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PREFACE

In response to a request from the Government of Republic of the Philip-
pines the Govermment of Japan decided to conduet Study for the Groundwater
Development in Metro Manila and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Philippines a study team headed by Mr. Toru Hayashi, Nippon
Jogesuido Sekkei Co., Ltd. composed of members from the above company and
Kokusai Kogyo Co., Ltd. from August, 1990 to March, 1992,

The team held discussions with the officials concerned of the Government
of Philippines, and conducted field surveys at the study area. After the team
returned te Japan, further studies were made and the present report was pre-
pared.

I hope that this report will contribute to the promotion of the project
and to the enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of

the Government of Republic of the Philippines for their close cooperation
extended to the team.

JUNE, 1992

K::u,qq‘Luﬂé::ghlf%ﬁifigﬁfggf‘**-—

Kensuke Yanagiva

President

Japan International Cooperation Agency




June, 1882
Mr. Kensuke Yanagiva

Fresident
Japan International Cooperation Agency
Tokyo, Japan

Dear Mr. Yanagiva

Letter of Transmittal

We are pleased to submit to you the final report of Study for the Groundwater
Development in Metro Manila of Republic of the Philippines.

The field survey and analytical study were conducted during the period between
August 1980 and March 1992,

The final report consists of four volumes: One - Summary report which sue-
cinctly deseribes the study and recommendations; Two - Main report which
describes the results of the study and analysis; Three - Supporting report

which contains the details of study and analysis; Four - Data report which
contains the results of the field survey, well inventory, water quality analy-
sis and computer output.

We hope that implementation of the proposed groundwater development scheme
would greatly contribute to improve the water supply conditions in Metro
Manila of the Philippines.

We wish to take this opportunity to express our sincere gratitude to your
Agency, the Ministry of Foreign Affairs. We also wish to express our deep
gratitude to the Metropolitan Waterworks and Sewerage System of Republic of

the Philippines for the close cooperation and assistance extended to us during
our investigations and study.

Very truly yours,

Toru Hayashi

Team Leader

Study for the Groundwater Development
in Metro Manila
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CHAPTER 1 INTRODUCTION
1.1 S5TUDY BACKGROUND

The National Capital Region or NCR, better known as Metro Manila, lies
on an alluvial plain and terrace along Manila Bay, south of the island
of Luzon. Containing a land area which 1is less than one percent
{(D.21 percent) of the country’s total area and having thirteen percent
(7.9 million) of the country’'s total population, the area is character-
ized by rapid urbanization posing serious problems in water supply,

sewerage, transportation, housing, garbage disposal and other related

issues.

The problem of water supply shortage in particular is of suech serious-
ness as to spur the Metropolitan Waterworks and Sewerage System (MWSS),
which has Jjurisdiction over Metro Manila's water supply services, to
embark on implementing several projects to meet the inecreasing demand
and to have under wraps plans for some more. Notwithstanding the amount
of effort the MWSS is exerting to solve the problem, the water shortage
in the metropolis remains as grave, even appearing as if it has been
further compounded, considering the superannuation and leakage in the
distribution pipes of the MWSS.

Metro Manila's water supply, historically, has depended on groundwater
as an important source. The deep and shallow wells that were drilled
provide water for industry and commerce and for the domestic supply of
areas outside the coverage of the central distribution system (CDS) of
the MWSS as well. Another source is the surface water of the Angat

River in the Province of Bulacan which is a major one for the MWSS.

The uncontrolled development and excessive pumping of groundwater,
however, had caused the widespread decline of water levels in arlesian
aguifers, this decline dating back as far as the Sixties. What had thus
resulted was the Iintrusion of salt water in the aquifers of coastal
areas. Many wells had to be abandoned, new ones have to be drilled,
with this seeking of fresh water in deeper aquifers becoming a vicious

cycle and in the process expanding more the area affected by the intru-
sion of salt water.




The above phenomenon has not spared the MWSS. A considerable number of
the deep wells in its service area had h@an affected by the regional
salinization and were therefore abandoned.“ Some of these wells form
part of the well network that supplies grdhndwater through pipelines
connected to the CDS.

To compensate for the losses from these salt-intruded wells and inerease
the water supply in areas covered by its central distribution system,
the MWSS currently is implementing the Angat Water Supply Optimization
Project (AWSOP). For areas where no future water supply plans using
surface water as source exist, two projects using groundwater as source
are currently under implementation. These are the Fringe Areas Water
Supply Project (FAWSP) and the Rizal Province Water Supply Improvement
Project (RPWSIP).

It is still projected, however, that even with the increment in supply
brought forth by the above efforts, supply would not meet the inereasing
water demand as rapid urbanization has already taken place. The ration-
al development and conservation of groundwater and the ggstablishment of
a system for its proper management must therefore be given greater and
sustained attention.

The Philippine Government's concern, in the context of the above,
prompted it to request the Government of Japan for technical assistance,
which request the Japanese Government acceded to by sending a prelimi-
nary mission for the period 12-22 January 1990 to eclarify the background
and specifics of the request. An agreement was reached between the MWSS
and the Japan International Cooperation Agency (JICA) on the Implement-
ing Arrangement (TA) for a study. The agreement was signed on 18 Janu-
ary 1990 by representatives of both parties. Based on the IA, a Study
Team was dispatched to earry out the study.

The Study Team stayed in the Philippines for the pericds 26 August to
20 December 1990 (Stage I of the Study), 08 January to 26 March 1891
{(Stage IT of the Study) and 27 May to 20 December 1991 (from First to
Third period of Stage III of the Study). In cooperation with MWSS
personnel, the team conducted surveys on the groundwater resources of
the MWSS service area (MSA).




1.2 BSTUDY OEJECTIVES AND AREA

1.2:1

1.2.2

Study Objectives
The Study aims to:

(1) Formulate a plan for the rehabilitation, operation, maintenance
and development of MWSS-supervised wells in MSA.

(2) Evaluate the groundwater resources potential and formulate a
groundwater development plan for the Antipolo Area.

(3) Come up with solutions or remedial measures and preventive schemes
for areas with heavy saline water intrusion.

(4) Formulate a plan for the establishment of a groundwater monitoring
system in Metro Manila.

Study Area

As shown in Figure 1.1, the Study Area covers the MSA. The MSA comprises
five (5) cities and thirty two (32) municipalities (an area of 1,780
km® ), namely:

Metro Manila: 4 cities and 13 municipalities

The Cities of Manila, Pasay, Quezon and Caloocan; the Municipalities of
Las Pifias, Makati, Malabon, Mandaluyong, Marikina, Muntinlupa, Navotas,
Paranaque, Pasig, Pateros, San Juan, Taguig and Valenzuela.

Cavite Province: 1 city and 5§ municipalities

The City of Cavite and the Municipalities of Bacoor, Imus, Kawit, Nove-
leta and Rosario.




Rizal Province: 14 municipalities

Antipolo, San Mateo, Taytay, Cainta and Montalban (BP 799: Angono,
Baras, Binangonan, Cardona, Jala-Jala, Morong, Pililla, Tanay and Tere-

sa).

1.3 ORGANIZATION OF THE STUDY
In carrying out the study, the Metropolitan Waterworks and Sewerage
System (MWSS) of the Republic of the Philippines acted as the counter-
part agency and the Japan International Cooperation Agency {(JICA), tLhe
official agency in behalf of the Govermnment of Japan.

The study period is from August 1990 to March 1992.

The Study was carried out by a joint study team composed of a JICA team
and a MW5S team:

JICA Study Team

Toru HAYASHI
Akira KAMATA
Masaharu KINA
Shoichi DOMORI
Napaki SHIBASAKI
Kenji TAKAYANAGT
Masuomi HIROYAMA
Reynaldo R. MEDINA
Mitsuo TSUTSUMI
Yu AYUSAWA
Kakuji SUEMATSU
Takafumi KIGUCHI

MWSS Team

Rolando E. ROCA

Vietor J. BALAGTAS

Team Leader/Water Supply Engineer
Co-Team Leader/Hydrogeologist
Urban Planner

Geologist

Hydrogeologist

Hydrogeologist

Water Quality Engineer
Hydrologist

Drilling Supervisor

Drilling Supervisor

Well Engineer

Water Supply Planner

Manager, Planning & Programming
Dept.
Project Manager C, MMGWDP
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Ernesto V. ALCANTARA
Renee A. PINGOL
Norma M. SANTIAGO
Godofredo C. CARPIO

Asst. Project Manager C, MMGWDP

Sr. Statistician
Sr. Hydrogeologist A
Hydrogeologist A

Richard G. BURCE Supervising Engineer
Romeo S. MANLAPIG Sr. Engineer A
Rogelio G. OTIVAR 8r. Engineer A
Enrico A. RUIDERA
Rodulfo M. NOVEDA
Rodolfo B. VICENTE Engineering Assistant A
Oliver B. PADRON Sr. Engineer A

Noel B. ZACARIAS
Daisy C. ARANAN
Juliana F. VELADO
Ramon N. MENDOZA
Lorenzo A. DUMANDAN
Judith S. CADAPAN
Gemmalyn 5. SANTOS
Olivia M. BSANTIAGO

Sr. Draftaman

Engineering Assistant A

Engineering Assistant 4

Data Encoder/Controller

Data Encoder/Controller
Engineering Assistant A
Engineering Assistant A

Draftsman A

Administrative Service Assistant A
Clerk/Processor B

1.4 OUTLINE OF THE STUDY

The Study commenced in August 1990 and was completed in March 1992. The
Study period of 20 months was divided into three stages: Stage I (Basic

Survey), Stage Il (Detailed Survey) and Stage III (Analysis and Plan-
ning).

The study procedure is flowcharted as shown in Figure 1.2.

(1) Stage I: Basic Survey

This stage involves the review and analysis of existing studies and
data, field geclogical reconnaissance, arrangement of existing well
inventory, questionnaire survey on groundwater use, preparation of the

database system and appraisal survey on the ability and availability of
local drilling contractors.




(2) Stage II: Detailed Survey

The Study at this stage includes investigation of MWSS wells, the elec-
tric resistivity survey of the Antipolo Area, drilling and pumping
tests, installation of monitoring equipment, pumping tests of existing
wells, simultaneous observation of water levels, survey on groundwater
use (collection and analysis of questionnaires) and preparation of the

database system.

(3) Stage III: Analysis and Planning

The Study at Stage ITI concerns the planning of the rehabilitation
program for MWSS wells, the groundwater development and management
program, the analysis of saltwater intrusion and the planning for the
groundwater monitoring system in MSA.

1.5 CONSTITUTION OF THE FINAL REPORT

The Final Report consists of five volumes: Summary Reporl, Main Report,

Supporting Report and Data Reporl.

The Summary Report contains the summary of the study, conclusions and
recommendations. The Main Report describes the results of the study on
aquifer distribution, groundwater use, groundwater levels, water quality
and rehabilitation of MWSS deep wells. In the Main Report is also con-
tained the evaluation of the groundwater resource of Metro Manila based
on the hydrogeologic analyses and computer groundwater simulations. It
also contains the proposed groundwater development and management pro-
gram. Conclusions and recommendations are summarized in the final

chapter.

The Supporting Report contains the results of groundwater investiga
tion, test borings,computer simulation, details of wurban development

planning, water supply systems and future water demand.

The results of electrie resistivity survey, pumping tests, well rehabil-
itation, well inventory, water quality analysis and compuler output are
presented in the Data Report.

_5_
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CHAPTER 2 SOCIO-ECONOMY AND WATER SUPPLY
2.1 SOCIO-ECONOMIC BACKGROUND
(1) Location

The Philippines consists of more than 7,000 islands located on the
Western Pacific Ocean at latitudes 4°23'N to 21°25'N and longitudes
116"E to 126"30'E. Its eleven major islands occcupy 90% of the country’s
total land area of about 300,000 km*. Metro Manila, the capital region,
lies at the center of Luzon Island at latitude 147°35'N and longitude
1217E.

{(2) Area and Population

There are thirteen administrative regions in the Philippines including
the National Capital Region (NCR). The Study Area includes the NCR and
two provinces (Rizal and part of Cavite) of Region IV, a total of five
cities and thirty-two municipalities. Its total land area is about
2,126km® , of which NCR accounts for 6368km*, or 30% of the Study Area
(Figures 2.1.1 and 2.1.2).

The 1990 Philippine Population Census placed the population of the
country at 60,685,000. The total population of the Study Area was about
9.17 million (NCR: 7.83, Cavite: 0.46, and Rizal: 0.88) representing 15%
of total population of the country (Table 2.1.1). Eighty-five percent
(85%) of the Study Area’'s population is in the NCR. Population density
in the NCR is around 123 persons per hectare.

(3) 8Social Background

The NCR and Region IV are the most urbanized and economically developed
areas among the regions and have the major advantage in terms of social
services, physical facilities, and those amenities associated with urban
life. However, a large portion of its population still bears the brunt
of poverty and its attendant ills. For Metro Manila, its labor force of
the younger generation is abundant while the employment rate is rela-
tively low and was recorded at 82.8% in 1988.




(4) Economic Background

The NCR is the country's center of trade, finance and commerce and
education. It is also the seat of the National Government. The NCR
accounts for 30% of the country’s total Gross Domestie Product (GDP).
GDP of the NCR reached 31,323 million pesos in 1988,

The average annual family income in the NCR is about 57,200 pesos,
comparing favorably with the Philippine average of 31,000 pesos. Seven-
ty-five percent (76%) of this income comes from  non-agricultural

sources.
{(5) Land Use

Forty-seven percent (47%) of NCR's total land area is built-up area.
Rizal's built-up area is only 11.7%. Cavite has its built-up area gradu-
ally increasing due to urbanization.

The recent years witnessed industries being located and/or relocated at
cheaper sites to the north (Bulacan), east (Rizal) and south (Cavite)
of the metropolis, along major transport routes. Agricultural and fish-
pond areas are converted to residential and/or commercial areas sporadi-
cally due to population growth.

2.2 WATER SUPPLY

(1} Present Water Supply Services

As of end-1987, around 63% of the country's total population have access
to public water supply systems. The served population Lhen was B86% for
Metro Manila and its contiguous areas. Out of the 88X covered in Metro
Manila, only 57% were directly served with MWSS water, 16% were served
indirectly by MWSS through ambulant wvendors, and the rest got their
water through private wells and other undetermined sources (Table
2.2.1). The rest of the country's population, approximately 37%, de-

pended on water from open dug wells, rainwater cisterns, lakes and
streams.

10




In Metro Manila, water supply service consists of individual house
connections, private wells, some public standpipes in blighted areas,
and ambulant vendors. In large urban centers outside Metro Manila,
majority of the people are served by Level III systems. In the rural
areas, however, the most common water supply facilities are protected
wells and Level I developed springs.

(2) Institutional Aspect

Water supply facilities are under the responsibility of the Department
of Public Works and Highways (DPWH) and two of its attached agencies,
namely, MWSS and the Local Water Utilities Administration (LWUA). The
MWSS operates the water supply and sewerage systems in Metro Manila and
its contignous areas, while the LWUA handles the development and im-

provement of water and sewerage systems in areas not covered by MWSS,

The DPWH is concerned mainly with the development of Level I systems and
is the lead agency in establishing national water supply plans and
programs. Other agencies involved in the sector inelude the National
Waler Resources Board (NWRB) which is involved mainly in policies and
regulations concerning the proper utilization and rights thereof of
water resources all over the Philippines.

(3) Master Plan of the Philippines

The Water Supply, Sewerage, and Sanitation Master Plan for the period
1988-2000 was formulated in 1987. The Master Plan calls for a two-
stage implementation of projects: the first stage covering the period
1588 to 1992; the second stage, the period 1993-2000.

The following activities are envisaged for the first atage. In Metro
Manila and its contiguous areas, various projects are to be undertaken
to expand and improve the service coverage of the MWSS to 87% of the
Metro Manila's population. In other urban areas, population coverage
shall be increased to 77% through the construction and rehabilitation
of 450 and 250 piped systems (Levels II and III) respectively.

In the rural areas, about 933 piped systems and around 87,146 point
sources (Level I) will be constructed. In addition, 21,620 facilities




will be repaired or rehabilitated. Taken together, these rural projects

should raise the service coverage to about 92% of the rural population.

The second stage of the Master Plan considers the complete water supply
coverage of both urban and rural areas, with emphasis on proper opera-
tion and maintenance of facilities and the construction of sewerage

systems.

In Metro Manila, the Manila Water Supply Project 11l is planned to boost

the service coverage to 97X.

(4) Present Water Supply in MSA

The MWSS has jurisdiction (based on Republic Act No. 5234) over five
cities and thirty-two municipalities.

Only specific areas of Metro Manila, plus some parts of Bacoor and Kawit
of Cavite Province, are covered by the CDS of MWSS. Excluded from the
CDS coverage in Metro Manila are those peripheral areas in the north,
east and south of the metropolis. These excluded areas and the other
areas in the Rizal and Cavite Provinces predominantly rely on isolated
groundwater supply systems which are operated by MWSS and other publie
entities such as Water Districts, muniecipalities and barangays (Figure
- )

Currently under implementation, AWSOP targets an additional 15m3/sec of
surface water supply. It also aims to expand the area covered by the
CDS.

(5) Served Population and Water Amount

The total population served by MWSS in 1990 was 8.2 million, or 90% of
the total population within MSA. Of this figure, 2.6 million or 29% of
total MSA population was estimated as illegal users of the system (Table

2.2.2).

Surface water and groundwater production by MWSS in 1990 amounted to 876
MCM and 33.3 MCM, respectively.




W

Private groundwater use for industries, offices, schools, hotels and
cundnminiums, ete. in 1990 was estimated at 307 MCM (see Section 3.3).

{6) Existing Water Supply Facilities

MWSS water sources consist of surface water and groundwater. Water is
distributed through CDS. The drawn surface water is first stored in
Angat Dam, afterwhich it flows through Angat river down to Ipo Dam. From
Ipo dam, the water is conveyed via two tunnels to the Bicti Headworks.
It is then diverted to four agueducts connected to the La Mesa Dam,
afterwhich it is conveyed to the Balara and lLa Mesa Treatment Plants.
(See Figure 2.2.2.)

Most of the treated water from the Balara Treatment Plant is sent to the
S8an Juan and Pasip Reservoirs and Balara Pumping Station. That from the
La Mesa Treatment Plant is sent to the Bagbag Reservoir. Present capaci-

ty of these treatment systems is approximately 2.5 MCM per day. (Refer
to Table 2.2.3.)

The groundwater drawn from MWSS deepwells is injected directly into the
distribution systems after chlorination. Of the 258 MWSS deepwells, 52
wells are abandoned and 75 wells inactive as of March 1991. Capacity of
groundwater source is approximately 90,000 CMD.

The total number of private deepwells is estimated to be more than
3,000,

{(7) Ongoing and Proposed Projects

The MWSS is implementing several rehabilitation and expansion projects
to reduce non-revenue water (NREW) and inecrease the service concession-
aires. Among these are AWSOP, Manila Water Supply Rehabilitation Project
I and Il (MWSRP I and MWSRP II1), and Metropolitan Manila Water Distribu-
tion Project (MMWDP). Several additional projects (e.g. RPWSIP and
FAWSP) were also planned with the principal objectives of expanding the
service area and augmenting the water production capacity.




(8) Future Water Source and Production Capacity

Based on the implementation plans of ongoing projects, only the AWSOF
can be expected to augment the yield of water source by an annual
average of 1.3 MCM/day. This increase in production capacity shall be
achieved through construction of La Mesa Treatment Plant No. 2 with a
capacity of 0.9 MCM/day.

MWSS is implementing several rehabilitation projects in order to recover
non-revenue water (NRW). Targeted to be recovered by the MWSRP I and 1l
are 0.765 MCM/day of NRW. As more than half of this amount is estimated
to be accounted for by leakage from the distribution lines, around 0.4

MCM/day shall be left for consumption.

Several projects are lined up by the MWSS Lo augment the yield of its
water sources. However, these projects are still on the feasibility
study or detailed design stage, and financial sources for them have yet
to be assured. As such, their implementation schedules are only tenta-
tive. The outlook therefore is for groundwater to supply the fringe

areas of Metro Manila and Rizal over a long period of time.
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TABLE 2.1.2 GROSS REGIONAL DOMESTIC PRODUCT, FOR 1987-1988
(AT CONSTANT 1972 PRICES)

| 1 | | Per Capita |Growth Rate
[REGION| Actual (in PM) |Growth Rate| GRDP (in P)| (in %)

| | 1987 | 1988* | 1987-1968 | 1986 | 1987-1988
I:ﬂ#ﬂn—ﬂ e

! I I | | 1

| PHIL.| 95,948 | 101,758 | 6.63 | 1,733 | 3.56
1 NCR | 28,502 i 31,323 1 9.90 ! 4,143 5 6.89
{ ) { 4,323 1 4,507 i 4.25 } 1,090 1 2.28
1 II 1 2,301 ; 2,432 1 5.70 1 897 ; 3.16
i 111 1 7,664 1 8,286 l 8.12 i 1,413 1 5.59
1 v 1 14,221 i 14,929 1 4.97 : 1,941 i 2.19
i v 1 3,120 1 3,257 l 4.41 1 776 1 2.09
: VI 5 6,545 % 6,902 ; 5.44 i 1,269 L 3.19
1 VII 1 6,905 I 7,421 1 7.48 1 1,669 i 5,45
% VIII 1 2,323 1 2,383 h 2.60 1 735 1 0.76
5 IX ; 3,350 i 3,492 : 4,24 i 1,141 % 1.96
1 X 1 5,248 ! 5,570 1 6.13 1 1,620 1 3.41
E XI l 7,082 1 7,186 E 1.47 5 1,739 l -0.98
1 KII 1 3,844 ; 4,064 1 5.74 1 1,451 i 3,14
l | 1

(*) As of Jamuary 1989

Sources: Economic and Social Statistics Office
National Statistical Coordination Board
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TABLE 2.2.1

EXISTING WATER SUPPLY COVERAGE

20.78 612

* Excluding the 303,433 population of

Eource

]

the towns of Rizal province under BP 799.

Department of Publie Works and Highways, Water Supply, Sewerage, and Sanitation Master Plan

of the Philippinan:

1988 - 2000,

__'I_?'_

{million)
I T g T 1
| | | Population Served | Undezserved/ |
| Area | Tetal f T S . { Unserved |
| | Population |  Totml | Wells/Developad | Piped | Population |
| | (2)] (23] Epring {Z) | System (1)| (%)
I 1 1 | S 1 ] |
I I T 1 T T 1
| Philippines | '57.36 100 | 36.17 &% | 17.92 31 | 1B.25 233 | 21.19 a7 |
| | I | I | |
| Urban | 23.53 100 | 15.39 &5 | 12.52 53 | Z.87 12 | B.1& 35 |
| | | | | | |
| Hetro Hanila and | B.16 100 | 7.01 &6 | b, B4 Bs | 0alT o 2] 1.15 14
| and ics conpi- | | | | |
|  guous ares | | | | | |
| | | | | | |
| ©Others | 15,37 100 | @&.38 55 | 5.68 T | 2.70 18 | 6.99 43 |
| | | | | | |
| Rural |  33.83 100 | | 5.40 16 |  15.38 486 | 13.05 38 |
L ] A 1 L A - |



MWSS WATER SUPPLY STATISTICS

TABLE 2.2.2
r 1
| Year 1984 1985 1986 1987 1988 1989 1990 |
I I
| [
[1} Pop'n under MWSS (million) 7,480 7.712 7.938 B.1A7 8,405 8.651 9.133 |
| |
|2) Water Production |
| &) Burface Water (million m3) 647.24  757.37 B7H.07 B34,75 B49.34 B59.10 B75.80 |
| b) Groundwater (willion m3) 25.56 19.45 30.43 27.87 29,48 TR.96 33.33 |
| Total 667.80 T7A6.B3  904.51 B62.62 B78.82 BBR.06 909,13 |
| Inerease - 119.03 117.68 [&1.8Y9) 16.20 9.25 Z1.07 |
| 1
[} Water Comsumprion |
| &) Volume S0ld (millicm m3) 189.90 302.85 310.78 336.51 159.45 375.77 IB&.6T |
| T 43,41 J8.51 34.4% 39.0% &0.9% 42.31 £2.31]
| b) MRV (milliom m3) 377.90 483,98 593.73 526.11 319.37 512.19 Si6.46 |
I 1 56.6% £1.51 B5.6T 61.0% 59.1% 57.7% 57.72
| Total 667.680 TBE.B3 904.51 B62.G2 878.82 BBE.OG 909,13 |
| |
| ©) House Connection (mil. m3) 168,55 1831.55 195.47 218,48 225.85 235.74 244.97 |
| d4) P.F. & Othar Conn. (mil. m3) 1Z1.35 119.30 115.31 11B8.03 133.60 Lan. 03 139.70 |
| &) Illegal Use (mil. ml} 151.16 193,59 217.49 210.45 207.75 204 .92 9. 78 |
| Sub Toral 4£41.06 496,44 548.27 54A.95 567.20 580.69 504.45 |
| i 66.0% 63.1% 60.6% 63.4% B4, 5% 65.4% 63.4%
| £) Leak, Mater Erzor (mil. m3} 226.74 290.3%9 356,28 315.67 3l1.62 a0n7.37 314.68 |
| 1 34.01 J6.91 39.4% 36.6% 35.5% 34,61 34,61
| Total 6567.80 T8A.83 904.51 B62.62 878.82 BBE.D& 909.13 |
| |
|4) Humber of Connections |
| a) House Connection 321,512 377,538 442,323 490,223 508,545 543,128 599,754 |
| b) Publie Fauecer 1,020 1,080 1,180 1,230 1,300 1,420 1,490 |
| =) Othezs 27,039 27,368 26,919 26,701 44, GEE 53,910 47,343 |
[ Tatal 349,571 405,986 470,402 518,156 554,533 588,458 648,587 |
| Increase - 56,415 LI E &7, 754 36,377 33,925 60,129 |
[ |
|5) Estimated Popularicn Eerved |
| a) House Connection (milliom) 2.604 1.058 1.583 3.971 L.119 &.399 4.B58 |
| b} Public Faucet {millien) 0,494 0.525 0.564 0.598 0.632 0.690 0.7 |
| Sub Toral 3.100 3.583 hola7 4,569 4,731 5.089 5,582 |
| Incraasa - 0,483 0.564 0.422 0.182 0.338 0.493 |
| ¢} Illegal Use [millicn) 1.3%8  1.955 2,738 2.481  2.380  2.399 2,649 |
| Toral 4. 458 5.538 6,888 7.052 7.132 7.489 B.232 |
| Increase - 1.080 1.347 0.167 0.080 0.357 0.743 |
[ |
|6) Par Capita Water Comsumptlon (lped) |
|] a) for distributed water 410 3a9 360 335 338 325 303 |
| b) for effactive water 71 246 218 212 218 212 198 |
| e) for domestic water LT 164 149 151 150 147 138 |
| |
L 1

Hoce: Sa = 4n x B.1, 5k = &b x 486, Se = (Ib x 0.4 x (3e/3a)) [ (Iefia) x 8.1
Ga = (3a+3b) [ (Sa+5bedc), 6b = [(3c+id+da) [ (Sa+5b+5a), Go = Je [ Ja

Sourcei Corporate Planning Group




Table 2.2.3

Capacity of Water Sources

Area of Water Right
Source WateEBhad or Eapacity Status
(km®) (m~/day)
Angat Dam (Angat River) 568 1,901,000 1/ Used
Ipo Dam (Angat River, Ipo River) 0ld - (Submerged by New Dam)
New 70 474,000 2/ Used
La Mesa Dam (Novaliches Watershed) 27 100,000 3/ Used
Alat Diversion Dam (Alat River) 14 20,000 4/ Used
Marikina River Pumping Stations 5 1st - 189,000 Abandoned
. 2nd - 189,000 Abandoned
Wawa Dam (Wawa River) 280 57,000 Abandoned
Groundwater B2,000 6/ Used
Total 3,012,000 mafday
Used w/o Groundwater 2,495,000 mSIday
iy ik |
1l/: Allocated, 22 CMS
2/: AWSOP; derived from catchment area, rainfall, and permeahility
coefficient
3/: AWSOP; calculated based on water balance
4/: AWSOP; based on measurement
3/: Abandoned due to bad water quality
6/: Annual average pumpage of MWSS-owned deep wells
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CHAPTER 3 GROUNDWATER

3.1 HYDROLOGICAL ENVIRONMENT

3.1.

3.

1

1

A

Climate

The climate in the Study Area is divided into two seasons: the rainy
season from May to October and the dry season from November to April.
About 90 percent of annual rainfall occurs during the rainy season.

Average annual rainfall in the Study Area ranges from 1900mm to 2200mm.
It is high in the eastern mountainous area, where it ranges from 2, 200mm

to 2,400mm, and gradually decreases from 2000mm to 1900mm westward.
(See Figure 3.1.1.)

Mean monthly temperature varies from 25°C to 30°C. The coldest months
are from December to February; the warmest months, April and May.

Topography and Hydrology

The Study Area faces Manila Bay in the west and the northern coast of
Laguna de Bay in the south. The Antipolo Platean is loecated in the
east at an elevation of 250m. It extends in the north-south direction
along Marikina Valley. The mountainous area of Montalban is located in
the northeast,

Surface elevation ranges from Om at the coast to 1400-1500m at the
northeastern mountainous area. Most of the Study Area consists of
coastal plains and hilly areas extending in the north-south direction
along Manila Bay. Surface elevation ranges from 0-10m on the coastal
plains and 20-70m on the hills.

Hydrologically, the Study Area is located within the Pasig-Laguna de Bay
River Basin. This basin drains three (3) distinet and different sub-
basins, namely, the Marikina River Basin, the Laguna de Bay Basin, and
the urban watershed which includes the Greater Manila urban area.

Flowing east to west through central Manila is the Pasig River which is

about 17 kilometers in length from the confluence of the Marikina River

_25_




and Napindan Channel to Manila Bay.

Laguna de Bay is a shallow lake serving as a natural detention reservoir
of discharges from the surrounding tributary streams. The lake's only
outlet is via the Napindan Channel and Pasig River. The Napindan River
normally flows from Laguna de Bay to Pasig, but it can and does flow in

either direction, depending upon river and lake levels (Figure 3.1.2).

3.2 HYDROGEOLOGY

3.2.

1

Metro Manila and Its Environs

{1) Outline of Geology

Geographically, the Study Area is situated in the southeastern part of
the Luzon Central Plain and mainly constitutes the East Side Hill. The
Luzon Central Plain extends in the north-south direction and faces
Manila Bay in the south and the Lingayen Gulf in the north. (Refer to
Figure 3.2.1.}

The plain is underlain by Alluvium, Guadalupe formation of the Pleisto-
cene to the Pliocene age, and Neogene Tertiary system, in descending
order. This sedimentary basin is named as the Luzon Central Valley

Basin.

The East Side Hill ranges in the north-south direction in the east of
the Luzon Central Plain at an elevation of 40-200m. Tt alse extends from
Palayan to Laguna de Bay. The hill almost coincides with the area where
the Guadalupe formation is exposed. Most of Metro Manila is loecated on
the hill,

The Southwest Luzon Upland is situated south of the Study Area. The
elevation decreases towards the north. The southern piedmont area of
Taal volecano is contiguous to Manila Bay and Laguna de Bay and is widely
povered by thiek voleanic materials and mud flows. The area constitutes
a recharge zone of the lake water of Laguna de Bay and of the ground-
water south of the Study Area.




South Sierra Madre presents a landform at the maturity stage with an
elevation range of 300-1,500m. The area is underlain by pyroclastics,
clastie rocks and limestone of Mesozoic to Neogene age and constitutes a
part of the hydrogeological basement of the Study Area.

West of the Central Plain and extending north to east is the Zambales
Range. This range is a mountainous region composed of volcanoes with
heights of mere than 1,200m. The basement of mountains consists of
ultra-basiec rocks. The volcanoces of the region range from north to
south and form a row extending to the Bataan Peninsula, the Corregidor
island, the Luzon upland and Mt. Batulao.

The volcanie row bounds the western Luzon Central Valley Basin and is
considered to be a principal source of materials during the diluvial
age of the sedimentary basin of the Guadalupe formation in the western
part (Figure 3.2.2).

(2) Stratigraphy and Dislribution

The Study Area is underlain by Kinabuan and Maybangain Formations of
Cretaceous to Paleogene age, Angat and Madlum Formations of Neogene age,
and Guadalupe Formation and Alluvium of Quaternary age (Figure 3.2.3).

Marikina Valley is situated at the center of the Study Area and it
extends in the north-south direction. West of this valley, the Guada-
lupe formations and Alluvium underlie the area. In the east, the area
is underlain by all the formations mentioned above,

(3) Geologic Formations as Aquifers

Consolidated clastic and volcanic rocks are deemed to be relatively
impermeable. Weathered parts and fissure zone of rocks form an aquifer,

However, most of these rocks yield very poor water or form aquifuges.

Clastic facies, such as tuffaceous sandstone, conglomerate and coarse
tuff of Guadalupe formation form good aquifers in the Study Area. The
Guadalupe formation distributes separately intoe three sedimentary

basins. Each basin is surrounded by impermeable base rocks and forms
isolated groundwater basin.

—




3.2.2

The Guadalupe Sedimentary Basin forms a part of the Luzon Central
Valley Basin. Most of Metropolitan Manila is located in this latter
basin. It is covered by Alluvium in the coastal areas of Manila Bay and
the Marikina Valley. Generally, the strata gently dip westward in the
gsast of the basin. The thickness of Guadalupe formation is also estimat-
ed to be more than 2,000m (3.2.4).

Antipolo Plateau is a small sedimentary basin surrounded by impermeable
base rocks. Its center is in the town of Antipolo. The plateau forms a
groundwater basin having an area of about 30km* and contains exploitable
water, gquantity- and quality-wise. The thickness of Lhe formation is
about 230m.

North of the plateau, the Guadalupe formation forms a small sedimentary
basin overlying the basaltic rocks of the Kinabuan formation.

The Alluvium is mainly composed of soft clay and thin loose sand and is
distributed in the coastal areas of Manila Bay and Laguna de Bay, the
Marikina Valley and the intramountain basins in the eastern mountain-
area. The Alluvium forms a phreatic aquifer; however, water is salin-
ized in the coastal area.

Antipolo Plateau

The Guadalupe formation may be divided into four members. The lowermost
member, member I, consists of conglomerate and coarse sandstone and
underlies the north of the plateau. Member II has two parts. The lower
part is composed of consolidated medium sandstone and conglomerate while
alternating beds of tuffaceous mudstone and sandstone compose the upper
part. This member crops out at the steep ecliff in the east of the
plateau. Member III consists of alternating beds of mudstone and tuff.
It covers the central area of the plateau. Member IV consists of deeply
wealhered tuff breccia and volcanic conglomerate. It overlies the north
of the plateau (Figure 3.2.5).

The basement of Antipolo Plateau is composed of hard rocks of FPre-
Meogene age. The basin is shaped like a ship-bottom with a depth-range
of 180 to 230m at the center. The basement rocks are exposed in the

east, west, and north of the plateaun, in fault contact or unconformity

()



3.2.3

with the Guadalupe formation. A number of springs are found along the
marginal zone of the plateau, with water being discharged from the
plateau.

Basing on JICA test wells and electric resistivity survey, hydrogeologic
units can be defined as upper Gs and lower Gmd in terms of rock facies,
formation resistivities and transmissivity values of the formations. Gs
is mainly composed of coarse sandstone and tuff of member III and forms
a fairly good confined aquifer. Its thickness is 100-120m. Gmd is
mainly composed of tuffaceous mudstone of member II and forms an aqui-
tard or aquifuge.

The Guadalupe formation is weathered at depths of 30-50m from the sur-
face. The weathered unit contains unconfined water or perched water.
From the flow condition of the spring, the Antipolo Plateau is consid-
ered to constitute an isolated groundwater basin (Figure 3.2.6).

Elevation of the water table at the center of Antipolo Platean ranges
from 160m to 170m, with groundwater level at about 30m to 40m below
ground surface., A groundwater mound can be seen in the southern and
eastern parts of the plateau. However, the water table becomes rather

low at the center of the poblacion where it gradually descends westward.

The hydraulic gradient of the water table is steep in areas where es-
carpments are formed. These areas are located in the northeastern,
eastern and southwestern edges of the plateau, at a relative height of
about 200m. The hydrauliec gradient of the water table in these places is

steep such that the groundwater is discharged from the basin.

Las Pifias

The Las Pifias area is a flat land with an elevation range of 0-10m. It
is located at the mouth of the Zapote and Las Pifias Rivers. 0ld rivers
and marine ponds are found in this area. An alluvial plain extends
inland at about 1.5-2.0km from the coast. A gently undulating hill is
situated behind this plain at an elevation of 20-40m.

The lowland is covered by the Alluvium which is composed of sand and

clay. The Guadalupe formation is exposed in the previously said undulat-




ing hill and is composed of alternating beds of sandstone, conglomer-
ate, mudstone and tuff. The strata have strikes parallel to the coast-
al line and inecline towards Manila Bay at 3-6 degrees. The thickness of

the Guadalupe Formation possibly reaches to more than 2,000m,

In order to clarify the hvdrogeology and saline water intrusion in Las
Pifas, core borings and test well drillings were ecarried out. The
thickness of Alluvium is less than 10m. The rest of the strata belongs
to the Guadalupe Formation which is composed of tuffaceous silt, fine
sand and medium to coarse sand. Signifiecant thieckness of elayey sedi-
ments that form the confining layer (CL) was traced at depths of about
60m to 80m. Four characteristic pumice-bearing layers (PM) occur at
depths below 100m. These layers can be traced horizontally in the Las

Pifias area (Figures 3.2.7 and 3.2.8).

The Guadalupe formation which is about 300m in thickness can be roughly
divided into two aquifer units. The first aguifer has a thickness of
ahout 60m and is confined. Since groundwater is highly salinized, no
existing deep well taps this aguifer. The second aquifer has a thick-
ness of more than 200m and is also confined. Existing deep wells have
their screen sections at this aqguifer. The CL--the first
aquitard--particularly has an important role in saline water intrusion
because of the high salinity of the first aquifer.

Groundwater level varies from aquifer to aquifer. Water levels of Las
Pinas 100m-test wells are 4.6m and 3.7m for No.l and No.2, respectively.
In contrast, water levels of two 200m-test wells are 37.3m for No. 1
and 43.4m for No. 2. Water levels of 300m-test wells are 44.5m (No. 1)
and 50.0m (No. 2), a little lower than those of 200m-test wells, 1indi-

cating that groundwater is mainly pumped from the second aguifer.

The marked drop of the piezometric surface at the second agquifer to 60m
below sea level near Pamplona points to the heavy pumping in this area
as cause for the decline in piezometric head. Regional groundwater flows
towards the depression in Pamplona, from the first aquifer towards the

second aquifer through downward leakage.




3.3 GROUNDWATER USE

The total number of inventoried private deepwells in MSA is 3,434; of
which, 2,216 were estimated as operational and 1,218 as abandoned
wells. Private wells are concentrated in Parafiaque, Las Pifias, Muntin-

lupa, Pasig, Quezon City, Caloocan City and Valenzuela,

Of the 258 MWSS-supervised wells, only 131 wells were active as of March
1991,

A groundwater use survey was conducted in the Study Area so that the
average annual pumpage of private deep wells may be estimated. These
wells were classified in terms of usage, area, and specific capacity. oOf

the 1063 sample-wells visited, only 542 were found valid for the estima-
tion.

Pumpage of MWSS-supervised wells was determined using year-1990 pumping
records.

The combined total withdrawal in 1990 was estimated at 339.6 MCM (pri-
vate: 306.8 MCM; MWSS: 32.8 MCM). In terms of usage, the distribution
was 26.34 MCM for commercial; 129.54 MCM for industrial and 150.97 MCM
for public and institutional (Figure 3.3.1).

3.4 GROUNDWATER LEVELS

Three sets of simultaneous observations of groundwater levels of 231
deepwells were carried out in November 1990, April-May 1991 and August
1991. Groundwater contour maps were then prepared from the measurements
(Figures 3.4.1 (1) and (2)).

The piezometrie surface is higher in northern Caloocan City (from 20m to
60m above Mean Sea Level (MSL)) and in southern Bacoor and Imus (from
10m to 50m above MSL). However, a pgreater portion of Metro Manila has
the piezometric surface below MSL: -70m to -80m in Las Pifias and

Paranaque; -50m to -60m in Pasig and Quezon City; and -110m in Valen-
zuela.




The piezometric surface reveals that groundwater in the northern part of
Metro Manila is flowing southward and westward, and in the southern
part, northward. Both parts have groundwater flowing te areas of heavy
pumpage, i.e., where the piezometrie surface is below MSL. It also shows
that Manila Bay and Laguna de Bay are recharging the depressions on
their coastal areas.

Comparing the piezometric condition in 1981 and 1991, it may be noled
that water levels have recovered at a maximum of more than 80m in the
central part of Metro Manila, i.e., Manila, Makati and Mandaluyong
(Figure 3.4.1 (3)). This recovery is considered as an outcome of the
reduced pumpage arising from the completion of Manila Water Supply
Project IT (MWSP II).

The year-1991 fluctuation in Metro Manila of water levels between the
dry and wet seasons indicates a rise of about one to six meters in the
north sector and two to four meters in the south sector. In most of
Metro Manila, however, water level was continuously deelining due to
pumping.

3.5 RECHARGE ANALYSIS

Direct recharge from rainfall over the Antipolo Groundwater Basin and
the entire Study Area was estimated based on the following equation:

P=R+E+1

where, P:; mean annual rainfall; R: runoff; E: evapotranspiration; and
1: effective infiltration, all in mm.

The estimate of the direet recharge in the Antipolo basin is as follows.

Annual rainfall Vi R TE0B

Runoff B e T

Evapotranspiration : B58.8

Recharge : 619.3 (23% of annual rainfall)

The estimate of the direct recharge over the Study Area had Lhe present

()



land use condition considered. It is as follows.

Annual rainfall T e ne9.T

Runoff : +1,397.8

Evapotranspiration : B8l6.6

Recharge : 115.3 (4.8% of annual rainfall)

The direet recharge over the Study Area is about 153.6mm (6.1% of
2498 .8mm annual rainfall) and 114.7mm (5.0% of 2308.2mm annual rainfall)
at its northern and southern parts.

3.6 AQUIFER PARAMETERS

The transmissivity and specific capacity maps (Figure 3.6.1) were pre-
pared based on existing pumping test data plus those obtained from
pumping tests conducted at MWSS deepwells. The average value of the
transmissivity in the Metro Manila area is 58.3 m®/d, with a range of
50 m*/d to 100 m*/d. High transmissivity zones are found in the coastal
areas of Manila Bay, Laguna de Bay and Marikina Valley.

3.7 GROUNDWATER QUALITY

A total of 90 water samples were collected from operational deepwells.
Seven major ions (Na+t, Kt, Cazt, Mgzt, Cl-, HCO3, 504) were analyzed and
plotted on the key diagram. (Refer to Figures 3.7.1 and 3.7.2.)

Most of the samples from the coastal area were plotted on domains ITI
{(carbonate alkali) and IV (noncarbonate alkali) of the diagram. Samples
in domain IV are salinized and contain more than 200 mg/l of chloride.
In two JICA 100m-test wells in Las Pifias, chloride concentration was
extremely high and reached more than 17,000 mg/l. Samples in domain III

are not salinized. Their chemical composition is thought to change from
IT to 11T along flow paths.

Samples from Guadalupe Hill were plotted on domains II (carbonate hard-
ness) and III. They may have evolved geochemically from domain II.
Chloride and sulfate concentrations of these samples are low and amount
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to less than 50 mg/l, suggesting groundwater of the Guadalupe aquifer
in the hill te be not contaminated yet by saline water,

Samples from Marikina Valley were plotted on all the domains from 1 to
IV. Two samples plotted on domains I and IV are remarkable. Chloride
concentration of these samples show more than 140 mg/l. They are possi-

bly contaminated by connale saline water contained in the deep aguifers.

All samples from the Antipolo Platean were plotted on domain II. Surface
water samples taken from Wawa Dam also belong to domain II. The chemical
component of groundwater in the plateau is similar to that of surface
water. Cation and anion characteristies of groundwater suggest that it
has not been long since rain infiltrated through the soil into the
aquifer system.

The groundwater guality of the Guadalupe aguifer is considered as origi
nally belonging to domain II, but due to the saline water intrusion
particularly in the coastal area, this quality was altered to the non-

carbonate alkali type.

In Marikina valley, connate water migrates into the shallow aguifer due
to upconing.

3.8 SALINE WATER TNTRUSTON

Saline water intrusion of coastal areas in Metro Manila has been already
observed in the late 189608. Areas where saline water intruded were
observed in Parafiaque, in parts of Las Pifias and Cavite along Manila
Bay, in Muntinlupa, in Pateros areas along Laguna de Bay and in parts of

Cainta located downstream of the Marikina River.

Comparing the distribution of electriec conductivity (EC) for years 19&1
and 1991, a reduction of the saltwater intruded areas in Manila and
Malabon may be noted. This reduction could be a result of the recovery
of the groundwater level, whiech in turn was caused by Lhe conversion of
water source from groundwater to surface water. However, in an inland
area within a few kilometers from the coast of Las Pifias and Bacoor,
saline water has intruded (Figures 3.8.1 (1) and (2)).




»

Electric conductivity and chloride concentration of the groundwater at
the Las Pifias test wells show different values from aquifer to aquifer.
At 100-m wells, Nos.l and 2, high chloride concentrations of 17,144
mg/l and 21,100 mg/1 were found. At the 200-m well at Las Pifias No.2,
chloride concentration is 4,923 mg/l. However, groundwater is not salin-
ized in the deep agquifer as seen in the 200-m and 300-m wells at Las
Pifias No.1, and in the 300-m wells at Las Pifias Nos. 2 and 3. Chloride
concentrations in these wells are less than 200 mg/l.

Considering the difference in chloride concentration at each agquifer, it
is apparent that saline water migrates downward from the first aquifer
to the second aguifer by leakage. The first aguifer may be salinized
mainly by seawater encroachment from Manila Bay. Another cause of con-
tamination may be the existence of the marine pond spreading 1.5 to

2.0km inland from the coast and the tidal inundation of the Zapote
River.

In the Marikina Valley, however, highly salinized groundwater was found
in the deep Guadalupe aquifers--at the MGB PS-4 well that was drilled in
the 1860s and whose recorded depth is 457.2m. This indicates the possi-
ble existence of fossil water in the Guadalupe aquifer. Saline water

intrusion in shallow aquifers (100-200m) may be caused by upconing.

LAND SUESIDENCE

The MSL. measured at the Manila South Harber tide station has markedly
risen since the mid-Sixties. It may be noted that from 1965 to 1988 the
MSL at Manila appears to have risen by 0.478m. However, no clear physi-
cal evidence of land subsidence was found in the coastal area. And
because the Guadalupe formation is consolidated and the Alluvium clayey
bed is thin, the probability of land subsidence occurring in this area
is nil. Obtaining clear evidence of land subsidence therefore requires
periodical regional leveling in Metro Manila.
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CHAPTER 4 GROUNDWATER DATABASE

The groundwater database system aims to support the groundwater develop-
ment and conservation program of MWSS. The system is composed of five
databases containing the following information.

1)  Well inventory data
2) Meteorological data
3) Hydrological data

4) Hydrogeological data

6) Related literature records

well inventory includes MWSS-supervised wells and private wells. Various
well data such as location, owner, depth, diameter, pump, screen, water

level, pumping rate, ete. are stored in four related data files.

The meteorological database contains data on meteorological stations
including the daily, monthly, and annual records of rainfall, tempera-
ture, evaporation, humidity, wind veloecity and sunshine hours.

The hydrological database provides information on hydrological gaging
stations including data on river discharge and gage height. It also
contains the simultaneous observations on spring and stream flow in the
Antipolo Area.

The hydrogeological database at present contains data only on those
wells tested and measured during the actual test drillings, rehabilita-

tion studies, pumping test and groundwater quality investigations.

The literature database provides literature records relevant to the
groundwater develeopment study.
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CHAPTER & WELL REHABILITATION SURVEY

5.1

PRESENT CONDITION OF MWSS WELLS

Of the 258 MWSS wells in MBA in 1991, 62 are abandoned, 131 active and
76 inactive.

Based on site visits and interviews with the operators, the well condi-

tions were e¢lassified inte four: "Good", "Damaged", "Stand by" and
"Others" (Table 5.1.1).

"Good" : wells being operated are in good condition

"Damaged"” : wells are damaged as indicated by any of the
following: salty water, dirty water, ecaved-in,
dried-up, defective pump unit

"Standby" : wells are on standby, under rehabilitation

or an adequate surface water supply is present
"Others" : reason is not clear; inactive or abandoned

Thirty two (32) out of 131 wells which were reported to be active are
substantially inactive for they have the characteristics falling under
the classification "Damaged" and "Others". Only 99 wells are operating
normally.

5.2 DETAILED SURVEY

A detailed survey which included doing pumping tests was conducted at
well sites. Out of 28 damaged wells, sixteen (16) were surveyed in
order to identify the conditions and requisites for a proper rehabili-
tation procedure. Seven (7) wells were subsequently selected as ecandi-
date wells for experimental well rehabilitation.

The survey revealed that an increase in the discharge rate of 6 wells
out of 9 can be affected by the improvement of pumping unit. The condi-

tion of the remaining 3 wells are unclear, except for one which is
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contaminated by saline water.

5.3 EXPERIMENTAL REHABTLITATION WORK

In order that causes of damage may be clarified and technical specifica-
tions of the rehabilitation work may be properly established, an experi-
mental work on five (5) wells selected through detailed survey was
carried out (Figure 5.3.1). These five wells are: Sumulong in Taytay;
Cogeo No.l, Antipolo; Cogeo No.6, Antipolo; IEP No.3, Quezon City; and
Maga No.2, Las Piias.

The standard experimental rehabilitation work involves the following

activities.

1) Preparation and mobilization

2) Pulling out of existing pumping unit

3) Measuring of well depth and water level
4) Inspection of existing pumping unit

5) Installation of test pumping unit

6) First pumping test

7} Surging, bailing and airlifting

8) BSecond pumping test

9) Installation of existing pumping unit
10) Demcbilization

Rehabilitation was effective at Sumulong and Cogeo No.l in terms of
specific capacity and well loss constant. In Naga No.2 and Cogeo No.6,
these parameters did not improved, indicating the ineffectiveness of
rehabilitation (Table 5.3.2). The IBP No.3 well was recommended to be

abandoned because of its damaged casing and its low water discharge.
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TABLE 5.1.1 WELL CONDITIONS OF MWSS DEEP WELLS

(NUMBER OF WELLS)

STATUS

WELL CONDITIONS ;
ACTIVE INACTIVE | ABANDONED | TOTAL

IN GOOD CONDITION g8 0 0 99

DAMAGED WELLS

Defect[fe unit 13 9 3 25
Yields salty water 2 0 17 19
Well caved-in 1 0 14 15
Yields dirty water 3 0 5 g
Well is almost dry 0 0 3 3
£ SR R SR T RS 1 N e 12 | 70 |
STAND BY | :
Stand by 0 16 0 16
Under 0 25 0 2b
Rehabilitation Program
Adequate surface 0 23 B 29
water supply
o T e ) R N 6 | 70
ﬂTHERé 13 i 2 4 18
GRAND TOTAL A 131 75 G2 258




TABLE 5.3.1 WELLS FOR EXPERIMENTAL REHABILITATION WORK

s =
| I | Total | Casing Pipe | iell Screen | Bxist. Punp| Test hump  |Punp After Rehab, |
| Mell Name | Mnicipality| Status | Depth |  Positicn Size | resitien | | |
I | | | I I Isﬂtilhn-l&t-lﬁpmlﬁﬂt-ISm- I
I

|
I Cogea | htipolo | Inactive | §1.4n | Ge9.%5n 8| =78 | Bon| 1.5 | Tén | SPE-21| 3" |Existing |
| #tipalo Ho.1 | | | | 075944 | | Hpl | TP | Tom jAmp |
I | | | | I | | | (13| |lnstalled |
| | | | | | | | | | L |
| Sumulerg | Tayray | Inactive | 202.69 | 0-80.77 8| Unknown | TS| 30| Tém | 30HP | MO Mo Pump |
i | | | | 80.77-202.1 & | | | 120m | 10HP | |Installed |
I | I | | | I | | 00 133m| | I
l | | I | | N Nag e fie |
| Negafoad | lasPinas |Active | 0384 |  0-M3.84 10°) 103.63-121.91| T8 | 30| 120m |SP4S-12 | 3" |Existing |
| No.2 | | | | | 128.01-158.48 | | | 102m | 30HP | 10w [Pme |
| | | i i 164517068 | | Jo01s0|  |lnstalled |
| | | I | | wede-213.36 | | | | Eaett |
| I | I I | 219.45-231.74 | I I I I | I
I | | I I I I I I | | | I
| 18P {Congress)| Quezen City | Inactive | 202.69 | {80 '| B1-39 | 120 20| 108| 20HP | M |NoPump |
| Mo.d | | | | 9020269 & 103-122 | | | |9 stage | |Installed |
| I I | I | 128-144 | | | | 00 140 | I |
| | | | | I 5186 || =] G |
| | ! I I I 173-197 | I I I I I I
| | [iks s ] owe) | e SO0 S S I & |
| Cogeo | mtipola | loactive | 117.35 | 9144 8 9.M1TT35 | | 0| W] AH| W o Pump |
| Antipalo Mo.6 | | | | | bore hole | | | |4 stage | [{rstalled |
| | | I I | e, SR ) |
| | | ! I | }oana d bad bl - |
. - —t

)
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TABLE §5.3.2

RESULTS OF EXPERIMENTAL

REHABILITATION WUORK

Sumilong IBP Cogeo Cogeo Naga Road
Taytay No. 3 ATP No.1 ATP No.6 No.2
Well Depth (m) 202.68 202.69 91.44 117.35 243.84
Accumilation (m) 5.68 32.69 4.44 11.35 0
Static Water Level (m) 58.00 39.30 7.25 11.50 55.40
EC-T Logging 684— 92— 336- 316- 517~
ECt (uS/cm) 961 144 390 342 9585
o) 30.2- 27.7- 25.8- 26.4- 30.0-
80.7 28,1 27.10 27.50 34.20
Micro Current o * * ®
1st Pumping Test
Discharge Rate (m3/d) 285 (25.9) 285 294 544
Drasdown (m) 30.00 (70.7) 48,80 68.40 17.70
Specific Capacity (m2/d) 9.50 (0.37) 5.84 4.30 30.70
Transmissivity (m2/d)
Contirmous - Theis 14.86 - 2.83 1,33 36.9
Contimious - Jacob 15.2 - 5,27 7.19 31.1
Recovery - Jacob 11.4 ™ 32.6 15.8 29.2
Storage Coeff, 7.65x10°° - 1.19 2.26 3,18x101
Aquifer Loss Coeff.
(day/m?) 5.40%10°2 - 8.00x107? 0.0 3.2uaot
Well Loss Coeff
(Gay2/m®) 1.66x1074 - 2.55x107* 8.0x10°* 6.2x10°°
2nd Pumping Test
Discharge Rate (m3/d) 328 (54.4) 285 294 518
Drawdown (m) 25.10 (70.70) 19.50 64.20 17.07
Specific Capacity (m#/d) 13.07 (0.717) 14.60 4.58 31.9
Transmissivity (m2/d4)
Continuous - Theis 14.6 - 4.37 1.34 36.6
Contimious - Jacob 4.10 - 2 B Bl | 4 .88 31.1
Recovery - Jacob 44 .8 - 17.4 15.2 31.9
Storage Coeff. 1.08x10°4 - 2.05 3,32 3.90x10°%
Aquifer Loss Coeff.
(day/m2) 2.6x10°% - 2.0x10°° 0.0 2.95x107
Well Loss Coeff
(day?/m®) 1.43x107° - 2.10x10°*  7.35%10°* 6.2010°°




CHAPTER & URBAN DEVELOPMENT AND FUTURE WATER DEMAND

6.1 URBAN DEVELOPMENT PLANNING

It is anticipated that by the year 2000 Metro Manila shall have expanded
its urban area by an additional 25km radius which would include Cavite,
Antipolo, and the coastal area of Laguna de Bay. This expansion which
may primarily be led by private sectors could inevitably change the land
use pattern and its intensity, and would be marked by an increased
number and density of blighted areas, the development of middle and
upper class residential subdivisions on the urban periphery, a great
increase of townhouses and/or condominiums in the main urban area, and
the conversion of agricultural and fishpond areas to residential and/or

commercial uses.

Population growth and urbanization in the year 2010 were predicted using
the 1990 data of the National Statistics Office (NSO). Total population
of the MSA in year 2010 would be approximately 14.1 million, a 4.7

million increase over the year 1990 figure (Table 6.1.1).

Based on 1985 statistics, approximately 2.3 million people in the MSA
were living in blighted areas. It increased to around 2.8 million in
1890, about 30% of the population of NCR (7.93 million). The blighted
population is projected to reach 4.09 million in 2010.

A basic structure plan of urban development was set up with due regard
to the above. The plan lays out Metro Manila as an innmer urban core
surrounded by a transition zone located between the inner urban core and
outlying areas. Industrial concentration areas and intensive residential
development areas are laid in the south and north of the outlying areas
of the transition zone. Other industrial and residential areas are to
be located north of Laguna de Bay (Figure 6.1.1).

The proposed future land use plan of the MSA 1is divided into two major
zones consisting of an Urban Consolidation Zone and Complementary Urban
Satellites. Layout of land use was roughly designed according to the
trend of urbanization in Metro Manila: as residential and open areas,
industrial and tourism areas, agro-industrial and regional open spaces,
flooding area, and reservation area.
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There is at present a progressive development of residential areas and
urban facilities in the Antipolo area because of its contiguity to Metro
Manila. The area is still relatively abundant in forest/grass land and
agricultural land. Based on population projections for the Antipolo
area, the population would reach 435,000 in 2010 from the 208,000 in
18980 (Table 6.1.2). The future land use plan thus incorporated the
development of the tourism and agro-forest industries in the Antipolo
area (Figure 6.1.2).

6.2 WATER DEMAND PROJECTIONS

Domestic, commercial and industry water demand was projected considering
the population projection described in Section 6.1.

From the records of the MWSS Computer Center, daily domestic consump-
tion in the M5A in 1990 was 785,000 CMD, of which 781,000 CMD were for
house service connections and 4,000 CMD for public faucets. The served
population, estimated by water meters, was 5,037,000 for house service
connections and 236,000 for public faucets, Thus the average per capita
domestic consumption in the MSA for house service connections and public
faucets were 170 lped and 19 lped, respectively. Water consumption for
commercial use was 344,000 CMD and 84,000 CMD for industrial use. Those
not served by MWSS use groundwater; their consumptions were estimated at
379,000 CMD for domestic use, 107,000 CMD for commercial purpose and
355,000 CMD for industrial supply (Tables 6.2.1 to 6.2.3).

In projecting water demand, the per capita consumption was set at 180
lped in 1995 and 200 lped in 2010, in consideration of actual per capita
consumption in the area. For some municipalities with high per capita
consumption at present, another value was adopted. In the respective
areas covered by RPWSP and FAWSP, Lhe per capita consumption employed in
each project was also adopted. Based on the population projection, the
total domestic water demand in MSA would become 1,596,000 CMD in 2010
and 2,136,000 CMD in 2010. The domestic water demand in the area out-
side the service of MWSS is estimated at 306,000 CMD in 2000 and
246,000 CMD in 2010 (Table 6.2.4),

The calculation of commercial water demand was done using two. factors,




i.e., the economic growth rate and the tariff change planned by CORPLAN
of MWSS. Areal allocation was made based on the actual commercial water
consumption. In the area covered by RFWSP, the same method was adopted.
The total commereial water demand shall become 570,000 CMD in 2000 and
shall increase to about 801,000 CMD in 2010. Outside the MSA, the total
commercial demand shall become 132,000 CMD in 2000 and 157,000 CMD in
2010 (Table 6.2.5).

Future industrial water demand was calculated basically in the same
manner as that for commercial water demand and areal allocation. The
total industrial water demand will become 153,000 CMD in 2000 and
224,000 CMD in 2010. It will also become 482,000 CMD in 2000 and 595,000
in 2010 in the area outside the MSA (Table 6.2.8).

water losses during distribution were added to the estimate of the total
water demand in the MSA. Leakage ratios of 30% and 20% for years 2000
and 2010, respectively, were used in projecting total water demand. In
the MSA, the respective total water demand for years 2000 and 2010 are
3,306,000 CMD and 4,203,000 CMD. Outside the MSA, these respective
demands are 920,000 CMD and 998,000 CMD. (See Tables 6.2.7 to 6.2.10
and Figures 6.2.1 to 6.2.3.)

on the assumption that the planned and ongoing projects, i.e. AWSOP,
UATP, etc., shall proceed on schedule, it is predicted that the surface
water supply capacity in the area covered by CDS shall exceed the total
water demand until the year-2010 (Figure 6.2.4). However, the area
outside the CDS must rely on groundwater.

As shown in Tables 6.2.11 and 6.2.12, four scenarios were established
for the estimation of future groundwater pumpage in the MSA. This pro-
jection of future pumpage aims to prediet future groundwater levels and
to come up with a tentative permissive yield for the Metro Manila
Groundwater Basin.

In Antipolo, the water demand in the years 2000 and 2010 was projected
at 27,300 CMD and 45,600 CMD, respectively. Groundwater supply can meet
the demand up to 1998 in daily average base by augmentation through
rehabilitation and new construction of MWSS-supervised wells. However,
the shortage in water supply would become 1,830 CMD in 2000 and 18,150
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CMD in 2010. Therefore, the extension of the CDS to cover Antipolo is
necessary in the future. (Refer to Table 6.2.13 and Figure 6.2.5.)
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TABLE 6.1.1

POPULATION PROJECTIONS FOR SELECTED YEARS,

STUDY AREA
CITHMNICIFALITY : 1980 : 1990 1395 2000 2005 01
(Coeas)  (CBEs)

[ MR 5,470,307 1,9M.867 8971800 9,948,977 10,847,652 11,649,608
1. Manila 1,642,708 1,598,918 1,666,014 1,705,567 1,723,126 1,723,147
2. Pasay City 09,901 366,623 402,93 433,048 4BT, 047 475,225
3. (uezen City 1,074,605 1,666,766 1,670,519 2,049,017 2,200,638  2.3%3,14
4. Caleckan City 471,31 761,01 872,801 879,527 1,076,883 1,164,630
5. Las Pinas 137,531 6,8%] 413,469 551,808 TOG, T4 g78, 109
6. Mekati sS4 IRLTHM 483,333 510,98 539,315 353,74
7. Malabon 192,433 218,380  305.870 328,653 346,868 340,515
8. Mandaluyerg 206,906 244,53  W5870 282,944 296,044 5,315
5. Marikina 213,199 310,010 359,368 405480 2 447,00 483,621
10. Mntinlupa 137,704 275,972 MG M19.918 43.TH 565, 213
11. Navotas 127,092 185,199 207,567 25,328 240,03 21,990
12. Paranague x5 WI,MT 0 368,370 430,253 de,483 541,964
13, Pesig 270,583 347,304 456,552 532,663 583,868 fde, 243
4, Patars 40,590 51,401 59,438 B4, 776 10,318 4,945
15. San Juan 131,063 126,708 133,474 137,563 140,304 141,007
16. Tagquig 135,143 266,080 311031 383,627 392,142 21,333
17. Valenzuela 213,955 0080 4R, SHLEM 6RO 131,81
[1. CAVITE 34,213 457,00 b3a, 043 611,062 686,425 196,085
1. Bacoor 90, 364 159,683 196,636 235,538 75080 0 3R
2. (avite City 87,666 91,641 8,576 104,379 109,908 112,628
3. Ims 54,103 82,125 107,162 121,860 135,818 148,542
4. Kawit 39,368 47,755 55,217 B2, 446 £, 254 15,807
5. Noweleta 14,460 20,404 43,385 2,102 28,673 50,955
6. Fosario B, 43,405 s B0, 737 fdl, 022 15
[[. RIZAL 67,36 980,134 1150043 1,325,537 1,503,547 1,067,350
1. Angond 27,136 46,014 55,062 64,219 T2.914 B0, 784
&. Antipalo 70,377 07842 W17 39849 I, M 435 886
3. foras 434 16, B60 19,051 21,063 2,808 24,182
4. Hinangoran 82,102 121,561 140,791 152,533 162,155 169,117
3. Cainta B0, 280 125,839 64,650 206,860 257,447 245, 646
4. Cardona 5,00 32,962 35,14 36,995 34,270 34,452
T. Jala-lala 12,19 16,318 11,84 14,109 LIREY 20,826
B. Mntalban 42,743 57,074 15,766 83,837 80,845 96,314
9. Mororng 25,387 32,165 M0 3,551 0,22 43,304
10. Fililla 23,16 2m 36,137 .18 41,550 43,312
11, San Mateo 54,014 g2,310 52,401 101,679 109,620 115,764
12. Tanay 41,303 58,410 B5,923 12,889 18,925 63,678
13, Taytay 76,930 112,403 129,441 8,32 113,05 197,131
14, lerssa 15,095 20,645 21,507 22,106 22,410 22,44
TOTAL 6,861,926 9,366,081 10,655,886 11,885,576 13,038,004 14,073,043

Source:  Estimation made by the Study Team based on NS0 data
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TABLE 6.1.2  POPULATION PROJECTIONS FOR SELECTED YEARS,
MUNICIPALITY OF ANTIPOLO

MUNICIPALITY/ : - : : :
BARANGAY : 1940 : 1995 : 2000 20056 : 2010
ANTIPOLO : 207,842 : 261,738 : 319,849 : 379,154 : 435,886
1. Bagong Nayon i 18,002 : 22,644 ; 27,647 : 32,752 : 37,637
2. Beverly Hills 1 1,034 1,385 - 1,767 : 2,161 ; 2,532
3, Calawis : 1,662 2,122 - 2,725 : 3,293 : 3,831
4. Cupang : 20,686 : 392,283 ; 39,380 : 46,620 : 53,551
5. Dmlig : 20,344 : 25,566 : 31,204 : 36,956 : 42,461
6. De La Paz (Pob.} : 21,083~ - 26,441 32,269 : 38,215 : 43,906
7. Inarawan : 4,965 ; 6,312 Tid6 ; 9,254 : 10,673
8. Mambugan H 15,636 : 19,680 24,039 : 28,487 : 32,743
9, Mayamot - 15,887 : 19,995 24,422 : 28,941 : 33,264
10, San Isidro - 19,260 : 24,220 ; 29,566 : 35,020 : 40,240
11. san Jose - 26,122 ; 32,815 - 40,028 : 47,385 : 54,428
12. San Juan - 1,394 - 1838 2,319 : 2,813 : 3,280
13. San Luis - 6,241 7,910 ,T22+- 13,5537 13,311
14. San Roxque ; 102240 | 5 21603 - 26,485 : 31,355 : 36,024
15. Bta. Cru=z - 13,340 : 165,804 : 20,538 : 24,349 : 27,995

Source: Estimation made by the Study Team based on NSO
data. Due to the absence of population data at
barangay level prior to 1990, population pro—
Jjections at barangay Ilevel were based on the
growth rate of the whole Antipolo mmnicipality.
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TABLE 6.2.11 ASSUMPTION IN EACH PUMPING SCENARIO
Scenarioc MWSS Surface Future Pumpage of CDS Connection
No. Water Bupply Commercial & Industrial in Cavite MSA
Projects Private Wells
1 On-achedule Inereasing(l Bacoor 100%
completion of covered, Kawit
ongoing projects 50%, others 0%
2 Same as Increasing(? up to All
Scenario 1 year-2000, thereafter municipalities
pumpage is constant covered
3 Same as Increasing(? up to All
Scenario 1 year-1995, thereafter municipalities
pumpage is constant covered
4 Two years delay  Same as Scenario 1 Same as
of completion of Seenario 1
ongoing projects
NOTE: (1 With respect to future demand increases but maintaining
year—-1980 parcentage sharas
(3 With respect to future demand increases and up to the
year indicated
Groundwater Pumpage (m3/day)
Year | 2000 1 2010 |
| MwsSs | PRIVATE | TOTAL | MWSS | PRIVATE | TOTAL |
o st | | | E | |
Scenario 1 | 201,855 919,517|1,121,372| 280,169| 998,010|1,278,170]|
b L l | l |
Scenario 2 | 201,855| 919,517|1,121,372| 247,128| 892,062|1,139,190|
| | I | vt
Scenario 3 | 183,465 919,517|1,102,982| 228,738| 835,304|1,064,041]|

| | f i | N

l

l i eedaia

Year-1990

89,739|

l

840,702|

930,441

|
|
|
|
|
Scenario 4 | 194,508|1,000,620|1,195,128| 272,756(1,022,363|1,285,119|
1
|
|
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CHAPTER 7 EVALUATION OF GROUNDWATER RESOURCES

7.1 GROUNDWATER MODELING

Groundwater modeling and computer simulation were carried out to evalu-
ate the groundwater resources in Metro Manila. The computer models used
for the study are the quasi three-dimensional groundwater flow model
(Q3P model) and the two-dimensional solute transport and dispersion
model (MOC model). The Q3P model was applied to both the Antipolo and
Metro Manila groundwater basins to quantify the groundwater resources
(Figure 7.1.1). The MOC model was applied to the Las Pinas area to

reveal the mechanism of saline waler intrusion.

ANTIPOLO GROUNDWATER BASIN MODEL

The Q3P model was applied to the confined aquifer system formed by
Member III of the Guadalupe Formation (Gs) in the Antipolo Platean
(Figure 7.2.1). The model used a finite-element grid with lengths of
§.5km in the north-south direction and 4.0km in the easl-west direction.
The size of each rectangular element is 250mx250m. Based on the resulls
of the field studies and hydrogeological interpretations, the geohydro-
logic parameters of each element and boundary conditions al Lhe perime

ters of the model were specified.

The calibration of the model was initially carried out by using 10 time-
steps throughout the 10-year period from 1981 to 1990. The recharge to
the aquifer is assumed to be only the direct recharge from precipitation
previously estimated from the water balance study. Groundwater discharge
data in the modeled area were prepared, by coordinates and time-steps,
from the groundwater use survey. The piezometric heads obtained from the
30-year, steady-state calculations were extrapolated and used as initial
groundwater heads in 1981 for non-steady-state simulations. During model
calibration, some uncertain parameters and boundary conditions were
modified until the simulated piezometric heads in 1990 became approxi-
mately equal to the measured piezometric heads in 1990. As a result,
the general trends in change of piezometric heads since 1981 were rea-
sonably simulated, e.g., the maximum drawdown of 16.4m which is the
result of the inerement in discharge (from 11,419 CMD to 19,456 CMD)
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during the 10-year period.

In order to design an optimal pumpage plan for the basin, the Antipolo
groundwater flow model, calibrated as mentioned, simulated future piezo-
metric heads up to year-2010. Obtained from the 62-year water bal-
ance computations, the recharge value of 418.8 mm/yr (or 28,183 CMD)
corresponding to a 5-year drought probability was used as the future
recharge. The following three (3) cases were prepared for the simulation
of future piezometrie heads, with the assumption that the discharge of
existing private wells shall be the same as that for 1990 and no new

private wells are constructed.

Case A: The discharge of MWSS wells in 1990 will continue up te
2010.

Case B: New MWSS wells (discharge rate = 830 CMD per well) will be
constructed.

Case C: The existing ten (10) MWSS wells will be augmented by 207

CMD per well by well rehabilitation, and new MWSS wells will
be constructed.

For Cases B and C, the criteria for locating new wells are:

i. New wells should be located where the simulated piezomet-
riec heights of Case A in 2010 are more than 30m Dbecause
the drawdown of new wells are assumed to be 2Z1m from the
static level,

ii. Existing pumping grids should be avoided for the location of

new wells.

iii. The combined total discharge of existing and new wells should
not exceed the recharge to the basin.

iv. The simulated piezometric heights at the sites of new wells

should be more than 21m using the new discharge up to the
year 2010.




In Case A, the simulated piezometric heads will decline even though the
discharge is the same as that in 1990. A maximum drawdown of G2.4m is
expected for the period 1991 to 2010.

The results show that for Case B as many as ten (10) wells can be con-
structed. For Case (, seven (7) new wells can be constructed and an
augmentation of 2,070 CMD can be realized by rehabilitation of the
existing wells. In Case C, the total discharge is 27,334 CMD, which is
smaller than the recharge value that is equivalent to a drought with a

return peried of 5 years.

The optimal plan for groundwater development in the Antipolo basin
therefore calls for the rehabilitation of 10 existing MWSS wells and the
congtruction of seven new wells, Figure 7.2.2 shows the discharge
distribution for Case C. Figure 7.2.3 shows simulated piezometric
changes. The simulated piezometric heads in 1990 and 2010 are shown in
Figures 7.2.4 and 7.2.5, respectively. It is noted, however, Lhat the
optimal groundwater pumpage is limited so that the water demands after
1998 cannot be supplied by the groundwater in the basin.

7.3 METRO MANILA GROUNDWATER BASIN MODEL

The Q3F model was applied to the Guadalupe confined aquifer system in
the Metro Manila groundwater basin (see Figure 7.1.1). The finite-ele-
ment grid used in the model has respective lengths of 48.3km and 37.8km
in the north-south and east-west directions. The size of each rectangu-
lar element is 1380m by 1350m. Geohydrologic parameters and boundary
conditions were assigned based on results of field studies and hydroge-
ological interpretations, and then modified/identified throughout ecali
bration of the model.

The calibration of the model was done in the same manner as that for the
Antipolo Groundwater Basin Model. The modeled domain was divided into a
direct recharge area and a leakage recharge area based on the patltern of
the measured piezometric surface. Groundwater discharge data were pre-
parad, by coordinates and time-steps, from the results of the ground-
water use survey. The measured piezometriec heads in 1981 were employed

as initial piezometric heads for the simulations. The boundary condi-
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tions and some uncertain parameters, such as leakance and storage coef-
ficient, were modified throughout the calibration of the model until the
simulated pilezometric heads for 1990 were approximately equal to the
measured piezometric heads in that year. As a result, the recovery of
the piezometric heads in the central part of Metro Manila, as well as

their decline in the outskirts, were reasonably simulated.

Future piezometric heads were predicted using the calibrated model.

Five (5) future groundwater pumpage scenarios were made:

Scenario 1: Future pumpage based on Scenario 1 of the water demand

projections. (See Table 6.2.11 and Figures 7.3.1 and
TuBnls )

Scenario 2: Future pumpage based on Scenario 2 of the water demand

projections. (See Table 6.2.11 and Figures 7.3.1 and
7.8.2.3

Scenario 3: Future pumpage based on Scenaric 3 of the water demand
projections. (See Table 6.2.11 and Figures 7.3.1 and

7.3.3.)

Scenario 4: Future pumpage based on Scenarioco 4 of the water demand
projections. (See Table 6.2,11 and Figures 7.3.1 and
T.3:8.)

Scenario 5: Discharge in 1990 continues up to 2010.

The results are summarized as follows:

Scenario 1: (Refer to Figures 7.3.4 and 7.3.6.) Piezometric heads in
2010 shall rise at the southern part of Quezon City and Metro Manila
(Parafiaque, lLas Pifias and Bacoor). A maximum rise of 20m of piezometric
head is predicted at the coastal area of Las Pifias because of decrement
in pumpage. However, piezometric heads will go down at the northern and
southwestern parts of Metro Manila. Significant drawdowns such as 83m in

north Valenzuela, 57m in Cavite and 37m in Pasig are predicted. Piezo-




1991 to 2000, then stabilize after 2000. A constant decline shall be
‘seen in Pasig for the period 1891 to 2010. Piezometric heads in Las
Pifias for the period 1991 to 2000 shall rise but will go down gradually
after 2005,

geenario 2: (Refer to Figures 7.3.4 and 7.3.6.) From year-1991 on-
ward, the piezometric heads shall go down 59m north of Valenzuela and
33m in Cavite. Piezometric heads will decline in most of Metro Manila
for the period 19%1 to 2000, then stabilize or slightly recover after
2001.

Scenario 3: (Refer to Figures 7.3.5 and 7.3.7.) Piezometric heads in
2010 shall be higher than those in 1990 for north Valenzuela and Cavite;
respectively, 60m and 28m for the years 2010 and 1990. Recovery of
piezometric heads shall ocecur in almost all areas of Metro Manila for
the period 2001 to 2005 due to decreasing pumpage.

Scenario 4: (Refer to Figures 7.3.5 and 7.3.7.) This is the scenario
where the maximum groundwater discharge can be found. The discharge
shall increase for the periods 1991 to 2000 and 2005 to 2010. The draw-
downs of piezometric heads are estimated at 90m in north Valenzuela and
§6m in Cavite. Piezometric heads in most of Metro Manila shall show
significant declines until the year-2000, afterwhich the declines become
gradual or stable.

Scenario 5: Piezometric heads in 2010 relative to piezometric heads in
1990 shall recover at a maximum of 10.7m at the central part of Metro
Manila. Decline of piezometric heads shall be seen at the northern,
eastern (along Marikina River), and southern to southwestern parts of
Metro Manila. The maximum drawdowns are predicted at 21.7m at the north-
ern part of Quezon City and 16.9m in Rosario that is at the southwestern
part of Metro Manila.

Simulation results show that the maximum drawdown of 50m will occur even
in Scenario 3 where the discharge is the smallest among the future
groundwater use plans. This may cause severe saline water intrusion and
may damage even inland areas.
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7.4 GSALINE WATER INTRUSION MODEL

The MOC model was employed to analyze the saline water intrusion mecha-
nism in the Las Pifias area--one of the areas most affected by saline
water intrusion in Metro Manila (Figure 7.4.1). A vertical two-dimen-
sional model was made based on a hydrogeclogical section from the shore-
line towards inland. The model is 4km in length, 300m in depth and 200m
in width. Each cell is 100m long, 156m thick and 200m wide. The geohydro-
logic parameters of each aquifer unit were specified based on the re-
sults of well loggings, pumping tests and core analysis conducted in the
JICA test wells in Las Pifias. The boundary conditions were specified

from Lhe results of hydrogeological analyses (Figure 7.4.2).

Steady-state simulation was initially carried out for model identifieca-
tion. This was done by checking geohydrologic parameters and boundary
conditions through comparison of simulated and measured piezometric
heads. Direct recharge from rainfall was applied to the uppermost cells
of the model. Pumpage data obtained from the groundwater use survey were
also used, considering well locations and screen positions. Execept in
the uppermost cells, initial piezometric heads were taken as 0. The
results show good agreement of values of simulated piezometric heads

and observed heads, accomplished without modifying any hydrogeologic
parameters.

After fixing the groundwater flow, the solute transport model was cali-
brated to compute the chloride concentrations. From the facies of each
aquifer unit, transport parameters were estimated. The origins of saline
water were assumed to be at Manila Bay and the alluvial lowlands where
marine ponds are located. BSeveral sets of parameters were employed in

the model to compare the movements of saline water. For this comparison,
the location of the source was also varied.

The results of simulation using the solute transport model show that
saline water originated from the Manila Bay and marine ponds; it then
moved and dispersed inland towards piezometric head depressions created
by heavy pumpage (Figures 7.4.3 and 7.4.4). Also, the simulated distri-
bution of chloride concentration shows good agreement with the observed
distribution of the same. And further, not only was it Manila Bay which

played a significant role in the occurence of saline water in the area,
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but also the marine ponds and rivers where saltwater is present. It is
predicted that if the center of the piezometric head depression, which
is presently located at the central part of the model, moves more inland
as a result of groundwater abstraction by new wells, the direction of
saline water intrusion shall subsequently be towards inland. Deeper
aquifers located below -300m, where no saline water exists al present,
could become contaminated. TFurther lowering of piezometrie heads should
be avoided.

The mechanics of saline water intrusion just discussed should be consid-
ered in the assessment, development and management of groundwater re-
spurces in the area, Location of new wells, well depths and pumpage
should be carefully evaluated to arrest the further spread of saline
water.
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FIGURE 7.2.5(2)
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a) Scenario 1
(Contour Interval: 10m, Unit: masl)

b} Scenario 2
(Contour Interval: 10m, Unlt: masl)
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FIGURE 7.3.4

DISCHARGE DISTRIBUTION IN 2010
(SCENARIO 1, BCENARIO 2)

a) Scenario 3
{Contour Interval: 10m, Unit: masl}

{Contour

b) Scenario &
Interval: 10m, Unit: masl)
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FIGURE 7.3.5
DISCHARGE DISTRIBUTION IN 2010
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CHAPTER 8 GROUNDWATER DEVELOPMENT PLAN

8.1 REHABILITATION PLAN OF MWSS WELLS3

According to the water supply plan of MWS3, the municipalities of Anti-
polo, Montalban, San Mateo, Muntinlupa, Cavite, Imus, Kawit and Rosario
shall depend on groundwater supply up to 1995 or 2000. Other municipali-
ties shall also have to rely on groundwater until the surface water
supply system shall have been completed. It is therefore necessary to
augment the groundwater supply capacity by the rehabilitation of exist-
ing MWsSS wells.

Most of MWSS wells are superannuated in the pumping unit. Those present-
ly active could possibly be damaged in the near future. The plan aims to
rehabilitate 100 active and inactive MWSS wells. Technical specifica-
tions and a manual for the work shall also be prepared as part of this
plan.

The number of target wells are as follows.

1) Operated at present A
2) Defective pumping unit A &
3) Standby t—if)

It is expected that the pumping rate of active wells shall be increased
at an average of 207 CMD per well. The increase of pumpage due to the
rehabilitation of damaged and standby wells is assumed at 690 CMD per
well. Thus, the combined total pumpage increment for 100 rehabilitated
wells is expected to be around 27,500 CMD.

The total project cost for the rehabilitation of 100 wells is about 53
million pesos. While the average cost of water per unit volume of a
newly constructed well is 0.81 peso, it is 0.68 peso for rehabilitated
well. The project is thus beneficial from the economic viewpoint.
Project implementation requires 16 months (Figure 8.1.1).
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8.2 GROUNDWATER DEVELOPMENT PLAN IN ANTIPOLO

A new groundwater development plan in Antipolo is proposed based on the
anticipated growth of population and the consideration that the Antipolo
area shall solely rely on groundwater sources until after the exten-
sion of CDS shall have been completed,

As estimated through computer simulations, the optimal pumpage of the
Antipole groundwater basin is about 28,000 CMD. Since existing deep
wells presently abstract groundwater at about 19,500 CMD, the exploit-
able volume of groundwater amounts to a maximum of about &,000-8,500
CMD. After rehabilitation, the inerease in water volume is expected to
be about 2,000 CMD. Therefore the increase in pumpage as a result of the
contribution of the newly constructed wells is about 6,000 CMD. The

total pumpage of the Antipole groundwater basin should be able to meet
the water demand in the area until 1998.

As part of the groundwater development plan, a standard design for the
seven new wells was made. This standard well is 8 inches in diameter and
150 m in depth. It also has a wire wound screen. Total pumpage of these
new wells is 5,810 CMD. The wells are distributed at the central part of
the groundwater basin, with the distribution duly considering the thick-
ness of the aquifer (Figures 8.2.1 and 8.2.2).

The project cost of the groundwater development is estimated at 48.3
million pesos including the expenditures for 6 elevated water
tanks(Figure 8.2.3), land aquisition and engineering cost. Sixteen
months are required for the project implementation.

8.3 BSURFACE WATER SUPPLY FLAN IN ANTIPOLO

It is anticipated that groundwater sources cannot meet the water demand
after 1998, Therefore, a plan of augmentation of water supply from the
CDS is proposed. The plan calls for the conveyance of surface water to
the Antipolo area through extension of the transmission line that will
be constructed in AWSOP. The transmission route is proposed to be laid
from Pasig to Antipole town passing by the side of Cogeo Village along
the Marcos and Sumulong Highways. Since the area is located in the
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Antipolo Plateau, which is more than 200m in elevation, two (2) booster
pumping stations and two (2) distribution reservoirs shall be construct-
ed (Figures 8§.3.1 to 8.3.5). Two (2) mini-booster pumping stations will
be provided for distribution to high-elevated area.

The project implementation period has two phases. Phase 1 shall transmit
water at an average of 1,800 CMD and a maximum of 15,500 CMD. Phase 2
shall transmit an average of 18,100 CMD and a maximum of 40,900 CMD.
The cost of the project is estimated to be 406 million pesos for phase 1
and 455 million pesos for phase 2 (Tables 8.3.1 and 8.3.2). Considering
that two years and six months shall be needed for planning and design
and four years for construction, the project must commence in 1994
(Figure 8.3.6).

8.4 Project Evalualion

From the financial and the economic viewpoints, the phase 1 project was
evaluated. The phase 1 project involves rehabilitation of existing
wells, construction of new wells, and construction of surface water

supply system.

Financial Analysis

The major potential sources of funds for the proposed project are the
operating and the non-operating sources. Operating sources are the
excess of revenue over expenses. Non-operating sources include loans,
government equity, and grants. It is assumed that the loans will come
from the Asian Development Bank (ADB) with a rate of interest at 6.36%
per annum. The contribution of the Philippine government to equity is
also assumed to be not more than 30 X of the total project cost.

The total project cost is PB02.87 million, the breakdown of which is
shown in Table B.4.1., The breakdown of foreign and loeal coslt is also
presented in Table 8.4.1.

The project’s revenues will be generated from water sales. Estimation
of water sales is based on demand for water (or Billed Water). Only

augmented water, however, is accounted for in the projection of reve-
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nues.

The computed financial internal rate of return (FIRR) for the 30-year
project life used for analysis is 4.46% as presented in Table 8.4.2.
Though this value is rather small, it is higher than the 3.47% of the
Weighted Average Cost of Capital (WACC).

As reference, the financial feasibility of a part of the proposed
project, the rehabilitation and new well construction, i.e., the ground-
water development portion, was verified (Tables 8.4.3 and B8.4.4).
Eighty percent (80%) of initially proposed cost for the distribution
system was also included in this case for the reduction of leakage and
distribution of increased water. 1In this case, FIRR was indicated at
11.43% and estimated WACC was 3.46%.

Economic Analysis

In the economic benefits of the projects were measured in terms of:

a) Economic Value of Water
b) Health Benefit
¢) Fire Protection

Satisfaction of consumer

Decrease of water-borne diseases

Installation of more fire hydrants
and increased water pressure
d) Land Value Inerease - Increase of productivity

The shadow pricing system was devised for items that are not economical-
ly valued by the purely financial price mechanism. Thus, it was assumed
that the true cost of foreign exchange will be increased by 20%. Like-
wise, unskilled labor costs was reduced by 50%. Skilled labor was

valued at its going rate. The economic project cost is P491.02 million.

The total economic cost is expressed as the adjusted project cost plus
replacement cost plus operating and maintenance cost. The present value

of the total economic cost is P1,449,74 million for 30-year project
life,

Since the EIRR of 17.19% exceeds the desirable cpportunity cost of

capital of 15%, the project is considered economically feasible (Table
B.4.5).
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As reference, the economic feasibility of the groundwater development
portion was also verified as presented in Table 8.4.8. In this case,
EIRR was computed at 17.20% due to insufficient augmentation of water to
meet demand--assuming a slower increase of land value than that possi-
ble under full-scale project implementation.
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TABLE 8.3.1

Construction Cast
1. Transmission

PROJECT COST FOR PHASE 1

{in Thousand Pesos)

2. Booster Pumping Station No.l

J, Booster Pump

4, Communicatio

6. Distribution

6. Distribution

Engineering Cost
Land Acquisition

Pipeline 58,343
Civil & Arch. Work 8,227
Mechanical Work 14,976
Electrical Waork 19,020
sub Total 42,223
ing Station No.2
Civil & Arch. Work 7,249
Mechanical Work 19,104
Electrical Work 22,848
Sub Total 49,201
n Wiring (for telecontrol system)
5,383
Reservoir
Civil & Arch. Work 11,412
Mechanical Work 2,896
Sub Total 14,308
System
Distribution Main 65,366
Inner Network 23,761
Fire Hydrant 3,481
Service Connection 58,570
Sub Total 151,147
al 320,606
(D/D 8%, C/S 4%) 38,473
(B.P.S. 1 & 2, Reservoir) 8,585
368,663
10% 36,866

—114




TABLE 8.3.2 PROJECT COST FOR PHASE 2

(in Thousand Pesos)
Construction Cost
1. Transmission Pipeline 95,862
2. Booster Pumping Station No.l
Civil and Arch. Work 7,652

Mechanical Work 14,492
Electrical Work 15,020

Sub Total 41,164

3. Booster Pumping Station No.2

Civil and Arch. Work 6,583
Mechanical Work 18,620
Electrical Work 22,848

Sub Total 48,051

4., Distribution Reservoir No.l
Civil and Arch. Work 11,412

Mechanical Work 3,795
Sub Total 15,207
5, Distribution Reservoir No.2
Civil and Arch. Work 3,494
Mechanical Work 1,168
Sub Total 4,662
6. Booster Pumping Station No.3
Pump House B26
Mech. and Elec. Work 273
Sub Total 1,099
7. Booster Pumping Station No.4
Pump House 560
Mech. and Elec. Work 190
Sub Total 750
B. Distribution System
Distribution Main BE,168
Inner Network 25,603
Fire Hydrant 2,005
Service Connection 45,192
Sub Total 160,968
Cfonstruction Cost Total 167,763
Engineering Cost (D/D B%, C/S 4%) 44,132
Land Acquisition (Reservoir 1 & 2) 1,760
Total 413,655
Physical Contingency 10% 41,365
GRAND TOTAL 455,020
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FIGURE 8.2.1

LOCATION MAP OF PLANNED NEW WELLS
—a —
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b

SURFACE CASING 16"

8" SPIRAL WEL DED
STEEL CASING

14-3/4 HOLE

PACKING GRAVEL
{3mm o Smm )

TEVERY Rom -

WIRE WOUND SCREEN

BLANE CASING

WELL BUTTOM
(STEEL CAF)

RECOMMENDED WELL DEPTH: THICKNESS OF AQUIFER LAYER 1(20m
SCREEN LENGTH. LESS THAN 20% OF WELL DEPTH
DISCHARGE - DRAWDOWN RELATIONSHP/WELL . 800m /DAY IN DRAWNDOWN OF 2im

FIGURE 8.2.2  STANDARD WELL DESIGN
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TAELE 8.4.2  FINANCIAL INTERNAL RATE OF RETURN

(GROUNDWATER AND SURFACE WATER)

CASH CASH INVESTMENT FINANCIAL |
RECEIPTS EXPENSES IN NET i

YEAR FROM FOR PROJECT EENEFIT
OPER’N O & M FLOW :
{1000F) {1000F ) {1000P) {1000P)

1582 0 0 6,951 (6,951)]
1993 0 0 36,286 {36,286),
1994 5,394 1,337 28,719 {24,662)
1985 9,983 1,948 46,051 {38,008),
1986 14,375 3,173 62,214 {51,012)
1997 19,3156 5,020 318,606 {304,210) ]
1998 24,957 12,624 112,805 (100,472)
1989 31,3756 16,349 108,630 (93,604)
2000 38,663 23,533 82,807 {67,677);
2001 16,804 29,931 0 16,873 |
2002 66,083 36,571 0 19,512 |
2003 66,682 56,177 o 11,606 |
2004 78,763 62,104 0 26,6H9 |
2005 92,509 61,147 0 31,362 |
2006 105,478 69,914 0 35,564 |
2007 119,430 79,580 0 39,8560 |
2008 134,940 90,230 0 44,710 |
2009 162,167 101,960 0 50,207 ;
2010 171,287 114,873 0 96,414
2011 186,162 122,274 0 63,888 |
2012 201,055 130,199 0 70,856 |
2013 217,140 160,219 0 66,921 |
2014 234,511 147,784 0 B6,T727 |
2015 263,272 167,533 0 96,738 |
20186 273,534 167,983 0 105,561 |
2017 296,416 179,189 D 116,227 |
2018 319,050 191,209 0 127,841 |
2019 344,574 204,105 0 140,469 |
2020 372,138 217,945 0 154,194 |
2021 401,911 232,801 0 169,110 |
___________________________________________________ '
NPV at 3.47% WACC 100,120 ;
___________________________________________________ I
FIRR 4.,46% )
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TABLE 8.4.4  FINANCIAL INTERNAL RATE OF RETURN
(GROUNDWATER ONLY)
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v
=
for]
+
s
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=}
aE
=
o
0
01
&
o
o
oo
=
=1

ittt +
: CASH CASH INVESTMENT FINANCIAL |
! RECEIPTS EXPENSES N NET '
! YEAR FROM FOR PROJECT BENEFIT |
: OPER’N OPER’N FLOW :
: (1000P) {1000P) {1000P) (1000P) |
e e e e e :
] 1
' 1992 0 0 16,764 (16,764)!
' 1993 2,634 96 78,969 €T 81 )
' 1994 5,921 1,932 91,527 (87,538) |
' 1995 9,993 3,080 60,253 (53,340) !
I 1996 14,375 4,856 43,834 (34,315)!
T 19,315 6,573 0 12 742 !
' 1998 24,957 B.129 0 16,818 |
' 1999 30,744 9,608 0 21,136 !
' 2000 33,823 10,089 0 23,734 !
' 2001 37,230 10,598 0 26,632 |
12002 41,107 11,136 0 29,971 !
¥ an03 45,365 22,945 0 22,420 |
' 2004 50,042 12,310 0 39,732 |
' 2005 55,176 12,949 0 42,227 !
' 2006 59,781 13,627 0 46,154 !
2007 64,563 14,3486 0 50,217 !
' 2008 69,728 15,109 0 54,619 |
' 2009 75,307 15,919 0 59,388 |
I 2010 81,331 16,780 0 64,551 |
- anty 87,838 17,695 0 10148 !
! 2012 94,865 18,668 0 76,197 |
L w2013 102,454 41,233 0 61,221 |
I 2014 110,650 20,805 0 89,845 !
I 2015 119,502 21,980 0 97,522 |
' 2016 129,063 23,221 0 105,832 |
S 139,388 24,566 0 114,822 !
! 2018 150,539 25,990 0 124,549 |
2019 162,582 27,511 0 136,071 !
' 2020 175,588 29,135 0 146,453 !
- = 202) 189,635 30,870 0 158,765 |

]

L]

R R S R

e
[
=
o

11.43%]

NOTE; To reduce the NREW, distribution network replace-
ment and construction was assumed to be imple-
mented with an amount of 80% of initial proposed
project from 1993,
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CHAPTER 9 GROUNDWATER MANAGEMENT PLAN

9.1

TARGET OF GROUNDWATER MANAGEMENT

water supply in the Metro Manila shall for a long time depend on
groundwater sources, not only for domestic use but also for commercial
and industrial uses. A groundwater management plan is proposed for the

twin purpose of effective use and conservation of groundwater.

A target of groundwater management is the containment/prevention of
saline water intrusion in Metro Manila. A fundamental measure for this
is the recovery of groundwater levels. Additional measures are Lhe
construction of cutoff walls, artificial recharge, extraction and/or

injection barrier, etc.

However, these additional measures are exitremely costly and would prove
difficult to implement, considering the mechanism and the areal extent
of saline water intrusion. The reduction of pumpage therefore is the
most viable option.

The computer simulations predicted that the groundwater level shall
decline by more than 50m from its present level and the saline water-
intruded area to expand even in the most optimistie scenario {Pumpage
in 2010: 1,064,000 CMD). Thus considered, plans for the reduction of
pumpage in the Metro Manila groundwater basin were prepared and evaluat-
ed through computer simulations. A pumpage reduction plan in terms of
prevention of saline water intrusion was set up in whiech a reduced
pumpage is proposed as a tentative permissive yield of the basin, a

target of the groundwater management.

9.2 REGULATION OF PUMPAGE

9.2.

1

Zoning of Regulated Area

The proposed plan has the Metro Manila groundwater basin subdivided into
three (3) areas for groundwater regulation. It had considered the
decline of water levels, the saline water intrusion and the completions
of surface water supply projects, especially AWSOP.
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8.2,

8.2.

2

3

(A) Area of Importance (the coastal area): The area where saline water
has already intruded or there is an indication of saline water intru-
sion.

(B) Arca of Semi-Importance (the inland): The area where groundwater
levels had dropped heavily and where saltwater intrusion is antieipated

to occcur.

(C) Area of Surveillance: The rest of the area in the Metro Manila
groundwater basin contiguous to the "A" apnd "B" areas, including the

Antipolo groundwater basin.

Schedule of Regulation

The schedule of regulation is divided into three (3) stages:

(1) First Stage (Investigation): The groundwater level and pumping
rates of all wells, except shallow wells for domestic use, will
be measured and reported periodiecally. The groundwater monitoring
system shall be installed as a minimum requirement. Based on the
data from these activities, more definite targets of pumpage
reduction in each area shall be set up. The construetion of new
wells in the "A" area is not allowed during this stage.

(2) Second Stage (Enforcement): The reduction of pumpage in "A" and
"B" areas shall be enforced considering the progress of the sub-
stitutional water supply system. The groundwater monitoring system

shall be expanded during this stage.

{(3) Third Stage (Monitoring and Adjustment): Groundwater use shall be
re-organized by purpose and by area, with consideration to the

order of preference in the use of groundwater,
The first and second stages should be completed within five (5) years.

Control Area

In Art. 32 of the Philippine Water Code, the NWRE promulgates rules and
regulations and declares the existence of a "Control Area" for the
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coordinated development, protection and utilization of groundwater and
surface water. The concept of Control Area is applied to the regulated
areas. Rules and regulations for the enforcement shall require further

studies.

8.3 TARGET REGULATION OF PUMPAGE

9.3.1

To prevent or contain the saline water intrusion in Metro Manila, the
groundwater pumpage control settings listed hereunder were investigated.
These settings were made to simulate the relations between reduction of
groundwater pumpage and piezometric changes.

Pumpage Control Settings
(1) Regulated Area

4 regulated area for groundwater pumpage was established along the
coastal area of Metro Manila (Figure 9.3.1), after considering the
present piezometric heads, positions of saline water intrusion, future
plans for surface water supply, etc. The area covers fifteen (15) munic-
ipalities wviz. Caloocan City (south), Valenzuela, Malabon, Navotas,
Manila, Makati (western part), Pasay City, Parafiaque, Las Pifias (north-
ern part), Bacoor (northern part), Imus (northern part), Cavite, EKawit,

Noveleta and Rosario.
(2) Time Schedule

The reduction of pumpage is assumed to begin in 1996, with the target
regulated pumpage being reached by year-2000. The 5-year period, 1991
to 1995, is considered for investigation and preparation. Pumpage in
this period follows Scenario 1. After year-2000, the target regulated
pumpage is maintained up to year-2010. Pumpage outside the regulated
areas follows Scenario 1, i.e., from 1991 up to 2010.

{(3) Regulated Pumpage

A target regulated pumpage is set based on the year-1930 pumpage. The

reduction of pumpage will be done for both MWSS and privalte wells using
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8.3.2

uniform reduction rate. Seven (7) pumpage regulation plans were made for
the simulations:

Plan (a) : Year-1995 pumpage of Scenario 1 is maintained up to 2010.
(Figures 9.3.2 and 9.3.4)

Plan (b) : Target regulated pumpage by 2000 is the 1990 pumpage.
(Figures 9.3.2 and 9.3.4)

Plan (c) : Target regulated pumpage by 2000 is 90% of the 1990 pumpage .

Plan (d) : Target regulated pumpage by 2000 is 80% of the 1930 pumpage .
(Figures 9.3.3 and 9.3.5)

Plan (e) : Target regulated pumpage by 2000 is 70% of the 1990 pumpage.
(Figures 9.3.3 and 9.3.5)

Plan (f) : Target regulated pumpage by 2000 is 60% of the 1980 pumpage.
(Figures 9.3.3 and 9.3.5)

Plan (g) : Target regulated pumpage by 2000 is 50% of the 1890 pumpage.
(Figures 9,3.23 and 9.3.5)

Simulation Results
The results are summarized in Table 9$.3.1 and Figures 9.3.6 to 9.3.11.

Plan (a) is tLhe most lenient plan. The pumpage in the regulated area
increases by 14.4 MCM/year from 1991 to 1095. With this plan, maximum
drawdowns of 40.2m and 25.8m are expected by 2010 in the northern and
anﬁthern parts of Metro Manila, respectively.

Plan (b) reduces the 1995 pumpage to the 1930 pumpage level by year
2000. Maximum drawdowns of 9.7m in the north and 18.7m in the south are

predicted, and these being principally due to the increase in pumpage
between 1991 and 1995,

Plan (c) to Plan (g) reduce the 1995 pumpage to target regulated
pumpages that are lesser than the 1990 pumpage level. The recovery of
the piezometric heads depends upon the level of the target regulated
pumpage in year 2000. Maximum recoveries of 55.3m in the north and

30.7m in the south are expected in Plan (g). In Plan (g), the lowest
piezometric head is -50m in Valenzuela.

Regional piezometric head recovery may differ from place to place. While
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recoveries may be large in the northern part of Metro Manila, they may
be small in the southern part. In Cavite, the piezometric head recovers
only by 12.4m under Plan (g). In most cases, such phenomenon could be
explained by the dynamic behavior of groundwater flow., That is, the
groundwater in the regulated area of Cavite flows towards the piezomet-
ric head depressions in Muntinlupa and Parafiaque where pumpage is great-

gr and not regulated.

The present piezometric heads must recover to prevent further saline
water intrusion in the future. Toward this end, the future discharge in
the regulated area should be reduced to at least 50% of the year-1990
pumpage. However, and notwithstanding the recovery of piezometric heads
in the coastal area, it is still possible for saline waler to intrude
further inland of southern Metro Manila due to the existence of above-
said piezometric head depressions. The results of these simulations
indicate the necessity of regulating pumpage not only in the coaslal
area but also in the inland area.

9.4 BSUBSTITUTIONAL WATER SUFPPLY

The substitutional water supply system must be constructed in the regu-
lated areas prior to the enforcement of the relevant implementing rules
and regulations of the Water Code. Measures for the substitutional
water supply include the development of surface water in Kaliwa River
and Laguna de Bay. A fundamental measure is the implementation of Manila
water Supply Project III (MWSP III).

However, considering the progress of water supply projects, it is diffi-
cult to depend only on the substitutional water source. Present indus-
trial use alone accounts for about 40% of groundwater abstracted in
Metro Manila. As the principal users of groundwater are for the foods,
the chemical, the leather and the textile industries, such industries
should be targetted for savings and rational use of groundwater. Here,
additional empirieal research is required.
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9.5 GROUNDWATER MONITORING SYSTEM

The first step in groundwater management is the collection and arrange-
ment of accurate ocbservation data . An allocation plan for the ground-
water monitoring wells was made in order to effectively monitor ground-
water levels and quality of the Guadalupe aquifers in the Metro Manila
groundwater basin (Figure 9.5.1).

A set of observation wells--one shallow and one deep--shall be con-
structed per monitoring location, except for ten sites where only one
well shall be drilled (Figure 9.5.2). These wells are designed to facil-
itate automatic measurement of groundwater level and quality (EC) and
periodiec cellection of water samples for laboratory analysis. The number
of locations 1s 30 and that of wells 50. The total construetion cost is
estimated to amount to 72 million pesos.

1t is expected that the groundwater monitoring system, together with
the groundwater database and simulation models installed in MWS3, will

be used as regular tools of groundwater management.

8.6 IMPLEMENTING BODY FOR GROUNDWATER MANAGEMENT

The lead agency for the implementation of the groundwater management
plan should be the NWRB since it is the agency responsible for coordi-
nating and integrating all activities related to water resources devel-
opment and management in the country. The MWSS as the office responsible
for the investigation, observation, analysis, and evaluation of ground-
water resources in the MSA could be tasked with the technical aspects of
the groundwater management plan. MWSS should therefore strengthen its
organization that is responsible for groundwater studies.
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CHAPTER 10 CONCLUSIONS AND RECOMMENDATIONS
10.1 CONCLUSTONS
10.1.1 Rehabilitation of MWSS Wells

MWSS wells were in most cases damaged by superannuation, defective
pumping units and saline water intrusion. Of the 258 MWSS wells, 52 have
already been abandoned.

The proposed rehabilitation plan ealls for the rehabilitation of 100
MWSS wells whose primary damage was caused by defective pumping units.
Particular importance is attached to the augmentation of pumpage in
areas where groundwater is the only reliable water source.

As a result of rehabilitation, an increment of 27,000 CMD of pumpage is
expected. The alloecation of this increment however should be made in
accordance with the tfentative permissive yield. The plan will cost
about 53 million pesos.

10.1.2 Groundwater Development in Antipolo

The subject area of groundwater development is the small groundwater
basin constituted by the Antipolo area forming an isolated plateau at
elevation of 200m plus.

Based on hydrogeologic surveys and computer simulations, said basin
could yield an optimum of 28,000 CMD of groundwater. Since existing
wells presently abstract groundwater at a volume of about 20,000 CMD,
the exploitable volume therefore is 8,000 CMD. About 2,000 CMD of this
exploitable volume would be accounted for by the inerement in pumpage of
rehabilitated MWSS wells, The remaining 6,000 CMD is to be tapped by the

seven (7) new deepwells proposed to be constructed, as discussed else-
where in this report.

The construction cost of the proposed new wells is about 14.7 million
pes0s.,

It is further recommended that the plan for the transmission of surface
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water from the CDS to the Antipolo area be implemented. Although the
groundwater supply can meet the water demand in the area in daily aver-
age base for about ten years, this supply would be critical come the
year 2000. It is also necessary that the construetion of new private
wells be regulated and, as the basin is narrow and the recharge is
limited, that groundwater level and quality be monitored to prevent the

decline and deterioration of the groundwater resource.

10.1.3 Saline Water Intrusion Mechanism

The mechanism of saline water intrusion in the Las Pifias area was inves-
tigated through detailed hydrogeologic surveys and computer simulations.
The investigation revealed the shallow aquifers in the area within 2km
from the coastline, at depths less than 100m, to be extensively conLam-
inated by saline water. This saline water migrates towards deeper aquif-
ers at depths of more than 200m. Computer simulation results point to
the Manila Bay and marine ponds along the coast to be origins of the
saline water path. The saline water intrudes, moves and diffuses inland
towards areas of depression of the piezometric head. Tidal rivers and

salt beds were also identified as significant sources of saline water.

If pumpage is further increased in the near future, the contamination of
the deeper aquifers at depths of more than 300m would likely result.

10.1.4 Groundwater Monitoring in Metro Manila

The pumpage in the MSA would become 1,121 CMD in the year 2000 and
1,278 CMD in the year 2010 at the scenario 1, as results of the on-
schedule completion of proposed and ongoing water supply projects.
Under this scenario, a maximum decline of 83m from the present ground-
water level is predicted to occur at the northwestern part of Metro
Manila. To prevent the expansion of the saline water-intruded area,
which would surely result from this deeline, it is necessary that a
tentative yield of the groundwater basin be set. This tentative yield

should also make possible the year-round utilization of groundwater.

The tentative yield of the groundwater basin is the amount of pumpage
that brings no unwanted effects, like saline water intrusion for in-

stance. The groundwater management plan targets reducing pumpage to
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this tentative yield, reallocating it by area, step-by-step, and proper-

1y considering coverage of the substitutional water supply.

If the year-1990 pumpage is reduced by 50%¥ in the coastal area--that is,
805,800 CMD for the whole basin--the results of simulation studies
indicate that maximum recoveries of groundwater levels can be expected
to cccur at the northern and southern parts of Metro Manila, respective-
ly at 55.3m and 30.7m. This reduced pumpage, for practical reasons, can
be the tentative target yield of the groundwater management plan for
the Study Area. It is noted, however, that even if saline water intru-
sion could still oceur using this yield, it would take 15 years for
saline water to reach the piezometric head depressions in southern
Metro Manila. By that time, a more realistiec target yield should have
already been in place and the measures incorporated in the groundwater
management plan are fully operational.

Monitoring of groundwater pumpage, groundwater levels and gquality are
requisites for effective implementation of the groundwater management
plan, and for the more accurate setlting of the target yield as well.
The groundwater monitoring program proposed in this study is deemed to

have the capability to achieve such purpose.

10.2 RECOMMENDATIONS

Groundwater Development
(1) Promotion of Rehabilitation Program

Considering the constraints against the early completion of the short
and medium-term surface water supply projects, it is urgent that imple-
mentation of the rehabilitation project proceed at once so that the

present groundwater supply may be augmented.
(2) Development and Conservation of Groundwater in Antipolo

Antipolo area is located on an isolated plateau with limited water
resources. The anticipated increase of water demand in the future due

to population growth makes it indispensable to develop groundwater for a
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short to medium term water supply. Since the groundwater basin is small
and recharge is limited, groundwater development must be within the
optimal yield estimated in this study. This proposal assumes that the
development of private wells shall be regulated. However, this shall be
further studied as an integral part of the overall groundwater manage-
ment program for the whole Metro Manila.

(3) Groundwater Invesligation in Rizal Province

Except for Angono, the current dependence on groundwater of the nine
{9) municipalities of Rizal Province under BPF 799 shall continue in the
future. These municipalities located along the northern and eastern
coasts of Laguna de Bay will be developed in the future to constitute
the eastern corridor of Metro Manila. But as the hydrogeology of the
Guadalupe Formation in this area is not investigated yet, the possibil-
ity of groundwater development is still vague, Accordingly, it is
recommended that a detailed hydrogeologie study of the area be carried
out in order to clarify its groundwater potential.

Plans and projects proposed in the Study are summarized in Table 10.2.1.

The earliest implementation of these projects is strongly recommended.

10.2.2 Groundwater Monitoring

(1) Monitoring of Groundwater Levels and Quality

A monitoring system is vital to the plan for the management of ground-
water resources. A groundwater management system using computer simula-
tion requires accurate groundwater data which are obtained by means of
periodic cbservation of groundwater levels and quality. It is therefore
recommended that the observation of JICA tesat wells in Las Pifias be

continued and the proposed monitoring wells be constructed soonest.
(2) Application of the Database System

The database system established in MWSS processes meteorological and
hydrological data, groundwater levels, water quality data, well invento-
ry, ete. Groundwater dala of Metro Manila must be stored continuously in

the future. In particular, the MWSS well inventory together with those
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of other agencies like NWRB and LWUA must be used and operated jointly

as a common database.

(3) Improvement and Application of Groundwater Simulation
Models

Groundwater simulation models established in MWSS must be improved in
the future. The accurancy and reliability of the models can be improved
through clarification of the hydrogeology of the area, submission by
users of their record of groundwater pumping, collection and analysis
of more accurate aquifer parameters, observation of groundwater levels
and quality, and so forth.

Jointly with the groundwater database system and the groundwater moni-
toring system, groundwater models shall be applied as tools in ground-
water management; specifically, in assessing and predicting groundwater
levels and quality and in evaluating the permissive yield of the basin.

(4) Regional Leveling

Mo clear evidence of the land subsidence phenomenon in Metro Manila has
been found. However, based on the records of the tidal gauging station,
the mean sea level of Manila Bay appears to have risen in the past 25
years. In order to clarify whether the rise of the mean sea level was
due to vertical displacements of land, it is necessary to temporarily
place an immovable point in a nearby mountainous area that is composed
of base rocks and use such point to conduet periodic levelings of exist

ing and newly constructed benchmarks.

10.2.3 Groundwater Management

In order that groundwater may be used as a perennial water source in
Metro Manila, it is necessary that the present chaotic groundwater
development situation in the area be righted without any further delay.
In this sense, the implementation of the proposed groundwater management
plan is strongly recommended. Since the details of this plan have al-
ready been described in the previous chapters, several recommendations
can be summarized as follows:




(1) Establishing Groundwater Management Committee

Tasked to implement groundwater management in Meiro Manila, the NWRB is
recommended to establish a groundwater management committee within its
organization. The committee shall deal with institutional and legal
measures, socio-economic assessment, analysis and evaluation of ground-
water data, revision of groundwater management policies in cooperation

with other concerned government agencies.

(2) Arrangement of Legislation

The groundwater management plan necessitates the regulation of pumpage
in the future . Prior to actual pumpage regulation, the practical appli-
cation of the Philippine Water Code to this contemplated regulation and
the enforcement of the water code itself must first be thoroughly stud-

ied.

It is considered that the water code is basically applicable to the
regulation of pumpage. However, studies on the practical rules and
regulations regarding the designation of areas where pumpage is Lo be
regulated, the purpose of groundwater use, the facilities for abstract-
ing groundwater, the standard physical measurements of the facilities in
a certain designated area for water rights application, the reportiing of
pumpage in terms quantity and quality and groundwater levels by the
users, the measures to be taken during the moratorium, the penalties Lo
be imposed, ete., should be undertaken as a preparatory program for

groundwater management.

The present water code requires the groundwater users to secure water
permits, except users of shallow well for domestic purpose. Measurement
and reporting of groundwater levels and pumping rate are now being
neglected by the users. Prior to the proposed regulation therefore, each
groundwater user must be required to install a water meter and to peri
odically measure the groundwater level before issuing a new water right
or renewing existing water permit. This requirement is considered to be
feasible by a slight amendment of the presenl implementing rules and
regulations of the water code.
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(3) Organization

The Groundwater Monitoring Unit (GMU) belonging to the Planning and
Programming Department (PPD) of MWSS is tasked to conduet the investi-
gation, observation, analysis and evaluation of groundwater in the MSA.
Aside from this, as MWSS is deputized by NWREB to investigate and assess
the water permit applications within the MSA, GMU does the studies and
recommends the allowable groundwater pumpage. Considering the importance
of the role of GMU in groundwater development and management in the MSa,
the strengthening of its organization by elevation of its organizational
level and increasing its manpower is necessary.

In addition, GMU shall be positioned as a technical task foree in the
groundwater management committee for Metro Manila in the observation,
monitoring, analysis and evaluation of groundwater data.

(4) Education and Training of Groundwater Engineers

It is urgent to train groundwater engineers in order to strengthen or
support the organizatiuﬁ that shall implement the proposed groundwater
management program. Government agencies such as MWSS, DPWH, LWUA, and
NIA must cooperate with each other and transfer their engineers to said
organization. Groundwater development and management have their own
comprehensive technology, and the component technology alone is already
extensive. Thus vast knowledge and experience are essential. These
engineers shall participate in on-the-job training in groundwater

projects, training in developed countries, groundwater seminars, etec.

10.2.4 Concluding Observations

Two final observations are offered with respect to the rational use and
sustained adequacy of water supply in Metro Manila. First, additional
attention should be devoted on the establishment of policies on ground-
water development and management. Frogress in this regard can be
achieved if the present concerned offices are able to integrate their
responsibilities and operations. Second, significant emphasis should he
placed on water supply projects which answer in a fundamental way the
progressively increasing water demand in the metropolis. The implemen-
tation of the Manila Water Supply Project III (MWSP III), for instance,
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should be vigorously pursued.

It would also substantially ease the

strain on groundwater resources.
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