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TECHNICAL COOPERATION
BY THE GOVERNMENT OF JAPANM

AP P L I C a4 T I 0N

By the Government of the Republic of the Philipoines for the
Developnent Study on the Groupndwater Deueloomﬁnt of Hebtro Manlla
to the Government of Japan.

PROJECT DIGEST

Projeckt Title: Feasibllity Study for the Groundwater
Development in Metro Manlla

Locatlon : HMetro Manila, Phillpplines

Responsible and Executing Agency:

Metropolitan Waterworks and Severage System (MWSS)

“Justlficatlion of the Project:

About 4.5 million people of Metro Manila and 1its
environs will bhenefit from this project. This includes
all areas covered by the M¥WSS Service Area which could

. not be supplled by suxface water. These areas conslst

of private subdivisions wlth private water supply
systems, industrial, commszclal and institutional
concerns whlch are totally dependent on groundwater
sources, .

It has been observed that the groundwater systen
in Metro Manila is fast deteriorating. It has been
grossly overdeveloped which will result to contlinued

‘decline in water levels 1f not regulated. Intruslon of

sallne-wvater which 1s evident 1in coastal  areas,
upconing and other related developments tend to
aggravate the problem. A program should be developed
te improve the operation, maintenance and development
of the groundwater system and establish control on its
utllizatlon and exploltation. In order to dekermlne
and develop the most technically and econcmically
viable program, a feaslblllty study ls necessary.
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This undertaking will have a high impact on the
further development and progress of Metro Manlla where
many of lts highly industrialized and commerclalized
areas depend largely on groundwater sources. Since
vater 1s a baslc necesslty for economic development,
thls study ranks high in the National Development,

Desirable or scheduled time of commencement of the
Project : 1990 or as soon as possible

Prospective fundlng-source and/or assistance
{including external origin) :

Japanese Government through JICA; other resources like
personnel, offlce accomodaticn an office egulipment

will come from local component. :

Other relevant Projects, if any
a}) Fringe Areas Water Supply Project (MWsS)

b} Rlzal Province Water Supply Improvement
Project (MWSS)

c¢) Croundwater Monitoring of the Laguna Bay
Basin (Natlonal Hydraullcs Research Center)

d} Researches on the Application of Nuclear-Based
Technlques in Geohydrology particularly in
Determining Groundvater Circulation and Saline-
Water Intrusion in the Aquifers. _
{Phillippine Nuclear Research Institute)
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TERMS OF REFERENCE

FEASIBILITY STUDY FOR THE GROUNDWATER DEVELOPMENT
IN METRO MANILA

INTRUDUCTION

Groundwater has been a very Important source of water
for the Metro Manlla £for centuries. it has been a
significant factor in the economic development of many
districts relylng on it specifically of the different
industrial, commerclal, institutional and - residential
concerns.

At present, the MWSS service area is suppllied through
the Central Dlstribhutlon System with water which is 1laxgely
derived from the Angat-Ipo surface water storage works.
Although the groundwater component is only & swall fractlon
of the total supply of the MWSS, it is equally signlficant
since it serves consumers in the nomlnal service area of the
System who could not be supplied because of under capacity
constraints or located in outlyin areas far from the
Central Distribution System, :

Over the years, the condlitlon of the groundwvater system
in Metro Manila has deteriorated in alarming rate. It is
grossly overdeveloped which 1f not abated would result In
the continued decline in vater levels, Salt-water intruslion
pose another great problem particularly in the coastal
areas. Other problems related to these tend to. aggravate

“the sliltuation. :

‘In acknowledging 1its real importance as a primary
and/or back-up source, MWSS for its part will wundertake a
feasibility study for the development, maintenance and vise

‘use and management of the groundwater system 1in Metro

Manila.

JUSTIFICATION OF THE STUDY

In the early 1980's, many existing MWSS and private
deepvells were deactlvated when MWSP Il was completed and
the additional water supply it brought about went on -stream
and reached thelr service areas. The wells' reoperatlon vas
again considered when water shortage became evident by the
mid-'80s which was even more aggravated by the drought of
1986,
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The abnormal sltuation prevalling then has led the MWSS
Management to call for the rehabllitatlon and reoperation of
some existing MWSS wells. Also, it has been apparent that
the ever-lncreasing demand in the Metropolis could not be
serviced by the existing water supply in the near future.
Therefore, in order to solve the impending vater shortage
problem, different expansion and development programs were
proposed. One of these 1is the Angat Water Supply
Optimization Project (AWSOP) which will bring ‘significant
additlonal water supply in the 1990's.  The feasibility
study and detalled engineering works of the project - was
recently completed and Is now ready for implementation,
It 1s expected to be completed by 1992 1if implementation
commenced as scheduled. "In the meantine, between today and
the project's completion, the water supply of the MWSS which
will depend largely on the surface water source will not be
enough to service the existing demand. Therefore,
groundwater wlll be relled upon as an interim source “during
this period. : :

Even with the completion of the AW30P, there will still
be areas that cannot be served by surface water. These
areas are currently being studied under the Rizal Province
Water Supply Improvement Project and the Fringe Areas Water
Supply Project which are basically groundwater based.

It has now became apparent that groundwater will be a
significant factor In the water supply of MWSS ~even after
the completion of various pipelined projects which will tap
different surface vater sources. In thils regard, to be able
to extract the maximum benefit from groundwater, a program
should be developed which. will pinpoint the different
problems affecting 1t and recommend solutions  to -thenm,
fermulate policies for its wise management, use and control,
Improve the malintenance and operation of exlsting facllities
and develop other possible groundwater sources. With this
as objective, the MWSS wlll undertake a feasibllity study to
develop the most ideal program,

OBJECTIVES

Complementary to the efforts being undertaken in . order
to protect, improve and develop the groundwater . systei: in
Metro Manila, the MWSS envisions a program to " this effect
that would be efficlent and most feasible using the most
economlcal schene, : ' : ‘
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4.

Speclflically, the program aims to accomplish the
following: :

3.1 Improve'the operation, maintenance and development
of MWSS production wells

3.2 ¥ormulate short-term and long-term policles on
groundwater utillzation, exploration and control

3.3 Provide a solution o¢r remedial measures and
' preventlon schemes for the saline-wvater Intrusion
problem

3.4 Develop or establish an efficient scheme for the

: constant monitoring of the groundwater system In
order to evaluate & analyze the changes it 1s
undergoing

3.5 Study applicablility of .conjunctive use of
' groundwater with surface vater including a pilot
study for groundwater recharge.

STUDY ARER

The study area is the service area of the Metropolitan
Wwaterworks and Sewerage System and is commonly referred to
as Metro Manila and its environs, The study area consists
of & cltiss and 23 municlpalitles. . :

Emphasis for improvement, maintenance and management
will be spread throughout the whole service area wvhile
studies for further development will be prioritized to areas
critically needing additional supply such as those located
in far-flung areas out of reach of the Central Distribution
System. ' In the case of Cavite City and ' 8 municipalities
which are also included under the Fringe Areas Water Supply
Project, only the former concerns-will be undertaken slnce
the project 1s already involved In the development of
additlional water sources in these areas.
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SCORE OF THE S5TUDY
5.1 General

The work to be done invelves the conduct of a
feasibility study almed at accomplishing all the objectlves
earlier mentioned. ' The study will speciflcally focus on
determlining the technical, financlal, economlc and
operational wviabllity of the program. The study will be
undertaken with the close cooperation between the MWSS and
the Consultants. The MWSS will provide a technical staff to
work with the consultants for the duration of the study.
Both groups will work for the attainment of all the
objectives of the study with the preparation of the {inal
report as the minimum end result. The MWSS will provide all
the necessary data, services and facilities set forth in the
Contract. The Consultants, for thelr part, are expected to
quide the project management and technical staff in all the
undertakings and activities necessary for the fulfillment of
the study. Thelr participation in the preparation of
project schemes, vork programs and methodologies, and data

analysis, Interpretation and evaluation will also be relled

upon.
5.2 Consulting Services

‘ The consultants will provide expertise in the followving
acbtivities and undertakings:

5.2.1 Data Collectlon and Retrieval

Data shall be collected such as maps, reports and
documented historical records on yield of vells,
guality of wvater - and water levels. Well design,
construction detalils and pumping test results shall
also be acquired.

5.2.2 Prevlous Studies
Consider previous - studies pertaining to the

Project, such as reviewv of the reglonal hydrogeology of
‘the study area.

5.2.3 Exlsting Water System
. .Plans of existing waterworks system, particularly
in subdivlslons which are not yebt s=2rved by MWSS but

for turn-over to  the System, must be secured and
evaluated,
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5.2.4

Fleld Studies

5.2.4.1 Monltoring

Conduct the measurements of groundwater level
and guality on selected wells around the areas
concerned, The basic obJective is to achieve an
understanding of the behaviocural characterlistics
of the aqulfers in response to continous
abstraction of groundwater wvhich will allow proper
managenment. Given a modest amount ~¢f 'basic
hydrogeologlcal data (well data, pumping. tests,
construction and design detalls, ete.), a

monitoring system can be devised to make best use

of the existing wells.
5.2.4.2  Investlgatlon and Survey

Conduct the investigation of all MWsS wells
as well as deepwells of subdivisions for turn-over
to MWss, Intergrate and evaluate primary and
secondary data to determine efficlency of wells
and pumps reckoning from construction history to

actual operating conditlon.

Also, conduct actual field investigations and
site lInspections on newly-drilled and o be
drilled wells which have applied for proper
leglstation to NWRB and referred to HWss,

5,2.5 Saline Water Intrusion/Contamination Study

5.2.5.1 Inventory.of baslc hydrogeological data

a) Collection and organization of data
such as reports on hydrogeology,
hydrology, geology and geophysics;
chemical analysls of groundvater;
lithological, aguifer test and well
construction data for all wells, as
avallable; spring and river flow
data; ralnfall, evaporation and other
climatological data.

D) Water Balance Estimation which will
include <calculation of infiltration
from rainfall, ‘evaporation and run-
off data to come . up with  an
estimation of recharge,
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5.2.5.2 Exploratlon Methods

a}) Conduchk exploration and lvestigation
by geophysics (using dQown-the-hole
logger). on unlined boreholes or
newly-drilled wells.

b} Conduct surface geophysical explora-
tion in the area near the coast or in
an area with already historical
records on saline contamination and
whenever possible wilth calibration
with the nearest deepwells of known
lithologlcal characteristics.

5.2.5.3 Water Qualify Studles
a) Discharge Sampling

Groundvater samples shall be
collected from pumplng wells for
chloride and electrical conductivity
analysis, Also, selected wells shall
be collected with water samples for
complete physico-chemlcal analyses,

'b) Open-hole Depth Sampling

Using discrete/depth sanplers,
groundvwater samples shall be
collected on ‘deactivated open-~-hole
wells at different sectlions of the
agulifer system for chloride and
Electrical Conductivity Analyses.

c) Packer Sampllng

Since when fresh water mlx with
sallne water the latter stays at the
bottom, detectlon of the source of
saline water can be done by sampling
water at suspected saline sections
using speclal type of packers.

5.2.6 OGroundwater Model

Establish a functional groundwater model based
from the data acgulsition and monitoring activities for
the development of an adequate Information system upon
which optimization of the operation, maintenance and
- development of MWSS groundwater supply facllities can
ke based. . '
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5.2.7 Evaluation and Analysls

5.2.7.1

Monltoring

Determine the rate of water level fluctuation
and degree of deterioration on the quality of
groundwater. '

5.2.7.2

5.2.7.3

CGroundvater Supply Improvement and
Development .

a) Develop an adequate information
system upon vhich optimization of the
operation, maintenance and develop-
ment of the MWSS groundwater supply
facilities can be bas=d. ' '

b) Determine the vlability_.of the wells
for turn-over to MWSS with respect to
.technical, flnanclal and economic

aspects, N
¢) Determine the viability of
constructing nev  deepvells for
additlonal water source and supply in
areas where both surface and

groundwater  sources are  limlted.

- Preparation of the general technical
specifications for the drilling and
construction of new wells shall be
included.

Saline Water Intruslon/Contamination

a) Determine the extent and causes of
saline water contamlnation and avoid
or minimize further contamination of
fresh-vater agulfer in order to
protact the unaffected areas.

b) Provide an  adequate Information
system . for technical speclifications
on the construction and operation of
wells in saline-intruded/contaminated
areas ’

c) Praovide technical specifications on
the proper abandonment of  wells to
elimlate the physical hazards of an
open well, and also, to preserve the
yleld and head in agulfers.
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d) Quantify and determine the effect of
saline contamination/intruslion to
soclal concerns and economy, In terms
of monetary value,

e} Provide remedial measures (protective
and  corrective) as standard
technigues to combat saline intrusion
and encroachmnent of groundwvater
inland.

5.2.8 Training Programme

To ensure operational feasibility of the project,
the Consultant, as part of the grant package, shall
provide lectures; training programs and seminars to the
local personnel of the System directly involved in the
project. The fields of water resources management,
groundwvater development, environmental protection and
sanitation, recent trends in groundvater supply and
computer modelling as it applies to water supply, shall
all be tackled.

- For - better understanding of the behaviour of
groundvater and to¢ enable to make best use of avallable
resources, private well users shall be provided with
sufficient Infermatiens through semlnar program by the
Consultants.

5,2.9 Methodology Manual
. The Consultaht are expected to develop a
Feasibility Study Methodology Manual that would serve

as quidelines for the present and future groundwater
supply development programs of the Systew.

-11-
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FEASIBILITY STUDY TEAM COMPOSITION

TECHNICAL CONSULTANTS

Project Leadex
Hydrogeologlist/Hydrologist
Hater Quality/Water Treatment
Speclalist
Economic/Finaricial Specialist
Institutlonal Speclallist
Mechanical/Electrical Engineering
Speclalist }
System Analyst (Data/Engineerling)

MWSS HANPOWER COUNTERPART
Project Management

Project Coordinator (PM-3}
Depuky Project Coordinakor {PE-2)

Monltoring Team

Team Leader (Sr. Hydrogeologlst)
Sr. Geologist/Sr. Engineer B (3)
Engineering Assistant B (3)
Priver (3)

Exploration and Investigation Teanm

Team Leader (Sr. hydrogeologist)
Sr. Geologlist

Geologist (2)

Hydrogeologlst

Engineering Assistant (2}

Geo. Englneering Alde B (4)
Driver B

Technlcal/Administrative Support Staftf
Team Leader (Sr. Hydrogeologiét/
Supervising Englneer B)

Sr. Englneer B
Engineer B
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Technical/Adminlstrative Support Staff Man-Months

Computer Programmer 12
Data Encoder 12
Sr. Econonist B 1?2
Draftsman B {3) . ‘36
Sr. Clerk/Typist {(2) 24
Geo. Engineering Aide B ' 12

144

MWSS Advlsory Group
Deputy Administrator for Engineering
Chief Englneer

Planning and Programming Department Manager
Hydroleogy and Research Division Chlef

.—15_



ESTINATED FINANCIAL REQUIREMENT
A.  FOREIGN COMPONENT (IN U.S. $1,000)

Qry/s UNIT TOTAL

UNIT COST AMOUNT

1. Consultancy Service 24 man-months = 7 168
2. Computer System 1l systen 30 30
3. Technlcal Equipment Lump sum - 117
4. Transportation 4 units 10 40
5. Local Training § personnel 2 iz
6. Communication & Report Lump sum - 5
372

Using U.S. $1 = 22.00 ==> TOTAL COST IN PESOS = R8,184,000.00

B, LOCAL COMPONENT (IN B1000)
TOTAL AMOUNT

1. MWSS Personnel B 1,778,833.00
2, Printing & Supplies 100,000.00
3. Office Equipment ' 100,000.00
4. Per Diems/Travelling Allowance 50,000.,00
5. Overtime Pay 150,000.00
6. Operation & Malntenance = 400,000.00
7. Construction of Test Wells B,000,000.00
8. Miscellaneous 237,167.00
B10,816,000,00

C. TOTAL ESTIMATED COST == ®15,000,000.00

...15_
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UNDERTAKINGS OF THE GOVERNMENT OF THE
REPUBLIC OF THE PHILIPPINES

In ordexr to facilitate a smooth and effilclent conduct

the Study, the Government of the Republic of the

Philippines shall take the necessary measures:

1.

2!

to secure the safety of the Study team.

to permit the members of the Study team to entex, leave
and sojourn 1in the Republlc of the Philipplnes in
connection wlth thelr resignment therein, and exempt
them from allen registration regulrement and consular

fees.

to exempt the Study team from taxes, duties and any
other charges on equipement, machinery and other
materials brought into and out of the Republlic of the
Philippines for the conduct of the Study.

to exempt the Study team from income tax and charges of
any kind imposed on or 1in connectlion with any
emoluments - or allowvances pald to the members of the
Study team for thelr services In connection with the
implementation of the Study.

to provide necessary facllitles to the Study team for

" remittance - as well as utilization .0f the funds

Introduced in the Republic of the Philippines from

Japan in connection with the implementation of the

Study.

to secure permissioﬁ for entry into private properties
or restricted areas for the conduct of the Study.

to secure permlssioﬁ for the Study to take all data,
documents and necessary materials related to the Study
out of the Republic of the Philipplnes to Japan.

te provide medical services as needed. Its expenses
will be chargeable to menmbers of the Study teanm.

-19-~



The Government of the Republic of the Phillppines shall bear
clalms, If any arlses agalnst member(s) of the Japanese Study
team resultlng £rom, occurring in the course of or othervise
connected  wlth the discharge of thelr dutles in the -
Implementatlion of the Study, except vhen such clalms arxise from
gross negligence or willful misconduct on the part of the -menber
of the Study team.

The Metropolitan Waterworks and Sewerage System shall act as
counterpart agency to the Japanese Study team and also as
coordinating body in relatlon with-other governmental and non-

governmental organlzatlon cvoncerned for the smooth Implementation
of the study.

The Government of the Republic of the Philipplnes assured
that the matters referred in thls form will be ensured for a
smoeth conduct of the Development Study by the Japanese Study
Team. s : :

\

. f _
Signed: GODOFREDO A.'VERINO

Titl T. Deputy Adminlstrator
nd concurrently, Acting
p Adninistrator, MWSs

On  behalf of the Government of .the Républic of the
Phllippines

Date: August 30, 13589

~2 0
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THPLEMENTING ARRANGEMENT
_ ON
THE TECHXICAL COOPERATION
_ BETUEEN
THE JAPAN INTERNATIONAL COOPERATION AGENCY
. AND .
HETROPOLITAN HATERMORKS AND SEMERAGE SYSTEM
R £
STYDY FOR THE GROURDWATER DEVELOPHEM]
IN HETRO HANILA
REPUBLIC OF THE PRILIPPINES

-AGREED POR BETHEENR
HETROPOLITAN WATERNORKS AND SEWERAGE SVSTEH

ARD
JAPAN INTERNAYIONAL COOPERATION AGEHCY

Bl EHD

He.luis v.¥.Sison Hr. Akira Hizobuchi
Adsinistrator. Team Leader
Hetropolitan Hatervorks pretiminary Survey Team
and Sew; agg Sysiea fHHSS) Japan Internalional
% /{L ' i ' Cooperation Agency (JICA)
: JANUARY 18, 1920
Hanila



r.

In response to the request of the Government of the Republic of the Philippines
(hereinafter referred to as "GOP"). the Government of Japan (hercinaf[er referred to
as "60J"}, has decided Lo conduct for the Groundwater Development in Hetro Manilathere

inafter referred to as “the Study”). and exchanged the Note Verbales with GOP concern
ing the implementation of the Study.

The Japan International Cooperation Agency {hereinafter referred teas "JICA™),
the official agency responsible for the implementation of the technical: cooperation
progranes of GOJ, will undertake the Study, in accordance with the retevant laws and
regulatiors in force in Japan.

On the part of GOP, the Helropoiitan Waterworks and Scwerage System(hereinafter
referred 1o as "HWSS™) shall actl as counterpart agency to the Japanese Study Teaa and
also as coordinating body in refation with other governaental and nhon-governzental
organizations concerned for the smooth implementation of the Study,

The presen? document constitules the Tmplenentation Arrangement between JICA and
HHSS under the above-mentioned Note Verbales exchanged between the two governments.

OBIECTIVE OF THE SIUDY

The objectives of the study are; e
1) Te foraulate a pian for the rehabilitation, operation, maintenance and
development of HHSS supervised wells in the MvSS Service Area
(hereinafter referred to as "Msp“),

2) To evaluate the groundwater rescurces potentia! in the areas out of Msa,

3) To study a solution or remedial weasures and prevent:ve scheres for the
intensely saline-water penetrated area.

§) To formulate a plan for establishaent of groundwater nonitorung system in
the respective area.

a.
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[i. STUDY ARLA

The study ares shall cover the HWSS service area as shown in the Annex ’I@r\d 2
oonprising of five cities and thirty-twe municipalities.

V. SCOPE OF THE STUDY
The Study sha!l includethe following:

1 DATA COLLECTION-AND REVIEM
A Socio-economic conditions
B Physicai conditions
C Existing wells
D Hater supply and demand
E Reports of related studies and projects
F Water (uality
2 BASIC INVESTIGATIONS
A Heil inventory
'8 Reconnaissance survey of topography, geology and land-use
C Electric prospecting -
0 local comtractors

3 UGITAILED THVESTIGATION
A Rehabilitation in MSA
1) Site survey of damaged wells
2) Weil sounding and rehabilitation

B Saline-water affected area

1) Season-wise groundwater measureaents

2) Test-well driliing and instaliation of observatory instruments
3) Pumping test

4} Simultaneous groundwater measurements

¢ Area for groundwater developaent
1) Test-well driliing and installation of observatory instruments

a.7 .



2) Pumping test
3) Simuttaneous groundwater measurewent

4 STUDY AND ANALYSIS _
A Rehabilitation measures and effect
B Saltine-water penetration
C Groundwater development potential ard water halance

S DEVELOPMENT PLANNING
A Rehabilitation progranmes of MWSS wells in Msa

B Pertinent utilization of groundwater and mitigation scheae for saline-water
peretrated area

C Groundwater development and managesent programze fol the MSA.
0 Structyrization of relevant monitoring systea

£ A comprehensive plan for groundwater development,utilization and #anagesent in
MSA

V. STUDY SCHEDULE

The Study wifl be executed in accordance with the attached tentative schedule.

VI. REPORTS

JICA shall prepare and subsit the following reports in English to GOp:

(1) Inception Report
Thirty (30) copies at the commencesent of the field survey .

(2) Progress Report

Thirty {30} copies within six(6) months after the commenceaent of the
Study. '

{3) Interim Report

a7



<Thirty (30) copies within twelve(i2) months after the coamencenent of Uhe
the Study.

(4) Draft Final Report

Thirty (30) copies within seventeen{17) months after the commencement of
the Study

GOP will provide chn'with_its comments on the Draft Final Report within
thirty {30) days after the receipl of Draft firal Report.

{5) Final report

Eifty_(SO) copies within one (1) month after JICA's receipt of the said
conments on the Draft Final Report.

VI. UNDERTAKINGS OF GOP

In accordance with the Hote Verbales exchanged between GOJ and GOP, GOP shall
“accord privileges, inmunities and other assistance to the Japanese Study Tean
and, through the authorities concerned, take necessary measures to facilitate the
smooth conduct of the Study. -

1. a) GOP shall be responsible for dealing with clains which may be brought by
third parties against the members of the Japanese Study Team and shall hold
‘thes haraless in receipt of claims and liabilities arising'jn the course of,
or otherwise conncected with the discharge of their duties in the
impiementation of the Study, except when such clains er liabilities arise
from gross negligence or willful misconduct of the above-mentioned members,

b} GOP shall secure the reasonable safety of the Study Team during the
implementation of the Study.

2. HusS shall, at its own expense, provide the Japanese Study Teas with the
following, if necessary, in cooperation with other agencies concerped:

a) Available data and information retated to the Study,
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¢) Suitable office space in Heiro Hanila and study area |,

d} Credential or idemiification cards to the members of the Japanese Study
Tean.

3. M¥SS shall make the necessaly arrangements upon rCOUFbL of the Japanese
Study Teamynon-government. organizations concernsd for the following:
WK oHier governwantal and )

a) To secure the sarety of the Japanese Study Teas;

b) To permit the members of the Japanese Study Tean to enter, leave and
sojourn in the Philippines for the duration of their assignnent therein:

¢) To exempt the members of the Japanese Study Team from taxes, duties, fees
and other charges on equipment, machinery and other materials brought
into the Philippines for the conduct of the Study;

d) To exempt the menbers of the Japanese Study Team from income tax and other
charges of any kind imposed on or in connection with any emolument of
‘aliowance paid to the meabers of the Japahese Study Team for their services
in connection with the zuDiementatzon of the Study:

e} To prOV|de necessary facilities to {he Japanese Study Tean for rewitlance as
well as utilization of the funds introdiced into the Philippines from
Japan in connection with the :apleaentatlon of the Study;

f) To secure peraission for entry into private properties or other areas for
‘the conduct of the Study; o

0) Vo secure permission to take all data and documents { including
photographs) related to the Study out of the Philippines to Japan by the
Japanese Study Teaw;

h) To provide medical services as needed and sts expenses will be chargable on
the members of the Japanese Study Teas.

Vi. URDERTAYINGS OF GoJ

tn accordance with the Note Verbales exchanged between G0J and 60P, G0J, through
JICA, shall take the following measures for the isplesentation of the Study.

-1. To dispatch, at its own expense, a Study Teas to the Philippines.

({:' 9?!
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2. To pursuo technoiogy tramsfer to the the Philippine counterpar!t personnel in
the course of the Study, hy way of training in the Philippines and in Japan.
TX. CONSULTATION

JICA and HHSS shail.conshlt with each ether in respect of any matter thal may
arise from or in conpeciion with the Study.
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CANNEX 1

MWSS SERVICE AREA

METRO MANILA
MANILA, PASAY CiTY, QUEZON CITY,
CALOOCAN CITY, Las Piffas, Makatl,
Malabon, Mandaluyong, Mariking,
Muntinglupa, Navotas, Parghaque,

Pasig, Pateros, San Juan. Tagig
and Valenzuela,

CAVITE PROVINCE

CAVITE CITY, Bacoor, Imus, Kawit,
Noveleta and Rosario.

RIZAL PROVINCE :
Anitipolo, San Mateo, Taytay, Cainta
“and Montalban. |
BATAS PAMBANSA 799: Angone, Baras,
Binangonan, Cardona, Jala-jala,
Morong, Pililia, Tanay and Teresa.

A

@
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MINUTES OF MEETING
FOR
THE STUDY FOR THE GROUNDWATER
DEVELOPMENT IN METRO MANILA

IN

THE REPUBLIC OF THE PHILIPPINES

AGREED UPON BETWEEN

THE METROPOLITAN WATERWORKS AND SEWERAGE SYSTEM
AND

THE JAPAN INTERNATIONAL COOPERATION AGENCY

/ﬂ/ /% Vi /?1}

L¥fs v.Z. SISON AKIRA MIZOBUCHY
, ADMINISTRATOR TEAM LEADER
METROPOLITAN WATERWORKS PRELIMINARY STUDY TEAM
AND SEWRRAGE S5YSTEM JAPAN INTERNATIONAL
{%wss) COOPERATION AGENCY
(JICh)

JANUARY 18, 1950
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In connection with the Implementing Arrangement (hereinaftexr
referred Lo as IA} of the Study for the Grodndwater- De#elopment
in Metro Manila (hereinafter referred te as "the Study'"), the
following major lissues were discussed between the Jica
Preliminary Study Team (hereinaftex xéferred to as "the Team"i
and MWSS: _
1, The MWSS has pointed out thé importance of the Study on
the current water supply situation in its service area.
Groundwater'ﬁiays an important role in thé water sup?ly
of the Hetropoiis especlally when there is a shortfall
on the suxface water supply during dry seasons which
may be aggravated by the occurrence of drought
conditions. Az such, the improvement and. development
of the groundwater system in'Metro Manila and its
environs is the main objective of the Study. -
2. In accordance with the IA objectives, the.study will
focus on three (3) distinct areas of the MWSS, namely:
a) The MWSS Sexvice Area where well rehabilitation is
the study thrust

b) The Saline-water intruded area where.mdnitoring and
computer modelling is.the.study thxusﬁ |

€} The outlying areas where groundwater_developmept is

the study thrust,
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For - Item C, the Team suggested antipolo as one of the
critical avreas for a pilot study. However, the MWSS
asked that another pilot area in the South should also
be included. In c¢onnection with this, the Team
suggested that the administrative boundaries will not
be followed .in the Study. Instead, hydrogeological
houndaries are to be followed or to any areal extent
that the Study may require. MWSS agreed on this.

MWSS askéd the Team if they can provide for the Study
groundwater computer model and/or software to be uséd
in the course of the study.

The team requested MWSS to provide them cost estimates
of test .well drilling and well rehabilitation from
local -censtractors based on JICA specifications which
they.will give MWSS during their stay. MWSS agreed to
provide the team all the other additional data which
the team may not be able to collect during their brief

stay. All these data will be sent to Japan by MHWSS.

- MWSS requésted the team to proﬁide vehicles and the

various eqdipment such as geophysical equipment,

-pumping unit, water quality analyzer, perscnal

computer; and other tools and equipment necessary for
the Study which will be dopated to MWSS after the

completion of the Study. Likewise, the Team was asked
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to provide MWSS a list of the vehicles and equipment

they are planning to bring into the Philﬁppines--to

arrange for their entry and secure permission.

Likewise, MWSS  indicated that they will provide

drivers, fuel and maintenance for the new vehicles,

MWSS requested that members of the Study Team should

submit their medical history and Medical Examination

Results in connection with the undertakings of MWSS to

arrangé for ﬁedical services if necessary.

MWSS asked that the preparation and development of five

(5} operation manuals be included in the undertakings

of the JICA regarding the (a) Rehabilitation-of Wells;

(b} Saline Water Intrusion'studies;l {c) Prospecting

Methods; and (d) Well Construction, and (e) Groundwater

Potential Simulation Model.

MWSS agreed to provide the Study Team with  the

foliowving, in cocperation with = other  relevant

crganizations:

a} Preparatlon of data and documents Spec1f1ed in the
guestionaire submltted by the Team before the Study
begins. _

b} Counterpart personﬁel for each member.of the Stﬁdy
Team. MWSS informed tﬁé Team thaf it has proposed
to field in 36 personnel or more depending on the

need of the Study.
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10,

i1.

To .be able to effectively pursue technology transfer,
MHSS reiterated _to the Team to receive participants
especially the counterpart personnel, for tralning in
dapan during the course of the study, in accordance
with JICA proceédures,

MWSS poihted out the importance of a Monitoring Systen
in the Rehabilitation in the MSA phase in addition to
the HMonitoring System which the Team has proposed for
the Saline-water affected Area phase of the study.

JICA requested that MWSS provide the right-of-way and

site for test wells. MWSS agreed.
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PHILIPPINES SIDE:
LUIS V.Z. BISON

GODOFREDO A, VERINC

LIsT OF

i

EDUARDO M. DEL FIERRO -
BENIGNO €. AYSON, JR. -
ROLANDO E. ROCA -
RAMON C. DE MESA -
ERNESTO E. SAMONTE -
VICTOR J. BALAGTAS -
JAPAN SIDE:

AKIRA MIZOBUCHI

YUJT HMARUCQ

MITSUAKI FURUKAWA

YUJI UNE

SHINICHI YOSHIKAWA

NAGHASA ODA

ATTENDERS

Administrator ; MWSS

8r. Deputy Administrator, MWSS
Deputy Administrator

for Engineering, MWSS

Chief Engineer,
‘Engineering Area, MWSS

Chief, Hydrology and
Research Division, MWSs

Chief, Planning and
Programming Department, MWSS

Project Coordinator,
Groundwater Development Prodect
in Metro Manila (GWDMM) &
Chief, Investigation and
Hydrolegy Section, MWSS

Assistant Project Cooxdinator, (GWDMM)

Supervising Engineer B, MWSS

Team Leader
Director, Second Development
Study Division, JICA

Hydrogeology 7
Development Specialist, bsc,
Institute for International
Cooperation, JICA

Project Planning
Staff, Second Development Study
Division, JICA

Groundvater Deﬁelopment .
Registered Censulting Engineer
Overseas Dept., Nissakw Co., LTD.

Well Planning
Registered Consulting Engineer,
Overseas Dept., WNissaku Co., LTD.

Water Distribution Expert, JICA
Consultant, MWSRP I
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M.D., Koji OKAMOTO (Second Secretery)

JICA 7 4 V) ¥ > BE5Hk
Mr. Moriya MIYAMOTO (Resident Representative)
Mr. Katsuhiko OSHIMA (Deputy Resident Representative)
Mr. Katsuhiko OZAWA (Asst. Resident Representative)

JICAIREHPIR |
Mr, Naomasa ODA (MWSS / Sanitary & Enviromental Engineer)

MWSS
Mr. Luis V.Z. SISON (Administrator)
Mr. Godofredo A, VERINO (Senior Deputy Administrator)
Mr. Eduardo M. DEL FIERRO (Deputy Administrator for Engineering)
- Mr. Benigno C. AYSON, JR. (Chief Engineer,rEngineefing Area)
Mr. Rolando E. ROCA (Ms. E—ng’g. Chief, Hydrology & Research Division}
Mr. Raman D. DE MESA (Ms. Eng’g. Chief, Planning Division)
Mr. Victor V. BALAGTAS (Assistant Project Coordinator, GWDMM)
Mr. Ernesto E. SAMONTE (Project Coordinator, Chief, GWDMM) |

Mr, Ceferino M. DELA CRUZ (Geology Specialist)

| Mr. Senen D. DIZON (Senier Engineer)

Mr. Ben C. PAGDONSOLAN (Supervising Engineer, B)

| Mr. Lutgardi S. LARANI (Hydrogeologist, Research Division)
Mirs. Carol V. BALAGTAS (Hydrology & Research Division)
Mr. Mideo PAMTIG (Pump Operator, Dampalit)
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Mr. Javier GOMEZ (ADB, Manager, Water Supply Division) |

NAMRIA (National Mapping & Resources Information Authority)'
Mr. VENTIREZ

BSWM (Bureau of Soil & Water Management)

PAGASA GRRHEETR)
Mrs. Araceli L. FONTANOQ (Chief, Climate Data Section)

NWRB (National Water Resources Board)
Mr. Antonio P. BASILIO (Chief Civil Engineer)

Mr. Lope VILLENA (Planning Officer)

MGB (Mine & Geoscience Bureau)
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5. AR A N

Name of Map

{ . GENERAL INFORMATION

Prepared by

I -1 Project Background & Socio - Economic Conditions

1.

4.

Medium-Term Public Investiment
Program

National and Regional
Development Plan{The Medium Term’

NEDA

NEDA

Philippines Development Plan, 1988 ~ 1992)

Manila Water Supply T Project
Alternative Sources Study Volume 24

1989 Philippine Statistical Yearbook

1-2 Natura_l Conditions

1.

6.

16.

11.

1Z.

Contoured Map, Metro Manila Area
{1:10,000) 57 sheels

Topographic Map of Manila (1: 250,000}

Aerial Photo Flight Plan of Metro
Manila

Land -Condition Map, Metro Manila
Area {1:10,006) 16 sheets

Land Use Map, Metro Manila Area
(1:10,000) 33 sheets

Geological Map (1:50,000)
Manila and Quezon City Quadrangle

Geological Map (1: 50,000}
Cavite Quadrangle

Qeological Map (1: 50,000
Montalban Quadrangl

Geological Map (1150,000)
San Pedro Quadrangle

Soil Map, (1:75,000)
Cavite Province

Soil Map ( 1:100,000)
Rizal Province

Land Systems Map of Metro
Manila, Watersheds of Manila

Bay and Laguna de Bay {1:125,000)
4 Sheets and 1 Legend Sheet

Electrowatt Enginesring
Services and Others

National Statistical Coordination
Board '
JICA
Philippine Coast & Geﬁdehic
Sruvey
MWSS
JICA

JICA

" Buregau of Mines & Geosciences
Bureau of Mines & Geosciences
Bureau of Mines & Geosciences
Bureau of Mines & Geosciences
Bureau of Soils

Bureau of Soils

Bureau of Soils
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13.

14.

18,

16.

17.

18.

15,

20.

21,

22,

23.

24,

25,

27,

28.

29,

30.

31

32.

Location Map of Hydrometric Station Bereau of Soils
of Metro Munila, Watersheds of Manila
Bay & Laguna de Bay{1:126,000)

Manila Street Map

Hydrogeologic Map of Central Luzon, MWSS
Phillipines .

Seil and Land Resource Evaluation
Project of Metre Manila (Soil/ Physiography) .

-do- {Evalution for Agriculture)
Preliminary Report on the Groundwater H.P. Quiazon
Resources of Manila and Suburbs Bureau of Mines
(unpublished)
Soil Survey of Cavite Province Bureau of Soils

Geology and Mineral Resources Bureau of Mines & Geosciences
of the Philippines :

Climatological Normals/Averages of Mational Institute of Ciimatology,

the Philippines (19571 - 1985) PAGASA

Location Map of PAGASA Synoptic National Institute of Climatology,
& Agromet Stations : as of PAGASA _ _
Manila Predicted Tide and Current NAMRIA

Tables 1990 '

Discharge Measurement of Marikina Bureau of. Public Works/

River, 1985 ~ 1989 National Water Resources Council
Stream Discharge Measurement, National Water Resources Couneil

Maragondon River, 1989
(Gagekeepers Monthly Report)

Evaporation Data from PAGASA, PAGASA
19806 ~ 1989 _ .

Gauging Stations and Data
on Rivers and Lakes

Annual Records of Lagna Lake
Water Level (1980 ~ 1989)

Stream Discharge Measurment, NWRC .
Alemang River
(Gaugekeepers Manthly Report/NWRQ)

-do- , Pililla River

-do- » Morong River

Framework Plan 4, Laguna Lake Basins/
Southern Tagalog (NWRC, Report No.24 - 44, 1983)
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1. PROJECT INFORMATION

11-1 Project Report

1.

16,

Ground Water Developumient
Manila Water Supply Project 1
In‘t_erim Report and Plates

Ground Water Development
Manila Water Supply Project 11
Final Report

Fringe Areas Water Supply Project
{ FAWSPF ), Antipolo, Rizal Feasibility
Study Report No.1 (unpublished)

Fringe Areas Water Supply Project

( FAWSP ), Montslban, Rizal Peasibility

Study Report No. 1{unpublished)

Angat Water Supply Optimization
Project, Feasibility Study (Stage 2)
Fianl Report and Appéndices

Rizal Province Water Supply
Improvement Project (RPWSIP)

Electrowatt Engineering
Service Ltd.
Engineering Geoscience, Inc,

Blectrowatt Engineering
Service Ltd.

MWSS
MWSS

DCCD Engineering Corporation
Engineering and Development
Corporation of the Philippines
with the National Hydraulic
Research Center :

SOGREAH

Feasibility Study Final Report Volume 1 & 2 -

Ii-2 MWSS & Water Works

Organization Chart & Functions of MWSS

No. of MWSS Personnel by Department MWSS
(Regular : 5,083, Casual: 3,729, Total : 8,792)

Functions and Responsiblities of
Relevant Organizations )

MWSS Annual Reporis 1984 - 1985

Manila Water Supply 1, Water
Demand and Tariff Study Report
& Appendices

Philippines Water Code and the
Implementing Rules and Regulations

_ themﬁtic of the Proposed 1982

Distribution System, Manila Water
Supply Project

Zone Index Map of Manila Water
Supply Rehabilitation Project- T, 11

National Standards for Drinking
Waler, 1978 :

MWSS Standard. Drawings for

Watermain Construction on Metropolitan

Manila Waler Distribution Project

MWSS

MWSs8

Electrowatt Engineering Services
Renardet S. A.

National Water _
Resources Council (NWRC)
MWSS

MWSS

Bureau of Reserch & Laboratories

MWSS
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11, Sample of Contract Documents MWSS
ineluding Technical Specification
of Test/ Production Wells

12, ‘Technical Specifications of Pipe Materials

13, Water Quality Records
(Central Ravoratory Division/MWSS)

14, Operation Records/Operation of Facilities

15, Ground Water Development Project, Electrowatt Engincering 1581
Manila Water Supply Project I Services, Engineering Geoscience
Manual No. 1 Well Construction and ‘Ine. :
Inspection

16. Ground Water Development Project, Electrowatt Engineering o 1881
Manilz Water Supply. Project II Services, Engineering Geoscience
Manual No. 3 Pumping Tests Inc.

17. Memorandum on Results of Several
. Rehabilitation Works

18. Status Report/Accomplishment Report MWSS 1990
of MMWDP as of December, 1989

I1-3 Existing Wells.

1, Well Location Map & Well Inventory MW.SS 199¢
of MWSS : :

2. Sample, Daily and Monthly MWSS
Deepwell Operations Report

3 Piezometric Map of Metro Manila . MWSS - o 1888
4. Iso-Chloride Map of Metro Manila MWSS . 1988

5. NWREB Inventory of Private Metro Manila
Deepwells with Approved Water Permits

6. Data on Private Metro Manila Deepwells

T. -do-

8, Well Data for Rrivate Deepwells in Matro
Manila (Quzon City ~ Makati 941 [X)

. RELEVANT INFORMATION

1. List of Driller Suppliermembers of

WELDAPHIL '
2. Well Assessment in Las Pinas
3. Ann.uai Report '88 Bureau of Mineé & Geoscience's-. 1989
4. Pubfisﬁment Index of Bureau of Mines  Bureau of Mines & Geosciences |

-

& Geosciences
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WA EE OIERICH - T 13, MWSS, NWRB, NAMRIA, BSWM,
PAGASA, MGB 5 % BIEFHM L 2 4, MWSS @ Hydrology & Research
Division S UFGround Water Monitoring Unit D 2 ¥ v 7 itk 5 & =
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PUMPING TEST RESULTS AND AQUIFER CHARACTERISTICS OF SELECTED WELLS INMETRO MANMILA

TEST PUMP.  SPECIFIC TRANS. AQUIFER

MWSS OWNER DEFYH SWL DRAWDOWN iNG RATE  CAPACITY MISSIVITY TRAPPED
Re. . {m} ~ {m) (tm) " fsfm mfa
ATP =54 Sumuleng § 183 28 1 18 1.6 210 GP
BCR -4 * Bo. Nioy 14 39 15 30 2 220 Qul. Ot
BCR ~ 11 Magdiwang Realty Corp, 151 17 \ [ 4 160 Gal. Ql:
CTA =19 San Juan _ 13 31 5 13 1.2 255 Qal, Q1.
M5 ~3  Topacio 244 15 13 i3 12 100 Qal.Qu
LPS ~37  NagaR4. H1 306 43 36 W 0.3 28 Q. QL
LPS ~ 43 " Genenal Motors Ine, f 308 43 36 10 0.3 28 Qal. QL.
LPS -~ 64 . Las Pitas Elem. Schaol 228 37 10 V3| 2.1 243 Qal. QL.
“MKT — 11 Cambridge Circle F. Park 306 17 3 32 1 118 G3
MKT 12 Kayrmanan "0V 310 14 19 32 1.7 212 G5
MKT - 18 Ayala f 21 263 15 19 30 16 189 GS
MXT =23 Ayala¥ 26 214 1 15 36 2.4 275 Gs
MKT - 25  Ayalaf 28 206 10 25 30 1.2 120 G
MKT - 31 Ayalzf3) 203 9 33 13 0.3 50 Gs
MKT ~33 Ayala§ 36 110 35 44 6 2.1 20 G5
MKT ~ 46 Bank of America Bldg. 305 18 42 7 0.2 32 GS
MKT - 48  China 8anking Corporation 274 25 53 9 0.2 22 G5
MKT = 57 ° Peninsula Hotel 308 45 29 7 0.2 30 GS
MXT — 122 Banaba Circle 204 20 17 ] TS5 70 Gs
MKT ~ 136 Eastern Telecom 308 30 30 33 11 135 GS
MLB --20  Brgy. Catmon 263 82 35 3 0.1 2t Gl Qu
MLB — 32 Bo. Dampalit 233 3 52 % 0.2 25 Qi Qu
MLB 57 MWSS Nivgan. 308 20 61 13 0.2 7! Qi1
MDL =10 National Mental Hospitat 201 3 20 1 0.3 65 Qal. Q.
MNL ~- 101 F.EU, _ 308 g 75 T4 .1 9 Qal, Q1.
MRK —3  Industrial Valley . = - 178 39 11 13 11 120 Qal. Qt.
MTL —1 © Bliss Project _ 305 ] 105 12 0.1 1? Qi GS
TL —7 ° CBCF Sucit Interchange 152 15 7 ) L] 0.6 68 Q. GS
MTL —~8 ° Ford Philippines 308 43 90 7 0.1 13 Qal. GS
MTL - 22 Tahanan Village § 3 308 24 51 tH 0.3 40 Qal. GS
MTL ~ 23 Tahznan Village § 215 24 33 . 17 0.3 70 Qal. GS
MTL - 27 AyataCorp. Weli B 308 13 110 33 0.3 n Q. G5
CMTL — 44 Pacific Muki Hormes Ine. 365 50 24 20 0.8 10 Qal. GS
MTL = 3% international Textile 363 37 BS n 0.1 i3 Qil. GS
MTL — 69 _PECCO 249 7 29 24 6.8 105 QLGS
MTL~91 Ayala§12 305 52 67 19 0.3 40 Qal.Gs
NAV -3 .NHAF4 244 20 33 .on 0.3 45 Qil. GS
NAV -4 "NHAZS 277 76 24 7 0.3 38 Qal. G5
NAV -3  NHAf3 308 E 45 10 0.2 30 Qal. GS
NAY =17 Merville, Tanza 305 92 18 7 0.3 k10 @il G5
PRN -8 Gelmatt lac. 244 52 43 22 0.5 61 Qal. GS
PRN = 14 Siandard Elec. Mfg, 230 7 37 5 0.1 12 QiLGS
PRH —20 NagaRead §1 244 32 ] 15 B 157 Qak. G5
FRN —- 66 . PackagingFroduct 2 214 42 36 10 0.3 35 Qi G5
PRN — 74  Bo, San Dionisio 181 26 47 2 0.4 55 Qal. G3
PRN—T78 MIAg?2 - 256 29 44 20 0% 65 Qal. G5
PRH —77 _ MIA £ 2565 28 19 2t 1.1 135 Qal, G$
PRM —~ 135 Johnson & Johnson 244 42 14 12 0.9 105 Qil. GS
PSC —44  Manilz Sanitarium 305 ! 27 .4 0.1 9 QiL G5
PSC — 48 Maricaban. 244 44 25 15 0.6 g1 Qi GS
PSC —55  Nayong Kabataan 1 152 11 il 3 0.3 33 Qal. GS
"PSG ~12  Menaleo | . 365 37 2% th] 0.4 4 Qal. G§
QCT — 65 ABS-CONFZ - nm 40 17 3 0.2 22 Q. GP
QCT —~ 86  Capital Hills Golf Club #1117 37 10 12 1.2 130 Qal.GP
QCY — 121, Veterans Hospital § 1 290 25 43 14 0.3 45 GS. GP
QCT — 122  Vateran Hospital § 2 m 31 i3 s 1.2 135 Gs.GP
QCT = 195 “Censtitution Hill # 1 274 16 67 15 0.2 30 GS. GP
QCT — 250 Poblacion Novaliches 244 26 15 14 0.9 109 G5.GP
QCT — 251 " Bo. Bagbag 200 33 26 14 0.5 63 G5.GP
QCT — 257, Project 8, Congressional M 101 12 1 o9 110 GS. GP
QCT - 269 ..Bo. Escopa Proj. 4 274 85 20 13 0.7 100 GS. GP
QCT =276 0. Tuazon Pumping Station 244 13 59 8 0.1 15 GS. GP
QCT ~ 277 D. Tvazon Elem, Schoot 244 n 104 3 0.1 g G3.GP
QCT — 330 Constitution Hill # 4 308 56 27 o7 04 45 GS. GP
SIN—6 Bo, Once, 5an Jwan 220 5 49 12 0.2 9 G5. 6P
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} TEST PUMP. SPECIFIC TRANS- AQUIFER
MWSS OWNER DEPTH SwiL DRAWDOWN [NG RATE  CAPACITY MISSIVITY TRAPPED
No. {m)  |m) {m) s Wiim m3/d
SMT -2 Bo, Ampid 152 [ 12 3 2.9 368 - Qal.Qu
SMT -3 Bo Malindyy 153 }] b 14 0.6 70 Gt Qi
SMT -4 Bo,Maly 708 12 54 14 0.} 10 Qat, Qu,
TGG =16 Triumph Buitdes Ak 34 63 & K] 1¢ Qal. Q1.
¥GG - 18 Tukwian 18 20 28 i? kN 47 QL
TGG =19 Maharlika Village 183 9 n 19 06 16 Q. Q1.
TGG - 24 Bleunaa Militay 163 21 s 13 PN 320 Qal. Q1.
TGS ~ 48 Century Canning 244 50 51 n 6.2 30 Gal, Q.
TGG =32 My, Berina d¢ Leon 152 2% 20 L] 04 51 Qak. Qt.
TYY — 10 Be, San Isidro 3] 26 i 40 [ %] 100 . Qat. GS
TYY - 11 St Ama 153 217 [3 16 2.0 330 Qal, G§
VL2 -8 Bo. Marulas 305 128 16 5 0.3 38 Qi GS
YLZ w37 Timaeraw Hifls 308 95 53 § 6.1 13 Qal. GS
YLZ - 106 Kl Valenzuels 14 38 61 G 0.1 14 il GS
— a8l Pk -
1+ U7l b T AOEAT kRS
CHLORIDE CONTENT OF GROUND WATER AT CAVITE CHTY, 1930-1981
B 1580 1981 o L
Weyj £15 9-1 10-1 1118 1212 | 20 224 325 4.28 £-1 618 130
MWSS Ne. | 490 185 418 450 450 458 455 393 454 548
MWSS Ne. 2 120 150 140 170 120 120 150 182 152 128 159 159
MWSS No, 3 L} 60 &0 13 53 ‘38 30 30 68
MWSS No. 4 240 210 185 220 220 120 240 364 212 303 72 103
MWSS Mo, 5 453 385 340 378 360 390 450 394 384 394 424 §54.
HIYSS No, § 8 55 70 30 90 90 5 30 30 45 53 60
MWVSS Na. 7 333 i
MWSS5 Mo, & %0
MWSS No, ¢ 128 1ne 68
MWSS Ne, 10 75 113 65 as 45 45 53 k1] 45 . 45 68 15
MAYES No. 11 -0 45 45 )
MIYSS No. 12 388 35 8S 11 H ns 83 120 &0 9] 61 - 98 106
MWSS No, 13 55 53
MWSS No, 14 200 122
MWSS He, 1§ 45 40 45
MWES Ne 16 165 H
MWSS No, 17 L] 30 . .
MWSS No, 13 40 50 49 60 38 50 45 30 45 38 53
MWSS No, )9 .50 47 45 50 50 45 L} k1 43 R 53 60
Sangley Fi Mo, 1 0 45 3 23 k] 32 53
Sangley Pr.No. 2 300 334 510 364 30 333 364
Sangley PL No. 3 560 500 550 583 450 §00 510 513 333 348 515 4484 -
Sangley Pi, Mo, 4 143 105 104 20 50 L1 90 68 .68 16 106 113
Sangley PL Mo, § 115 108 100 115 120 90 130 83 68 83 - 91 13
Sangley Pt, No. § 133 140 150 4 106 98 136 174
Sangley PL.No. 7 1315 00 100 110 §7 50 82 1 60 LE] 91 153
FL San Felipe 14 ] ) . 1,608
F1 San Felipe § 500 450 555 350 510 510 sip 508 545 866 5471 656
Ft.San Fetipe 2 532 125 150 713 900 ET 150 605 1 127 788 874
TFuSan Felipe 3 180 750 690 318 657 817 509 Q9
Fi. San Felipe 4 308 250 120 145 180 120 150 18 14 - %0 81 129
Fu $an Felipr' s 695 480 . 510 750 L1} 758 878 93¢ 1081
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16 MWSS WELL (1)

WELL MO, T86-97

WELL CONSTRUCTION SUMMARY

Location: UPPER BICUTAN, TAGUIG,

ORILLING CONTRACTOR: .___{NIA] _

METRO MANILA

. - —
NATIONAL IRRIGATION ADMINISTRATION —_—

S

DRILLING SUMMARY CONSTRUCTION TIME LOG:

) . TANT [LILT]
YoTaL pepTr 100" {213.36) Yask _ :
DOSEMOE DIAMETER. 160 T CATE TIHE | DAYE | TeWe
DRILLIKGS -
oL Len_NATIONAL IRRIGATICN SEFACE CASKG 1973100 _|1-lg:
ADMINISTRATION PLOT BORE |~16-81 2-13-B()
: REAMING 2-22-8 3-19+
no DIAMANT BOART “(REL UM _ srorve.wooae (22000 @2ieg
siT1a) 2270 FISHYAIL BIT 12 1/4"B ROCK. | casine:
BiT, 16" REAMED BIT, {ed"@X3m}
DAILUNG FLUID : SURRRCE. CASING -15 - £ ML
PREMIUM - GEL 109X 260, g'pXd20" 3-20-80 [3-20-8]
TURFACE Capiid 24"9X3m. ALTER PLacoani]3-20-40 l4-10-8
- CEWENTING, e .

WELL DESIGH _ ) oEviLOPMENT! . [4-I7-BO 6-0-8¢
sasis: eroLook Loot oeomwyacaL Le Y. | omin: : _
AN STRAHIISICe Carets 3¢ BCAEEN DEV. BY PUMAING JAN19-20- 1981 |Fuia
O -280 100|280 - 360" 8'g | YEST. . ae :

380 - 380 B0 | 3RO - 480" AW PUMPING JAN. 2P 81 fionisalmy

480 - 480 B B - B8 £'g _ {JAN. 2B Bt 00HS MMy

60" - 700 a9 | . | BECOVERY TEST udyaa di |

- —_— T ~— | WELL DEVELOPMENT::
- - | SuReING agaLNG :earRs
- : AR SURGING{ COMPRESSOR) » 24 HRS .
CASIHG! WELL DEV. BY PUMPING »24 HRS.
280" 21078 BLANK CASING FINAL TEST PUMPING s 72 HRS .-
60'» 8" BLANK CASNG : 168 HRS. -
SCKEEN; T
360 8"3 PERFORAT| ¢
200" SR PERFORATRD CASING [ T e
sl 19Q" .
CEXTRALIZEAS: - Fwe 373 AT 181 asn quay
EVERY 40° OF THE INSTMLED APTER T2 Keums
CASING.
COMMENTS !

FILTEA WATERIAL

WELL DELOPING AND FINAL TEST PUMPHNG

841 CANS OF GRAVEL FACKED
CLHENT

WAS PERFORMED BY PACHECO DRILLING TO

THE REASON THAT THE PUMPING UNIT

{HOTE) CONTINOUS GRAVEL PACKED
oThen; 10 BAGS SODIUM - HEX AMETA

[TARBINE PP} OXNED BY HI& I1SHOT

PHOSPHATE WAS APPLIED PRICRTO WELL
PEVELOPING,

APPLICABLE DURING THE TESTING

CONDUCTED THERE AT

— 158 —
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220"
425"

300"

3890
600"

640
660"

800"
840"

880’
800"
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T
PR N L

-

T

-

T3

) MWSS WELL (2)

WELLNG, .. BCR-=

WELL CONSTRUCTION SUMMARY

Locarion: BO, NIOG, BACOOR, CAVITE

ORILLING CONTRACTOR! _CONGRILY
CONTINENTAL WELL ORSLLING .

DRILLING SUMMARY:

ToraL peprs 900

BoAEHoLE ramEren .t ¢

o iLe e ICONDRILL) CONTINEHTAL
WELL DRILLING

RIG ROTARY
wites) . BY2 D, 1878 2478

CONSTRUCTION TIME LOGI

SYLRY imisn
FASK .
— DATE | TiuE | DATE | TIME
QRILLING?
8/2"pBIT _ |i-23-89 2-7- 84
189 BIT 2-9-8g [2-14-84

GEQPHYS. LOGGING:

TASING: .

20" X 60" | - 258 2100PMi-25-00] 3100 PN
pAILLING FLUID _AQUA SEL WO BX900"  |5+3-e0 jreoesfa-e-ani l30an
"SURFACE casing 2070 X60" ALTER pLAcEVERT 1S 678G 3-1I- 80

. 5-13-80 |4 corul3-B-80 | iso Py
. CEMERTING
WELL DESIGK: DEVELOPHENT. 372580 415784
BASIS] CEOLOGIC LOG Y., GEOPHYSICAL Lec_{f DYHER!
CASING - STRINGIS)C:CASHG  §¢ SCREEN
0 .~ 500" 300' -~ 380
580" - 600" 800" . 540’
640" _ £60} {660 . 800"
800" . 840 540" _ 880
880" . 900’ -
— o WELL DEVELOPMEKT
- - ,____' SURGING/ BAILING 1 3-25-80 L 4-1-80
- - i 29 HRS.
casme: QG 10" BLANK CASING DEV, BY COMPRESSOR B AlR LIFYHG »
' _ 3-29°80,; 4-1-80
"~ 24 HRS.

DEV. BY PUMPING = 4-10-B0 | 4-15-80

scnEen:  300°210"p PERFORATED €4 HRS.
CASING.
B WATER LEVELS!

swi i27"

cextrALIZERS: TO EVERY 40" OF THE pwl 176 a1 500 gru 28]
o IMSTALLED CASING. AFTER 24 HOURS
FILTER MATERisL (638 CANS OF 20LITERS | COMMENTS:

CONTENT | GRADED GRAVEL .

AFTER THE CONDUCTION OF PUMPING

TEST, DRAWDOWN IS 48 F¥. OMY AND

33 BAGS OF CEMENT
GROUTED TO CONDUCTOR PIPE ANNUL AR SACE

deueny _ 396 BAGS OF CEMENT

. THEREFORE THE WELL MaY
oTHer 12376 GALS, OF WATER. PRODUCE 600 6PM. WITH P.W.L .= 1807
' 1?2 BAGS BENTONITE ORPTH.

— 159~

ROMULO M. LIBO-ON
PROJECT £MGINEER
MW55- DEP-GWSP



18 MWSS WELL({3)

WELLNO, VL2106

WELL CONSTRUCTION SUMMARY
LocaTron; BROY. ISLA, VALENZUELA CRILLING GONTRACTOR!  GOLDWATER
METRO MANLA LRILLING 6 MACHINERY CORPORATION
e e
DHILLING SUMMARY: .| CONSTRUCTION TIME Loo:
BTART FiRIsH
ToTat ocpin  [000 FEEY TASK .
BOREHOLE praMgTek V6 8 _ CATE | YIME } 0aTE | Time
DRILLING :
canLgr . GOLDWATER DRILLING @ SURFACE CASINGI 4-24-80 " [5-16-pd
MACHINERY CORPORATION PILOT BORE  15-2/- 5 r29-8b
REAMING -2-80) *7-81
” » 6. PORTADRILL : | GroPuYS. Logawo: NAY 2D iooruluavs [2:ooru
) 0 pris) 247839 Y"e 11678 2| easie:
1
& . ' -
. 5 oanLing Fuip PREMUIK GEL / QUICK GEL
\ ‘II
') - SURFACE caswo _18"D X 60° FILTER R ACEMENT!
i 1‘; " . "} CEMENTING !
5 Ik WELL DESIGH ! orvitorMenT:  {I15-81 I-z2-8|
"l ‘\' BASST GECLOGIC LOS .. GEOPHYSICAL 100, OTHER! J : .
B \ .
~R CASING - STRA S161EASI 51 ScREen DEVELOPING BY sur G/ JETTING
o 1t 0 - 490 8% 1490 - 510' gy BALING : $4HRS|
s A\ 510" - 550' "2 | $30' - g60' 8%
X 210 £ 52 —
a0’y N £80' - 680' g"¢ | 580" - 770" g
:gg" x 770" - 809" 8¢ | 800" - 920" g'g :
s10° - 260 Up 1960 - 1000'8% [po DEVELOPMENT: O
s30' - - | suRoING/IETTING - 24 nis.
M . - DEY. BY FUMPING - 32 wps.
; CASING: FINAL TEST PUMPING-88 HRS.
i 680's 8"g BLANX CASING 124 MRS,
5 - -
660" $e
§80° % stheen:  3B0'r 60 PERFORATED
CASING - -
; WATER LEVELS: AFTERD SURGIRG/vEY Tin
+ PUMPING DEY.
}' bt - swL 10071387126 o
770 CENTRALITERST : Fwi 324 AT 137 ern {3433
Ao T ) AFTER 68 - HOUAS
111 -
I FILTER MaTeriay GRAVEL PACKING COMMERTS ! S - .
L SATISFACTORY 20 HP SUBMERSIELE WAS USED DURING
r!! Il ceaenr | SATISFACTORY DEVELOMING BY. PUMPING / TEST PyMPiNG
aze LI LOST DRILL BIT WITH COLLAR WAS
OTHER ! RECOVERED. = : :
, ' EQUND ABANDONEDWELL WEAR THE
SE0 (T - -
11 - HEWLY CONSTRULTED WELL.
iooo" fH -
——— )

ROMULO M, LIBO-0N
TROJICT EMOIEER
CLYIREY PRy
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20'{6.00)

240{73.55)
545tra €

27018259}

450013716}
47014325)

4 (J[14935)

306184

SIOUTITY
59CRI79.63)
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£20'(242.58)
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19 MWSS WELL ()

WELLNO, FRH- 78

—— e

WELL CONSTRUCTION SUMMARY

Locarron: MIACOMPLEX , PARARLGUE
METRO MANLA

DFSLLIMNG CONTRACTOR: [NIA] HATIONAL
IRRIGATION ADMINISTRATION

CRULLING SURBLARY

COMSTRUCTION TIME LOG!

FILTER HWATERIAL

ToTAL DEpyy__ 256 ¥ 8407 Task START LLIELS
poreroLE oianErer JO.8 B22"@ FOR PUMP — oave | oawe | oare | e
GHAMBER i DRLLIKG:
e en (HIA) HATIOHAL TRRIGATION FOR SURFACE CASRG 15-0-6] §-16-80
ADMINISTRATION PILOT BORE _¥-B-8 [7-1-:60
REAMING 7-13-84 7-27-8%
aic RAMANT BOART _(BELGILM) oEoPHYS. Lottt |1 22-80) [7-2-8¢d
srrisy SO FISHTAIL | 9T @ RCK BIT, | caswe: _
2279 ROCK BIT&I8'9 REAMED. 10 S XIT3 . Thm, w-3-so kpi4spruls-s-solaiagaw
oalLLIke FLuro _PREMIUM GEL 13349 X2, 29m la-4-kg Irinean Y- 490 Joio
: : 24" X 20" G780 s-1-60
SURFACE cases 249X 200 ALTER PacEment 4200 lisors li-sap toisame
. B-T-30 [$:08AN Je-7-80 |¥i42PN
- _ CEMENTIRG: n
Wwell DESIGH: ) DEVELOPMENT:  [R-H: 80 [WO0AM 20-8d 474 B
BALISI GEOLOSIC Lcn..'.{ CEOPHTSICAL 100 .‘/_/ OTHER! '
CASING - STRMG{SIE8 CASHG S+ SCREER FINAL TEST
_Om - 82.29 BXW azos - 3116 1079 | PUMPING | learsoliioow kaueo hisoss
3736 - H325107p [ 143.25 - 4935 1079
149,35 - 161,54 10”0 | 161.54 - 75,73 10" RECOVERY
173,73~ 179,83 10°9 179,83 - 165,93 1979 TEST B 247 0|11T40 AM [5-08° 80 | 7.4 0aM
185,92 195.07 IQ"_G’ 195.07 - ggr.zslo_.g L DEVELOBMENT:
207.26- 213.36 10"¢ 1213.36 ~ 240.931072
248.93- 256.0310"9 - L SURGING & 8AILING = 48 KRS,
- : . AR COMPRESSION »- 24 HRS,
e ASING: DEV. BY PUMPING s 24 HRS.
420'z 127 m BLANK CASING FRLAL TEST PUMANG = ¥2 HAS.
TOTALIIGBHRS .
SCAEENS }
4320%127m FERFORATED -
CASING WATER LEVELS!
st 29m.
conThaLIzERs T EYERY 30" OF THE A4 84Am. g1 B8 _ eeW {MSY.
PERFORATED CASING arven T2 Hoyas
770 CANS OF GRAVEL COMMENTS !

CEMENT 280 BAGS OF CEMENT

330 CARS OF WATER
8.5 BEMTOHITE BAGS.
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340°

380
400"

470"
450"

780"

soo

880"
900"

e MWSS WELL (5)

WELL NG, MET 128

WELL CONSTRUCTION SUMMARY

Location; POBLACION £LEM, SCHOOL
MAKATI, METRO MAHILA

DRILLING CONTHACTOR. LOPEZ /SHAMROCK
WELL DRILLING

DRILLING SUMMARY!

10Tal peein_900°

=
sorenoLe piameren 1879

sritLer LOPEZ/SHAHROCK WELL
DRILLING

riglFAILING) ROTARY RIG SERIES 1500
st S0, 1872 248 :

COMSTRUCTION TIME LLG!

STARY FINISH
TLSK
DATE TIME | paTE TIME

DRILLING: - .
T Z4"e B 7-1-8d

SV '@ BIT |e-zt-p K- 29-

IE"8 BIT _ l7-1-e0 7~ fa @
GEOPHYS . LoogG 172 B0]" 7-1-80
CASING:

‘20"PXE0° . 16-19-8 6-20-80

DALk Fouip PREMIUM GEL

10"8X900" [ranah lrpgegh

SURFACE tasing 2076 X £0'

lli
| F

qT

I
o

WELL DESIGNK:

BASIS! GEOLOJIC LOG__
CASING - STAIRG (8) £+ CASKG

GEOPHYSICAL LOS __
$¢ SCREEN

O~ 340" 10"p | 340" - 380" i0R

280" - 400" 09 | 400 - _470' 107

AT0" . 430 108 | _450' - 760 109

160" - 800" 10°p | 800 - 880" 10°B

FILTER PLAEMINT AT~ 27 -8 . {~28-80
CEMENTING . ;
OLVELOAMERT:  (T-29+80 10~ 80
OTHER:

880’ - 200 107 - — | weLL peviLoPHERT:
. - LIWELL DEV. BY AMLIFTING
- . - . iCOMPﬂESSOR)

casins: 440 10°8 BLANK CASING ZIWELL DEV. BY PUMPING,

scregn; 46010 PERFORATED

CASING
WATER LEVELS
swi 256" '
cenTRaLizens: 4 SETS, TQ 800, 6607 Pwi 419'5"  ur 203 crw qusy
580" 450", ) AFTER 48 novas
FILTER waTEmiay B0.03 % OF GRADED COMMENTS |

PEBBLES,
cewgar __NONE

oTher; LONTINOUS GRAVF) PACKED
WELL,
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o)

Republic of the thppms v

SCHEME FOR LOCATION

Dlstancas trom the Edgas of
the Hop in Mlilimeters

28 Coordingtes

ADLocated Dale

By.-

NATIOHAL WATER RE‘EOURCES COLHC’&L
W BTH Floor Mo Bulldlng E.D.S.A., Q.C, OF BOREHOLE
L n Woter Permit Drllll 1
A Applicotion Ne. B Por r‘?No:) IC”‘;,«??;%'.
Water Region N
D Parmit No, Number l Fg"ﬁ;‘m:
Presant Owner
1UNarne gnd Address
Ownare “For
1b Number 2 O%rn:r :
Local , ' W 1
3 Number . 4 Agency I5 Ag:g;.’g;l:n
TRANSFERRED F
DATA a[TRANSFERRED FROM [b] ON SITE GATHERED DATA
Com- 1]
s-glroli"stgqﬁo‘!);“/ By o} D-l 18 Possibllities for Mearuring Watsr Laval
YES NO
7 Cadlng’ Matric - |  English Matric English o Ground A
Diameter 0 ’ g g 19 Elavatlon M b MSL
Q sosUr
5 o) 20 Foint (MP) Mg G R.
g Oriting Depth |9 b] 21 MP Elav. MAMSL
Waoter Laval [+] b Water L
Obemnbor. |9 g p aren Level M5 M.P.
100 scharge - a] - 1bJ 3"5‘[;:'::." Lavel M '; MSL
1§ Drawdewn ) b) 24 wWotar Laval s o
Typae of Screst [Q b Sketeh of Well T4 th MP
_]2 or)lrt? Perforonon J ""J 25 Sketeh of Well Top with
Informatlon Type/HP
13\#1!1!‘:!\ By/Dots 14 {Pump
26 Rsmorks ]5W°1” P
Anolysis
16Vts
17 informatien Glvanby
27Twsll Point o 295sketch of Well Site
Map No, e
Scake

¢) ELECTROWATT HFHIIEZ + — 4
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@ MWSS Wells and Turned—Over Wells SESIIFFIRBIIRAN (Oct. 9 89)

Municipality ; Antipolo, Rizal {*1)

- ¥Na. | Location WK [ SEHE | EEm | 8o BB | W %
APT-0 {Saguinsin “Op 16.33
1[M.L. Quezon | ” 83.8 15 3.31
-2[ST0. Nino ! 163.1 20 9.07
-3 |P. Burgos ! 150.9 15 9.35
-4 [ Nursery ! | 20 10.34
-5 | Circumferential | " 151.8 15 3.43
-6 | Road to Teresa | 135.3 20 4.09
-17{Cogeo No.3 | In | 1979 20 0.00 |=—s—suht
-18{Cogeo No.4 | Op | 1980 25 10.73
-29|Cogeo No.1 | " 1 1976 | 910 | 15 2.05 |S.W.L=108.00m
T &
-30 | Cogeo No.2 ! 73.0 15 0.44
-31{Cogeo No.5 | " 400 | 20 | 1018 |SW.L-1.60m
- K4
-54 | Sumulong ' 1981 | 183.0 | 20 16.12
Elem. Sch.
-73San Tsidred | “ 1981 | 177.0 20 20.35
Elem. Sch,
-101|Ang Tahanan | " 213.0 25 18.26
-102 Cogeo No.6 ! 3.58
/hEt 163 137.63
(F34) (153f) (9.1¢/s)
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Municipali.ty : Bacoor, Cavite (*2)

2-tno. | Location | F | SERLE | BEm | EEon | BokEs | WOF
BCR-0 Com.balay Op 8.53
-0 | Central " 10.84
-0 | Balsahan ! 11.76
-1|Daang Bukid | 1978 | 108.2 15 10.12
-2 | Poblacion ! 1978 | 129.5 %5 3.67
3|Bo. Banalo | Ab | 1978 | 243.8 | 25 0.00
-4 | Bo. Niog Op | 1980 | 274.3 25 12.34
-5|Bo. Talaba | " 1954 | 211.9 10 10.72
ET 8 67.98
(FFH) (13) (9.7¢/s)
Municipality : Las Pinas (*3)
w—¥No. | Location iR | g | BEn [ EZan | BAEUs | B =
'LP3-¢ |Poblacion In 0.00 T 5 - EAE
-371No.1 Naga Ab 1979 243.8 25 0.00 S.W.L:11.00m
|Road : Bk
39| No2 Naga | Op | 1978 | 2438 | 25 12.77
Roead
-40|Pulang Lupa | Ab | 1940 | 1524 | 15 0.00
No.2 ’
-54Zapote Op | 1975 | 243.8 20 10.19
-63 | Manuyo In 98.4 15 0.00 jExiEx%
64|Las Pinas | Ab | 1980 | 2886 | 25 0.00
Elem Sch.
A 22.96
(F19) (23} (11.5€/s)




Municipality : Malabon (*4)

a-¥No. | Location BR | 7ehlieE | mEm | BiEon | BKkBeas | W o#
MLB-0 {Panghulo Sb 304.8 20 0.00
-0 ]Dona Juana Op 8.70
(Dampalit No.2}
-0 {Santolan Sh _ 0.00 T -~
-21 | Catmon Op | 1979 | 2682 { 20 2.56 | MiEs
-31 | Bo. Dampalit Ab 0.00 |+x» i@y
Old Well . _
-32 { Dampalit Op 1977 233.0 20 2.04
-40 | No.4A Ab 1978 304.8 25 0.00 Jaaxwpimsr
Ro. Hulong Duhat |
-41INo.5 Hulong | Ab 1977 304.8 45 0.00 [tx> iy
Duhat o ' '
-57{ Niogan Op 1980 304.8 | 2'0_ 8.09
/PETOH 19.39
(F3) (45 {4.8€/s)
Municipality : Navotas (*5)
a~¥N. | Location B | BlE | BEm | % | Bk2es | 4 %
NAB-5 [NHA No.1 Op 1976 243.8 20 2.34
17| Tanza Op 1980 | 304.8 20 4.28
/hEL 23F 6.62
(F1) (23F) (3.31¢/s)
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Municipality : Paranagque (*6)

s—FNo. | Location WEL [ SEREE | Bm | Eifom | IBKEs B &
PRN-19 | Sucat Rd. No.l Ab 1977 243.0 25 0.00
20 |Sucat RA.No2 | Op | 1980 | 244.0 25 9.63
-37 | Sto. Nino’ o | 1977 | 577 | 20 000 |{EkES
~73 | La Huerta In 0.00
78 I M.LA. No.2 In | 1880 | 256.0 30 0.60 }
79 {M.LA. No.5 In 1980 266.0 25 0.00 i
-80|MIA. No6 | In | 1980.1 3048 | 25 | 0.00 - _
-153 ] Sucat Rd. No.3 In 1581 176.8 20 0.00 5.W.L.:28.15m
S | %~y -
/INET 8 | 9.63
[S22) (1) (9.6¢/s)
Municipality : Taguig (*7)
2- ¥No. | Location B | ZRE | BEm | Efem | BKENs | B OF
TGG-17 | Tipas Ab | 1976 63.7 20 0.00 |[BEiL#H
-18 | Taktukan In 1978 182.9 25 0.00 S.W.1L.:24.00m
EiEM &
-19 | Maharlika In 1978 182.9 0.00 oper. By Mustim
-20 | Ususan In 1978 180.0 25 0.00 [S.W.L.:24.00m
Xt 2
-95 | Upper Op | 1980 | 2134 925 2.27
Bicutan
-138 | Signal In | 1981 | 1770 | 25 0.00 |House
Village 1 Conn’tion
-139 | Signal In 1981 171.0 25 0.00 House
Village I Conn'tion
NEETH | 2.27
(F34) {14F) (2.38fs)
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Municipality : Valenzuela (*8)

r '. =n ) b=
2-FNe. | Location B | Sl | BEm | Bfon | BRE s i
VLZ-0 {Pasolo Elem. | Op 7.82

Sch.
-8 | Constantine Ab 1878 304.9 _0.00
-18 { Marulas In 13880 305.0 0.00
Elem. Sch.
-37 | Tamaraw Ab | 1978 | 3805.0 25 0.00
Hills
-125{T.De Leon Op 213.4 10 4.31
-212 [ Malinta Ab 308.0 0.00
-213 | Arkong Bato Op 305.0 6.03
-215 I Kadiwa Center In 304.0 0.00
{Malanday) _
/MET 83 18.16 .
(33} (33) {6.1¢fs)
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