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STUDY FOR THE GROUNDWATER DEVELOPMENT | FIGURE 7.4.1 LOCATION OF VERTICAL. :
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CHAPTER 8 - GROUNDWATER - DEVELOPMENT .

8.1 REHABILITATION OF MWSS.DEEP WELLS
'8.1.1 Framework-of the Rehabilitation Plan

According to the short-term water supply-plan_oerWSS,.the -municipali-
ties of Antipolo, Montalban, San Mateo, Muntinlupa, Cavite, Imus, Kawit
and Rosario shall still depend on groundwater sources up to:year 1995 or
2000. Other municipalities shall- also have to rely on groundwater
"sources until the expansion of surface water supply system and its
distribution pipelines shall have been completed. Therefore, the reha-
bilitation of MWSS wells in these municipalities are particularly impor-
tant not only to maintain but also to augment. the: presént supply.

During the rehabilitation ‘sarvey and thE'éxperimental . rehabilitation

‘‘work, it.was observed that many active and inactive wells were damaged
because of defective submersible pump units, riser pipes, - etc. There-
fore, the rehabilitation plan shall include those active.wells presently
in good condition, for they could be damaged in the near future as most
pumping units have not been pulled out since the timé_they were in-
stalled. '

Excluded from the plan are wells damaged by :saline water and well -cave-
in, wells yielding dirtiy water,'and dried-up wells. These wells will
not be GOmpletely rehabilitatéd, and the cost of rehabilitating them may
exceed the cost of drilling new wells.

‘Based on- the above considerations, 100 wells were selected as candidate-
wells for rehabilitation (see Table 8.1.1 for details):

1) "In good condition at present. . - 73
2) Defective unit 18
3)  sStandby/undér MWSS rehabilitation : 9
.The presernt average pumping rate of an active MWSS well is about eight
(B)Alpsfbrw480fl/min?or 690 CMD.:~ This average was asSumedffor a2 reha-

biiitatéd7inaptive well. Based on the result of the experimental work,

8~-1 -



the pumpage increment for a rehabilitated active well "is expeéted=to-be
about 207 CMD. Thus the combined total pumpage increments for 100 reha-
bilitated wells is expected to be around 27,462 CMD (see Table 8.1.2).

.1.2 Work Procedure, Equipment and Materials

The work procedure for rehabilitation is summarized hereunder.  Details

can be found in the Appendices.

1} ©  Preparation and mobilization

2) Pulling out of existing pumping unit
3) Measuring 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)  Second pumping test .

‘9) ‘Installation of existing: pumping unit after overhaul and . repair,
or ‘installation of new pumping unit : '

10) Demobilization
" Equipment and materials nécessary for the work are:

1) Well service machine (truck-mounted)

2) Submersible motor pump for pumping test
3) ' Clamp meter

4) Malti-tester

5) Riser pipes

6) Triangular weir box

7} 3/4"@ sounding tuhes
8) Conductivity meter

9) Compressor

10) Water level indicator and wires .
11) . Bailor

12)  Wedge block

13) Fishing tools

Submersible pumps and riser pipes are provided by the contractor.



8.1.3 Project Cost

B.1.4

The vehabilitation cost per well is estimated as follows:

1) Construction cost - _ . P483,800

Rehabilitation work ' 187,400
Equipment and materials - R 296,400

- Submersible pump 1 wnit - 100,000

Riser pipe 20 pes. 84,800
Submersible cables 120 m 87,600

Sounding tube 20 pes. 24,000

2)  Engineering Cost [12% of 1)] 58,156
(Détailed Design and Construction Supervision)
. Total ST _ P541,966

Thus the.tqtal project cost for the rehabilitation of 100 wells is
P54,195,600.

implementation of the Project

(1) oOrganization.

The MWSS shall be the principal implementing agency for the rehabilita-
tion project. It:shall-be.responsible'for the execution of this project.
It shall manage the budgets as well and, with the cooperation of the
Consultant, guide the Contractor regarding the rehabilitation work.

“The : Consnltant. shall be  responsible- for: (1)-plahning~related'to the

--procurement of equipment and materials; (2) preparation of the tender

doeuménts; (3} execution of the tendering; (4) analysis and evaluation
of bide:(S)'cOntraét-négotiations with the chosen bidder; (6) procure-
menf'of:equipment and matefials;‘and_(?) supervision of the rehabilita-
tion work. ' '

The Contractor shall ‘be responsible for -the ‘procurement -of equ1pment and

the executlon of the rehabllltatlon work



(2) Schedule

A detailed project schedule for the rehabilitation work shall be pre-

pared in the detailed design study. Described below is a tentative

project schedule for the rehabilitation work. '

a) The detailed design study for the inveétigation of candidate wells,
preparation of tender documents, and tendering shall require three

{3) months.

b) *The'prOCurement of contractor, egquipment and materials shall require

one (1) meonth.

- ¢) The rehabilitation work can be done at a rate of around 10 wells per
month. The ‘constriiction shall require approximatély 12 months, with
two (2} months allowance.

8.1.5 Cost Evaluations
The well rehabilitation plan aims at augmenting the groundwater supply
by approximately 27,400 CMD through 100 MWSS wells. Approximately 40 new
wells {with an average yield of 700 CMD per well) must be drilled in
order to supply the same vwolume of water. '

'The cost of water may be calculated by the following equation.

C = {A*aiB)/Q

‘where C: cost of water per volume; A: project cost; a: capital reduction

‘rate; B: annual operafion and maintenance cost}_and Q: annualfpumpagef
The capital reduction rate can be expressed as:
“a = (i{is)n}/((i+1)n-1)"
where i: rate of interest; and n: useful lifeiin:yeérs.

-Assuming 1=0,056, n=20 years for a nev well and n=10 years for a'reha4
bilitated well,



1

0.080 -for n=20
0.129 for n=10

H]

The construction cost of a deep well is estimdted at 12,700 pesos per

cmetar, inelﬁding submérsible pump and pump house (see Section 8.2.2).
Assuming a well depth. of 200m, the construction cost shall be 2.54
million pesos. The cost of water, excluding the cost of operation and
maintenance, is calculated as follows;

For a new well:
C= 2,540,000%40%0.08/27,400%365= 0.81 peso ..
For a rehabilitated well:
fc:”542,000*100*0.129/27J4oo*365:.0;70 peso
Therefore, the rehabilitation of existing wells is more cost effective
than the construction of new wells for.a 10-year operation.
8.2 GROUNDWATER DRVELOPMENT IN ANTIPOLO
8.2.1 Groundwater Development Plan .
(1) Existing Wells.
- There are ten - (10} operational MWSS deep wells and twenty-six (26)
“private deep wells-in the Antipolo area.. Private wells supply water for
their owners” domestie and -industrial use. The MWSS wells. supply water
directly: to:-Antipelo consumers: via a pipeline system. .As per water
meter readlng, MWSS charges Antipolo consumers with rates identical to
: =those in areas where surface water ‘is: supplled The system 1n Antlpolo
" has no booster pumps, no reserv01r, nor ground or elevated tanks
-TMWSS déep wélls are operated and monitored 24 hours aday. The location
of these wells are ShOWn in Flgure 8.2. 1, while their detalls are listed

;s;nTTable_a 2.1. Detalls of pr1vate1y owned. wells ‘are shown in Table



{2) Present Water Supply

As mentioned in the previous chapter, the year-1990 total municipal
population of Antipolo is 207,842.-° Of this population figure, - 84,823
live in the Antipolo Plateau, and of which only 34% (i.e. 28,000} are
supplied with water from the distribution system. o :

Effective volume of water supply, excluding non-revenue water, is 3,288
CMD. Thus, with the above population data, the actual water consumption

is 114 lped.
(3) Service Area

The service area ‘is limited to a part of the Antipolo*Plateau. The
existing distribution pipelines run along the main roads near the pobla-
" cion of Antipolo. The service area is shown in Figure 6.2.5 in Section

6.2.
{4) Fuature Groundwater Supply

In planning the future water supply, the target year is set in. the year

2000 and year 2010.

As estimated through computer simulations,' the optimal -pumpage of the
Antipolo groundwater basin is.about 28,000 CMD. This'amount'eén'meet:thé
water demand until year 1998, after which the water demand must be
supplied jointly by groundwater and surface water. The surface water
shall be provided by the future expansion of the CDS. Since ‘the ‘present
. abstraction of existing deep wells is around 20,000 CMD of groundwater,
the maxiinum exploitable volume of groundwater is about 8,000 CMD. After
the rehabilitation of the ‘10 existing MWSS wells ‘in" Antipolo, water
supply is expected to increase by about 2,000 CMD. Thefefore,fthe total
pumpage of the planned new wells to he drilled in?the.basin cannot
exceed 6,000 CMD.

(5) Number of New Wells-and Their Locations

The number of wells and ‘their pumping rates were determinéd: by the.
computer simulations deseribed in the previous chapter. The pumping rate
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of one well was assumed to be 830 CMD and the drawdown was estimated to
be 20m, The planned wells are to be located in the area where the
‘difference between the top ground surface and the computed. groundwater
level in the year 2010 is more than 20m.

The present pumpihg rates of private and MWSS wells were assumed to
“‘remain constant until the year 2010, Considering a pumping duration of
20 years, the optimal number of new wells that can be constructed in the
Antipolo basin is seven (7), as computed by the simulation model.

Since 10 MWSS wells already exist in the basin, the construction of 7
‘pew wells is limited to the area where .the main dquifer, Guadalupe
formation III, iS'thickeét. This siting of wells also takes into consid-
eration the depth of the hydrogeologic basement and future drawdown. The
‘locations of the planned new wells are illustrated im Figure 8.2.2.

“{6) Well Design’
The casing diameter for a standard well design is based on the design of

"existing MWSS wells,  The most common casing diameter is 8 inches. For
ease’ of ‘operation and maintenance, this'casingidiameter is adopted the

©- standard well design.

The well depth is determined from the iso~depth contour map. Screen
length is estimated to be less than 20% of the total well depth. A
wire-wound ‘slotted type is proposed for the screen in view of well

efficiency. Centering guides are designed to be set every 30m.

‘The diameter of packing gravel is designed to range from 3mm to 5mm. A
steel well cap 'is to be -installed at the bottom, with suitable wall
thickness. ' '

"oﬁly one casing diameter, constant from top to bottom of the well, is to
be installed in order to easily change the pump settlng 1n case. of a
reg10nal decline of groundwater level ‘in“the future.  This.is the reason
”'why the telescoplc type of well ‘design is not adopted. The standard

well design: is illustratéd in: Flgure 8.2.3.



(7) Punp House

The pump house design is a modified design of the MWSS pump house.
Materials for the construction of the planned pump house are planned to

be procured in the Philippines (Figure 8.2.4).

'The planned pump house is to be made of concrete block walls, reinforced
concrete foundations, slabs and columns, and galvanized roofing.. Louver-
type doors and concrete blocks shall be used for air ventilation. The
door and window frames shall be made of iron or aluminum.

(8) Elevated Water Tanks

V-Theﬂwater_tankfis provided for each group of wells aiming at effective
operation of wells. Number of tanks is 6 in total. The water pumped from
wells in the same group is transmitted to the same elévated tank respec-
tively.' Then stored water is distributed from the -tank through one
outflow pipe. '

The planned elevated water tanks are -to be made of reinfofced concrete
- with rectangular shape (Figure 8.2.5). Heights of the tank is about 20m
to acquire desirable minimum water head at the connection of customers.
Effective water depth of the tank is designed at 5m. Required volume of
~ the tank is as follows: '

Required volume for sufficient distributions:
15 % of_daily maximom water supply amount

{(based on the result of actual condition survey by LWUA)

17,688% m3/day (total capacity of wells) *0.15=2,653 m3
2,653 m3/ 6 tanks (No. of well group)= 442 m3/tank

“dimensions of tank  9.4mW¥O,4m¥L*5mH = 442 m3 -
- {(9) Equipment and Maﬁerials

Equipment.énd materials shall be basically proecured in the Philippines.



8.2.2 Construction Cost

‘The construction cost of'the.planned 7 new wells, including the pump
‘houses ,pumping units and 6 ‘elevated water tanks was estimated based on

a cost survey condﬁcted in Manila. Details are as follows:
I. Well Construction
ITEMS QUANTITY T - COST

(1)  General mobilization, ~ LS o P 55,600
demobilization and
8ite cleaning _
(2) Drilling of 450mm o i50m - o 701,900
hole/i5m (dia. 18"),
375mm ‘hole/135m-
(dia. 14-3/4") | . .
(3) Furnishing and instal- LS - , _231,300
~lation of dia. 16" '
-conductor pipes/15m and
dia. 8" casing pipes/ .
135m and ﬁire'wound
. sereen and installation
of well bottom _
-..(4) Electric logging : LS S : 14,300

- {5) Gravel packing LS 62,000
. (6) . Well development - LS 39,500
o (Airlift & Overpumping) |

~(7) - Pumping test 1S . '52,800

o step-drawdown test
'(2 hrs x 5 steps)
o ‘continuous test
1.ﬁ(48-hours) S
" b.. recovery test
(8 hours) TR
- {8) Water analysis and 18 S 5,400
'_ _reporting '
(9) Overhead g LS _ _ . 46,500
(1,162,800%0.04)



Sub-Total P1,209,300
Ii. Pump house LS 190,900

ITI. Furnishing and installation
of eguipment

(1) Submersible pump 1 unit . 423,400
150gpm, TDH 150m,
(27.9 KW) including
riser pipes, submer-
eible cable, and
sounding tube 3/4"g

{2) Water meter 4"¢ 1 unit : 26,300
(3) Check valve 4"d4, 3"¢ 1 unit - 7,900
(4) Gate valve 4"@, 3"¢ 1 uwnit - . 4,400
~{(8) Flap valve 3"¢ -1 wnit - 1,300
(6) Pipe and fittings 1S 13,600
(7) Others LS 6,100
(8) Overhead (P483,000x0.04) 19,320
Sub-total : P 502,300

WELL TOTAL -~ P 1,902,500

7 wells o P 13,317,500

IV. Elevated Water Tanks 6 tanks _ . P._23,448,000
GRAND TOTAL ' P 36,765,500

Thus, the construction cost of one well is estimated to be PI 902 500
The total construction cost of the planned 7 new wells and 6 elevated
water tanks is P36,765,500. ' '



'8.2.3 Project Implementation
(1) Implementation Schedule

The project implementation schedule for the construction of 7 wells and
pumping stations, excluding the distribution pipelines and elevated
tanks, is shown in Figure 8.2.5

This . schedule has four stages: (1) Preparation; (2) Tendering; (3)
Procuiement of contraetor; and (4) Construction of wells and elevated

water tanks.

The preparation stage includes the detailed désign‘and:TEView of the
‘construction plan, as well as the preparation of tender documents and
the acquisition‘bf_land. Tendering consists of the bidding process and
the evaluation of bids. A contractor is chosen in accordance with the
.evaluation. Well construction work includes the procurement of equip-
ment and materials and the construction itself of wells and pump houses.

The construction period'for one well requires two months.  Ip the work
program, two (2) drilling teams and ‘two (2) ¢civil work teams are pro-
posed for the construction of seven wells and pumping stations.

{2) operation and Maintenance (Q&M)

Operation and maintenance of the existing MWSS deep wells must be con-
-ducted by the present groups of operators. Two new O&M groups must be
organized for the seven new wells. The groupings are shown in Figure

§.2.6 and are listed below:

‘existing ‘wells no:l and no.2 plus one new well

“Group 1 -
~ Group 2 - existing wells no.4, no.5, and no.7

Group 3 - existing well no.10 well plus one new well
_GrOUpgé - existing wells h0.3, no,.6 plus one new well
“Group 5 - 3 new wells . o ' .
“Group 6 -&exiSting.wéllsvno.s-ah& no.9 plus'bne new well



(3) Operation and Mainienance Cost

Existing Wells

a)  Manpower cost
(1 Engineer, 3 Pump Operators (PO Foremen, ‘3 Sr. POs,
9 POs, 3 Casual POs)
= 91,154;280/year

b) Electric charge

(Inclhdes'gEHeration,.distribution and energy charges) -

= P2,787,671/year
“‘New Wells '
a) ‘Manpower cost

" (2 Sr. POs, 6 POs)
= © ' P456,480/year

b) Ele¢tric charge

(Includes generation, distribution and energy bharges)
= . P3,645,062/year

Funds for Repairs

Funds for repairs, which include the acquisition of small tools such as
electrical pliers, screw drivers and pipe wrenches, (one -unit for every

operator):
=  P31,600/year

Operation and maintenance cost for the seven new wells is P4,133,141.
Total operation. and maintenance cost for both existing and new wells
amounts to P8§,075,092.



8.3 'SURFACE WATER SUPPLY PLAN ‘IN ANTIPOLO
8.3;1_‘Water‘Supply Plan
(1) Water Source

" As mentioned in Subsection 6.2.3, it is indispensable for the develop-
ment of the water supply system in the Ahtipolo’étudy area to have the
- water source augmented.

. The most. reliable water resource in the basin at present is groundwater.
- But- due tﬁ the-hydrogeologic.characteristics of the area as mentioned
previously, -its yield is limited. Thus, fully utilizing the available
-:water source yield of:groundwater in the basin means pumping up through
-odeep wells. 7 = :

~~ Other available‘waterﬂresoﬁrces are the creeks and springs flowing down
-from the basin: to:the outside. - But these creeks are already_contaminat—
ed with waStewater_and their ‘flow quantity is limited, thus making them
unsuitable 'for :additional water: sources: - '

o -Some’ .gprings which are also flowing down: from ‘the Antipolo .plateau along
the boundary of the basin may be potential sources. Most of them, howev-
“ ler, have limited yields,~ especlally durlng the dry season, nd-hence are
== not - sultable ‘as water: sources for Antipolo, One of:these. springs, named
=,iLove Sprlng,.had.been_:elled upon by the people of Teresa in-the 1950°s
. and '1960°s. = However, -the Teresa Waterworks- which was ‘tapping this
w:%pringwhasmhad'to-shiftfto-deepweIISﬁin the 1980’s. because of the inade-
~:quate spring'yield.,.Furthermore,iaftér groundwater development  in the
“future proceeds as mentioned in Sections 8.1 .and 8.2,.yield of_Springs
will be poorer due io full'utiliiafion’of'the'groundwater resource.

= Thus, | as far-as ‘water- sources for the MWSS system in'the basin is
_ concerned, the augmentatlon of water means ‘tapping sources other than
the surface water. in and adjacent to the ba81nﬁ,

~<In this regard, RPWSIP is con51dered where ‘the constructlon of a treat-
' [ment ‘plant ‘witha capacity of some- 39 800 m3/day was planned for the

-;awater,supply system of - Angono Taytay, The.water_source for this system
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is the Laguna de Bay. One alternative is to ‘enlarge this: plan ‘and to .
transmit treated water from the plant to the basin. This alternative
seems to be attractive. However, a basic requisite for carrying out
this alternative is a good road from a candidate site of the planned
treatment plant to the basin, but as this road has yet to be construct-
ed, a long time would be needed before said alternative could materiai-

ize.

In addition to the problem about road access,'there is also - the  concern
about the great influence the abovesaid alternative could exeért on the
plan for the treatment plant itself due to the ‘significant ‘increase of
‘treatment capacity that such alternative requires. Purthermore, the
cost Tor construction and operation of the transmission line din the
’ altérnatiVe'just“éOnsidered is not réhlly-much different from that of
the plan whieh contemplates transmission from CDS. This 'is so because
the difference in elevation is almost identical in both RPWSIP option
and CDS. plan, with the option having the slight advantage of cutting by
less than 20% the length of the transmission line fo the center. of the
basin. Seen under the light of these considerations, the inadéquacy of
the alternative on expanding the above treatment plant's eabacity fol-
lows. The more viable option then for the source of additional water,
with groundwater sources excluded, is to gét.this.water through the CDS.

in the plan of MWSP IiI, treated surface water is to:'be transmitted from
a treatment plant in Pantay to the reservoir near:Cogeo:Village.-.:?I‘rans_w
mission from this reserveir to the basin ﬁsing booster pumps is deemed
to be effective as costs are reduced and savings are freed for construc-
tion and operation of reqguired facilities. However,fthe*implementation
of MWSP III has been deferred due to its large cost, but it is' targeted
to be éompleted in-the year 2011. o L :

Therefore, the most realistic and practical measure that can be imme-
‘diately implemented is the transmission of the additional water from CDS.

(2) Transmission System from CDS
The ‘nearest: point to. withdraw ‘water:  from fhéVCDSﬁisBonﬂthe?primary.
distribution pipeline (PDP) with'a diameter Osz;éﬂd'mm.3-Thisﬁpipeiihe

is'planned to be constructed -in AWSOP'andiit'will‘crosséthe‘MéréoSinghQ.
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way at Pasig or the exiéting PDP with a diameter of 2,000 mm near the
AWSOP's proposed PDP. These crossing points are recommended locations

for an intake structure. .

Since the ‘difference in elevation’ between the basin and the nearest
point of the CDS primary distribution pipe is about 200m, . several boost-
er pumping facilities shall be provided for the transmission line.

. Transmission route will be laid from Pasig to the basin, passing by
Cogeo Village along the Marcos Highway and.the'Sumulong Highway with a
total length of about 13km as illustrated on Figure 8.3.1.

‘At the time of implementation of MWSP III, a part of this transmission
line can be utilized as a transmission line from the Cogeo reservoir to
CDS. The point of origin of the transmission line-to the basin will be

transferred to the Cogeo reservoir at that time.

The rate'of1150%-df;Daily.Average water Demand was adopted for the
estimation of Daily Maximum Water Demand based on FAWSP study.

”The'outline-of,ihefprOposed tranSmission_system‘mentioned above is as

follows:
Water Volume to be transmitted:

Based on the computation_resultfdiscussed in Subsection 6.2.3,

© water volume to'be transmitted is:
'2000 1,834;m3/dayz(dailyﬂaverage)ﬂ
15,508 m3/day (daily maximum)
2010 18,149 'm3/day (daily average)
40,892 m3/day (daily maximum)
- -Phasing of Construction: : -
‘g-phased implementation for the years 2000 and 2010
}biaméters aﬁdeateriaI’of'Pipes:
.~ Phage 1 (2000); " 450mm steel pipe

8-15 -



Phase 2 (2010};  600mm sleel pipe
Length of Pipeline and Elevation Difference: .

from Pasig to Cogeo ~ 6.2 km, 95 m
‘from Cogeo to Poblacion- 6.4 km, 146 m

Number_of Booster Pumping Statidns:
' -==- Cainta and Cogeo (along the Marcos Highway) .
Required Pump Capacity: |
Booster Pumping Station No.1;

- (Phase '1)
Type - Motor driven volute pump -

. Total Pumping Head 115m
: Dischafge ' 5.40 m3/min./unrit x 2 units
Lo " ' - (+1 stand-by.unit)
Total Required Output of Motors
P = 0.163%x5.4%x115/0.65%1.15 = 179 say 200 kW
$250 X 5.40 m3/min. x 115 m x 200 k¥ x 3 {1)
(A stand-by pump will be fully used in phase 2.)
{Phase 2) s ' e
Type Motor driven volute pump
Total Pumping -Head 115m
Discharge S .6.16 'm3/min. funit -x 2 units
(+1 stand-by unit)
Total Reguired Output of Motors _ : '
P = 0.163%6.15x115/0.65x1.15 = 204 say 220 kW
#250 X 6.15 m3/min. x 115 m x 220 kW x 3 (1)

Booster Pumping Station No.2;«
(Phase 1) _
" ‘Type - o " Motor -driven volute pump’

Total Pumping Head 170m .
Discharge 5,40 m3/min./unit x 2 units _
h (+1 stand-by unit)



Total Required Output of:Motors
P = 0,163x5.40%x170/0. 65x1 15 = 265 say 280 kw
" $250°x 5:40 m3/min. x 170 m X280 kW x 3 (1)
- (A stand-by pump will be fully used in phase 2.)

(Phase 2)
Typé Motor driven volute pump
- Total Pumping Head 170m . .
' Discharge - : “6.16 m3/min. /unit x 2 units : .
(+1 stand-by unit)
“Total Required Output: of Motors - L S
P ="0.163%6. ‘15X170/0.65x1.15 = 284 say 315 kv
7 g250 x6.15 m3/min. x 170 m x°315 kW x 3 (1)

‘Measure agaifist Water Hammering: Phenomenon:.
Flywheel:and Check valve
~Yglume -of Pump Well:: about 30 minutes operation

+Control System: Automatie On-Off: Control. by water level of- distri-
it but1on reservoirs. '

?EﬁDésign*boncépt‘fdr.Booster~Pumping;Stations are illustrated on Figures
8.3.2 to 8.3.8. '

'(3).Distribution System : : -

"The-distribution system. in the basin consists of a diétribution réser*
voir, distribution plpellne network, service connectlons, fire hydrants
and other mlscellaneous fixtures.

Two types can be con31dered for the dlstrlbutlon system in: Antlpolo One
"1s a’ pressurlzed system u31ng pumping facllltles, ‘the other, a graV1ty
Wflow1ng systém. ©:In: the former, pump1ng facilities capable of meetlng
'-peakjwater demand shall-be»furnlshed; -The-latter will not require

pumpiﬂg@fabilities.: However, ‘location of the site shall have enough

'elevatiqnltbldistribute water. ‘Energy costs for the pumping up of water

to end-users Willfhot'be'different'at each system‘theoretically because
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the necessary energy is the same in both systems. However, and if a
suitable site is available, the latter is generally applied because of
its lower capital and maintenance cost and stability. Since there are
suitable places with appropriate elevations in the background of the
Antipolo study area, the gravity flowing system was opted for by this

study.

In Phase 1, one distribution reservoir will be provided in Barangay San
Luis. A distribution pipeline will be installed.from this reservoir.

Another distribution reservoir will be augmented at the same location in
Phase ‘2. In addition, a small-scale ‘reservoir will be provided in
| Rarangay Sta. Cruz for the northwestern district of the stﬁdy area.
Distribution pipelines will be laid from those reservoirs separately.
Thus, there will be two distribution systemeih,Phase 2--the main system
and the sub-system. Water for the sub-system will be diverted from the
transmission pipeline on the way to the main 'system..

The rate of 200% -of Daily Average Water Demand was adopted for the
estimation of Peak Hour Water Demand based on FAWSP study. Based on the
ahélysis-of the daily variation pattern of water demand in several areas
conducted by LWUA, required capacity of the reservoir was determined to
be equivalent to 4 hours operation of daily maximum demand. However, 5
' hours was adopted for the sub-system because of its rather small-scale.

Groundwater pumped from deepwells will be injeéted'into the distribution
pipeline network through elevated water tanks. -

-Outline of the distribution system is as follows:

a) Phase 1

‘Capacity of Distribution Reservoir:.
4 ‘hours operation of daily maximum demand .
Based. on-the -hydraulic analysis of  the distribution
‘network, required'capacityrisﬁ'_ _ S o
247.77 LPS (peak flow)/ 2 x 1.5.X 4 hours. .-
= 2,678 m3 : - :
-Dimensions of proposed reservoir is; - ... -
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27TmL X 13.5mW x 4.4mH x 2 (3,200 m3)

Design concept for the reservoir is illustrated on Figures
'8.3.9 to 8.3.10.

" Required pipeline and fixtures will be as follows:
Distribution Main Pipeline'(Figure 8.3.11):

g100mm VP 8,950m
. g150mm VP 10,390m.
.$200mm VP - 3,500m
g250mm VP - 2,190m
@300mm SP  1,600m

p360mm SP. - 740m
#400mm  SP 390m
g500mm. SP . 370m
g600mm . SP - 900m

Total 29,030m

Valves:
¢1oomm ~ g600mm 31 units
Air Valves: 7
- Single Type 27 units
- Double Type. 2 units . -
-Préssﬁre Reduction Valves:

#150mmn 1 unit
. $250mm - . . 1 unit
Drain Valves: |
 #100mm 27 units
?¢150mm:_ _ .2 units

Fire -Hydrant:-
.g100mm - 145 units

-Internal Dlstrlbutzon Plpellne

¢75mm 14, 515m (50% of. dlstrlbutlon main).

"@100mm: ‘14, 515m - (50% of dlstrlbutlon maln)
Service Connections: -

Replacement; , _ S

Residential . 3,535 units-



Others =~ ©.203 units

Installation
‘Residential - 13,016 units
Others 389 units

b) Phase 2

Capacity of Distribution Reservoir:
4 hours operation of daily maximum demand

‘Based on the ‘hydraulic analysis on the ‘distribution
network, required capacity was calculated at;

Main System :
(233.30+350.07) LPS: (peak flow)/ 2 x 1.5 x 4 hours
= 6,300 m3 e
Necessary'capacity to be”augménted is:
6,300 - 3,200 = 3,100 m3
Dimensions of proposed reservoir is:
27mL x 13.5m¥W x 4.4mM'x 2 (3,200 m3)

50.13 LPS / 2 x 1.5 x 5 hours

= 877 m3 '
Dimensions”of:proposed reservoir is:

omL X OmW x 4.4mH x'2 (712 m3)

Required pipeline and fixtures will be as follows:

Distribution Main Pipeline (Figuré 8.3.12):

$100mm VP 4,410m (Main 3,080, Sub 1,330)
g150mm VP - 9,860m (Main 8,420, Sub 1,440)
$200mm ~ VP 7,800m" {(Mdin 6,680, Sub 1,120)

Cg250mm VP - 4,540m  (Main)

 g300mm SP - 1,310m .(Main)
#350mm  SP 180m" ' (Main)
§400mm SP  430m "(Main)
#450mm  SP  '1,090m (Main)
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dg500mm SP 760m (Main)

@g700mm - SP 900m  (Main)
Total 31,280m (Main 27,390, Sub 3,890)
Valves:
~ $100mm - g700mm 33 units
Air Valves:

- 8ingle Type 28 units
Double Type 3 units:

Pressure Reduction Valves:

- gio0mm 1 unit
'>'éi50mm -1 unit
Dfain‘Valves:
- #100mm 28 units
- p150mn 3 units
Fire Hydrant: '
" #100mm 88 units

Internal Distribution Pipeline: B
¢75mm 15,640m (50% of distribution main)
_g100mm  15,640m (50% of distribution main)
“Serviee Connections: -
:if:ﬁésidential _11,368'uﬁits'
:Arpﬁhers L _;07 uhité:,

For the:main system, 2 small-scale booster pumping statiors shall
be provided for highly glevated'districts as follows:

B.P.S No. 3 ¢80 x 0.9n3/min. x 10m X 3.7kW x 2(1)
" B.P.S No. 4 #32 x 0.1m3/min. x 10m x 0.4kW X 2(1)

(4) Project Cost -

Cost'for the1§foject,_including land dcquisition cost, is presented in
ﬂ*TableS‘Spa.lland_8,3;2, and is summarized as follows:



a) Phase 1

Ir) Phase 2

Facilities

' CdSt'(xl,QOOpeso)

Transmission Pipeline

Booster Pumping Station No.1l
Booster Pumping Station No.2

Communication Wiring
Distribution Reservoir
Distribution Pipelines
Fire Hydrants

Service Connections

' 58,343
42,223
49,201

5,383
14,308
89,166

3,461
58,570

“Construction Cost Total

Engineering Cost 12%
Land Acquisition

320,605
38,473
" 9,585

Total :
PhysicalfContingency-lﬂ%

368,663
36,866

GRAND TOTAL

405,529

Cost {x1,000peso)

Facilities
Transmission Pipeline 95,862
Booster Pumping Station No.1 . 41,164
Booster Pumping Station No.2 48,051
Distribution Reservoir No.1 15,207
pistribution Reservoir No.2 4,662
Booster Pumping Station No.3 1,099
Booster Pumping Station No.4 7560
~ Distribution Pipelines 113,771
Fire Hydrants 2,005
Servicé Connections 45,192
Construction Cost Total 367,763
Engineering Cost 12% 44,132
Land Acquisition 1,760
Total 413,655
Physical Contingency 10% 41,365
GRAND TOTAL 455,020



8.3.2 ‘Implementation Plan

As mentioned in Section 6.2, groundwater supply capacity will be enough
to meet the demand--on a daily average basis--pntil the year 1998, if it
“is fully deveioped-by that year and the water 1eékage control.pfogram is
conducted so as to decrease the ratio t0-30% of total supply amount.
The project cost estimated in Subsection 8.3.1 includQS'the installation
cost -of the new pipes along the existing pipes that will be used as
- temporary water supply pipes during the.construction.stage.ﬁnd which
-shall be removed after completion'of replacement. This.replacement of
existing pipes will substantially decréase water leakage.

The project will be divided.into two phases as mentioned before. The
target year of Phase 1 is the year 2000 and thai of Phase 2'isrthe year
2010. The Phase 1 project has enough time to be implemented, excepting
the time expended for the booster pumping faciiities and. distribution
: pipeliné nétwofk.. However, it is recommended that the Phase 2 project
'be‘implemented as soon as the Phase 1. project is. compléted since the
U supply capaeity to be furnished'by the latter projeet is aimed at meet-
ing the demand only till the year 2000 and it will not be able to meet
" the demand Soon after'that. The implementation schediule of the Phase 1 -
‘project was roughly planned as'fdllows:-

: Groundwater Development. . . _ . -
Rehabilitation of Ex1st1ng Wells 1993
. Construction of New. Wells . _ - 1993 1994_

- Surface Water Development

‘Installation of Transmission Line.. 1996 - 1997

‘Construction of Booster Pumping Stations 1996, - 1997

Construction of Distribution Reservoir 1996 - 1997
~ 2000

° Inmstallation of Distribution Pipelines 1997
In'this;schedule, the following considerations were taken into account:
. ay=Preparationslfor thé.réhabilitdtibn of existing wells will begin as
soon ‘as peasible so as to complete the. work by 1993.

b Preparatlons for the conmstruction of new wells wiil begin in 1992
. sothat all 7 wells are completed by the middle of 1994.
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¢. Surface water distribution project will be ‘implemented:' to supply
water by the year 1998 because the water shortage in daily average
basis will happen from the year 1999. B
~d. Feasibility study and detailed engineering design will entail a:total
time of two and a half (2.5) years, including that éxpended on loan
sourcing/ﬁroceSSing,'bid preparation, tendering, etc. _
e. Construction of the transmission’ line, booster pump stations, and
distribution reservoirs will take one and a half years.
- £, Installation of the distribution pipelines will be continuous for ‘3

‘years.
In accordance with the above considerations, the time schedule of the
project in Phase 1 was prepared as presented in Figure 8.3.13. .
8.4 PROJECT EVALUATION
8.4.1 Financial Feasibility Analysis
(1) General
This section discusses the financial feasibility:of the project:in Phase
1 and develops a financing plan in which the projeet will be viable. ‘In

particular, the following aspects taken into consideration:

a) the costs associated with the proposed projeet, which 'inelude the
investment costs and the annual operating and maintenance costs;

b) the potentiel'sources'of-fuﬁds, which are*the‘Operating'sources
(internal ecash generation) and the non- operatlng sources. (1oans

and government equ1ty),-

c) the required Financial Internal Rate of Return (FIRR) in proaect—

“ing the annual revenue and-

'd)  the’costs and ‘revenués that are counted on 'as additional basis by

execution Offthé:project;



: £2) Water Tariff-

The present water tariff is shown in Table 8.4.1. In the analysis, the
Overall Average Tariff projected by CORPLAN, P6.43/m3, was:adopted. In
1990, the dverage unit production-cost. per cubic meter was P2.21, based
on the data presented in MWSS Annual Report 1920,

'(3) Project Financing

. The major:-poiential sources of funds for the proposed project are the
operatingﬁand=¢hegnonQQperating,sdurces. . Operating sources. are the
excess of revenue over expenses{ Non-operating sources include :loans,
government equity, and gramts. It was assumed that the loans will come
from the Asian Development Bank (ADB). The project cost financing is
assumed as shown in Table 8.4.2 and the terms include: B

- Principal-: US$16.82M.(P437.42M) (US$1=P26)

Interest : 6.36 % interest rate
Repayment,
.. Period .- :- Twenty years with grace period of five years

1t has been.assumed that ‘the comtribution of the government to equity
should ‘not .reach more than 30 % of the;tptal projeet costi.

(4) Cost Analysis

a) Project Cost

The total project cost is P802.97 million, the breakdown of which is
shown in “Taple 8.4:3. :The breakdownﬂof'foreign and local costs -is also
presented Ain Table 8,4.3, The- assumptlons used are as fOllOWS'

_Engineering/detailed design: 8% of bagic cost

a6 o o

_Constrnctlon superv131on 4% of basic costs _
'Phys;cal contlngencles 10% of materials and supplles
. Price: ~gontingeneies are based on the’ follow1ng

-for: local costs: 10% .up to 1995 and 8% frqm 1996 onward
ffor forelgn eomponent 4% throughout the period.
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e. Taxes: 30% of foreign component of equipment/machineriéé-coSt'plus
10% VAT for all foreign components except engineering cost and for
all local cost except labor cost ' '

‘Interest during construction (IDC) : 6.36% per annum

g.  Exchangé rate: US$1 = P26.00 '

b) Operation and Maintenance Costs

The operation and maintenance costs include all necessary expenses at
the production and distribution levels, based on the projected augmented
‘water amount.  The projected annual operation and maintenance cost from

1992 up to 2021 is presented in Table 8.4.4.

" Personnel ‘Cost

The total personnel cost incurred in 1990 by the water suppiy system in
the Poblacion of Antipole was P1,154,280. As there were 19 technicians
_as of end-18990, the average Salary per month of such MWSS persomnel in
1990 was estimated at P5,063. - ' ' ' '

To compute the personnel cost, - the unit salary_per month: was assumed to
be P4,000 per employee and P5,000 per engineer/technician. - Since the
proposed project will be -integrated with the MWSS central cistribution
:system, its operation will require additional”perSOnnelJWhich:isfesti~

mated at 5 employees for every additional 1,000 connections.

Electricity

The electricity charge was calculated based on- the following terms:
.Generation Charge:  P1.985/kwH for electrieity consumption = =
.Energy Charge:  P0.160/kWH for electricity consumption = -
.Distribution Charge: P12.80/kVA for electricity demand

Chemicals

Though water transmitted:from'CDS‘isralreadyidiSinfected*df-theftreat~
ment plant, a cost for additional disinfection chemicals ‘was included

considering the long timé"thatfelapées3bef0re'Water-isfdistTibuied. In
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addition, water from deepwells shall be disinfected before distribution.
The average dosage rate and cost of chlorine areJaSSumed at 0.5ppm and
P25.5/kg~chlorine.

- Maintenance

The annual maintenance cost has been estimated as a percentage of cumu-
lative investiment amount for the considered year as shown below:

.Civil works : 0.5% per year
- +Equipment. i 4.0% per year -

.Pipeline Networks : 0.8% per year

Water from CDS

The transmitied water from the CDS has already incurred treatment and
distribution costs before -its diversion to the proposed system. This
-cost is estlmated at P2.21 per ‘cubic meter based on the data presented
in MWSS Anmnual Report 1990,

¢) Escalation of Costs

To. account for, the effects of inflation, the investment. costs and the
_annual - operating and maintenance costs are escalated by applying the
corfesponding:localhandqforeign inflatien-faetors computed. from -infla-
;tionerygtréﬁd&.‘_Thewesca;atjonsraienused fqr;local'inflagiop is 10%
annually ;upto 1995 and '8 % from 1996 ,and that for foreign inflatien is
4% annually.

-(5)WFinahcial Projections.

. The Proaect 8 revenues wWill be: generated from water sales._'Estimation-
- of -water sales are baged -on demand for water (or Billed: Water) Only

'&_augmented water, however, is accounted for in the.projection of revenue.

= The - proaected revenue. is shown 1n Table 8.4.5, L _
;The ‘result of the progected net cash beneflt is presented 1n Table
8.4.6." The following assumptlons are used in the progectlon

a) Colléction efficiency -~ 80%



b) Provision for’Bad Debts - ' 4% -

¢) Account§ Feceivable = = - 16%

The Computed Financial Internal Rate of Return (FIRR) for the 30-year
project life is 4.46% as presented in Table 8.4.6. Though‘this'Value is
rather small, it is hlgher than the Welghted Average Cost of Capital
‘”(WACC) of 3. 4?% as calculated below: ST

WEIGHTED AVERAGE COST OF CAPITAL {WACC)

' FUNDING SOURCE % TO TOTAL COST INTEREST RATE  WEIGHTED. RATE

1) Loan 54.5% - T % 6.36% - T o 3.47%

2) Gov't Equity 30.0% 0.00% 0.00%

'3) internal Cash R ‘!f:_ﬁ* RO
Generation 15.6% 0.00% 0.00%

e Y WACC = 3.4T%

‘The WACC is based on the interest rate of ADB ordinary 1oan at 6.36% per

annum,
{6) Financial Recommendation

‘The recommended ‘project is financially feasible based on ‘the results of
"Ehe’cdmpﬁfed”fTRR." The computed FIRR (4746%) exceeds  the estimated
“'3.47% WACC. Even'though the computed FIRR for the ‘proposed-project is.

‘finaneially feasible, it  is:relatively small 'in compariscn with the
- desirable level for project’ implementation -in the Philippides.

The proposed project includes three components, namely, existing well
rehabilitation, new well construction and ‘consiruttion of surface water
distribution facilities. As a reference, the financial feasibility of
* the 'groﬂndﬁ&ter“'dévelﬁbment“ipbrtion' of ‘the- propased’ project,i.e.,
rehabilitation and new well construétion, ‘was verified as présented in
" Tables '8.4.7-t0°8.4.9. Inﬁthié"base;”the‘diféét“construétibhﬁédst for
the Inner Network ahd'thé"Firé‘Hydranf’was}aisc'asédmédato“ﬁeﬁffnanced
" by the Loans. As a result FIRR was 1nd10ated at 11 43% ahd ‘@stimated
WACC was ‘3.46%. R o o e ‘



L T AT AT , WACC FOR GROUNDWATER COMPONENT

FUNDING SOURCE -~ % TO TOTAL COST -INTEREST RATE WEIGHTED RATE

1) Loan 54.4% 6.36% 3.46%
2) Gov't Equity 25.6% 0.00% 0.00%
©5 8) :Internal Cash Gen’n . 20.0% 0.00% . . 0.00%
' WACC = 3.46%

Bésed on this analysis, it is obvious that the groundwater development
.. .portion. of the proposed project has higher feasibility than the whole
. proposed project.  Thus, from the financial point of view, ithe ground-
water development portion of the -proposed pfoject is. recommended for
implementation. However, and -as stated in Subsection 8.3, the importance
"fof7surfaceuwater,transmission in meeting the future demand of the people
in the study area cannot be overemphasized.

8.4.2 - Economic Feasibility Analysis
(1) General
Economic analysis involves the evaluation of the'effectiVeness of the
preject in terms of ‘Socio-economic factors not considered ‘in the finan-
.~cial -analysis. ‘The analysis includes an evaluation of benefit and cost
variables involved in the proposed improvements in the water supply

systien.

The implementation of the project will provide the following direct and

-dndirect benefits:.
a) Direét Beﬁéfits:
zf_:Water'is'essentiai t0 1ife aﬁd io the génergl.well béingtof soqiety.
- Waier is an:essential input to any production.
f.-__.'-b)'’-‘-f"I.n_d‘.imic''t..-Ber_u?.:f.it's:_ .

'vﬁ,fﬁ~ﬁ1twcanfhal?,bqosﬁﬁemplbymeni=andfthe.economy because any program_df
. .. expenditures has "economic' multiplier" for domestic activities.
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- It can help augment*the~goVernméht'budget, as - any development of
productive activities generates new public revenue and, ' therefore,
the opportunity for the govermment to carry out new expansion pro-

grams.

- It'can reduce some social and economic costs, i.e., the-morbidity and
mortality rates of some diseases attributed to water shortage, dam-

ages caused by fires, etc.

Correspondingly, the realization of the project will produce,’ besides
cost of the investment and of operation & management ‘of the proposed
water supply system, other direct and indirect costs: depending ‘on:

- ‘Families who pay the water tariff and, therefore, must  reduce other

‘eonsumptions.

~ The economy of the country, as large quantities offimports"afeirem-

quired.

- The government, as it must give subsidies aﬁd-grants to the MWSS to

help it'achieve'financial“self—sufficiency;

The comparison between the costs and benefits shall allow an: assessment

of the economie feasibility of the project.

(2) Method of Analysis
The method that was adopted to give an empirical measure of ‘the effec-
tiveness of the project is the Economic Internal Rate of Return (EIRR).

The EIRR is the rate required to balance the present value of the eco-
‘nomic costs. ' This method: avoids: prior detérmination 'of the 'discount

rate.

The project is considered economically feasible if'the'EIRR.is.higher
than the opportunity cost of capital, or the faﬁe;of*reﬁqfn-ihétfcan be
obtained from the best alternative use of the available capital. For
public investment projects ‘such as Water'sﬂpplyvp?bjééts,ﬁthe:aésirable

opportunity cost of capital in the Philippines is considered to be 15%.
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(3) Econcmie Benefits of the Project
The economi¢ benefits of the project can be measured as:

- The increment in income or value of some variables "before" and
"after" the project; for these computations, the benefits arising
from the present:system'have been deducted. The benefits in this
category include increase in ' consumer SatisfaCtion, increase 1in
income in some productive sectors of the local -population, and in-

;erease in value of land in the Project Area.

- The reduction in costs realized through the implementation of the
“project..

a) Consumer Satisfaction

“The benefit derived from ."consumer satisfaction" includes not only
‘benefit brought ‘about by the actual payments for water but also by how
much more consumers are willing to pay for this essential commodity. 1In
general, water prices,eharged by MWSS-are lower than the real valhe'of
Water; hence, the people in the Project .Area .are assuméd to be willing
to obtain water in sﬂfficient-quantities at a given price. The result-
. ing_egonomic value of water, assuming it is 1.2 times of the water price
_ shown in Table 8.4.11, is P1,093:3 million.

b) Health -

" The economic loss to society caused by water shortage and béd'water
, fquality,-such'as death, - productive time loss due to sick workers, and
Hexﬁenses_entaileq'inutreAiing water-borne diseases, will: be reduced.
However, quantification of health bemefits is usually difficult because
- cost statiSticsaon effects of water-borne diseaseé;arerin genéral not
' disaggregated. ‘ Thus,'in quahtifying health benefi@s.for,puppdées-of
‘this study, three factors were taken into consideration: (a) the cost of
- time loss:dué :to illness, (b) the .income loss due to premature -death,
-land;(c):the cbstzofrmedical expenses. .. -

_In"éqmpufihg'the cost of “time loss due to\illness;;it.was.assuméd that
‘not all those afflicted with water-borne diseases are income-earners.
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Using the data obtained from the ‘1980 Census, RPWSIP -project staff
projected the population that are economically active in 1990, which is
estimated at 41.09% for Antipolo, Cainta and Taytay: ‘

" Kconomically-Active Pgpulation

-Rizgal 3 -areas

‘1. Total Population : . 555,533 258,489
2. Population with gainful occupation = 171,348 106,235
% (2/1) P '30.84%  41.00%

" {Source: ¥/8, RPWSIP)

In this study, the economically active popﬁlation ratio - of ~40% was

adopted for the analysis.

Morbidity rate of water-borne diseasés in Metro Manila for 1990 was 345
~ per 100,000 population. The final figure for the cost of time loss due
to illness was derived by taking the economically :active portion of the
population as earning the minimum wage of P1i8/day for 8 days;.and-based
on the assumption that workers earning P118/day are unable to work for

an average of 8 days per year.

The income loss due to premature death was calculated as theé product of
the following: mortality rate of 21.9 per 100,000, the served population
and P155,760, which represents the estimated  income to be earned by the
average wage earner over a period of five years (P1i8/day x 264

days/year x 5 years).

The cost of medical expenses was'derived'by'multiplying’morbidify rate
of the served popttlationh and the average annual expenditure for medical

‘expenses of P3,500.  This figure was based on the'researeh“fihdings of
the RPWSIP project staff on the average medical expenses whlch are shown
in Table 8.4.12. o R

“Finally, the sum of all three'economic costs related to health'benefits
was adjusted by 20% to account-fOr the ‘fact that not a1l water=borne
“diseases are caused by a poor water system but may also be due to poor

personal hyglene or-'lack of sewerage faellltles



:The total present value of health benefits as presented in Table 8.4.13
is P7.8 million,

¢) Fire Protection

The installation of fire hydrants and the increased water pressure. will
- possibly reduce losses due to fire.. The extent of - fire protection is
held to be in proportion to the installation of fire hydrants for each
construction period/year of the improvement program. Though 100% of the
Project Area is covered by fire hydrants, 20% of fire protection cover-
age is considered as résulting'from the project.

- The reduction of fire damage is assumed to. be 0.75% of  the combined
~assessed value of structures in the Project Area. The average assessed
value of each structure is P500,000, with the number of structiire being
derived from the-total-populatibn in the Project Area assuming that each
. dwelling unit -has: an avérage‘of 7Zmembers (based'On-the survey result by
. -FAWSP). The present value of fire-protection behefits-is,projected at
P155.3 million as shown in Table 8.4.15. '

‘d} Land Vaiue-Increase

~ The water:supply. improvement project will contribute to an increase in
- land value of the service area. However,. this .increased value could be
"the result of a general increase of produc{ivityadue to improved-infra-

" structure which includes a water supply project.

The: portion ‘of -land values attributable to the water supply system in
‘the serﬁice area was determined'by comparing the market values of land
served'and'not—served'by'the water supply syétem. The market wvalues of
-residentiai.land:in the study area.range from about P6GO: to P800 per
. sq:m. Generally, it is assumed that 20% to 25% of the incremental value
df land:could be attributed to the water supply system.

+In this study, a land value: increase of 25% was also applied. . However,
for the Poblacion area whieh is already being served by the existing
- system, albeit inadequately, the land value increase was estimated at
5%. '



" The increase of land value was projected at P429.3 million as shown in
‘Table 8.4.16. '

{4) Economic Costs of the Project

" The direet cost of the project which should be transformed inte economic
costs-are; project cost, replacement cost and operating and maintenance

costs.
‘a) Project Cost

Shadow pricing system was devised for items that are not economically
valued by the purely financial price mechanism. This scheme includes
making necessary adjustments inasmuch as the foreign exchange component
- of ‘the project cost may adversely affect the economy becanse of the
reduction in foreign exchange reserves. - Thus, it was assumed that the
‘true cost of  foreign exchange would be-ihcreased‘bY‘zo%.~ Likewise,
unskilled: labor costs should be reduced by 50% beeause ‘the opportunity
cost of unskilled labor is lower than the estimated cost in. the project
due to the widespread disguised unemployment in ‘the Philippines.
Skilled labor was valued at its going rate. If was assumed -that ékilled
laborers were not looking elsewhere to obtain employment or better wage.
Table 8.4.17 presents the economic project cost whibh;is P491:0 million.

“b) Replacement Costs

The replacement costs or the costs incurred in order to replace mechani-
cal equipment and other items that have outlived their usefulness are

" considered part of the economic costs.

‘The economic 1ife of mechanical -and electrical equipment was éSsumed to
“be 18 yeafs. And the value of the replacement cost wasi assumed to be
equivalent 'to 80% of the initial investment costs for equipméent. ' iShadow
pricing system was also applied to the conversion of financial costs to
economic . costs. Toial -economic replacement cost for-the analysis-is
P167.8 imillion (see Table 8:4.18). |



e} Operation and Maintenance Costs

~.Only incremental costs of -personnel, power, chemicals, maintenance, and
water were considered in the economic analysis. This cost category was
coﬁverted to economic eosts by shadow pricing items for which the market

" price is not sufficient. The factors for converting operation and:
maintenance cost to economic costs were the same as those used for
adjusting the project costs. Five percent (5%) was deducted from the
local portion as tax,__out of personnel cost, BOX was aésumed to be
unskilled labor. The total.incremental operation and maintehaﬁce cost
‘is P753.1 million {see Table 8.4.19).

d) Summary of Economic Costs

The total cconomic cost is expressed as the adjusted project cost plus
replacemernt cost plus operating and maintenance cost. The present value
‘of the total economic cost as shown in- Table 8.4.20 is 31;449.1 million.

{5) Economicglnternal Rate of Return (EIRR)

Table 8 4.21 shows the eomputatlon ‘of the EIRR. The EIRR is 17.19%.
'Slnee this rate exceeds the desirable opportunlty cost of cap1ta1 ‘of
15%, the project is con81dered economlcally feasible,

As reféfence, fhe'ecdnomic feaSibiIity of a part of a propOsed'prOject
‘rﬁas'verified, i}e.,.thé_groundﬁater'develbpmént;portion:that.calls for
the rehabilitation of some existing wells and the construction of new
f:ones and is presented in Tables 8.4.22 to 8 4. 30 -In this - case, com-
" puted EIRR is at 17. 2% assumlng a lower 1ncrease of land value due to
‘insufficient augmentatlon of water to meet demand, which thls inerease
*0f51aﬁd’value-beihg*higher.under a full-scale project implementation.



CANDIDATE WELLS FOR REHABILITATION OF MWSS DEEFWELLS (March, 1991)

TABLE #.1.1
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TABLE 8.2.1 DETAILS OF MWSS DEEPWELLS ~ ANTIPOLO AREA

Well Casing Dia. Well Depth Pumpage

No. (") (m) {MCM/year)
ATP- 1 6 83.82 0.1261
ATP- 2 8 163.06 0.2667
ATP- 3 6 . 150.87 0.3216
ATP- 4 8 100.00 0.3352
ATP- 5 6 151.78 0.1305
ATP- 6 8 135,32 ~0.1377
ATP- 7 6 91.44 0.5001
"ATP- § 8 121.94 0.6205
ATP- 9 8 121.94 0.5687
ATP-10 6 79.24 0.5733

Note:  Pumpage data (1990) were derived from the
Groundwater Use Survey



TABLE 8.2.2 DETAILS OF PRIVATE DEEPWELLS - ANTIPOLO AREA

Well Well Name Casing dia. Well Depth  Pumpage

~ No, : AM) : {m) ' (MCM/year)
'ATP-2102 STA.Lucia Realty .  0.2486
ATP-2106 Assumption Grade Sch. - | 0.1657
- ATP-2082 Citizen Dev. Realty . 0.1824
* ATP-2082 Dna. Angela Subd. o 0.01
ATP-2006 Far East Asia Dev. Corp. - 0.01
_ATP-2101 Top Service Inc.#1 0.2985
"ATP-2100 Top Service Ifc.#2 0.2985
ATP-2065 Grand Heights Subd. ' . " 0.0821
8 182,87 0.5271
o 54.87 0.4974
ATP-2104 Unciano Medical Cemter 0.0552
ATP-2064 Milagros Subd. 8. 183 0.0921
ATP-2093 Lores Realty #1 0.1104
ATP-2094 Lores Realty #2 o 0.1104
ATP-2105 Dalaya Construction = 0.0132
'ATP-2079 San Antonio Village 0.0363
7_ATP42103 STA.Lucia Realty . o 0.2365
ATP-2016 Gloria HTS. Ass’n 8 121.95 © 10,1073
" ATP-2035 Nayong Silangan‘#1 8 121,95 - 0:0221
| ATP-2036 Nayong Silangan #2 8 121.95 °  0.0236
ATP-2037 Banaba Court Subd. 8 125.30 0.0414
© ANG-2007 Maya Farms Inc. - o ©0.0027
ANG-2008 Maya Farms Inc. | 0.0069
* ANG-2009 Maya Farms Inc. | R f 0.0069
ANG-2006 'P'etr_o Finance Service I ' 0.0018

ANG-2010 Grand Valley Subd. . . . 0.4139




TABLE 8.3.1 PROJECT COST FOR PHASE 1

Construction Cost

1. Transmission Pipeline 58,343
2. Booster Pumping Station No.l
Civil & Arch. Work B,22%
Mechanical Work 14,9176
Electrical Work 19,020 -
Sub Total - 42,223
3. Booster Pumping Station No.2 _
Civil & Arch. Work 7,249
Mechanical Work C 19,104
Electrical Work 22,848
_ -Sub Total : - 49,201
4. Communication Wiring (for telecontrol system) :
- ' 5,383
5. Distribution Reservoir
Civil & Arch. Work 11,412
Mechanical 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%) . L 38,473
Land Acquisition (B.P.S. 1 & 2, Reservoir) = 9,585
Total 368,663
Physical Coptingeﬁcy 10% E 36,866
GRAND TOTAL 405,529



TABLE 8.3.2 = PROJECT COST FOR PHASE 2

{in Thousand Pesos)
Constxuctlon Cost
1. Transmission Pipeline 95,862
2. Booster Pumping- Station No. 1
o " Civil and Arch. Work 7,652

Mechanical Work - 14,492
Electrical Work 19,020

L - Sub Total 41,164
‘3.  Booster Pumping Station No.2 ' ' ' Lo
o Civil and Axrch. Work 6,583

Mechanical Work 18,620 .
Electrical Work o 22,848

: o Sub Total - 48,051 -
4. Distribution Reseirvoir No.l S S
o : ‘Civil and Arch. Work - 11,412
‘Mechanical Work 3,795
_ Sub Total © 15,207
5. Dlstrlbutlon Reservoir No.2 _
B “¢ivil and Arch. Work 3,494

Mechanical Work =~ °- 1,168
: ' Sub Total _ _ - 4,662
6;4Booster Pumplng Station No.3 B
B ‘Pump House - B26
Mech and Elec. Work 273
: Sub Total B 1,099
7. Boostexr Pumping Station No.4
Pump House ) 560
Mech and Elec Work_ 190
- ' Sub Total 750"
B;ﬂDlstrlbutlon System ‘ '
Distrxibution Maln ‘88,168
‘Inner Network 25,603
Fire Hydrant 2,005
“Service Connectlon  ."45,192
Sub’Total | 160,968
Constructlon Cost Total | 367 763
“~Eng1neer1ng Cost (D/D 8% C/S 4%) _— : 44,132
- Land ACquSltlon : (Reserv01r 1 & 2) o 1,760
Total S 413, 655
Phy51cal Contingency 10% 41,365”
'GRAND TOTAL | 455,020

_.-—x_..,..-—_.--....—-._....p-p-.......—-.——..._.-e.m--...-.._....-—-_.,._.,-.....__..._—.......-_....-.-—-—-...--——.u.._—-.-s
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