RAINFALL STAYION......... a

EVAPORATION STATION.... e

STREAMFLOW STATI!ONS
I. BALAMBAN RIVER, LUSARS.N, CEBU
2. BALAMOAR RIVER, LI, CEBY
3 KOTKOT RIVER, MALAO, CE@y
4, PITOBO RIVER, COHSOLACITN, CEBU
, CARCAR RIVER, CARCAR, CEBU
6. SAPANODACO RIVER, TOLEDO, CEBU
7 BASAT RIVER, BADIAN, CEBU
8. MANTAYUPAN RIVER, BAR'LI, CEBU

RAINFALL STATIONS
I. CEBU CITY
2. LAKUG, CEBY
I MONTALONGAK, CEBU
4 MINGLANILLA, CEBU
8 MEDALLIN, CECU
G. TALISAY, CEBV
7. BARILY, CEBY

EVAPORATICN  STATIONS
I QUEZON CITY
2. MAMILA
3. CATARMAN, SAMAN
4 QUINAPONDAN, SAMAR
6. SILLIMAN, NEGROS
& TAGBAC, NEGROS
7. ORONG. NEGROS
8.DAHILE, HEGROS
9. GEN. SANTOS, COTABATO
1C. BUNAWAN, AGUSAN DEL NORTE
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SCALE I KW LOCATION MAP
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/ FIGURE YIT-C-2

-~ CORPCLATION  CURVE

TOTAL MONTHLY STREAM FLOW, milion cu.m./month

// STREANFLOW AT |[BALAMEAN RIVER DAMSITE
VS.
_— RAINFALL AT CEBU CITY
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BEST AVAILARLE H0GUNMENT
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