CHAPTER 8 GROUNDWATER DEVELOPMENT PLAN
‘8.1 REHABILITATION PLAN OF MWSS WELLS

‘According to the water supply blan-OfIMWSS, the municipalities of Anti-
polo, Montalban, San Mateo, Muntinlupa, Cavite, fmus, Kawit and Rosario
shall depend on groundwater supply up to 1985 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 MWSS 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 speclflca—
tlons 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 : 73
2) Defective pumping unit : 18
3) Standby S §

It is expected that the pumping rate of activé 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 GQO’CMD'per
well, Thus, the combined total pumpage 1ncrement for. 100 rehabllltated'
wells is expected:to be around 27,500 CMD.

The total project cost for the rehabllltatlon of 100 wells-is about 53 .
million pesos. While the average cost of water per unit volume of a
neﬁly constructed well is 0.81 peso, it is 0.69 peso for_rehabll;tated:
well. The project is thus beneficial from .the economic viewpoinﬁ.
Project implementation requires 16 months'(Figure'811.1), |
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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 Antipdlo
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
Antipolo ‘groundwater basin is - about 28,000 CMD. Since existing deep
wells presently abstract groundwater at about 19,500 CMD, the exploit-
dable volume ofjgrouhdwater amounts to a maximum of ébout‘8,000-8,500
CMD. After: rehabilitation, the increase 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 construéted wells is about 6,000 CMD. The
total pumpage of the Antipolo 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-wéll“is:a inches in diameter and
150 m'in'depth;’1t=aiso 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 considefing the thick-
ness of the aquifer (Figures 8.2.1 and 8.2.2).

~The project cost of the grduﬁdwater-developmentiis estimated at 48.3
‘million pesos : including the expenditures-'for 8. elevated water
*'tanks(Figuré"8;2.3),'f1and ‘agisition and “engineering .cost. Sixteen

' months are required for the praject implementation.

8.3 - SURFACE WATER: SUPPLY PLAN IN ANTIPOLO

It is antlclpated that groundwater sources cannot' meet the water demand
after 1999, Therefore,-a plan of augmentation of water supply-from the
E CDS'lS proposed. The plan calls: for the conveyance of surface water to

the”Aﬁtipblo area through"extenéion of the'tranSﬁission line that will

) 3bé'construdted in AWSOP. The transmission route is proposed to be laid
from-Pasig to: Antlpolo ‘town pa531ng by the side of Cogeo Villdge along
'_the Marcos and Sumulong nghways Since the .area is located in the
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Antipolo Plateaun, 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 disfribution 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 miilion pesos for phase 2 (Tables 8:.3.1 and 8.3.2). Considering
that two yéars 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 Projeet Evaluation
* From the financial and the economic viewpoints; the phase 1 project was
- evaluated. The phase 1 project involves rehabilitation of existing
welis, construction of new wells, and construction of surface water

supply system.

Financial Analysis

The major potential sources of. funds for the proposed prdject-are the
operating and the non-operating sources. Operating- sources ‘are the
_ excess OF revenue over oxpenses. Non—opérating'scurcés'include loans,
govermment equity, :and grants. Tt -is assumed that the loans will come
from the Asian Developiment Bank (ADB) with a rate of interest at 6,36%
per annum. The contribution of the Philippine-goVernment'to equity'is

also assumed fo be not more than 30 % of the total'project-cost. = - -

‘The total project cost :is.-PRO2.97 million,-the'breakdowh;of?whiéh'is
shown in -Table 8.4.1. . The breakdown of foreign and local cost “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;.iszaccountediforzin'thehprojectiOn*bf_reve—
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nues.

The computed financial internal rate of return (FIRR) for the.ao—year
project life used for analysis is 4.46% as presented ip 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 8.4.4).
Eighty percent (80%) of initially proposed cosi for the ‘distribution
system was also included in this case for the reduction of leakage and
distribution of inereased water. In 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) Econdmic Value of Water Satisfactlon of consumer
b) Health Benefit

¢) Fire Protection

b

Decrease of water-borne diseases

Instaliation 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'pureiy_financial price mechanism. Thus, it was assumed
' .thatﬁtﬁe 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 proaect cost plus
replacement cost plus operating and maintenance cost. The present value
of the total economic cost is P1,449.74 wmillion for 30-year project
life. ' |

*'Since' the: EIRR of 17.19% exceeds the ‘desirable_ opportunity .cost ‘of
_’capital of 16%, the project is considered economically feasible (Table
©8.4.8), : '
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As reference, the economic feasibility of the groundwater develoﬁment
portion was also verified as presented in Table 8.4.6. 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 PROJECT COST FOR PHASE 1

ik Ca e R EE M e A RI 3 A e or e ey e e Al e MR ARA W AL L LA St L M Uk T MM e M A Rl 4 e e A Sa S WA AR L SR M R WA T i AR A e

- Construction Cost

1. Transmission Pipeline o 58,343
2, Booster Pumping Station No.l
: Civil & Arch. Work 8,227
Mechanical ‘Work 14,976
Electrical Work -19,020
_ _ _ Sub Total . 42,223
3. Booster Pumping Station No.Z2 '
Civil & Arch. Work 7,249
-Mechanical Work 19,104
Electrical Work 22,848
_ ‘Sub Total ’ 49,20
"4, Communication Wiring {for telecontrol system) &
: ” ' 5,383

"5, Distribution Reservoir o
Civil & Arch. Work 11,412

"Méchanical'Work - 2,896

_ " Sub Total 14,308
6. Distribution System o

Distribution Main 65,355

Inner Network 23,761

" Fire Hydrant : 3,461

'Service Connection ‘58,570
“‘Sub Total 151,147
Construction Cost Total 320,605
' Engineering Cost (D/D 8%, C/S 4%) 38,473
Land Acquisition (B/P.S. 1 & 2, Reservoir) 4 9,585
Total 368,663
Physical Contingency 10% 36,866
' GRAND TOTAL 405,529
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TABLE 8.3.2 PROJECT COST FOR PHASE 2

'(in.Thousand Pesos)
Constructidh_Cost _
1. Transmission Pipeline 95,862
2. Booster Pumping Station No.l . : :
" Civil and Arch. Work 7,652

Mechanical Work 14,492
Electrical Work 19,020
_ _ 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 Reserveoir No.l
‘Civil and Axch. Work 11,412
Mechanical Work 3,795
_ Sub Total : 15,207
5. Distribution Reservoir No.?2 o
Civil and Arch. Work 3,494

Mechanical Work 1,168

_ Sub Total 4,662
6. Booster Pumping Station No.3 _ '

Pump House 826

Mech. and Elec. Work 273
, Sub Total ' 1,099

7. Booster Pumping Station No.4 .

Pump House o - 560

Mech. and Elec. Work 190
Sub Total . - 750

8. Distribution System _ _

Distribution Main 88,168

Inner Network 25,603

Fire Hydrant . - 2,005

Service Connection 45,192
Sub Total | 160,968
Construction Cost Total 367,763
Engineering Cost (D/D 8%, C/S 4%) o 44,132
Land Acquisition ' (Reservoxr 1 & 2) o 1,760
Total | 413,655
Physical Contingency 10% | ' 41,365
GRAND TOTAL 455, 020
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LEGEND SR
@ : Proposed new wells of MWSS{AVING

FIGURE 8.2.1 LOCATION MAP OF PLANNED NEW WELLS
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TABLE 8.4.2

o 0 o o ER M e A e Sk e AL £ ey XAk ma R AW Al o RS e o M ey Y s T AR Ak A ey A = e

INVESTMENT FINANCIAL

YEAR

e e s e R e o Al o e S e M A R T A R R rm e M3 e = = v aa A kA e

——“—m—"n————h“u——-——ﬂn—ﬁ—hw—n_‘“——D_;M—“—mmﬁﬂ—mm_-n
_—w___—n_—__m___au_nﬂ__“~_"_—ﬁn—h_m_—a_—hd“—w—_q_m—

s T A s M Al o o A d e A o Prs T WE = = e M e A M AR et W e A il ot Dok o S = B

CASH

' RECEIPTS
. FROM
OPER’N

(1000P)

5,394
9,993
14,375
19,315
24,957

31,375

38,663
46,804
56,083
66,682
78,763
92,509
105,478
119,430
134,940
152,167
171,287
186,162
201,055
217,140
234,511

253,272

273,534
295,416
319,050
344,574
372,139

401,911

CASH
EXPENSES
FOR
-0 & M
(1000?)

0

0

1,337
1,948
3,173
5,020
12,624
16,349
23,533
29,931
36,571
55,177
52,104
61,147
69,914
79,580
90,230
101,960
114,873
122,274

130,199

~160,219

147,784
157,533

167,983

179,189

191,209
204,103
217,945
232,801

—128--

IN
PROJECT

(1000P)

6,951
36,286
28,719

- 46,051
62,214
318,505
112,805
108,630
82,807

o e R e R e R e S R N e W= e R =R R el

- FINANCIAL INTERNAL RATE OF RETURN
(GROUNDWATER AND SURFACE WATER)

NET
BENEFIT

FLOW
(1000P)

o ———

(6,951
{36,286
(24,662
138,006
(51,012

1304,210)

(100,472
{93,604
(67,677

16,873
19,512
11,505
26,659
31,362
35,564
39,850

44,710

50,207
56,414
63,888

70,856

56,921
86,7217

95,739

105,551

116,227

127,841

140,469

154,194

169,110

Al ke Tt W U M e i e T T T T e R S e e b e o e e e
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TABLE 8.4.4  FINANCIAL INTERNAL RATE OF RETURN
{GROUNDWATER ONLY)

A o o S s L3 e e i S i G i S T S % ek e ) o +
! CASH CASH INVESTMENT FINANCIAL :
N RECEIPTS EXPENSES IN NET '
| "YEAR . FROM .~ FOR ‘PROJECT BENEFIT |
! - QOPER’N OPER'N : FLOW H
V. (1000P) {1000P) {1000P) (1000P) |
b o e e e o o o W A e ot a g e et R A A RS A A ¥ e A ian A o T TR AR w o ot = n e ]
B | T
{1992 . 0 , -0 16,764 {16,764},
b 1993 2,634 96 78,969 - (76,431},
11994 5,921 - © 1,932 91,527 (87,538)
Y1995 . 9,993 3,080 60,253 (53,340)!
! 1996 14,375 4,856 43,834  (34,315)]
11997 . .19,315 6,573 : 0 12,742 )
! 1998 24,957 8,139 Y _161818_3
1 1999 30,744 9,608 0 21,136 |
i 2000 33,823 10,089 -0 23,734 |
! 200t 37,230 10,598 0 26,632 |
12002 41,101 11,136 0 29,971 |
! 2003 45,365 22,945 0 22,420 |
i 2004 50,042 12,310 0 . 37,732 )
1 2005 55,176 -12,949 0 42,227 |
| 2006 59,781 13,627 0 46,154 |
¢ 2007 64,583 14,346 0 50,217 |
-1 12008 69,728 156,109 0 - 54,619 |-
2009 75,307 - 15,919 0 59,388 |
! 2010 -.81,331 16,780 0 . 64,551
vo2011 87,838 17,695 0 70,143 |
V2012 94,865 18,668 0 76,197 |
' 2013 - - 102,454 41,233 -0 61,221 |
12014 110,650 - 20,805 0 89,845 |
! 2015 119,502 . 21,980 0 97,522 |
i 2016 129,063 23,231 0 105,832 |
V2017 139,388 24,566 0 114,822 |
1 2018 160,539 25,980 0 124,549 1
b 2019 ‘162,582 - 27,511 0O 135,071 ;
412020 175,588 29,135, 0 146,453 |
v 2021 189,635 30,870 0 158‘765 g
SRt it s ettt ]
H NPV at 3.46% WACC 565,807 |
e i
e FIRR 11.43%!
o e o e e +

NOTE: To reduce the NRW dlstrlbutlon network replace-
ment and constructlon was assumed to be imple-
_mented with an amount of 80% of initial proposed
project from 1883.
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CHAPTER © 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 pfoPOsed.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 measureifdr this
is the recovery of groundwater levels. Additional measures afe the
construction of cutoff walls, artificial récharge, extraction and/or

" injection barrier, etec.

However, these additional measures are extrémeiy costly and would prove
difficult to implement, considering the mechanism and the areal extent
of saline water intrusion. The reduction df'pﬂmpage thérefore  is the

‘most viable option.

The computer simulations predicted that the groundwater .level shall
de¢line by more than 50m from its present level and the saline water-
intruded area to expand even in the most optimistic scenériq (Pumpage
in 2010: 1,064,000 CMD). Thus considered, plans for therreduétion of
pumpage in the Metro Manila groundwater basin were preparéd and evaluat-
ed through computer simulations. A pumpage reduction plan in terms of
- prevention of saline water introsion was set up in which 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. 1t had considered the
" decline of water 1evéls,.the saline water intrusion and the éémpleiions
.of surface water supply projects, especially AWSOP.
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- (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) Area of Semi-Importance (the inland): The area where groundwater
levels had dropped heavily and.where saltwater intrusion is antieipated

to ocecur.

(C)- Area of Surveillance: The rest of the area. in the Metro Manila

. groundwater basin contiguous to the "A" and "B" areas, including the

9.2.2

~9.2.3

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=reportéd periodically. The groundwater mohitoring
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 construction of new

wells in'the "A" avea is not allowed during this stage.

(2) Second Stage (Enforcément): The reduction of- pumpage in “A" and
"B" areas shall be enforced considering the progress of the sub-
siitutidnal water supply syStem.'The-gfoundwater-monitoring-sYstem
shall be expanded during this stage.

(3)  Third Stage'(Monitofing and Adjustment):. Groundwater use shall he
re-organized by purpdse‘and-by-area, with -consideration to the

order of ‘preference in the use of groundwater.

The Tirst and second stages should be .completed within five (5) years.

rcbhtrol.Aréa

uIn;Art.=32‘of{the'Pﬁilippine-Wéter Code, the NWRB promilgates rules and

' ='régulatiOns_-and-fdeciare33 the existence of a -"Control Area" for the
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coordinated development, protection and utllization of groundwater and
surface water. The concept of Control Area is applied 1o the regulated
areas. Rules and regniations for the enforcement shall reguire ‘further
studies.

9.3 TARGET REGULATION OF PUMPAGE

“To prevenit or contain the saline water intrusion in Metro Manila, the

groundwater pumpage control settings 1isted hereunder were investigated.

 These settings were made to simulate the relations between reduction of

8.3.1

groundwater pumpage and piezometric chlianges.
Pumpage Control Settings
(1) Regulated Area

A regulatéd area for: groundwaler pumpage was “gstablished along the

‘coastal area of Metro Manila (Figure 9.3.1), after considering the

present. piezometric heads, positions of saline water intrusicn, future

plans for surface water supply, etc. The area ‘covers fifteen {15) munic-

Jipalities viz. 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, Kawit,

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‘s—year”period;ﬂlggl
to 199%,. is considered for investigation and preparation. Pumpage in
this period follows Seenario 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*onfthe”yeafelggo pumpage.”The
reduction of pumpage will be:done for both -MWSS. and private wells using
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9.3.2

“uniform reduction rate. Seven {7) pumpage regulation plans were made for

the simulations:

Plan (a) : -Year-1995 pumpage of Scenmario 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 (¢) : Target regulated pumpage by 2000 is 90% of the 1990 pumpage.

Plan' {(d) : Target regulated pumpage by 2000 is B0% of the 1990 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 1990 pumpage.

. . {(Figures 9.3.3 and 9.3,5) R . :
Plan {g) : Target regulated pumpage by 2000 is 50% of the 1990 pumpage.
{Figures 9.3.3 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) s the most lenient plan. The pumpage in the regulated area

‘increases by 14.4 MCM/year from- 1991 to 1995. With “this plan, maximum
‘drawdowns of 40.2m and 25.8m are expected by 2010 in the northern and

 southern parts of ‘Metro Manila, respectively.

‘Plan (b) reduces the 1995 ﬁumpage to ‘the 1990- pumpage -level by year

2000. Maximum drawdowns of 9.7m in the nbrth and 18.7m in the south are

'r~prediéted;‘and,these-being principally due to the increase in pumpage

~between 1991 and 1995.

~ Plan (¢) to P1an.d(g)‘.reduce:5the 1995 pumpage to target:regulated

_pumpages thatfarexlesser‘than the 1990 pumpage level. The recovery of

- the ﬁieZometrie-heads:depeﬁds*upon:the“level-Of.the'target'regulated

'ipumpage'in'jéar 2000, ‘Maximum recoveries..of .55.3m in- the' north ‘and

. 30.7m in5the s0uth are expected in Plan (g). 'In Plan (g), the lowest

piezometric'héad-is ~50m- in Valenzuela.

Regional piezometric head recovery may differ from place to place. While
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‘recoveriesa -may be large in the northern part of Metro Mapila, 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-

er and not regulated.

. The present piezometric heads must recover to prevent furtiher -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 stiil possible for saline water to intrude
further inland of southern Metro Manila due to.the existence of above-
~said ‘piezometric head depressions. The .results of tithese simulations
indicate the necessity of regulating. pumpage not only in the coastal"

area but also in the inland area.

9.4 SUBSTITUTIONAL WATER  SUPPLY

The substitutional water supply system must be COnSt:uCted in ‘the régh—
lated areas prior to the enforcement af the relevant-implementing rules
‘and regulations of the Water Code. Measures for the substitutional
water-supply inelude the development of surfaee-#aterniﬁ'Kaliwa River
and Laguna de Bay. A fundamental measufe is the implementation of Manila
Water Supply Project 111 (MWSP 111).

However, considering the progress of water supply projecis, it is diffi-
cult to depend only'on the substitutional watér-Source.aPresentfindus—
trial use alone accounts for about 40% of. groundwater abstracted in-
Metro Manila. ‘As the principal users of groundwater areror:theffOOdsf
the chemical, the leather and the textile induStries,ﬁsuch'industries
should be targetted for savihgs*and”rational%use of groundwater. Here,
additional empirical research-is required. | S
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9.5 GROUNDWATER MONXTORING SYSTEM

‘The first step in groundwater management is the collection and arrange-
. ment- of accurate observation 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-
_ étructed per monitoring location, except for ten sites where only one
well shall be drilled (Figure §.5.2). These wells are designed to facil-
itate - automatic measurement of groundwater level and quality (EC) and
periodiC'cellection‘of water samples for laboratory analysis. The number
" of locations is’ 30 and that of wells 50. The total construction cost is
 gstimated ‘to ‘amount to 72 million pesos. '

It'iS'expeeted that the groundwater monitoring system, together with
the groundwater database and simulation models installed in MWSS, will

beeesedlas:regular tools of grduhdwaier management.

9.6 ' IMPLEMENTING BODY FOR GROUNDWATER MANAGEMENT

The lead ageney for “the implementation ‘of the groundwater management
.plan should be the NWRB since it is the agency respon51ble for coordi-
'natlng and 1ntegrat1ng all act1v1tles related to water resources devel -

opment and management 1n the country. The MWSS as the office responsible

for the 1nvest;gat10n, observatlon, analysis, and evaluatlon of ground—

water resources in the MSA could be tasked with the technical aspects of

the'groundwéter management plan - MWSS should therefore strengthen its
'?organlzatlon that is respon51ble for: groundwater studies.
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CHAPTER 10 CONCLUSIONS AND RECOMMENDATIONS
10.1 CONCLUSIONS
-10.1.1 Rehabilitation of MWSS Wells

MWSS wells were in mosi 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 calls .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 Whére groundwater. is the only reliable water source.

. As a result of rehabilitation, an increment of 27,000 CMD of pumpage is
expected. The-allocation of this increment however should be made in
‘accordance with  the tentative permissive yield. The plan will cost

‘about 53 million pesos.
110.1.2 Groundwater Development in Antipolo

‘The subject area.of groundwater develbpment 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 CMb of this
: exploitable volume would be accounted for by the increhent in pumpage of
_rehabilitated MWSS wells. The remaining 6,000 CMD-is to be tapped by the
="-st-éven.*(-"t‘),ne_wEdeepii«*._t-*:l1.5;. brbposed tqibe consttdcted,_as-discﬁssed else-

- where ‘in-this report.

‘Phe construction cost of the prOpdséd.new wells 'is about 14.7 million
- PesOs. - -
~Itis further recommended that ihe 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 construction of new private
wells be rvegulated and, ‘as the basgin-is narrow cand the recharge is
‘limited, that groundwater level and quality be monitoréd'to prevent the
decline and - deterioration of the groundwatér 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 -contam-
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 intrudss, moves-and.diffﬁses: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.
16.1.4 Groupdwater Monitoring in Meiro Manila

The pumpage in the MSA ~ would become 1,121 CHMD 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 'wétér?iﬁtruded"area,
which would surely'result:from this decline, it is necessary that a
tentative yield of the groundwatef basin be set. 'This teﬁtéti#e'yield
should also make possible the year-round htilization of grOuﬁdwater.' '

The tentative yield of the groundwater basin is the amount”of'pﬁmpage
that brings no unwanted effécts, 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-
ly considering coverage of the substitutional water supply.

If the year-1990 pumpage is reduced by 50% in the coastal area--that is,
‘906,900 CMD for the whole basin--the results of simulation studies
indicate that maximum recoveries of groundwater levels can be expected
to occur 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 tlie 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 oeeéur using this. yield, it would take 15 years for
'saline water to reach the piezometric head'depréssions in -southern

‘Metro Manila. By that time, a more realistic target yield should have

~already been'in place and the measures incorporated in the: groundwater
management plan are fully operaticnal.

“Monitoring of groundwater pumpage, groundwater levels and quality are

“requisites for effective implementation -of the groundwater management
pian, and for the more accurate setting 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
110.2.1 Groundwater Development
- {1) : Promotion of Rehabilitation Program :
Considering - the constraints;against'the early'dompletibn 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 df'Groundwater in Antipolo
; .Ahtip010 ‘area- is :lbcated,.on an isolated--plateau' with limited water

© . .resources. :The anticipated increase of water demand in the future due
-tofpbpulatiph'grawth?makeS'it-indispensable.to develop groundwater for a
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:ghort to medium term water supply. Since thie groundwater basin is small
and recharge is limited, groundwater development must be within the
optimal yieid estimated in this study. This proposal assumes that the
development of private wells shall be regulated. However, this shall be
“further studied as an'integfal part of the overall groundwater manage -
ment program for the whole Metro Manila,

(3} Groundwater Investigation in Rizal Province

Except for Angono, the curreni dependence on groundwater ~of the nine
(9} municipalities of Rizal Province under BP 799 shall continue in the
. future. These municipalities 1located 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
redommended that a detailed hydrogeologic ‘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 projecis is strongly vecommended.

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 managementﬂsyéfem using computer. simula-
tion requires accurate groundwater data which are obtained by means of
periodic observation of groundwater levels ahd'quality{‘lt,is-therefore
recommended that the observation of JICA test 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 meteofoloéical'and
hydrélogical'data,-groundwater'levels, water quality'Hata,uwell“invento4
ry, etc. Groundwater data of Metro Manila must be storéd'continuouSIy 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} Improvemeni and Application of Groundwater Simulation
Models

Groundwater -simulation medels 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_groundwatér'database system'and'the groundwater moni-
toring system, groundwater models shall be applied as - tools in ground-
water'management; specifically, in aésesSing and prediéting gfoundwater
'levéls'ahd quality and in eﬁaluating the permissive yield of the basin.

(4) Regional Leveling

. Nao 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-diSplacementéfof 1and, it is necessary. to temporarily
place an: immovable point in a nearby mountainous area that is composed
of base'rocks and ‘use -such pbint to conduct periodic levelings of "exist-

' ing and newly constructed benchmarks.
' 10.2.3 Groundwater Management

_In:order.that grqundﬁater-may;be,uSed as a.perennial'water'source in

- Metro  Manila, it is neeéssary' ‘that the ‘present chaotic groundwater
devélopment'Situatibn-ih:;he arca be righted without any Further delay.
‘In this senSe,:the-implementation‘of the pfOQOSed'grnundwater-managément

-'plan-istthngly-recommen&ed.-Since the'details of thisfplaﬁ have al-
:ready'been-described”in'the'preViods chapférs, geveral - recommendations
can be summarized as follows: ' '
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{1) Establishing Groundwater Management Committee

Tasked to implement groundwater management in Metro 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 practiéal appli-
cation of’the;Philippine Water Code to this contemplated regulation and
the?eﬂforcement of the water code itself must first be thoroughly stud-

~ied.

It is considered that the water éode is basically applicable to the
regulation of pumpage. However, studies on the. practical 'rules and
regulations regarding the designation of areas where pumpage is to 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 reporting of

punpage in ‘terms quantity'and-QUality and groundwater levels by . the

.users, the measures to be taken during the moratorium, the penaliies to
be imposed, etc., 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 regﬁlationitheréfcre;:each
groundwater user must be required to -install a water meter and to peri-
'odically-measure-the groundwater level ‘before issuing a new watér right
or renewing existing water permit. This requirement is considered to be
feasible by a slight amendment of the present implementing rules and

regulations of the water code.

_153—



{3) - Organization

The Groundwater Monitoring Unit (GMU) belonging to the Planning and
‘Programming Department (PPD) of MWSS is tasked to conduct the investi-
gation, observation, analysis and evaluation of groundwater in the MSA.
Aside from this, as MWSS is deputized by NWRB to investigate and assess
the water permit applications within the MSA, oMU ddes 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 organization 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 engincers to said
organization. Groundwater deveiopment and management have their own
comprehensive technology, and the componeni technology ‘alone is already
extensive. Thus vast knowledge and experience are essential. These
engineers shall :participate in on#the¥job training in grdundwater

projects, training in developed countries, groundwater seminars, ete.
©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-
waﬁer 'developmeht and manégement. Progress in this regard can be
~achieved if the present concerned offices are able to integrate . their
‘responsibilities and operations., Second, significant emphasis should be
piaced: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'(MWS? I11), for instance,
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should be vigorously pursued. It would also substantially ease the
strain on g’x‘oundwater resources.

i

—155—



0LE“BBT

1830

021 000°52Z Aaaans o1ciosfoaply POTTRAISQ BOUTACIG TEITY UT UOTIBATISIAUL Idjespuncry “f
saajndwe) » Satun BUTpIODsY
T34 WEOE FC© S3TUR OF
n°gg 050°ZL  TT9M WOST IO S3IUN GZISTIRM BUTI0TTUOR BITUGK OI18K UT BUTIOITUCOH IDJBMPUNOIN "¢
Lep/ew pop‘s 3o jusudoTassg
0°o1 oZe'ey (w91 BTR ‘upgriuidep) sTiom desp OTodT3UY UT AUSWIOTIAS] ISTBAPUNROLY 53
0°9t oco‘ge SSHW UT STT24 Q0T 0 USTIRITITARYaY STT®H SSHH #O UOTIBITITARY®Y "1
SYIUSW osad 900'TX
uwoTyRINg 1500 SUTTING wexgelg

WVER0Yd INENIDVNYH. ONV INIWJOTEAZ] MALVMANAOYD 10 ZEVIMOS T°2°0%T $14Vl

—156—









A



	CHAPTER 8 GROUNDWATER DEVELOPMENT PLAN
	CHAPTER 9 GROUNDWATER MANAGEMENT PLAN
	CHAPTER 10 CONCLUSIONS AND RECOMMENDATIONS
	Cover

