
BIBLOGRAHIC - ')01 SUBJECT CLASSIFICATION (695)ATA HEETVJ @ )[ "-C:00 - -)
BIBLIOGRAPHIC DATA SHEET 

0C

3. TITLE AND SUBTITLE (240) 

4. PEi 0 v4 LJ.u,V. .... " 

5. CORPORATE AUTHORS (101) 

7.NU M B E R O F PA G E . A R C N B E R ( ITO)6. DOCUMENT DATE (110) 7-7 S (120 ) UM 

9.REFERENCE ORGANIZATION (130) 

10. SUPPLEMENTARY NOTES (500) 

11. ABSTRACT (950) 

12. DESCRIPTORS (920) 3. PROJECT NUMBER (150) 

(Lf, ALC( c' - L. 14. CONTRACT NO.(140) 15. CONTRACT 
YPE (140) 

--

16. TYPE OF DOCUMEN' (160)k./VL)"A7Q. 

-AID 590-7 (10-79) c 



PN-AA K-,a**
 

TEXT 
VOLUME I 

FINAL REPORT
 
FEASIBILITY STUDY
 

WATER SUPPLY
 

CALAMBA WATER DISTRICT
 
SEPTEMBER 1977
 

PREPARED JOINTLY: 

LOCAL WATER UTILITIES CAMP DRESSER & McKEE 
ADMINISTRATION INTERNATIONAL INC. 

PROJECT STAFF PROJECT CONSULTANTS 



CAMP ORESSER & McKEE INTERNATIONAL INC. 

OFFICE 243-A PASAO9NA DRIVE, SAN JUAN. NIZAL 3 134 0 PMLIPPINEH 
MAIL P. 0. BOX 1351 MCC. MAKATI, NIZAL 31160 PILIPIFES 
TELEP$ONE 0 *11.M 
CABLE 

70,074 917144W M 70.11.77 
CAMO0NE MANILA 

t LEX NO. 2UiCDMH 

4 Nvember 1977 

Ir. Ceole 0. LaaEo Jr.
 
Omeral Nmger
 
Iso Water Utilities Administration
 
7th Floor, NU Building

rSA, oeson city
 

Sub jects Final Report .- asibililty St 
for Water 8upply - OalsiW Vater 

. .istr t (CA . 0I .... 
DetE. ImaSo : 

In acoordanoe vith the contract between local Voter Ullite" 
Administration (LMUA) and Crop Dresser & Nofet- 0atezmatiomal ]me.
Wated 14 October 1974, and aind on we kpe&10 hiust 1976, tab 

re In submitting is report* 

This report Is presented in two volumess Tolume I uhiok oon
tlns the recomindod plan and detailed analysis, nd Tolio n 
wbich oontains the support information oompo. ;o all urbm men 
oovered in the contract. 

Extensive improvements #ad additions to the present water 
supply system re nsedsd to overoome' curnt defici cioes m to 
mot future requirements. The recomended plan is the result of 
altornative studies and cost of optiaidation work, While the oost 
of the reoomended long-eangs water stem faaolltes.is subtantlial 
we consider it within the people's abllity-to-Mpa. 

The feasibility studies vere done utilisin.v- .' the werloes 
of IMUA counterparts to fulfill the on-the-job trainig requirements
of the INUA/CM contract. For the next phae, the ItUA oovlterports
will takh the dominant role in the project at.die 

.JINt.IPAL Of FICI. ,I* I CENTlCR PLA/A BOSTON MA 0210S USA rrL. 6.1-742-5151 CABLE& CAMORIES 

http:faaolltes.is
http:70.11.77


Mr. Carlos C. Leafio, Jro 
General Manager 
Local Water Utilities Administration
 
Res 	 Final Report - Feasibility Study 

for Water Supply - Calamba Water 
Dis,ict (CAL-WD) 

Page 	#2
 

We wish to extend our thanks to the LWUA Board, all the members
 
of the LWA staff, the CAL-WD staff and the offioials of various
 
agencies of the Gov.-rnment of the Philippines, who so generously
 
assisted iu during the course of our study. 

Very 	truly yours,
 

CAMP 	 DRESSER & MCKEE 171TERNATIONAL, INC. 

Pro jeot Manager
 

ANTONIO DE VERA 
Counterpart Project Manager
 



FOREWORD 

This feasibility study presents the recommended plan for the
 
upgrading and expansion of the water supply system of the Calamba 
Water District (CAL-RD). This study was made by the Local Water 
Utilities Administration (LWUA), with the technical assistance of
 
Camp Dresser & McKee International Inc. This study iv the result 
of many months of work in the municipality of Calamba in Laguna 
Province,and is supported by extensive experience with other water 
districts in the Philippines during the First Ten Provincial Urban 
Areas Feasibility Studies. 

This study was prepared in two volumes: Volume I the main 
report, which contains the recommended plan and the methodology

memoranda; and Volume II,which contains detailed background 
information relating to specific sections of Volume I. A complete 
understanding of the two volumes would require reading the previously 
published Water Supply Feasibility Studies Methodology Manual (Volumes 
I and II), a compilation of the handouts used in the six-month long 
training seminar conducted in 1975 by CDM during the First Ten-Area 
Feasibility Studies.
 

The recommended plan is a technically and economically feasible
 
program for providing the CAL-WD adequate water supply up to the year 
2000. The plan should not be viewed as a rigid plan; every attempt
 
was made to develop a plan compatible with the needs and desires of
 
the water district and of the people. However, during the final 
engineering dosign of the recommended facilities, changas could still
 
be made. Design chanoes would be based on more recent field data,
 
changing priorities of the water district and more economical methods
 
of providing the recommended facilities. Any chaagees considered in 
the final design should help to further reduce the expected financial
 
impact of the project.
 

While the main objective of the Second Ten Provincial Urban
 
Areas Feasibility Studies was the preparation of feasibility reports,
 
another important objective was the training of Filipino counterpart

engineers in water supply project planning. The training program which 
included lectures and on-the-job training aimed to develop local plan
ning capability for water supply projects. The Filipino engineers 
learned by actually doing the work, with the CDM consultants providing 
the necessary expertise and guidance. 

The following have contributed significantly to the development
 
of the Second Ten-Area Feasibility Studies:
 

James Arbuthnot, Chief Engineer 
Eugene Rumph, Hydrogeologist 
James DeYoung, Water Supply Engineer 
Bruce Conklin, Systems Engineer 
Peter West, Distribution Engineer
 



Antonio de Vera, Counterpart Project Manager
Wilfredo Sevilleja, Counterpart Chief Engineer
Rene de Jesus, Group Leader 
Jean Casten, Economist 
Celso Razal, Jr., Economist
 
"ourdes Gutierrez, Technical Writer 
Reynaldo Arlata, CAL-WD General Manager
 

The following project staff members have also contributed to the

technical/non-teciical work of the studies: 

Roberto Binagg Professional Engineer
Reynaldo Tabac, Professional Engineer
Miguel Buenavides, Junior Staff Engineer
Pedrito Camilet, Jr., Field Technician 
Aiberto Machica, Draftsman
 
Arlene Raymundo, Secretary/Typist 
Cesar Florendo, Printing Assistant
 
Reynaldo Panuelos, Printing Assistant
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CHAP'IR I SUMMARY AND RECOMMENDATIONS 

A. SUMMARY OF STUDIES
 

Desc:.tion Area 

The Calamba Water District (CAL-WD) waa formed on 7 August

1974 by virtue of Resolution No. 6 passed by the Municipal Council
of Calamba. Following its formation, the CAL-WD acquired the ownership and management of the entire water supply system from the muni
cipal. gov.rnment.
 

The municipality of Calamba is located in the western portion of
Laguna Province approximately 50 kilometers south of Manila, along
the southwestern shore of Laguna de Bay. The municipality consists of
the poblacion and 54 surrounding barrios, with a total land area

18,500 hectares. 
Calamba is situated at the foot of Mt. Makiling and
is of relatively low relief, with an average elevation of 10 meters
above mean sea level. The municipality is traversed by two rivers,

the San Juan and San Cristobal, both of which pass to the north of

the existing CAIWD service area and drain into Laguna de Bay which
 
forms the eastern boundary of the municipality.
 

The total population of the municipality in 1970 was 82,714 with
 an urban/rural breakdown of 25 and 75 percent, respectively. Of the
57,423 people employed in the municipality, 35 percent are involved in
agriculture, forestry and fishing; 19 percent in manufacturing; 12 percent in commerce; 20 percent in services; and 14 percent in construc,
tion and other industries.
 

Existing Water Supply System
 

The water supply system of the CAL-WD was originally constructed
in 1926 and consisted of the Bukal and Tigbe spring sources, approximately 16.4 km of pipelines ranging in 
aize from 75mm-.o200mm in diameter and a 380-cur reinforced concrete storage tank located on the

hill above the sprini; in Barrio Bukal. 
Water supply was by gravity
from Tigbe Spring (a minor source), and via the Bukal Spring pump
station (looate! about 10 meters above mean sea level).
 

In 1959/60 the Tigbe Spring source was abandoned, a well was constructed at 
"Crossing" in Barrio Real and approximately 3-5 km of additional pipelines were constructed. In 1971, a new collection chamber 
was constructed at Bukal Spring. 

At present, approximately 1,500 cured is being produced from each
of the pump stations at Bukal and "Crossing", from a single electric
pumpset installed at each station. 
The pump stations are in poor
 
condition.
 

I-I
 



The Bukal storage tank is in fair condition, requiring some re
pairs, and is operated on a modified fill-and-draw basis, with tank 
filling during early evenings and flow to the distribution system
 
from mi~might to 4:00 a.m. when the Btkal pump station is shut down. 
The storage tank is permitted to "float" on the system during day
light hours.
 

Disinfection has been practiced since 1926 by means of a gas
 
chlorinator installed at the Bukal pump station. Chlorination, how
ever, is performed irregularly only when heavy rains and chlorine gas
 
availability coinoide.
 

The distribution system of the CAI,-WD serves the poblaoion and 
portions of Barrios San Juan, San Jose, Lecheria, Halang, Real, Palingont

Linga, Bukal and Pansol, by means of 75 and 100-mm diameter pipelines.

There are at present approximately 1,100 registered service connections
 
of 12 and 25 mm. 

Projeotions
 

In addition to the areas presently served by the CAL-WD, Barrios 
Parian, Mayapa, P. Rizal and Sampirahan will receive service by 1990,
and Barrios Looc, Sucol, San Cristobal and Prinza by the year 2000. 

The total population in the CAL-WD service area was 24,872 in 1975 
and is projected to increase to 100,069 ty the year 2000, with average 
annual growth rates varying between 2.65 and 3.17 percent. During 
this same period, the population served by the CAL-WD is expected to 
increase from 6,708 to 71,903.
 

The average per capita consumption of water is expected to be 
230 lpcd by 1980, with a total average daily use of 2,650 cumd. The 
per capita usage is projected to decrease to 220 lpcd by 1990, due to 
improved water accountability, and subsequently increases to 225 lpod
by the year 2000. Total average daily water demand is projected to 
be 8,190 and 16,180 cured by 1990 and 2000, respectively. 

Water Resources
 

S ix potential sources of water for the GAL-WD were identified: 
two groundwater sourcestree surface water sources and one ground/
surface water source. 

The Bukal Spring, located at the bottom of Mt. Bijiang, a secon
dary peak of the Mt. Makiling complex, is the current water supply 
source for CAL-WD. This spring has an average flow in excess of 
115,000 cumd and emerges from the fractured consolidated volcanic ash 
which constitutes the major rock component in the area. The spring 
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Ft., an cU i'k of 10 metero abova mean mea level and is located 
abo~~~~~-i;~v3 Iaicl.)ict.'c~ aiin hifto Otlv:Dr

a4-u are eitfher tcr. 21.staant -from:he OAI,-4D sen i< area, or produce
 
flows -.:c.smal cot ;aa'e with the projected water district require
mcrntsr. "a CIxside?,l further.
 

h aruifer ,znde-lying the CAL-WD servicoe area con
-is- o nrC" ie i-.rmeale p-vonlastic mnerials with ample recharge
f-rom r, ,ter. lo:.y and fronm the nearby mountainous areas. May
we,'. have be.- oogntraated in,the areas but the mas productive of 
thrsr h-vf be- ooy ru!ted ]r VI and are fairly distant frobi the 
C,-.Li-.>,a t :,rsbly good wells can be expected within the ser
vice aroe 1ut thoc' be p!candod b*Y a test program to confirm the

prelimrinary .ijnmaIPeb Df aquifer characteristics inferred from exist
ing naar'b, Pau imorn sttarni wntlln
 

Nither the Aragilan S'Ban Critilobal) IRiver, nor the San Juan
 
Riv 'c hl ot'll.Ull in ax th(* CLUI-1WD ,ervioe area, could provide suf
fij.i :nt :o-- rrnca- the p:e,,ojected needs of CAL-WD without impounding

rsse1 f1'..ve trfatmet-t These sources have,
i 'aci.lities, 
theiOfnre. rof bee:, -'iven :rther' oonsideration as future water sources. 

Yku -nai do [y :L-a shailow body of eurface water that constitutes 
the &ast1:rn boudax-v of Calamba. The water supply demands of CAL-WD 
ou.li rt~ai~n].:, b3 le from this souroe. Hownver, then by water 'pken 

need for a long' int-ake pipeline, pumoping costs which would likely exceed
thosa foi- tho Zuka.I Spring source2 the need for extensive water treat
ent: the ;pot.nti.jl for future industrial and agricultural pollution

andthe 'caibiii- of futlare eal$.iater oontamination indioate that 
I - of Laguna de Bay as a water supply source is miWtid'ion 

mx.rancec..
 

illigator Lake isa 5aX.)-m diaatomtr oircular pond located in the 
crat..r of an etinc volovao about 5 km from the Calamba Poblaoion. 
The p)nd is locaited along the shore of Laguna de Blay and is probably
fed bIy hcttom rprin s. Beoause of the need. for transmission and treat
ment facilities (the pond is subjeot to extensive surfaoe contamina
tion!, further consideration has not been given to Alligator Lake as 
a .flunri- wateyr supoly source# 

Altevnad ,ve Studiee
 

Studie! of a te,.native water -ouroes for the WAL-WD service area 
indioato that continued use of groundwater, utilizing the existing
Burka] Sprizvg, is the most economioslly/operationally favorable over 
the project planning -,eriod,The lwai' -verall proom.hwo.th 
cost of grounTwater wolls in offset tcy other non-Doonomio/operationsl 
disadv,-&ntagoes. 

'-3
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Roollomic anAlysis of required distribution storage volume andlocation indicates a cost advantage for continued supply of peak flowsfrom the Bukal pLaml. otationt utilizing the existing Bukal toragetank, until 1990, vth subsequent supply of maximum-day demands fromthe Rikal pump station, together with a 29700-oulm storage tank located at Lecheria Tillt until the year 2000. After 1990, Barrios Pansol and Sucol will :receive independent service from the existing
Bakal sto.-re tslk 

The requierements for the dis-tribution systemt incorporating theBukal Spring as source, were analyzed with the aid of a oomp ter, The
resulting system is described in detail in Chapter IX. Based on theanalysis of the pressure requirements of the systemtmo single-pressiure
service areashavebeen established to operate off the hydraulic grade
lines established by the storage tanks.
 

B. REC0MIF21ATIONS 

General
 

A water supply system utilizing Bukal Spring as the souroe of
 
water through the year 2000 is recomminded for the CAL-WXD 
 onstruo
tion of source, storage, distribution and administrative facilities

will be carried out 
during an immediate improvement program and a iong
term construction program consisting of four phases. The main features
of the recommended long-term project for the CAL-WD are summarized in

Table I-I and shown in Pigure IX-1 (appended). 

Sorerclities
 

The projected year 2000 maximumm-day system demand of 19,420 oumd
in the CAL-WD will be supplied by the source facilities to be oonstruo
ted at Bukal Spring by that year. Chlorination will be the only treatment required, and will be performed IY facilities onstruoted adjaoent
to the Bukal pump station. 

The CAL-WD will be required to secure the necessary water rights 

from the National Water Resources Council.
 

Storage acilities
 

The existing 380-oum Bukal storage tank will be utilized to supply
all system peak flows until about 1990. 
After 1990, the existing tank

will sex-ve Barrios Pansol and Sucol and additional storage facilities
 
to be constructed at Leoheria Hill will serve the remainder of the
 
systom.
 

Distribution Facilities
 

The distribution system will be reinforced and expanded by the 
installation of 22.7 kIn of pipelines with diameters from 100 to 450 ram,
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TABLE I-I 

SU 04MRY OF PROPOSED 'WAT SUPPLY IMPROVEMTS 
CALA[MA WATEr DISTRICT 

Immediate 
Improvement Construction Construction Construction Construction 

Program Phase I-A Phase I-B Phase II-A Phase II-B 

Construction Period 1978-79 1980-85 1986-9C, 1991-95 1996-2000 
Total Project Cost ()/ 5,117,300 13,378,900 6,086,600 10,535,100 6,543,500 
Foreign Exchange Component 2,950,800 6,675,900 3,397,100 5,137,500 3,291,400 
Source and Storage Facilities Additional Bu- Improve intake, Additional Bu- Expand Bukal Additional 

kal pumpset, 
repair existing 
tank 

new Bukal pump 
station and chlo-
rination faoili-

kal pumpset pump station 
and chlorina-
tion facili-

Lecheria sto
rage tank 

ties, new Cross- ties, new Le
ing pumpset cheria tank 

Distribution Facilities 9.65 km - 100 9.94 km - 100 to 3.08 km- 100 10.76 km- 100 1.15 km - 200 
to 350-am pipe- 450-mn pipelines to 200-ram to 350-mm pipe- and 250-mm 
lines pipelines lines pipelines 

Internal Network Leakg survey 149.9 ha 38.3 ha 131.2 ha 160.8 ha 
and repair 

Service Connections 1,098 conver- 1,926 new con- 2,625 new 3,300 new 3,300 new 
sions, 329 re- nections, 729 connections connections connections 
placements, 824! replacements 
new connections 

yireWdrants Repair existing 155.0 ha 173.6 ha 198.7 ha 199.1 ha 
hydrants 

Miscellaneous 

/All foreign exchange figures used in this report were synthesized from data based on actual costs in U.S. 
dollars. To be consistent with previous studies, these foreign exchange costs were converted to RP pesos at 
a rate of US$1.0 - RP ?7.0. To obtain correct current foreign exchange costs, multiply those presented in 
this report by the ratio of the current exchange rate and 7.0. The actual local component of costs (in pesos) 
is as presented herein. 
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by 1990. An additional 11.9 km of pipelines will be constructed bythe year 2000 to provide service to additional consumers. 

Br the year 2000, 4630 hectares within the CAL-WD service areawill receive internal network pipelines. Service connection installation will proceed in 
a program parallel to internal network construotion. There will be approximately 6,470 and 13,O70 service conneotions within the service area by 1990 and 2000, respectively. 

Capital Cost Summary 

The capital costs for each phase of oonstruction, including theimmediate improvement program, are summarized in Table 1-2. 
 More detailed breciikdowns of costs for the immediate improvement and Phase I-A 
programs ari presented in Table 1-3. 

TABLE 1-2 
CAPITAL COST SUMMARY 

Construction 
Stage-Phase 

Construction 
0Cot W Local 

Project Cost 
Foreign 

(r) 
Total 

Immediate 
Improvement 
Program
(1978-79) 
I-A (1980-85) 
I-B 1986-90) 
-4 (1991-95) 

II-B 1996-2000) 

4,158,400 
10,789,800 
5,062,800 
8,706,900 

.1,586,.00 

2,166,500 
6,703,000 
2,689,500 
5,397,600 
2 

2,950,800 
6;675,900 
3,397,100 
5,137,500 
3,291,400 

5,117,300 
13,378,900 
6,086,600 

10,535,100 
6,543,500 

Total (1978
2000) 34,304,100 20,208,700 21,452,700 41,661,400 

Annual Operation and Maintenance Costs 

Annual operation and maintenance costs are expenses incurred forpersonnel, power, chemicals, mainteranoe and miscellaneous expenses.
Estimates of these costs for the CAL-WD (based on July 1978 price levels)

are presented in Table 1-4.
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TA13LE 1-3
 

COST SUMMARY OF IMMEIATE IMPR0VEMOT
 
PROGRAM AND CONSTRUCTION STAGE I PHASE A
 

I t em 


IMMEDIATE IMPROVEMENT PROGRAM
 

Souroe Facilities 
Additional Bukal Rimpset 
Crossing Chlorination Facilities 


Storage Facilities
 

Repair Bukal Storage Tank 


Distribution Facilities
 
9.65 km - 100 to 350-mm Pipelines
Leakage Detection and Repair 

Service Connections 
Installation, Conversion & Repair 

Ad.mnistrative and Miscellaneous
 

Equipment, Tools, Vehicles & Miso. 


TOTAL CONSTRUCTION COST 


Cont inencies 

Sineer&A 

TOTAL PROJECT COST 


CONSTRUCTION STAGY,I PHASE A
 

Source Facilities 

Improve Bukal Intake, New Bukal 
Ohlorination Facilities,.New Cross
ing fell Pumpset and.New Bukal
S' Pump Station
 
Distribution Facilities
 

9.94 km - 100 to 450-mm Pipelines 


Administratiw Buildinig and

Plumbing Shop 


InteEral Network
 
149.9 Hectares 


LL 


6,000 

2,400 


8,800 


1,256,900 

22,000 


432,300 


.55000 


1,783,400 


243,100 


140.000 

2,166,500 


1,120,300 


1,606,000 


726,0oo 


989,900 


cost ()
 
Foreign 


32,000 

17,300 


11t200 


1,417,700 
83,600 


707,200 


106,000 


2,375,000 


315,600 


260.0 

2,950,800 


1,173,200 


2,145,300 


-


713,100 


Total
 

38000
 
19,700
 

20,000
 

2,674,600
 
105,600
 

1,139,500
 

161,000
 

4,158,400
 

558,700
 

400,200
 

5,117,300
 

2,293,500
 

3,751,300
 

726,000
 

1,703,000
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TABLE 1-3 (Continued) 

cost (P)
Local Foreign Total 

Servic. Coneot ions 

769 Replacements and
1,926 New Connecticns 
 918,300 1,155,200 2,073,500
 

Pire Htydrants
 
155.0 Hectares 
 1 
 140700 242,900
 
TOTAL CONSTRUCTION COST 
 5,462300 
 5,327,500 10,789,800
 

Centinrenoies 718,800 698,700 
 1,417,500
 
Engineering 349,900 649,700 999,600
 

1ad
72,000 -172,000 

TOTAL PROJECT COST 6,703,000 
 6,675,900 13,378,900
 

TABLE 1-4 
ANNIJL OPERATION AND MAINTENANCE COSTS
 

Item SAnnualCosts (r) 
190_ 

Administration and Personnel 

Power and Fuel 

Chemicals 

Maintenance 

73,200 

101,600 

-

29,000 

180,900 

54,500 

9,700 

89,700 

391,600 

133,500 

29,900 

121,400 

485,000 

287,800 

59,100 

194,800 
Miscellaneous 3 0 86J0 

Total 211,100 392,500 763,100 1,157,600 

Financial Feasibility 

The financial feasibility analysis made for this study establishes a
detailed set of guidelines that the water district management may use in
making crucial decisions during the next few years. 
A plan has been developed to indicate how and when funds will be used to operate and maintain the system; implement the recommended program; establish reserve
funds; and retire indebtedness. 
Water rates have been developed on the
basis that the system will be financially self-supporting. 
These rates
appear to be within the ability-to-pay of the average CAL-WD householdev.
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The water rates 1by revenue unit in three-year increments 

are as follows:
 

Period 
 Water Rate (s/RU) 

1978-80 
 0.75 
1981-83 
 1.20
 
1984-86 
 1.50
 
1987-90 
 1.80
 
1991-94 
 1.90
 
1995-97 
 2.00
 
1998-2000 
 2.10
 

It is recommended that the implementation of these rates fol
low a socialized pricing policy to make the financial burden on the
 
consumers commensurate with their ability-to-pay. A sample socialized
 
rate structure for 1978-80 that would generate suff.icient revenue
 
is as follows:
 

Usage (per monith) Cost (L/oum) 

First 16 cum 
 0.85 

From 17 to cum24 1.85 
25 or more cum 
 2.45
 

Borrowing requirements will incluae P6.003 million for the 
immediate improvement program (1978-80); F16.993 million for
Phase I-A (1980-85); and P9.031 million for Phase I-B (1986-90). 

oonomio Feasibility
 

The recommended improvements to the CAL-WD water supply system
will briag about numerous economic benefits to the study area. Eco
nomic feasibility studies show that the benefits will exceed the
 
costs associated with the development and operation of the water
 
system.
 

Two approaches were adopted to determine economic feasibility;

the benefit-cost ratio and internal eoonomio rate of return (IERR).
In both approaches, four benefits valued at 1978 prices were in
cluded and discounted at 12 percent. 
The benefits considered are

increase in land values, health, reduction in fire damage and bene
ficial value of water. 
Analysis shows a benefit-cost ratio of
 
1.801 and an IR of 71.4 percent, 
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. QAPTM1:INH-SiAJ0TION 

A. FIRT TM PROVINCIAL UR]tW ARIUS 

TT study oontraot signed by the Looal Water Utilities Administ-. 
rationuI (LWUA) and Camp Dresaer & McKee International Inc. (cia) on 
14 October 1914 provided f3 'the feasibility studies for the First 
Ten Provinoial Urban Areas j (Figure 1I-I). The feauibility studies 
are part of LWUA's effort to develop basic water supply plans for 
provinoial urban areas of the Philippines. 

During the first 10-area projeoat training semdars for LWUA 
engineers were conduoted by the CD)Y otaff. "Th* Methodology Mannal 
for Water Supply Feasibility Studies" was also developed and printed. 
In addition to the 10 areas, prefeasibility studies were also made 
for 131 cities/wnioipalitieY. An of August 1976, the feasibility 
studies were oompleted and submitted to INUA, 

The atudie for five of the first 10 areas - Cobu, Zamboanga, 
Daet, Osamiz and Butuan - have been appraised by the Asian Develop
ment Bank (ADB). On the basis of the interim report., tke ALB 
extended a $16.8 million loan to LWUA in December 1975 to provide 
desien engineering Pervices to these 5 areas wa to implement Phase 
I-A of the reoommendod long-term oonstruotion program (exoept Coba 
whose share of the loan covered only engineering services). In 
August 1976, the United States Agency for International Development 
(USAID) signed a $10 million loan with LWUA to provide engineering 
services and funds for the implementation of the interim improvements 
of seleoted waterworks covered by the preteasibility studies. In 
April 1977 the International Bank for Reonstruction and Develop-. 
ment (IBPWD allocated $18,8 million towards the final design and 
initial phase implementation of the rening five of the first 10 
area, namely: Lipa, Lueena, Tarlao, Cabanatuan, and San Fernando 
(La Union). 

I1 A background on LWUA is given in Volume II, Appendix D. 

-/Refer to Appendix B for summary of first 10-area feasibility 
studieso 

Rofr to Appendix C for summaz7 of prefeasibility studies on 
131 oities/mmioipalitiea. 
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B, IMEC0ND D14~1 UB32CAAMI~ASRBAN 

On 10 Augutit 1976, INUA and C(D signed an aendment to the study 
contract, erending tht ,feaibilitS ziudies to include the Second Ten 
Provincial Urban Area . see are: Urdanta, Gapan, Calamba, Bis
lij Silay City, Bangued, Biybayt Roxam City, Cotabato City, San 
Fornande (Pampanga), Oiongape City s~ud Los BWos (Figar II-I). This 
report includes the teohnioal, finanoial and economic atudies for the 
improvement of the water supply system in Calamba, Laguna* 

The dollar component of the oecond 10-area foaeibility studie
 
cost has been financed from proceeds of a loan to the Government of
 
the 	Republic of the Philippines from the United States of America 
through the USAID, Loan No- 492.-,4O1 dated 9 September 1976. The 
peso oompnent of the ctst of the studies, approx!.ately 41 percent,
has 	been funded by the Government of the Philippiaes. 

T 	 atudy contract for the soond 10 areas includes the fellewingtaska: 

1e 	 Training of counterpart LWUA engineers through on-the-j b 
assignments on various aspeots of water supply feasibility 
studies; 

2. 	 Preparing water supply feasibility studies for 5 provincial 
urban areas, using the counterpart and expatriate consultant 
personnel for conducting such studie. 

3. 	 Preparing water supply feasibility studies for an additional 
5 urban areas, with the LWUA engineers taking a dominant 
rcle in the conduct of such studie. 

The studies began on 1 September 1976 for a period .of 18 months. 
The project staf' was composed of 6 US engineers and 26 Filipino 
personnel. The personnel of the respective water districts also 
assisted during the course of the studies. 

, /Although the inclusion of 10 areas is stipulated in the 
oentrao.ts feasibility studies for 12 areas have actually been made. 

2/Refer to Appendix A for complete "Terms of Reference&" 
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of thc7 i.[. A .i]ci t~aJ a :; inoiude tL~o entire municipality 
of' Ca3a~qbz.. .. cAl-:D tho oi'nrirrhip anud manlagement 

mi1 c. iJ 

]?e-u', Aly, acquired 
of W2Ti- o~thruni,,A.,-.. A &ovor-nrnert in accordan~ce with

P"e-e;- i VT :vinoia2 Watv Utilltioa of19 (e% Act 

iiuabsta rtial 
imprc:veixnits due to in-ed funds, The formationI Qf i he AL4D was 

prompted hy e-Lr upgraded supplsyste,'-ouiopa1L , 

'hujyte'exictiug iwtir of' - la.'a hYs ,"... So 

theo "citey.' -- 9 
the loc l officials recognizd tho potential ro41 of the water 
district in provid.ing: sufficient afA and rotble inater supply. 

The CAL -WiD wan thus for~m~d for the pu;ses of accjuiring, instal
line, irnproving, 'irainitaining and operating the water supply system, 
as well ac the wast~ewater collection, treatment and disposal facilities. 
ToP rform these fuxc.ons the FAinD can obtain finaMcial and tech

198 providesnical asistance from LWUA, P1) N,-'.u that the water
district shall operate eventually on a financially self-sufficlent 

basis, 

The AL-WDiis a quasi-public cTpormation and is politically 
Independent from the Local government. As constituted, the water 

district is subject to the provisisn of Pt No. 198 and the rules and 

regulations of LWUAi The OAL-4d cpn promulgate its osn operating 
laws through its 5-ewber board o diroctors who ae appointed by the 
municipal niaynr. 'he district c only be dstolvhd through the act 

of this board 

On 4 September 1976, IkUA awarded the Conditional Certificate 

of Conformance to th CAL-D after it had complied with the minimum 
requirements of LWUA's oertfioa;-4 ion program. This certificati 
entitles the CAIt to rights and privileges authorized under t 

No. 198. 
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CHAPER III D2SCRIPTION OF MhE dATER DISTRICT 

A. PHYSICAL DESCRIPTION 

Location
 

Calamba is one of the municipalities 1ordering the western
 
coast of Laguna de Bay in Lnguna province-V in the southwestern
 
region of Luzon. With a l "d area of 18 ,5003ectares, Calamba is
 
divided into the poblacion6and 54 barrios._
 

The present service area i/of the CALW / covers the more
 
densely populated sections, namely; the poblacion, the barrios of 
San Juan, San Jose, Lecheria., Halang, Real, Palingon t Lingas Bukal1
 
and Pansol. The service area will extend to Barrio Parian by 1980;
 
barrios Mayapa, P. Rizal and Sampiruhan by 1990; and barrios Loool
 
Suol! San Cristobal and Prinza by 2000. (See Figures III-I andvI-1. 5 
Physical Features
 

Calamba is generally flat wi. elevations averaging 10 meters
 
above mean sea level. The major rivers are San Juan River located
 
north of the present service area and draining portions of the
 
future service area, and San Cristobal River bordering the northern
 
portion of the munioipality. These rivers drain into Laguna do BeV
 
which constitutes the eastern border of the municipality.
 

The coastal plains have the most fertile soil and consist of 
light brown Quingua fine sandy loam* The upland soils include the 
Tagaytay sandy loam and Lipa loam. The Tagaytay loam which contains 
dark brown volcanic sand overlays the rolling uplands near the 
boundary of Batangas. Lipa loam is a residual soil formed from the 
decomposition of the underlying volcanic tuffaceous materials* 

1/Laguna is an inland province situated at the southern end of
 
Rizal province. Its boundaries are Laguna de Bay on the east;
 
Quezon province on the east and south; and Batangas and Cavite on
 
the wevt.
 

dt/own proper
 
/A barrio is a political division of a city or municipality.
 
The service area represents sections of the water district
 

which are currently served or intended to be served by the water
 
systemf
7 The CAL-WD covers all lands within the geographic boundaries
 

of the municipality of Calamba.
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Calamba is olasifid nder the first type of climate,

(Figure III2), with 2 prci;ounoed seasons. 
 The dry season occurs 
from October to May;; the wet season. drirg the c of thcj year.

The ave~frie rnual rainfall for the period 1960-.69 was 2,139.6 
ram.
For the same years, temperature ranged from 250C in February to
290C in May, with the avernge at 26.9 0 C. rhe climatological data 
are listed in Table III-1.
 

TABLE III-1
 
CLIMATOLOGICAL DATA6 /
-

(1960-69)
 

Rainfall (mm) Temperature (0 C) 
January 50.3 
 25.1
 
February 
 34.5 25.0
March 
 24.7 
 26.7

April 
 27.0 
 28.0

Xay 
 183.9 
 29.0

June 
 243.2 
 28.3
 
uly 236.2 
 27.5
August 
 377.1 

September 27.4
 

375.2 
 27.4
 
October 
 215.8 
 26.7
November 
 204.2 
 26.2
 
December 
 167.5 
 25.6
 

Total 
 2,139.6
 
Average 
 26.9
 

B. POPULATION 

Calamba's population in 1970 was 82,714, an increase of 43 
peroent over the 1960 total of 57,715. The 1970 population was 
composed of 13,366 houeholds, or an average of 6.2 members per
household. The general characteristics of the population are 
listed in Table 111-2. 

-/Source: PAGASA Station in Lou Ba~os, Laguna
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TABLE 111-2
 

MUNICIPAL POPILATION CH1ABAChRISTICS/( 1970)
 

1. 	Total Populat.o. 


lat.e
2. Growth (1,.',-70) 


Densitv 


4. 	 Urban/Rural 

5-	 Sax Composition 


6. 	 Age Ccmpositioai 

7. 	 Employment 

(, of those 10 years 

and over)
 
a) By class of worker 

(. of labor force) 
b) By industry 

of labor force) 

8. Education (%c, of those 
6 years and over) 
a) By attainment 

(101of those 25 years 
and over) 

b) Number of schools 


9. 	 Dialects 

10. Religion 


82,714
 

3.7% per 
4.5 	persons per hectare 

urbeai, 25; rural 7% 

male, 4]; female 51, 

0-14 years, 44%, 15-64 years, 53%; 
65 years and above, 3, 

10 years and over, 57,423 
employed, 43'f; unemployed, 57% 

wage and salary, 61,,'; own business, 
29,'.%; unpaid family workers, 0 
agriculture, forestry and fishing, 
35.. manufacturing, 1.9,; oommeroe, 
12%; services, 20%; construction 
and other indus tries, 14% 
6 years and over, 66,806 
literate, 84"ft; illiterate, 16,1 
25 years and over, 28,223 
elementary grades, 58%; 
high school, 17%; college, 11%;
 
no formal education, 14%
 
public, 51; private, 10
 

Tagalog, 96"; Ilocano, 1%;
 
others, 3%
 

Catholic, 95%; Protestant, 1.5%; 
Iglesia ni Cristo, 2e; others, li5% 

'/Source: 1970 Census of Population and Housing, National
 
Census and Statistics Office (NCSO).
 

These data apply to the municipality of Calamba as a whole.
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C. LIVING C"O"DITIQN 

Physical indi.ra ors ohowirt- the otandard. of living in the
 
municipality 
are linsted in Table I11-3. These indicators include
 
type : of dwfoin nni-t, household facilities and utilities.
 

Water-borne di i aseo occur a.rtiulem]y in the more densely

populated aections of the municipality. Public hcalth authorities
 
recognize the corrt l3tion between, the lack of' saf3 
 water supply

and sewe,.e ie.,iliti(s and the jucidonc e of wat.r-.borne diseases.
 
Tabl> II1-4 :hoias the recorded morbidity and mortality rates per

100,OOipoplatLof dui to water-borne diseases in the province of
 
LajCuna./from 1964 to 1974. During this period, the average annual
 
morbidity of /129. In this province was lower than the national
 
avera,;e of 666,.5; the average annual mortality of 41.4 was lower
 
than -the national average of 43.1.
 

D. ECONOMY2" 
-O /
 Fami lyf Inicome I

In 19712 the province of Laguna was estimated to include
 
119,000 families, with a comb1i:.nu annual income of ?443 million.
 
The average family income of ?3,723 was slightly lower than the
 
country's average of r3,736. 
About 53 percent of the familias were
 
considered low-income (P500-P2,99n) earners. The middle income
 
(?3,OOO-?5,999) group included 33 percent. The remaining 14 percent

received annual incomes of P6,000 and over.
 

Municipal Income
 

Calamba is classified as a first-class municipality by the
 
Department of Finance. The average annual municipal income for fis
oal years 1967-68 and 1969-70 was estimated at r816,00. The sources 
of income are taxes, incidental revenues and government operations.
 
In addition to this income, the municipal government also receives
 
financial aid from the provincial and national governments.
 

-/The only records available are for the province. The mor
bidity and mortality trends in Calamba are assumed from the data
(see Ch pterXI).


(The Philippine economy from 1946 to 1976 is discussed in
 

Appendi E, Volume II.
 
1W Only provincial data on family income are available at the
 

NCSO.
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TI-L' 311-3 

CLASSIFICATION CP , IOUkE1OL., BY TYPE OF FACILITIESI-2/(1970) 

Total Four3eho.di 	 13,366 

2. 	 Average liouiehold Size 6.2 persons per houuehold 

3. 	 Water Paci]itiea piped water, 36%; artesian well, 17%;
(% of' totl hou,,eholds) pump, 40f; open well, 6%; other 

sources, 1% 
4. 	 Toilet Faciiitiee) flush/water sealed, 29%; closod pit,

(%of total households) 13'" open pit, 14 ;publio toilet, 6%; 
no facilities, 38" 

5. 	 Solid Waste Disposal About 12-15 metric tons of solid 
Service wastes are collected daily by the 

municipal health office. The 
wastes are disposed of inanarea near 
the 	San Juan River in Barrio Banadero.
 

6. 	 Lighting Facilities eleotricity, 50%; kerosene, 49% 
(ofpof total households) others, 1% 

7. 	 Appliances radio, 66%; TV, 11%; refrigerator, 8% 
(% of total households) 

8. 	Cooking Fuel electricity, 3';kerosene, 33%; LPO, 
(%of total houreholds) 11%; wood, 52,; others, 1% 

9. 	Total Dwelling Units 13,329 
a) 	 Type oi' dwelling single type, 83%: duplex, 6%; 

unit (% of total apartment/accessoria, 5%; commercial, 
units) etc., 6% 

b) 	Roofing material durable materials (aluminum/galvanized

(%of total units) 	 iron, asbestos, tile/ooncrete), 89%; 

non-durable materials (cogon, nipa, 
etc.), 11% 

-'soures, 1970 Census of 	Population and Housing, NCSO. 
These data apply to the municipality of Calamba as a whole.
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TABL@ TII-4 

HEINA]?TED IMORBIDI'Tf ANfD 140 ALBTY
 
DUE TO WATER-BOYCdo DIY;FAJ]h,3L- (19(4-74)
 

Year Morbidi tv Mort ality MorbiditX ni ortltz 

'1964 711.9 3QG5 846.3 6 0 
1965 277,1 ,13.6 715.8 51.6 
1966 178.5 47-5 715.1 61.9 
1967 145.6 30.7 572. 1 47.6 
1968 198.3 34.6 564.8 46.5 
1969 202.9 42.6 706.9 46.0 
1970 2544 35.5 612.8 39.0 
1971 332.4 41.5 422.5 35.8 
1972 570.5 55.5 74.3-4 49.4 
1973 1,506.6 47.7 768,4 50.4 
1974 A 8E1 663.8 _40.4 

Total 4,720.0 455.8 7,331.9 528.8 

Average 429.1 41.4 666.5 48.1 

ALvriculture 

Agriculture is the most Important activity in Calamba, with 
rice, corn and sugar cane as the major crops. High-yielding rice 
varieties have been grown with the use of scientific farming. 
The modernization of wgriculture in the arch has been influenced 
by the University of the Philippines (Agriculture Department), 
and the International Rice Research Institute located in the 
nearby municipality of Lo.; Baiios. The Canlubang Sugar Estate in 
Barrio Canlubarit io one of the biggest agro-industrial farms in 
Southern Luzon. 

Commerce and Industry 

Strategically located between Metropolitan Manila and other 
southern provinces, Cal,.hba has become a commercial center in 
recent years. Tn 1975, Calamba had about 1,350 business estab
lishments, 13 peroent of which were industrial and 70 percent of 
which were ongn;-ed in the wholesale, retail and food business. 

/-Source: Disease Intlelligence Center, Department of Health. 
The water-borne diseases of which records are available include 
typhoid, cholera, dysentery anti gastro-enteritis, 
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Soxme of the !a'z&6 u.'acl;u-iir fi.rtn1 :i una ioor0tediljt ] 
in. C;lwba. 3e r ,r. Alfa 
5ntsT-ated Peqxtile Corporation anld ther textile milizi. ui'oa* 
tuial, als18o conslits A, pros nj aricultura] -robdi cto and 
coitta:.O industries. 

Tourvism 

The woll-known tourist spots in Calmba inoiude: the shrine 
of the national hero. Dr. Jose } I; Mount Makiling; La una do Bay;
and several hotsprimns. rhe municipality haa various recreational 
facilities. 

Thrinortat ion and COmmunixation 

Only ].ard transportation Li available in Cal:,_ba. About 500 
triy,!ls8a, numerous jeepney and bus units and the Philippine Na'tio
risa Railway tr;inns torvice the r:,sidants. 

communioal;ion facilitioa incllde a hoae compzun, 3 telo .Cele 
£q'aph stationn, 2 post offices and zmmessenger service agency.
Calamba'e proxiimity to Nanila allowu the fast cirulation of national 
newspapers and magazines. 
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CHAPTER IV F 'STINGWATER SUPPLY FACILITIES 

A. GENERAL 

The water system of the CAL-W!) was originally construoted in
 
1926, with Bukal and Tigbe springs as sources. In 1959, another
 
source, a well , w1s constructed. Only Bukal Spring and the
 
we ll a r e currently used; Tigbe Spring was diseonneoted from
 
the system in 1960. Existinu facilities include an intake box,
 
pump station, reservoir, well pump station, transmission and
 
distribution pipes. A schematic diagram of the existing water 
system is shown in Figure IV-1. 

B. WATERWORKS FACILITIES
 

Souroe Facilities
 

The current water sources of the CAL-WD are the Bukal Spring
(major source) and the deepwell. Bakal Spring is located about
3 km south of the poblacion; the deepwell is looqted on the National 
Highway at the western portion of the poblaoion± The total pro-.
duction from these 2 sources is about 3,000 cumd based on the 
field studies. Tigbe Spring, a minor source in the past, was 
disconnected from the water system when its transmission main 
was damaged by a storm in 1960. At present, this spring is used 
by a private resort in Barrio Pansol. 

The water sources are each provided with a pumping unit. In 
1966 t the diesel engineswhich served as prime movers for the pumps, 
were replaced with electric motors, The capacities of these motors 
are 100 hp for the Bukal pump station and 25 hp for the well 
station.
 

The well station has a measured discharge of about 1,400 
oudy, at 1.76-meter operating head. Well and easing data, however,
 
are not available. 
The Bakal spring station has a measured dis
charge of about 1,600 cue at 67-seter operating head, but the
 
total measured overflow from the spring is 96,000 oumd. Both 
pumps are operated 20 hours a day.
 

1/This location is commonly known to residents of Calamba as
 
"Crossing." Hence, the well is usually referred to as the 
"Crossing Well'!. 
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Intake Box. A squixe concrete intake box waz constructed in 
1926 behind the Bukal pump station. This was abandoned in 1971 and 
a trapezoidal concrete intake box was built on the other side of 
the road opposite the p'up station. The second intake box has an 
overflow elevation of about 5 metors above mean sel level; however, 
the intake box does not overflow because of leakage under the 
structure and through several holes near the bottom of the structure. 
A 200-am GI auction pipe connects the intake box to the pump

station. Figure IV-2 is a plan of the existing intake box.
 

Treatment Facilities 

Sinoe 1926, chlorine gas has been used to treat the water supply
at the Bukal pump station* Disinfection, however, is done irregularly 
only during heavy rains and when chlorine is available. 

Storage Facilities 

A reinforced concrete ground-level reservoir, constructed in 
1926, is located about 150 meters southwest of the Dukal pump station. 
It has a capacity of 380 oum and an overflow elevation of about 48 
meters above mean sea level. 

The reservoir is filled every night from 8:00 p.m. to 11:00 poe.
It is currently used only for priming the pump and supplying water 
to the distribution system. The discharge valve of the reservoir is 
opened when the Bukal pump is off from midnight to 4:00 a... to pre
vent overflow at the reservoir. A schematic plan of the reservoir
 
is shown in Figure IV-3.
 

TransMission Facilities 

In 1926, a 5,000-moter long, 75 mm OS line was laid to transmit 
water from Tigbe Spring to the reservoir. This line, located between 
Barrios Pansol and Bukal, was damaged by a storm in 1960, cutting 
off the supply from Tigbe Spring. 

Another transmission line was constructed in 1926, connecting 
the Bukal pump station to the pablaoion (see Figure IV-4 for its 
plan and profile). This line is a combination of 150 and 200 mm CI 
pipes with a total length of P,900 meterse Leakage has been found 
from this maii. which traverst a wide plain of ricefields. In 1959, 
two 01 transmission lines were added to tnorease the service in the 
poblacion and to serve Barrio Pansol. The first lineq which connects 
the Bukal Spring to Barrio Pansol, is a combination of 37, 50 and
75 am pipes with a total length of 1,960 meters. The second line is 
a 650 meter, 150 m pipe extending from the Crossing well to the 
poblaoion. 
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CROSSING WELL Pt 

* DISCHARGE -1400 

o DISCHARGE PRESSITRANSMISSION AND DISTRIBUTION SYSTEM 
* TURBINE PUMP D 

DIAMETER TYPE LENGTH OF PIPE INSTALLED (M) 25 HP HORIZONTA 

(MM) 1926 1959 UNCERTAIN TOTAL 

37 GS - 1,900 418 2,318 

50 	 GS - 20 472 492 

40 9,214 DOME STORAGE 74
75 GS 9,174 

100 GS 4,333 - - 4,333 e GROUND COVERED 

o CAPACITY- 380 
150 CIP 1,600 650 - 2,250 o OVERFLOW ELEI& 

200 	 CIP 1,300 - - 1,300
 

16,407 2,610 890 19,907
 

APPURTENANCES 
CUT-OFF
 

SIZE NUMBER REMARKS
 

REPORTEDLY INOPERABLE, BUT
 
VALVES VARIOUS 14 FULLY OPEN
 

I 6 ONLY TWO ARE OPERATIONAL
HYDRANTS 

PUBLIC FAUCETS 22 1 

TIGBE SPRING>"
 

o DISCHARGE 350 C 

o 5 KM SOUTH WES 
o CURRENTLY USEDSERVICE CONNECTIONS, SEPTEMBER 1976 

TYPE METERED 	 FLAT-RATE TOTAL
 

1059
DOMESTIC 	 -__1059 

BUKAL INTAKE B0)
39 39 

1098 * FED BY BUKALSl 
COMMERCIAL 


1098
TOTAL * REINFORCED COW
 

* OVERFLOW - 96 

FEASIBILITY STUDY FOR WATE 
SUPPLY OF SECOND TEN URBAN AREAS .W,,,CM 

F/v-Inv 



(M) 

-OTAL 

CROSSING WELL PUMP STATION 

* DISCHARGE- 1400 CUMD ( 20 HOURS) 
* DISCHARGE PRESSURE-i 75M 
• TURBINE PUMP DRIVEN BY 

25 HP HORIZONTAL ELECTRIC MOTOR 

. 

2,318 

492 

9,214 
4,333 

2,250 

I, 300 

9,907 

DOME STORAGE TANK (1926) 

e GROUND COVERED REINFORCED 

o CAPACITY- 380 GUM. 
* OVERFLOW ELEATION-48.20 

CONCRETE 

M.ABOVE MSL 

BUKAL 

4 

CUT-OFF BY STORM-- BUKAL SPRING 

E, BUT 

TIONAL PANSOL / . 

/ 
./ 

TIGBE SPRING--

OTAL 

059 

39 

098 

* DISCHARGE 350 CUMD AS REPORTED 

* 5 KM SOUTH WEST FROM RESERVOIR 
* CURRENTLY USED BY PRIVATE RESORTS 

BUKAL INTAKE BOX (1971 ) _/ 

e FED BY BUKAL SPRING 
a REINFORCED CONCRETE 
* OVERFLOW - 96,000OCUMO 

/ 
. 

/ 

/ 

/ 

TREATMENT 

• CHLORINATION OF WATER SUPPLY I,' 
DONE AT BUKAL PUMPING STATIOt 
HEAVY RAIN AND/OR WHEN CHLORIS AVAILABLE. 

SYSTEM PRESSURE 

O VERY LOW AND UNEVENLY DIST 

IN THE SERVICE AREA. 

b
 



SA N J UANI RIVER
 

,-------BUKAL PUMP STATION (1926) 

* CENTRIFUGAL PUMP 	 / 

o PUMP DRIVEN BY 100 HP ELECTRIC MOTOR 
* DISCHARGE - 1600 CUMD( 20 HOURS). 
* DISCHARGE PRESSURE-67 M 

BUKAL SPRING L A GUNA 

DE 
~BA Y 

TREATMENT 	 SERVICE AREA OPERATION 

PUMPING STATION OPERATESCHLORINATION OF WATER SUPPLY IS ONLY * THE BUKAL 
2300 HOURS DELIVERINGDONE AT BUKAL PUMPING STATION DURING FROM 0400 TO 

HEAVY RAIN AND/OR WHEN CHLORINE GAS WATER TO THE RESERVOIR AND TO THE 

IS AVAILABLE. 	 DISTRIBUTION SYSTEM. BUT AS SOON AS 
THE RESERVOIR IS FILLEDTHE PUMP IS 

SYSTEM PRESSURE 	 SHUT DOWN. 

* VERY LOW AND UNEVENLY DISTRIBUTED 	 * THE RESERVOIR FEEDS WATER TO THE 
SYSTEM FROM 2300 TO 0400.HOURS 

UNTIL THE PUMP IS OPERATED AGAIN. 
* 	 CROSSING WELL STATION OPERATES 

FROM 0400 TO 2300 HOURS. 

FIGURE I'-I 

EXISTING FACILITIES 
CALAMBA WATER DISTRICT 

FTh- . 
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A description of the transmission lines by material, size, 
length and age is given as follows: 

lnath of Pipe (m) 

De Lrlfion Material Size (mm)- -96Toa
 

Dukal Spring to poblacion CI 200 1,300 1,300 

CI 150 1,600 - 1,600 

Tigbe Spring to tho reservoir GS 75 5,000 - 5,000 

Croering deepell to poblaoion GI 150 - 650 650 

Bukal Spring to Bazrie Pansel GI 75 - 40 40 

01 50 - 20 20 

a1 37 - 1,900 

9,510 

Distribution Sy.tem 

The existing distribution system (Figure IV-5) covers portions 
of the poblaoion and ths barrios of San Juang San Jose, Leoheria, 
Halang, Real, Palingon, Linga, Bukal and Pansol. The original sys
tea was constructed in 1926, with 75 and 100 mm pipes. A minor 
expansion included 37 and 50 = pipes. All pipes are galvanized 
steel.
 

Pipe Size and Length. The distribution piping has a total length 
of about 9.4 ki. Over 90 percent of the pipes have been in plaoe 
for 50 years. The distribution pipes by size, maerial, length and 
age are as follows:
 

Size (in)- Material Date Installed Total Length (mn) 

37 as uncertain 418 

50 GS uncertain 472 

75 GS 1926 4,174 

100 as 1926 33 

Total 9,397 
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Valves and Hydrants. Based on the best available information,
 
there are 14 valves J the system. All valves in the distribution
 
system are either defectivo or laid under paved streets; and heno,
 
they could not be used* It appears that all inoperable system valves
 
are open. Valves at the pumping stationa, some of which are leiing, 
are operational.
 

There are 16 fire hydrants in the existing system. However, only
 
two of these hydrants are reported to be operational*
 

Public Faucets. The system has about 22 public faucets, six of
 
which are located at the public market. The CAL-WD neither monitors
 
nor bills consumption at these faucets*
 

Service Connections@ As of 30 September 1976, the CALID had 
a total of 1,098 registered service connections, all unmetered. These 
are classified into 1,059 domestic and 39 commercial conneotions, with 
sizes varying from 12 to 25 mm. 

Oration and Maintenance
 

The CAL-WD operates and maintains the pump stations and the 
distribution system. The present staff for operation and maintenance 
includes I production chief, 1 plumber, 6 pump operators and 2 
laborers. 

The operation program consists primarily of operating the pump 
stations and controlling the valves to the reservoir and to the ser
vice area. The pump operators work it 2 shifts: the first, from 
8:00 a.m. to 6:00 p.m.; and the second, from 6:00 p.m. to 8:O0 a.. 

The maintenance program consists of servicing the pumping units 
and repairing leaking mains and service lines. The CAL-WD does not 
have its own vehicles, repair shop, tools or equipment; it borrows 
them whenever repair work is to be done.
 

C. WATER QUALITY
 

Water samples were taken from the Bukal Spring, the Crossing 
Well and Tigbe Spring on I September 1976. The results of the subse
quent analyses are listed in Table IV-I. The an&6,ses show that the 
manganese content of Tigbe isnearly 5 times the excessive limit set 
by the Philippine National Standards for Drinking Water (FNSDR). 
The pH of Tigbe Spring water is also lower than the permissible 31mit 
of the PNSDR. All the other water quality parameters frem the 3 
sources meet the standards. 
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. AL MRA POb 1AC',e.N 

NOTES 

IALVE LOCATIONS SHCWN HAVE NOT BEEN .ERIt!ED 

MOST VALVES SHOWN ARE LOCATED BENEATH- CONCRETE 
ROADWAYS THE BALANCE OF SYSTEM VALVES ARE LOCATED 
IN BARRIOS BUKAL AND PANSOL. 

2. 	 THE BALANCE OF PUBLIC FAUCETS AND FIRE HYDRANTS 

NOT SHOWN IN THIS FIGURE ARE LOCATED IN BARRIOS BUKAL 

,'i -	 _ _ _ _ ____ 
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"I41:3LE IV-1 

*W.Z <-2.L' ==± ?ESI -TS 

GAL.2MA WATER DI.TtCT 

Buka.l Spring Tigbe Spring Deepwell 

Permissible Bo. Bucal Bo. Tigbe Poblacion 

Test Unit Limits I Sept 76 2 Seot 76 LSept 76 

Phvsical 
0
Color APHA 15 0 2 


Turbidity F9TU 5 0 0 0
 
Total Di IeSoli-ved mg/1 273 57 247 

Conductivity Micromhos/cm 420 88 380 

Chemical 3/ 
pH 7-8.5 7.4 6.5za 7.2 
Total Alkalinity mg/1 CaCo3 180 40 210 

Phenolphthalein 
Alkalinity 


Total Hardness 


Calcium 

Magnesium 

Total Iron 


Fluoride 

Ohloride 

Sulfate 

Ilitrate 

Manganese 


mg/i 
CXCO3 0 0 0 
mg/1 

CaCo3 4o0C 133 20 182 
mg/l 
Ca 75 14,4 2 16 

mg/i 
mg 50 2.4 0.5 4.6 

mi/i 
Fe 0.3 nil 0.06 nil 

mg/i 
F 1.5 0 0 0 
m&/i 
C1 200 16.5 6.1 6.1 

mg/1 

S04 136 6.12 3.4 0.68 
mg/, 
N03 
mg/i 

7.62 5.94 
3 / 

1 .6 

Mn 0. 0 2.35- 0.1 

34Computed as 65 percent of conductivitya 

Exceeds the permiseible limits set by the Philippine Standards for Drinking Water. 

4/Limits inferred from limits of individual metalsc;.:iin - hardness. 



D. WATER UE. PROFILE 

The water consumption in the C.A1JD has been analyzed to quan
tify present water accouatability. Data used have been obtained from 
interviews and fiela measurements in the absence of water meters and 
records on water producLion and consumption. Unit water oonsumption 
has been quantified through a pilot area survey. (See Methodology 
Memoranda No. 1 and 2). 

Pilot Area Survey
 

The pilot area, about 1.4 hectares, is located in the northwest
ern portion of the poblacion. It has 52 households or a total
 
population of 332, with an average of 6.4 persons per household.
 
Interviews show the following: 29 households are registered conces
sionaires; 20 households are "borrowers" from registered concession
aires; and 3 households have illegal connections to the water system.

These data have been used to derive the number of users of the
 
CAL-WID water supply. 

Population Served 

The pilot area survey indicates that consumers of the CAL-WD
 
water supply can be classified into primary users and secondary users
 
(borrowers). The total of 1,098 registered connections in the present
 
service area, plus an estimated 114 illegal connections, represents
 
the number of households who are primary users. Based on the survey
 
results, total borrowers from the CAL44D system include about 743
 
households and those with illegal connections, 114 households. Apply
ing the pilot area average of 6.4 persons per household to the CAL-WD, 
total consumers of the CAI4AD water supply are estimated to be 12,512, 
of which 7,027 are registered users; 4,755 secondary users; and 730 
consumers with illegal connections. 

Unit Consumption
 

The unit water consumption has been determined on the basis of
 
pilot area survey results. The estimated daily consumption of each
 
household and the number of persons per household, as given in the
 
survey, have been used to estimate the unit consumption*
 

The unit consumption is estimated to be 56 ipod for primary
 
users and 23 lpcd for secondary users. The available data are
 
not sufficient to estimate domestic and commeroial consumption
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separalely, At present, the CAL-IWD does not serve any institu

tional 	or indiistrial establishment. 

ACCOint ed-for-Water 

Accounted-for-4. ter i.1 ordinarily revenupl-producing waterfor- the water district. Acc-ountod-for-water, however, in theCAL-WD is asumed to be the volume of water consumed by primary
and secondary uier , Revenue-poducirjg water cannot be determined because the CA'i-WD has no water meters nor an established
amounrt 	 of water presimied paid for with flat rateo3, 

The total production of 90,720 cum/mo has beem obtained fromthe measured flows at the pump stations in November 1976. Fromthe pilot area data, accounted-for'-water for the 	CAI,-WD has beenestimated to be 16,i12 	oum/mo or 18 percent of total production. 

ncc -t ed-for-Water 

Unaccounted-for-water includes leakage, wastage, and other
uses, including wastage and consumption at illegal connections.

The total estimated vnacounted-for-water is 74,408 cura/mo or 
82 percent of total production. 

W2.0 arAocounabi Iity 

Water aoccuntability in the 	CAL-WD is summarized in Table IV-2.The accounted-for-water is based on the total consumption of primaryand secondary users. It is estimated to be 16,312 Cum/mo or 18 percent of 	total produotion. The unaccounted-for-water includes wastage,

leakaes, other uses, and consumption and wastage at illegal connections,
and represents 82 percent of total production. 

TABLE 	IV-2 
SUMMARY 	 OF WATER ACCOUNTABILITY 

Category Amount 	 of Water Percent of 
(MEroduotion

1. Account ed-for-.wat er 
& Connected 

Borrowers 
households 13,031 

16,312 18% 

2. Unaccount ed-for-water 
a) Leakage, wastage, and other uses Z 82% 

Total 90,720 
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E. ITflRO-SbUTY DATA 

ct..t.ips 'n. to C.: ,., d Tlovember and l)cem.ma .. Luring 
b r o' er'0h -. obtain hycdlrulic infortition 

,n<;, '..,2 ' , .st . i;, dAL-4 . "The major part of the 
I j7.- 3.Vw VeyW co. iuvol.,ad ait _],kel of the 3-kn long trans
miso'On rlain from tic "ukai pump PlAtt:io -to the portion of the line 
near E]i'NT Plow pressure test points were:Ui :ubdt¥:,d[,. and in
stali.ed 'Trn l-] rc ia ,' ine .o d cmnin, the I;ydr.ulic grade line 
and, co 1 ',I,:i -ly2 U,.- cond-it[ion of the pipeline. 

Flow n be[: :'ci;1' 

Tet ioint looJti-;n!; for flow and pressure measurermenta are showno-i . ., ct ta Prc tatr.ai:ed as follows: 

TeZt '.0in Flc -osrta,.L Date of Test 

If-.1 5.3 24 November 1976 
6.3 22 December 1976 

T12 16 17.6 24 November 1976
 

20 21.1 20 December 1976
 

TP-3 - 56.3 20 December 1976 
TP-4 36 65.5 24 November 1976 

45 67.6 19 December 1976 
TP-6 11.5 1.2 18 November 1976 

12-4 1.3 29 November 1976 
TP-7 26 39.4 22 December 1976 

Tho latest fl measurementE indicated an increase in pipe flow 
o P ':..p at TP-2 ant 9 Ips at TP-2-4, and increases in pressure at TP-1, 
'iP-2 ,nd Trv4 of' -, 3.5 and 2.1 meters, respectively, since the old 

r.P was reif10ved. The old pump previously installed at Bukal pump 
station ":as earlier removed and the 103-mm suction pipe plugged, 
ab wat:r waia being wasted t, flow through the old pump into the ori
ginal spring Lox located adjacent to the pump station. 

,IOL and (C-Jalue. 

The lhydriolic ,rc7de line as plotted in Figure IV-E-1 indicates 
that Lhe 20r-rm transinission pipe is in fair condition (an estimated 
C-value of approximately 90). Comrputation results obtained likewise 
indicate C-values of 65 and 70 for the 150-mm pipeline.
 

A portion of the HGL has been assumed (shown as a dashed line) 
due to failure to actually locate the junction of the 200-mm and 
150-mir. pipes; although it has been assumed to be about 200 m upstream 
of TP-7o
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The 150-cm Crossing well transmission line was also examined
 
and found to lwa, a C-'value of about 110.
 

Failure to determine C-vales of distribution pipes was due to
the occurrenoe of very low pressures thoughout the distribution 
system.
 

..- Hour System Pressure Recordia 

System pressure along the fringes of the system during 
an entire day wac measured. A ?A-hour automatic pressure recorder 
installed at TP-6 "near the Crossing well) shows a pressure varia
tion of 0-2.2 meters (Figure IV-Z.-2), while that installed at

TP-1 near Elazequi Subdivision indicates a pressure variation of
 
0-6.1 meters (Figure IV--E-3). 

Crossing Pump Station 

The statio water level of the Crossing well, as measured on29 November 1976 at 4:10 a.m., was 13.6 meters. The pumping water
 
level exceeded 27 meters 3 minutes after the pump was started.
 
System pressure was 1.76 meters, but at times dropped to 
1.27 meters.
Entrained air was noted at this discharge pressure head but ceased 
when the discharge pressure was throttled to 14.1 meters.
 

A pump test was conducted between 12:15 and 12:35 p.m. (see
Figure IV-E_4 for the H-Q curve). The pump usually operates at very
low discharge pressure. During average consumption periods the pump
discharges (as indicated by the operating point on the curve) about 
20.5 lpa at 1.76-meter discharge head. 

Bukal ump Station 

Flow test taken on 1 December 1976 indicated a flow of 22 ips
at 72 meters TDH (suotion head of 4 meters and discharge head of67.5 meters). An attempt was made to teit the pump but failed as
the pressure gauge at the pump discharge pipe was malfunotioningo
Moreover, the pump automatically shuts off when high pressures are 
induced by throttling. 

IV-9
 



". ~~M,:] lTER STUDIES 

The purpose of conducting studies on the existing distri
bution system is to model to the greatest extent practicable, 
the hy draulic coKitieons of the system observed in the field. 
The iipact of fuuire improvements on the system can be more ao
curately determined after a model of the existing distribution 
system has been niade. 

The hv,,dr:.aiuic field survey on the distribution system indi
cates that tho pressure is generally very low and even zero in 
some parts of the served area. The only meaningful data that 
could be obtained are mostly pressure re:ddings and flow measure
ments aloni main. F; mesurements thethe rsmission Plow on 

distribution system could not be made, simply because flow is
 
negligible. The existing system could not be modelled with the
 
available field data, and, therefore, computer studies on the
 
existing system could not be made. 

Field studies on the transmission main indicate that certain 
sections of the pipeline have seriously deteriorated. The computer 
model could not be checked using the field data on the existing
main, because the main does not act as a continuous conduit. The 
C-values obtained in the field have been utilized where possible.
 

G, DEFICflnCIES OF THE EXISTEIG SYSTEM 

The existing CAL-WD water supply facilities are inadequate.
Majority of the consumers receive water only a few hours daily
and the easternmost portion of the poblacion has water at all.no 

This condition has forced the consumers to install hand/electric
 
pumps on their service lines to draw water. The CAL-WD has no
 
existing policy on installing hand pumps.
 

The transmission line from Bukal Spring is inadequate to
 
meet the present demand. Leakage has been verified in the trans
mission line from Bukal Spring to the distribution system. The
 
reservoir is not fully utilized; it is mainly used for off-line
 
storage and priming the Bukal pump.
 

The 2 holes, about .09 sqm each, near the bottom of the Bukal
 
intake box, require repair. The Bukal Spring area is widely used
 
for bathing and washing, exposing this source to contamination. 
Disinfection of the water supply is irregularly done. 
Bacterio
logical examination of samples shows contamination of the water.
 
Contamination of the distribution and transmission systems from
 
polluted drains and surface water is likely to occur due to leaks
 
and negative pressures in the transmission and distribution pipe
lines when the pumps are turned off. 
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Mopi dieutribution pipes have been in place :ca 5Orycarn, 
All vlvi. inits distriuth: ion systemo- a.re O-ither malfunotioning 
or are cov..- L- rreet p:ve: t. Fire y.dran.t. av'e xicrt m .t-alund., I.[%wa-.ter distriot du.es: no't monit~or ons.umption, u't WE 

22 publiic for.. wetag fe''or .m x:,.. ibo MetW sumed to be
 
high,, 

"'~t51 ULM~ v~c a portion of a vented1 b'uildi,
neaLr the im.niicipa)l buildi.g. Ofi'ice OT.Iipe ; fl.¢oilities and 
tools are- lackir, It has no vehicle or shop for maintenance and 
repm ir purpces. There ar. no e:.isti:- alrawin~go of the system. 
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CHAFTR V FEASIBILITY STUDY CRITERIA 

A. GENERAL 

The planning, design, economic, and financial criteria used in
 
the water supply feasibility studies have been derived from studies
 
of local conditions, accepted practices, standards and methnde de
veloped in the First Ten Provinoial Urban Areas Teasibility Studies.
 
These criteria, together with the developed basis of cost estimates,
 
have been utilized to evaluate and compare the various alternatives
 
identified in the eourse of the study.
 

In the analysis and evaluation of alternatives, feasibility
 
study criteria need not be as refined as those used in the detailed
 
development of the i-ecotmmended scheme. Consistency is, however,
 
essential. As long as each alternative to be analyzed is judged by
 
similar criteria (or rules),evaluaticnof alternatives will be
 
accomplished in a fair and consistent manner.
 

Be PLANING CRITERIA
 

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

1. 	 Areawide Aproach: Planning of facilities has been done 
on a regional or areawide bao~s, taking into account the 
present district service boundaries and the logical long
term service areas beyond present district or political 
boundaries. 

2. 	Source of Waters Groundwater and surface water have been
 
given equal consideration as potential sources of water.
 
However, based on the first 10 feasibility studies,
 
groundwater derived from wells, when available, is
 
expected generally to be more economical than Gonven
tionally treated surface water.
 

3. 	Self-Sufficiency: The recommended plan has been developed 
to provide the highest quality of water service within the 
"ability-to-pay" of the consumers. 

4. 	 Conservation: In the selection among alternative plans, 
water, power, chemicals and foreign exchange are considered 
valuable resources which must be conserved to the greatest 
extent possible.
 

5. 	 Stage Development: The recommended long-range construction 
program has been divided into several stages, each of which
 
satisfies the projected requirements for a specific design
 
year:
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Construction Started Target 
StaWte b0Calda Ie&tr Rae Year 

Immediate Improvement 1978 1980 
Phase I-A 1980 1985
 
Phase I-B 1986 1990
 
Phase II-A 1991 1995
 
Phase II-B 1996 2000
 

6. Alternative plan Scree ing and Seleotion% From an array 
of identified plan alternatives, the reoommended plan has 
been seleoted on the basis of least (present worth) cost 
and other non-eoonomio parameters. The selected plan has 
been tested for eoonomi/finanoial feasibility. 

7. Skille4 Manower Sho tae: The recommznded plan has re
cognized, in the short term, the apparent shortage in 
skilled, technical and managerial expertise. Emphasis
 
has been given to the need for distriot personnel training 
and certification. 

8. Water Wlity: The feasibility study has identified pre
sent and future water quality problems and includes re
commendations for providing a water supply that is safe, 
healthful and wholesome.
 

9. Sooal Soundne.s: The successful oompletton of any pro
ject must take into account the social acceptability of
 
its recommended programs (Appendix S, Volume II). 

C. DESIGN CRITERIA 

The basis of design for these feasibility studies inpresented 
in detail in Appendix F, Volume IIof this Report. The design ori-. 
tera are basiolky similar to those utilized in the First Ten 
Provincial Urban Areas Feasibility Studies. Minor improvements/ 
modificationa have been made as indicated in the Methodology Memo
randa included in Volume I of this report* 

Water Accountability
 

As much as possible, water accountability has been determined 
through field testing and measurement procedures, augmented 1W data 
gathered in the pilot area study surveys (see Methodology Memoranda 
No. 1 and 2). Where field data were not available and the pilot 
area study survey results were not conclusive, the weighted average
of the water accountability results of the First Ten Provincial 
Areas was used (see Figure V-i). 
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The breakdown of the water accountability is as followsa 

Percent of Water Production 

Metered Billing 
Flat-Rate Billing 
Underestima&. ' Flat-Rate 
Wastage 
Leakage 
Others .. 

Use 

14.5 
16.8 
10.2 
27,1 
24.5 

100.0 

Water Demand Grouping 

A procedure has been developed to classify communities in the 
Philippines into one of 5 groups for purposes of water demand pro
jections. Available data on population, population growth, housing, 
income and other economic and technical parameters are used in the 
classification, with a system of weighting (see Methodology Memorandum 
No. 3). In general, the water demand requirements per capita through
 
the period 1980-2000 are as follows:
 

Group 1 261 - 273 lpcd 
Group 2 220 - 230 lpcd 
Group 3 193 - 199 lped 
GrouP 4 174 - 181 lpcd 
Group 5 157 - 165 lpcd 

The above values include domestic water needs; allowances for nominal
 
onmmeroial, industrial and institutional use; and a decreasing per
centage of unaccounted-for-water in time.
 

For the analysis of existing oonditions, aotual metered (or
 
connected) customers and "borrowers" are considered separately
 
(see Methodolo, Memorandum No. 2). However, for short- and long
range planning, it has been assumed that "borrowers" would even
tually become metered consumers. Per capita domestic use has been
 
increased each year to account for economic growth within the com
munity. Institutional and commercial water demands have been esti
mated as a percentage of domes-io demand (see Methodoij.gy Memorandum
 
Noe 3). 

Demand Variation 

Maximum daily and peak hourly demands have been estimated from
 
field data and available records. For the basic analysis of the
 
water supply facilities, the following ratios have been used:
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maximum-day to average-day ratio - 1.211 

peak-hour to average-day ratio W 1.5:1 - 1.75:1 

D. ECONOMIC AND FINANCIAL CRITERIA 

Discount Rate 

The opportunity cost of capital or discount rate used in this 
feasibility study is 12 percent. The discount rate has been used 
for economic screening of the technically viable alternatives (see 
Chapter IX, Methodolojy Manual on Water Supply Feasibility Studies, 
Volume I). 

Inflation Trends 

The national eoonoqw of the Philippines is discussed in 
Appendix E, Volume !I. 

Projections made in this feasibility study assume a general 
cost escalation rate of 10 percent for the period 1978 through 1980; 
8 percent for the period 1981-1985; and 6 percent thereafter. The 
cost of maintenance and operation is assumed to escalate at 8 per
cent per annum. 

Economic Justification 

The economic feasibility of this water supply project is based 
on 2 parameters: benefit-cost ratio (B/C) and the internal eoonomis 
rate of return (IERR). These parameters are disoussed in Chapter n. 

Fiiancial Criteria 

The financial justification of this project is based on the 
district customers' ability-to-pay, a financial feasibility analysis 
(see Chapters XX and XXI, Methodology Manual) and a suggested so
cialized pricing scheme, based on increasing unit cost of water with 
increasing consumption (eee Chapter X). 

E. BASIS OF COST ESTIMATES 

Construction cost curves have been developed for izwlaoe costs 
of pipelines, deep wells; water treatment plantse pump stational and 
storage reservoirs. These cost curves have been used for estimating 
the relative cost magnitudes of alternative water supply plans. 
Escalation factors used in calculating the capital cost of rooommended 
improvements in July 1978 prioes, as well as the above unit oosts, 
are presented in Appendix G, Volume II. 
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F. IMPME L'AO1 3CHEDULk; 

For purposes of feasibility study and economio/financial analyses, 
an implementation schedule has been aseumed. Figure V-2 shows the 
probable time-table which covers the planning, designs and implementa
tion of Phase I-As It is assumed in these feasibility studies that 
the recommended Immediate Improvement Program (see Interim Report, 
February, 1977) is to be fully implemented by the LWUA Interim
 
Demonstration Program by 1980.
 

PHASE I-A PROJECT SCHEDULE 

Final Reprt Submission September 1977 
Seleot Final Design Engineer September 1978 
Start Final Design October 1978 
Complete Final Design September 1979 
Start Construction January 1980 
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7. 	 CONSTRUCTION OF- PHASE I-A TARGET YEARm im m 

a. 	 SOURCE DEVELOPMENT 

b. 	 DISTRIBUTION FACILITIES 

c. 	 INTERNAL NETWORK m - m 

iV 	 PHASE I-A ASSUMES THE FULL IMPLEMENTATION
 
OF THE IMMEDIATE IMPROVEMENT PROGRAM 
 FIGURE -2 

PROJECT IMPLEMENTATION 
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CHAPTER VI POPULATION AND WATER DEMAND PROJECTIONS 

A. GENERAL 

A necessary step in developing the preliminary design of a water
 
system is the projection of future population and water demand for the 
delineated service areas. These projections significantly affect faci
lity layouts iuid sizes, construction staging and cost of the project. 
This chapter develops these projections for the CAL-WD. 

B. POPULATION PROJECTIONS 

Past population trends, the physical limits of the urban areas and 
current and proposed industrial establishments have been considered in 
the population projections for the municipality of Calamba. 

The gro-th of the population of Calamba from 1948 to 1975 shows 
decreasing rates from 3.87 to 3.33 percent, The following table gives 
the populations and the corresponding growth rates of Calamba, and the 
national growth rates from 1948 to 1975. 

Calamba National 
Year Population Annual Growth (%) Growth (%) 

1948 36,586
 
1960 57,715 3.87 (1948-1960) 3.1 
1970 82,714 3.66 (1960-1970) 3.0 
1975 97,432 3.33 (1970-1975) 2.66 

The growth rates of Calamba were gonerally higher than those of 
the Philippines during the period 1948-1970. The population growth in 
Calamba during the period 1960-70 may be attributed to the establlshment 
in Calamba of the Canlubang Sugar Estate which generated employment 
opportunities during the 1960'S. L number of services and small shop@ 
were set up during the period t attracting migrants to Calawbao 

During the period 1970-75, there was a decrease in Calamba's growth 
rate. The foremost reason is the limited additional employment generated 
)rj the Canlubang Sugar Estate. My this time employment opportunities 
offered by the biggest business establishmentsin Calamba had declined. 
The residents began to be attracted to the greater job prospects outside 
their municipality. In line with the new government program for dis
persal of industries outside Metropolitan Manila, new industries were 
rapidly developed inprovinces and mnioipalities inSouthern Luzon,
 
causing migration away from Calamba.
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In the early part -f 1975, several bus1iowa firms,nmainly texrile 
and 	manufacturing, were established in Calamba. Further industrial 
expansion is anticipated in the area. This is expected to increase 
the 	growth rate for 1975-1980. Other factors that will affect the 
future growth of Calamhb ares 

1. The development of subdivisions in the poblacion and out
lying areas as a rerult of the projected expansion of the 
Laguna de Beq egional area nouthof Manila; 

2. 	 The development of more hotepring resorts in Barrio Pansol 
to acooomodate the growing number of local and foreign 
tourists in the area. 

On the basis of field inspection and discussions with the water 
district and local offioials, Figure VI-1 has been developed to show 
the present, 1980, 1990 and year 2000 service areas of the CAL-WDo 
Ey 2000, CAL-WD is expected to serve the poblaoion and 17 barrios 
which are listed in Table VI-1. 

The population projections have been made by applying annual 
growth rates for the poblaoion and barrios in the service area. The 
estimates of growth rates are based on field observations, discus
sions with the water district and local officials, the ratio method 
of population projection and the 1MEDA/POPCOM projections of medium 
assumption. The ratio method of population projection is introduced 
in barrios whose growth potential is assumed similar to that of the 
province. Henoo the population of a particular barrio is projected
 
by taking the ratio of the population of the barrio to that of pro
vinoe and comparing their growth rates. Slightly higher growth rates
 
are anticipated in barrios where business establishments are currently
 
being constructed and where housing subdivisions are expected to be 
developed. 

The projected populations are shown in Table VI-1 and summarised 
as follows: 

Population Average 
in Servioe Density in 

Total 1/ Service Area Servioe Area 
Year PouainlGot Rte Area -(h& (versoria 

1975 (Present) 60,618 	 24,870 170 146 
1980 (Immediate) 70,868 3.17 (1975-1980 36,620 272 123 
1990 94,680 2.94 (1980-1990 64,460 499 129 
2000 122,932 2.65 (1990-2000 100,070 826 121 

/Poblaoion and other barrio.
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TABLE VI-1 

SERVICE AREA POPULATION PROJECTIONS 

CALAMBA WATER DISTRICT 

Present Service Area 1980 Service Area 1990 Service Area 2000 Service Area 
Population Service Density Population Service Density Population Service Density Population Service Density 

Popgaation in Servie Area in Persons in Service Area in Persons in Service Area in Service in Service Area in Service 
-1975 Area. (ha) Per Hectare Area (ha) Per Hectare Area (ha) Area Area (ha) Area 

Poblacion 18,728 14,047 65.5 214 18,454 78 237 25,755 83.1 310 36,631 91.7 399 
San Juan 2,477 1,983 22.6 88 2,241 22.6 99 3,166 22.6 140 4,287 22.6 190 
San Jose 2,134 1,495 7.4 202 1,731 15.6 111 2,610 26.9 47 3,757 39.0 96 
Linga 2,886 1,733 9.0 193 2,510 15.2 165 3,427 24.2 142 4,177 34.3 122 
Lecheria 2,365 1,184 21.5 55 2,108 29.3 72 2,695 42.9 63 3,551 50.7 70 
Palingon 
Halang 

2,621 
957 

1,575 
191 

6.6 
2.0 

239 
96 

1,778 
455 

9.0 
5-9 

196 
77 

2,581 
857 

10.5 
14.4 

246 
'60 

3,145 
1,674 

10.5 
24.6 

300 
68 

Bucal 2,702. 1,082 7.8 139 1,765 14.8 119 3,079 35.9 86 4,591 66.3 69 
Pansol 2,509 503 7.8 65 1,192 17.4 69 2,450 42.3 58 4,115 66.6 62 
Real 4,312 1,079 20.3 53 2,048 46.4 44 4,562 111.9 41 7,544 167.7 45 
Parian 3,582 - - - 2,340 18.2 129 4,200 42.9 98 6,450 95.6 67 
.Mayapa 5,947 - - - - 5,808 22,.4 248 9,104 48.8 187 
P. Rizal 2,100 -... 2,051 3.9 526 3,214 if.6 206 
Sampiruhan 1,589 - .. ... 1,214 14.4 84 1,865 29.3 64 
Loo 2,887 - - - - 2,824 21.8 130 
Sucol 1,335 - 1,175 15.6 75 
San Cristobal 1,099 -....... 1,441 13.3 106 

arinzd 388 ..- - 524 11.7 45 

Total 60,618 24,872 170.5 146 36,622 272.4 1,234 64,455 499.3 129 100,069 825.7 121 
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The analysis shows that the population in the service area (see

Figure VI-2) will increase from 24,870 in 1975 to 100,070 in year 2000.

Densities in the service area will average between 121 and 146 persons
 
per hectare. The total population of the poblaoion and the outlying
 
areas will increase from 60,618 in 1975 to about 122,932 in year 2000.
 
It is projected that the overall annual growth rates in this area will
 
decrease from 3.17 percent in 1975-1980 to 2o65 percent in 1990-2000 
primarily due to the saturation of the area, decreasing employment
opportunities and the increasing acceptance of family planning. 

C. PROJECTIONS FOR SERVED POPULATION 

The present served population in the CAL-WD has been projected 
to increase more than 10 times up to year 2000. The increase will 
be a result of (a) the p'esent large unsatisfied demand for piped
water; (b) the oampaig.i of the CAL-WD to connect as maxy customers 
as possible; and (c) the increase in population as well as in the
 
service area coverage of the CAL-WD. 

The served population projections for the CAL-WD are listed in 
Table VI-2 and are summarized as follows: 

Population 

Year 
Projected 

Served Popula ion 
in 

Service Area 
Percent 
Served 

1975 (Present) 
1980 (Immediate) 

6,708 
11,532 

24,872 
36,622 

27 
31 

1990 37,220 64,455 58 
2000 71,903 100,069 72 

The served population which was 27 percent of the total service 
area population in 1975 is projected to be 31 percent in 1980,58 percent
in 1990, and 72 percent in 2000. Hence, the served population will 
increase from 6,708 in 1975 to 71,903 in 2000, or a nearly eleven-fold 
increase in 25 years (see Figure VI-2). 

The projected increases in served population are 4,824 from 1975 
to 1980; 25,688 from 1980 to 1990; and 34,683 from 1990 to 2000 The 
projected increases are concentrated in the present service area, the
served population of which would comprise 73 percent of the total serve
population in 2000. The 2000 served population in the barrios outside 
the present service area represents the remaining 27 percent. 

A year-by-year tabulation of the projected served population from 
1978 to 2000 is given in Table VI-3. 
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TABLE 7I-2 

SFAERD Pi-ETY-L AT PROJECTIO0 M
 

CALADBA WATER DISTRICT
 

Present Service 1990 2000 
Service Area Service Service


J_. Area Area Area Rem-rka2J 

1. Poblacion 14,047 18,454 25,755 365631 
Connected Population 5,322 6,468 17,497 30,541 
Number of Connections 871 1,078 3,043 5,553 
Percent Connected 38 35 68 83 

2, San Juan 1,983 21241 3,166 4,287 
Connected Population 
Number of Connections 

18 
3 

390 
65 

1,213 
211 

2,635 
479 

Percent Connected 1 17 38 61 

3. San Jose 1,495 1,731 2,610 3,757 
Connected Population 
Number of Connections 

104 
17 

450 
75 

1,662 
289 

2,360 
429 

1 
0 

Percent Connected 7 26 64 63 

4. Linga 
Connected Population 
Number of Connections 
Percent Connected 

1,733 
-
-
-

2,510 
600 
100 
24 

3,427 
1,823 

317 
53 

4,177 
3,278 

596 
78 

; 
0 

O 

5. Leoheria 
Connected Population 
Number of Connections 

1,184 
391 
64 

2,108 
720 
120 

2,695 
1,990 
346 

3;551 
3,432 

624 , tC o 

Percent Connected 33 34 74 97 Z o 

6. Palingon 
Connected Population 
Number of Connectionn 

1,575 
-
-

1,778 
450 

75 

2,581 
1,817 

316 

3,145
2,816 

512 

, U 

CM 
Percent Connected - 25 70 90 

7. Halang 
Connected Population 
Number of Connections 
Percent Connected 

191 
79 
13 
42 

455 
198 
33 
44 

857 
460 
80 
54 

1,674 
1,045 

190 
62 

8. Bucal 1,082 1,765 3,079 4,591 
Connected Population 
Number of Connections 

525 
86 

720 
120 

1,880 
327 

3,020 
549 

Percent Connected 49 41 61 66 

?/The number of persons per connection, as derived from ie pilot area 
survey, is 6.40. Because the pilot area is located within the poblacion, 
and allowances were not made for variation in household population from 
barrio to barrio, the average number of persons per household in 1976 was
 
derived from the National Census Statistics for 1970.
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TABI VI-2 (Continued) 

l:mesciiate 

Present Service 1990 2000 
Service Area Service Service 
Area _ oL _ Remarks 

9. Panool 503 1,192 2,450 4,115 
Conmected Population 104 432 1,265 2,624 
Number of Connections 17 72 220 477 
Percent Connectod 21 36 52 64 

10. Real 1,079 2,048 4,562 7,544 
Connected Population 165 336 1,564 2,574 
Number of Coruections 27 56 272 468 
Percent Connected 15 16 34 34 

11. Parian - 2,340 4,200 6,450 
Connected Population - 768 2,064 3,240 
Number of Connections - 128 359 589 
Percent Connected - 33 49 50 

12. Mayapa - - 5,808 9,104 9 
Connected Population - - 2,426 6,666 0 
Number of Connections - 422 1,212 4 

Percent Connected - - 42 73 

13. P. Rizal - - 2,051 3,214 8 
Connected Population - - 1,024 2,486 
Number of Connections - - 178 452 
Percent Connected - - 50 77 

14. Sampiruhan 
Connected Population 

-
-

-
-

1,214 
535 

1,865 
1,138 : -" f 

Number of Connections - - 93 207 " *""U 

Percent Connected - - 44 61 n 5 0 1 

15. Looc - - 2,824 a 
Connected Population - - - 1,903 Mo-CIo 
Number of Coneotions - - 346 
Percent Connected - - - 67 

16. Sucol - - - 1,175 
Connected Population - - - 638 
Number of Connections - - 116 
Percent Connected - - - 54 

17. San Cristobal - - 1,441 
Connected Population - 1,133 
Number of Connections .- - - 206 
Percent Connected - - - 79 

18 Prinza - - - 524 
Connected Population - - - 374 
Number of Connections - - - 68 
Percent Connected - - 71 

Total Number of Connections 1,098 1,922 6,473 13,073 
Total Population Connected 6,708 11,532 37,220 71,903 
Total Population 24,872 36,622 64,455 100,069 
Served Population 27% .31% 58% 72% 
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TABLE VI-3
 

YEAR BY YEAR SERVED POPULATION AND WATER DEVAND PROJECTIONS
 

Served Average-Dq Mazimum-Day Peak-Hour 
Year Population Demand, .od. Demand, ouad Demand, cud 

1978 
1979 

8,037 
9,627 

1,718 
2,134 

2,062 
2,561 

3,007 
3,735 

1980 
1981 

11,532 
12,960 

2,650 
2,970 

3,180 
3,560 

4,640 
5.200 

1982 14,580 3,320 4,000 5,810 
1983 16,390 3,720 4,460 6,510 
1984 
1985 

18,420 
20,720 

4,160 
4,660 

5,000 
5,590 

7,290 
8,160 

1986 23,290 5,220 6,260 9,130 
1987 
1988 

26,180 
29,440 

5,840 
6,540 

7,010 
7,840 

10,220 
11,440 

1 89 33,100 7,320 8,780 12,800 
1990 37,220 8,190 9,830 14,330 
1991 39,730 8,770 10,520 15,349 
1992 42,460 9,380 11,260 16,420 
1993 45,350 10,050 12,050 17,580 
1994 
1995 

48,440 
51,730 

10,750 
11,510 

12,900 
13,810 

18,820 
20,140 

1996 
1997 

55,250 
59,010 

12,320 
13,190 

14,780 
15,830 

21,560 
23,080 

1998 63,030 14,120 16,940 24,710 
1999 67,320 15,110 18,140 26,450 
2000 71,903 16,180 19,420 28,320 
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D. WATER DEMAND PROJBCTIONS 

The water demand of the CAL-WD is projected to increase signifi
cantly as a result of continued growth in served population*
 

Per capita domestic water use, oomeroial/indusrial/institu
tional use, as well as unaocounted-for-water (expre,,sed as percent of 
production), have been estimated for the years 1980, 1990 and 2000 
for the service area. Based on analyses (see Methodology Memorandum 
No. 3) CAL-WD has been olassified under Group II, which has the follow
irg water use parametersi 

1980 1990 2000
 

Domestic use, Ipcd 120 135 150
 
Oommercial/±ndustrial/institutional,
 

Ipod 18 23 30
 
Aooounted-for-water, ipod 138 158 180
 
% Unacoounted-for-water 40 28 20
 
UnaOOounted-for-waterg lpod 2 62 !Q 

Total Water Demand, ipod 230 220 225
 

The unaccounted-for-water forCAL-WD is estimated to decrease from 
87 percent of the total water production in 1975 to 20 percent in 2000 
mainly because of the extensive metering and leakage survey programme 

Using the above water demand parameters and the projected served 
populations, the water demands for the design years 1980, 1990 and 
2000 are as follows (see Table VI-3 and Figure VI-3)1 

199M0 2000 

Water demand, Ipod 230 220 225
 
Served population 11,532 37,220 71,903
 
Average daily wter demnd, atmd 2,650 8,190 16,180
 
Maximun-day water demand], umd 3,180 9,830 19,420
 
Peak-hour water de a-, ouaid 4,640 14,330 28,320
 

YBased on 12 times average daily water demand.
 

YBased on 1.75 tinjes average daily water demand.
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CHAPTER VII WATER RESOURCES 

A. GEIMAL 

The Calamba Water District currently cbtains most of its 
water from Bukal Spring to the south and the remainder of its
 
water froin one well. 'rhe possible sources of water for further
 
municipal oupply are springs, wello, and surface water from La
guna de Bay or the Arangilan (San Cristobal) River. 

B. GROUNDWATER RESOURCES 

Calamba is located on a narrow, shoreline plain at the south
west corner of Laguna de Bay. The land to the west slopes gently

upwards 
 to the heights of Tagaytay Ridge about 20 km distant. A
foothill of Mount Makiling, about 3 km south of the poblaoion, is 
the site of Bukal Spring which is capable of supplying all of 
Calamba's needs beyond the year 2000. Wells are also probably

capable of satisfying the year 2000 requirements.
 

Geoloxy
 

The stratigraphy of the Calamba area is dominated by young
voloanio and volcanio-derived rocks. Dominating the landscape
south of CalambL is the peak of the Mount Makiling complex with a 
core of andesitic lava. The foothills toward Calamba are largely
composed of fractured volcanic ash beds (tuff). The sediments 
underlying both the plain on which Calamba sits and the sloping
land to the west are also volcanic or derived from volcanic source 
rocks. These sediments are described in the available local well 
logs as adobes (tuffs or volcanic pyroclastios), rooks (volcanic
 
flows?), clays and sands (probably voloanio-derived).
 

Springs 

Springs occur whenever an aquifer is intersected ty the land
 
surface or whenever a natural conduit extends to the land surface
 
from an aquifer with enough hydraulic head to force the water out. 
Springs are common in areas of high water table, either from a 
fully saturated section "perched" a result of anor as underlying
impervious bed, where erosion incises the land surface. Thus, they
tend to occur in gulleys or odmyons and at the foot of steep slopes.
 

In the Philippines, large springs are commonly found in areas
 
of volcanic mountains for several reasons. 
The high mountains tend 
to cause higher than average rainfall on their upper slopes and 
flanks, the volcanic rocks are frequently very porous and permeable
(intrinsic and fracture porosity)t and consequently infiltration 
rates are high. Ahe high infiltration rates result in the voloanlo 
aquifers being saturated to a high elevation which, in combination 
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with the .trge topogiaphic relief of the volcanic mountain areas, 
causes 
springs and seeps where the lanid surface intersects the

aquifer. The high permeability of some of the volcanic aquifer
 
zones and the prevalence of fractnres and other natural conduits
 
in the volcanics lead to many of' these springs producing large
 
flows.
 

There are numerous springs of this type in the Calamba area. 
A large spring exists at Barrio Matangtubig, about 12 km west of
 
Calamba poblacion, that supplies water to Santa Rosa and Cabuyao

municipalities as well as to Canlubang Estate. Although this spring

is high enough to supply Calamba by gravity flow, it is so far from
 
the CAL-WD that it is not economically competitive with closer sour
ces. 
 Also, other users have prior rights.
 

bukal Spring is a very large spring at the southern edge of CAL-WD
and is the current major source for the water district. 

Tigbe Spring is located about 7 km south of Calamba poblacion,

high on the flank of Mount Makiling. Its estimated flow is about
 
1,900 curd and it once supplied water to Calamba by gravity flow
 
through a small pipeline. At present, its sole use is for the drink
ing water supply of Villa Pansol Resort.
 

Alligator Lake is an unusual lake, circular in plan and enclosed

in a raised rim of volcanic rock and clay, that is about 
2 km west 
of Los Bafios. The rim extends into Laguna de Bay and is surrounded 
by La,,una de Bay on three sides. 
The landward side (south) is adjacent to a low-lying area and the lake rim obviously was once entire
ly surrounded by Laguna. Alligator Lake almost certainly occupies

an extinct volcanic crater that is part of the Mount Makiling com
plex. The lake water 
level is somewhat higher in elevation than the

level of Laguna de Bay, and Alligator Lake probably is fed 1W internal

springs deriving water from the mountain mass to the south. 

There are numerous hot springs in the area as well as the cold
springs previously discussed. Hot springs usually result from the 
same general physical features as cold springs, except that some 
place between the recharge area and the spring opening the water 
passes through zone rocks and becomes Ina of hot heated. some eases,
the water is forced to great depths below the spring outlet before it
reaches the water passages that conduct it back up to the spring out
let. In the Philippines, the source of heat is usually volcanic. 

Such hot springs are very common between Mount Makiling andLaguna de Bay. There are numerous resorts in and around Pansol (4 km
south of Calamba poblacion) that are based on swimminC pools fed by
hot springs emerging from volcanic rocks. The previously mentioned 
Villa Pansol Resort is one such resort. Other hot springs emerge

in the swamps between the mountain and Laguna de Bay. 
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_i 
 T1e spring is ihe best of 'he large spring

for GAL-WD 8 Ipplyi
T .bowt "bo- fXrm the oen-o.it of the poblacionalong, a route that .Lo'jdfs tomo.rs fo the wate aervice Figure 
VII-I shows the .ocaJ',.,n of Bth.al S wing. 

ilukal Sprin. ir it'uated at "-< fooL of the oteep northern slope
of' iount Di,iang, . b;ndar, pea-k u- the Mouit Mal Thecomplex.

sprinig oonies I'ro-j f a A, o v'i 
 ', e'h (ti''f wI ere tio ir a oure aprovide the water cha r:,1ls to oolectq the water and deliver it to the
outlet. The ia oq. about 10-11 etj.' adinih..]l-v-tion altitde 

the wnate:r nut .. pucJ. into the ,.HD.syz em,
 

.. pumphc: : -n ton -et. :;ideh.e i=. .cate( of the highway and
 
the cld abL-ndoucd flri-g inta.e etuc.ure 
 i; otoo d near the back

of th. pumphousc againm, the 
 :.'ace o.f" the hi.. Thiiew intake box
is aorois the r(.:Ad, at h lower ,hev-43-n. h intake site
ve box js

built against the hli.gh.:.y emb',nkiment at the edge of the pond formed
 
by surplus spring flow trapped betw.:en the road embankment and the

nearby railroad ebaxikrent., Draina;c 
 water from local rtm-off enters 
this pond throuL a Iarge bo:¢ culvert and several small pipe culverts
in the highway e'Pieznt e_ drainage water flow is usually negligible to small, bAt i, -i possible ccnaiamirnt under existing condi
tions of collecting spring water when the drainage flow is great. 

'The spring flow ocauirs mainly Jnside the intake box but there
 
are a number of' nearby seeps from under the 
highway embanment,.
Currently, the exoeas water in the intake box (most of th
 
spring flow) that is not pumped to the CAL-WD runs out into the pool

through breaches in the lower part of the intake bo:x wall. 
 The pool

discharge runs ,under a iailroad trestle and forms a small F'-vam run
ning into Laguna de Bay, There is n irrigation puwp,, s-t.t.on on 
the strewn a short di,taoe from the spring. 

The spring dischargo has been measured by gaging the flow of the
 
stream disclarging from the pond by current meter treverie across the
 
stream. These measurements represent spring flow in 
 .:seesB of CAL-WD
 
extractions because drainage inflow was negligh'le at times of flow
 
measuroment. 
 To thiE; figure, the estimated extractions pumped from 
the spring intake structure were added to provide the total spring 
flows tabulated below:
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Date of Flow Total. Bical
Neasrenen S Flow 

14. Oct 1976 126,000 curd
 
11 Nov 1976 
 121,000 climd
 
5 Jan 197i 99, 000 cMd 

24 Feb 1977 
 119,000 cumd
 
21 Mar 1977 
 118,00 cumd
 
22 Apr 1977 
 96,000 curd
 

With an averar3 1.ow of about 115,000 curd or more, Bukal
Spring prodl: 
 es a yearly flow of about 42 million cum. Other

springs ii the aea probably produon another 10 million per
cur year or more. The entire mountain riass of the Mt. Makiling com
plex is about 80 sqkm of which no iiore than half is an obvious
recharge area for Bukcal Spring znd adjacent sprLngsq, considering
topographic slopes ;n). the dip of the beds on the flanks of themountain mass. However, such a situation would imply infiltration
and groLundwater recharge rates of ;loui 1.3 meters per year which appears to be .much too high even confidering the porous and permeablenature of the volcanic rocks and the high rainfall on the upper slopes
of the mountaii-. It is considered much more likely that infiltration and recharge contributing to Bukal and adjacent springs occur 
over a wider area, perhaps 100 sq!=, including some of the sloping

plain northwest of Mt. Makiling as well as most of the mountain
itself where groundwater flow tend 

mass
 
may toward the low-lying Laguna


eke Bay slhore passing through fractures and other permeable channels
 
across the direction of bedding of 
'be rocks in many places. Eventhis situation requires a.n average are l infiltration and recharge
rate of 0.5 meter per year, which is very high. A much larger re
,!harge area than the postulated 100 sqki seems unlikely.
 

Wells
 

Wells are c' , y used throughout the Calamba area for domestio, industriaL u.l irrigation water supply. Table VII-B--1 lists
pertinent data of a number of such wells, and Figure VII-1 shows

the location of those wells that 
can be conveniently plotted on a
 map. Annex Figures VII-B-1 to VII-.-12 are well logs that illustrate
the geologic section penetrated by the wells. It should be noted
that in the logs of the National Irrigation Administration (NIA) wells,

CDM No. 51 through 58, Annex Figures VII-B-11 and VII-B-12 showing

typical sections. the section is described as consisting of turfs
and volcanio ash beds while in all other well logs the section is described as consisting largely of sandstones (or sands), clays and some

adobe beds. 
It is believed that the rocks described in both cases
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a +e essenztially aimiiar Ud thE dif.-;u+ co is - atter of termi
nology, the NIA ter-minology probably being better. Variatior 
in terminolo~V used by differint drillers or geologists in des
oribing a geolo.ic seution is a c-nntaiut and troublesome problem 
that makes even geniral correlations of geologic sections and con
sequent predictions o£' aquifrer oimurateristics dif'ficult and n
certain. 

Data cn the 42 wells drilled by the Bureau ot i? blic Works (1b) 

in Table VII-B-1 show they generally riage from 100 mm to 150 mm Jn 
nominal diameter,with two smaller and one larger. Well depths range 
from 12 mtors to 163 meters and statio water levels range from 
ground level to 120 meters below ground level with the wells of 
deeper static water levels located on higher laid. 

The productivity of the BPW wells is uniformly poor with a 
few 	exceptions:
 

1. 	 The Crossing well (D14 14o, 1I) is the CAk-WD supply well. 
It has 250-mm casing and is 146.3 meters deep. The ori
ginal specific capaoity of the well was reported by the 
BPW to be 9.81 lps/m in 1962, indioating an excellent well 
capable of large production. Tis reported figure is so 
high that it is suspect, but it is almost certain that the 
well originally was very good. 

2. 	One well (CDM No. 41) had a reported specific capacity 
of 7.83 ips/m in 1955 when it was constructed and four of 
the tabulated BPW wells had specific capacities of ap
proximately 1 ips/m during pump test in the year oom
pleted. 

3. 	 The remaining 29 BPW wells for which pump test data are 
available had an average specific capacity of 0.31 lps/m, 
a poor figure indicating wells capable of yielding only 
small amounts of water.
 

Pump test data are available on four of the 8 deep, larger 
diameter private wells listed. One of these wells i. fairly good
and the others,relatively poor with specific capacities of 2.95P 
0.85, 0.47 and 0.07 ips/m. It is believed that the generally poor 
performance of the BPW and private wells is largely related to poor 
design and construction rather than a uniformly poor aquifer. Such 
a situation is common; many areas underlain by good aquifers support 
only poor wells until good design and construction procedures arc 
followed.
 

The 8 NIL wells for which data are tabulated are located about 
10 km north of Calamba. Six of these, CDM No. 51, 52, 53, 55, 57 

VII--5
 

http:geolo.ic


said 58, are loaated in a :sie about 5 to 8 -If1o-e the Shore of' 
Laguna de Ikly. Fivt o? them have ;xcel].ernt specific capacities 
cf %'bout63 4i.2J!m ai" the sixth hwo a good specific o;.pacity of 
3.7 ips/m, Me other two NIA wCi0 CDM No. 54 and .,6 are lc
cated much nearcr the lakes),iore and hav3 les.er specific capaoi
ties of 3. an6 1 Jps/m The in.-I c:.tit.,i ;f11tat the wells 
closer to the lakeau --re are drilled in a lesi pe rmeable part of 
the ami r CO,",foseu Cf fiiier matui i.,C1 bec;.uce it was depoited 
farther from the vo1ccuiic souroe of the sediments, 

Although the very prod iotive 1JIA wells are lociuted far to 
the north of Calar ba, the similarity of depositional eiivironment, 
the similarity of geologic section (inferred after making allow
ances for differing (eacriptive teriminology), and the high ori
ginal specific capac'ties of wells 0DM No 11 and 41 make it probable 
that tho aquifor in the Calamba area . , equally or almost equally 
goc4i Thes 1 it is eimated that weis in the Calamba area, oare
fully designed and cni.stru.'ted, usixi- good well screen, and drilled 
to 200-meter depth or more, should have specific capacities between 
I and 6 lpa/m iAth the poorer we].ls being closer to the shore of 
Laguna de Bay. An estimate of about 2 ipu/m for specific capacity 
for cost estimation purpose, is suggested as a conservative figure, 
Annex Figiure VII-],13 is a suggested general design for production 
wells in the Calamba area. If wells are constructed by CAL-WD, 
this design could be a guide for the first well but the design 
should be modified for succeeding wells to reflect data derived 
from construction wd test of the first well, The specified screen 
and upper casing are suitable for 30-ips production although a much 
larger pump could be installed. Gravel shrouding is recommended be
cause it is antioipated that water will be produced from numerous 
horizons of varying grain size. Permeable zones should be deter
mined by electric logging. Continuous wire-wound screen is re
commended Ao minimize well losses and make development procedures
 
more effective. Galvanized low-carbon steel is deemed suitable for
 
screens because severe corrosion damage to wells in the Philippines
 
is rare.
 

Recharge to the aquifer or aquifers in the area is believed to
 
be plentiful because of the adequate rainfall and the porous nature
 
of the pyroolastic rocks. Recharge is particularly high in the 
mountainous areas as evidenced by large springs with relatively small 
source areas, and some of this water undoubtedly is transferred in 
the subsurface to the sediments uiderlying Calamba. In the evens 
the piezometric levels in the aquifer should fall below Laguna de Bay 
level, the groandwater flow which is now into the lake will reverse 
and the lake will become an additional source of recharge. Thus, 
there is more thart Gufficient current or potential recharge for all 
wells likely to be hilled in the Calamba area. 
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A mionitor.inlg ~:erto gzathe r and inteipriret urater iuCuxcc 
data is nef;-r:-,xy 1or iroper operation aid planning foi, any water 
diet-rict. In Ca~ah" 1_'.1 D] Spri.ng production and overflow raust be. 
monitored; wol vuodu"tion : a,Ewnldi'.or res'ponse I-) Prao~uction muA 
alno be monito-i3. 

.At opvt,*. ih. , .l.. n ,"lt.:, r . . 

.A "--I .r I .... f ,- -.1T. Spr inti 1 measured by uie 
of a pclu i, cIurr c Jieter in -Y: di chavgo chaunel. It would be 
deeii'Llo to provi-1-:4 piii -iien I i A.....the t chn.n..di: channel, 

perh.ptp under ihe ca..JIrnad crestl-o., with a calibrated staff gage to 
make it convenient to easiure the ov-oeflow. The pumping station at 
the sprinfig ohould ,-2.'o havk,, i'lo,' me-,uuring equipment installed so 
that both flow int- L',.e CAL-VD Fot?;i-cm and spring overflow way be 
routinll measured, Total flow meaourements should be made twice 
mon thly, water Ear'mi 'or bacterial analysis should be collected 
monthly and wuter 1uZ:mpi.es for che.-ical analysis should be collected 
yearly he collec ,d data will give early warning of flow reduc
tion or contamination so thait remedial action can be taken early. 

Each CAL-.WD production well (if any) should have facilities. 
for measuring the total amount of produotion or rate of production, 
times of operation arid water levels. Routine monthly observations 
of static and pumping water levels should be recorded and daily re
cords of pmnping kept. Water samples for bacterial analysis should 
be collected monthly and for ohemical analysis, annually. The data 
from the well monitoring prog-ram will provide better aquifer para
meters, indicate the magnitude of recharge, give early warning to
 
CAL-WD of deterioroticn in water quality or pump performance so ohat 
remedial action can be taken, and indicate any unuforeseen decline 
in regional wTater level so that individual well yields (which affect 
local pumping levels) and design ind location of future wells can be 
adjusted as necessary. For thece purposes, copies of all CAI,-WD
 
well monitoring data should be routinely analyzed by CAL-WD (if it 
has competent staff for such %nalytes) or by some associated agency 
competen-t to i, rfo:rm ouch anlyoo.z,, 

SumMa. of Crou.1huator Resourceo 

bukal Spring is capable of oupplying all of Calamba's water 
requiremen;s past the year 2000 with good quality water requiring 
no treatment exoeyt ohdlorination. It is not high enough that water 
can be de].iverid to the water diiitricrt by gravity flow, but it is 
only 3 km from Calamba roblaoion along a tranamission pipeline that 
will also serve walart district cuotomers enroute. 

Wells can also be developed to supply the year 2000 require
ments of Calamba with water requiring no treatment except ohlori
nation. They would have -the adv'antage of being closer to the pobla
cion and other centecs of major use than Bukal Spring is* but would 
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have the diaac anPaje of requiring maltipie pumping stations with 
their consequent operating costs, mechanical complexity and opera
tional oomplexity.
 

Bukal Spring has the additio.al advantage of being a certain 
source from a knoei, Iocation making plaxriing and iesi n simple and 
required costs definite. 'The exact or even general location of 
wells to supply Calamba is currently uncertain; and va exploration 
progrm would be uecessar to positively identify the sites and 
thus permit detailed planning and design and defining costa. 

C. SUACE UA TYR RD0URCES 

Possible surface watp sources for GAL-WD are Lagna de Bay,
the Arangilan and San Juan Rivers and Alligator Lake. None of these 
sources are remotely economically competitive with springs or wells
 
and so are not considered for altrnative analysis beyond this chap
ter.
 

Calamba is located on the southwest shore of Laguna de Bay, 
and 	the obvious surface water source for Calamba for first consi
deration would be Lasnta de Bay. Although the lake could supply 
all Calamba's water requirements, a number of factors cause water 
from wells or Bukal Spring to be much less costly. 

1. Laguna de Bay is very shallow and the surface water level
 
fluctuates almost 4 meters each year. Consequently a 
-ery long intake pipeline (perhaps 3 or 4 km) would be 
necessary to reach water of reasonable depth at all seasons. 

2. 	The water is frequently very turbid because of wind action 
on the shallows. 

3. 	 There is a large quantity of sewage and industrial and 
agricultural contaminants introduced into Laguna de Bay, 
causing both primary contamination and secondary algal 
growths. 

4. 	A complete water treatment facility would be required to
 
make the lake water fit for CAL-WD use.
 

5. 	 Pumping costs would be as much or greater than pumping 
costs for the Bukal Spring source. 

6. 	 There is a remote possibility that the Calamba area of 
Laguna de Bay could some day be contaminated by saline 
water or some industrial waste that would be difficult 
to remove by normal water treatment method. 
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These factors make it evident that Laguna de Bay is not an economio
ally practical source for CAL-WD as long as spring water or well 
water is readily available. 

The San Juan River flows into Laguna de 13y passing directly 
along the northern odge of Calamba poblacion. The Arangilan (San 
Cristobal) River is about 1 km farther north. There is a stream 
gaging station on the Arangilan River about 4 km northwest of Calam
ba poblaoion. The minimum recorded flow at the gaging station was 
1,470 cinmd in January 1967 and the projected winimum flow for a 10
year return period (Gumbel probability method - 19 years of record) 
is 2,570 oumd. (Methodology Memorandum No. 4 shows the Gumbel pro
bability method of measuring river flow.) The drainage basin of 
the Arangilan River at Calamba poblacion is about 40 percent greater 
than at the gaging station, but even with a 40 percent addition, the 
minimum flow is too small for a reliable source for Calamba in the 

year 2000. The San Juan River is not gaged but the flow is less than 
that of the Arangilan River. Even if the combined flow of the rivers 
could be used to seive CAk-WD, the rivers are subject to contamina
tion and seasonally carry a heavy sediment load. Thus, complete 
water treatment facilities would be required, in addition to intake 
structures, making river water use economically infeasible compared 
to well or spring water. 

Alligator Lake is a 500-meter diameter circular pond in an
 
extinct crater about 5 km from Calamba. The crater rim is surround
ed on three sides by Laguna de Bay. The pond is prbably fed 17 
bottom springs of knmown flow rate, and the water level is slightly 
higher than the level in Laguna de Bay. The pond water is subject 
to -urface contamination. The costs of transmission and water treat
raent make this source infeasible compared to closer springs and wells. 

D. WATER QUALITY OF POTENTIAL SOURCES 

Water samples were taken from Bukal and Tigb Springs, the 
CAL-WD deep well in the poblacion, Laguna de Bay, and Alligator Lake. 
Chemical analyses were performed to determine the water quality of 
each potential source with respect to potability and treatment re
quirements. The results of these analyses are shown in Tables IV-1 
and VII-1, and are briefly discussed below. (Tigbe Spring is not
 
large enough to be a potential source.)
 

Bukal S trinWater
 

An analysis of water from Bukal Spring is shown in Table IV-1.
 
The water is of excellent chemical and physical quality and meets the
 
chemical and physical requirements of the Philippine National Stan-
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WATER QUALITY TMT PZ3L7TS OF POMITWhL F0L'RCBZ 

L-aguna de Beq Alligator Iake 
Permissible Bo. Pansol Bo. Panscl 

Test Unit Limits 1 Se t !976 1 Se0-
Physical 

Color 	 APHA 15 	 10 0Turbidity 	 FTI 5 10 00
 
Total Dissolved
 

Solida * KA 500 	 260 618 *
 Conduct ivity 	 Micromhos/cm 400 950 
Chemical 

7-8.5 ';2Ctal Alkalinity 	 mg/I CaCO3 225 
Phenolphthalein mi/I


Alka i.nity CaC0 3 
 0 35
 
Total Hardness mg/I
 

CaCO3 400 * 
 71 	 118 
Calcium 	 MC/I 

Ca 75 14 

N4aesium mc/i 

18
 

g50 
 8 	 18
Total Iron MiCA5 

F* 0.3 0.07 0.06 
Fluoride 	 29/I


F 1*5 0 
 0 
Chloride 
 mC/1

Cl 200 82 189

Sulfate 	 m/
 

S04 136 
 5 	 5
 
Nitrate 	 MC/
 

N03 
 8.9 	 14.2 
YAnganese 	 mg/C
 

Mn 0.1 0.1 
 0.25 **
 

Computed of 

•* Exceeds the permissible limits set Iy the Philippine National Standards 


C as 65 peroent conductivity. 

for Drinking Water. 
• Limits inferred from limits of individual metals causing hardness, 



dard. for Prminking Water in all respects. Bacterial analyses of 
samples from the collection structure have shown coliform bacteria. 
This is believed to result from local contamination which can be
 
prevented by improved collection methods. If the contamination
 
should prove to originate from the spring itself, the local area 
immediately above the spring opening would have to be protected
 
from possible contamination sources. 

Well Water 

Since groundwter esseontially p:_lssars through a filtration 
process while flowing through a granular aquifer (such as in the 
CAL-WD area) and is not exposed to surface pollution, color and 
turbidity or suspended solids are usually not present. For this 
reason, unless other deleterious substances (such as excessive hard
ness, dissolved gases or dissolved iron) are present, treatment 
other than disinfection is generally not required4
 

An analysis of a water sample taken from the existing CAL-WD 
well is shown in Table IV-1, The water is of excellent quality 
and meets the allowable requirements of the Philippine National 
Standards for Drinking Water in all respects. Such water is accept
able for domestic use without treatment other than chlorination. 
The water that would be produced from new CAIL-1TD wells can be ex
pected to be similar to the tested well water.
 

Surface Water
 

Water from surface sources is generally high in color, tur
bidity and suspended solids during periods of rainfall. Even du
ring non-rainy periods surface water usually requires complete
 
treatment including chemical addition, mixing, coagulation, floo
culation, sedimentation, filtration and disinfection. 

The results of chemical and physical analyses performed on 
waters from Laguna de Bay and Alligator Lake are shown in Table 
VII-2. The results indicate that concentration of turbidity in 
Laguna waters is excessive and treatment would be required parti
cularly during the rainy season when turbidity would be much high
er. Turbidity of Alligator Lake water would also probably be exces
sive during rainy periods when much surface run-off contributes to 
the supply. Alligator Lake water is also slightly saline and high
 
in manganeae content.
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-TABI, VIL ,.3-1 

WATER WELL D.ATA SYIIR 

Depth From Grovnd Surface In Meters
 
CDM 
Well 

Number 

BPW 
Well 

Number Location 

Nominal 
Diameter 

-(mm Total Cased 

Static 
Water 
Level 

Pumping 
Water 
Leve-l 

Test 
Yield. 

Tp:3 

Specifio 
Capacit 
I 

Yh r 
m2ted 

1 4995 Tulo 100 124.1 106.7 97.6 99.1 0.95 0.63 !949 
2 256312 Tulo 100 36.6 30.5 212 22.9 1,35 1204 
3 25592 ?Pinza IC 73.2 68.0 42.7 43,3 . 9 
4 50826 Saisim 100 122.0 122.0 61.0 64.0 0.63 0.21 1962 
5 25661 Maunong 112.5 122.0 113.4 106.7 108.2 0.32 0.21 1966 
6 16000 Julian Subdivision - 36.6 - 4-,6 7.6 .- 1957 
7 25618A Bantayan 50 76.2 76.2 4.9 7.9 0.50 0.16 961 
8 25617 Real 100 30.5 20.4 12.2 14.0 0.50 0.28 1961 

256323 Br-ol 100 45.1 36.6 27.4 290 0.50 0.2.3 194 
10 256317 a, ling 100 67,1 62.2 45.7 53.4 1.26 0"16 1963 
11 10992 Calamba Crossing 250 146.3 - 14.0 15.6 15.75 9.81 1962 
12 25638 Maunong 100 68.6 67-1 51.8 57,9 0,94 0.16 963 
13 25632 Palingan 100 36.6 33.5 1,2 4.6 0-4 0o.1 1963 
14 25618 Pasong Kalabao 100 25.9 23.5 15.5 16,5 '.50 0.50 1961 
15 21117 Bungo East 150 45.7 38#1 32,0 32,0 0,63 - 1959 
16 256061 Pansol (School Corn

pound) 100 12.2 12.2 2,4 3.1 09- 1,03 1960 
17 256057 Sanpuruhan 100 39.6 39.6 0.9 1.8 0.44 0,48 1960 
18 256311 Tulo 100 53.4 51.8 32.0 41.2 0.63 0-07 1963 
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TABLE VII-B-i (Continued) 

Depth Rrom Ground Surface in Meters 
CDV BPW Nominal Static Fuping Test Specific 

WoII Well Diameter Water Water Yield Ca oacitv Yea. 
Nuber Number Location (M) Total Cased Level Level % S/ Com-thted 

19 25631 Licheria Hill 100 41.5 32.0 15.5 17.4 0.50 0.31 19 3 
20 25664 Burol 112.5 76.2 59.4 53.4 56a4 0.32 0,10 19,'6 
21 256165 Palo Alto School 100 85.4 6o.6 '4 . 63.,4 2,0 19 t2 
22 25621 'Real 6,5 52.1 50.1 20,7 - (:.!7 - 1 C2 
23 7988 Makiling 150 57.9 50.3 51.8 53.4 0.32 0.20 1956 
24 7044 Sukol 150 17.1 - - - - - 1954 
25 256057 Sanpiar'han 100 39.6 39.0 0.9 1.81 0.44 049 1960 
26 7042 Maki-bul 100 116o5 915 94.5• 0.63 - 1956 
27 8926 Palo Alto 150 83.8 72.6 25.9 27.4 0.63 0.42 1955 
28 7033 Palo Alto 11285 89.9 67.7 53-4 54.995 0,63 19 5 
29 21116 Burwo 100 163.1 154.9 120.4 - 0,,50 - 959 
30 256044 San Cristobal 100 50.3 38.1 0 0.9 0C63 0.70 1.0 
31 9331 Ulango 150 61.0 54,3 18.3 36.6 0.63 0,03 w96 
32 9323 Ku.ranlog 150 86.9 82.9 73.2 79.3 0.63 0.10 "956 
33 9 20 Sirang Lupa 150 77.7 66.5 21.3 25.9 014 1"5319.6 
34 21231 Licheria Hill 100 44.8 37.2 30.5 33.5 0.32 0o11 19-9 

35 9322 Ptmta 150 107.6 95,7 53.4 "6.4 O.63 0.21 16 
36 8561 Laguerta 150 103.7 92.7 81.7 82.3 0.32 0.53 



TABLE VII-B-I (Continued) 

Depth From Ground Surface In Meters 
CDM BPW Nominal Static Pumping Test Specific 

Well 
Number 

Well 
Number Location 

Diameter 
(mm) Total Cased 

Water 
Level 

Water 
Level 

Yield 
U 

Capacity 
(lps/m) 

Year 
Completed 

37 7035 Mayapa 150 94-5 44.2 5-5 6.;, 0.63 1.05 155 
38 7043 Masili 150 45-7 16.8 5.5 6.7 0.63 0.52 1954 
39 7580 Lamesa 150 65.9 48.8 47.3 48.8 1.58 1.05 1955 
40 7987 Majada 150 94.5 54.3 53.4 54.9 0.63 0.id2 1950 
41 8560 Majada 150 89.0 75.6 28.4 29.0 4.7 7,83 1955 
42 256911 Kay-anlog 112.5 106.7 94.5 85.4 88.4 0.62 0.21 1969 
43 Private Alfa Integrated Tex

well tile Mills, Calamba 
(WI) 300 2438 152.4 229 1975 

200 240.8 
44 Private Laguna Estate Deve

well lopment Corporationt 
Siranjn Lupa 400 61.0 17.7 271 27.72 2.95 1976 

300 176.8 
45 Private Alfa Integrated Tex

well tile Mills, Calamba 
(W2) 300 243.8 152.4 1975 

46 Private Republic Flour Mills 200 243.8 

well Tulo 250 155-4 91:4 71.0 79.2 6.93 0.85 1976 
200 149.3 

47 Private 
well Canlubang Sugar Estate, 

Canlubang 400 292.1 152.4 3.0 1974 
300 260.1 
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TABLE VII-B-I (Continued) 

CDM 
Well 

BPW 
Well 

Nominal 
Diameter 

Depth From Ground Surface In Metere 
Static Pamping 
Water Water 

Teat 
Yield 

Specific 
0apacitzr Year 

Number Number Ic at ion (mm) Total Cased Level Lev-el ( i Cml-te 

48 Private Republic Flour Mills 200 64.0 9-V 
Well Calamba 175 92.1 91.8 42.1 - 3.15 

49 Private Republic Flour Mills 200 93.0 93.0 40,6 76.2 5.36 0.07 
Well Calamba 972 

50 Private AI Fiberglass 200 61.0 17.4 30.8 6.3 0.47 1975 
Well Real, Calamba 150 122.0 

51 p-12 Lat. Long. 450 40.0 
14-17-24 121-05-15 300 110.0 

250 165.0 160.0 1.7 20oi 114*2 6.19 1972 
52 P-13 Late Long. 450 40.0 

14-15-21 121-04-,48 300300 13.0132.0 

250 175.0 170.0 +3.4 15.6 119.3 6.27 1972 
53 p-14 Lat. long. 450 40.0 

14-16-54 121-5-09 300 130.0 

250 190.0 184.0 -3.6 20.9 106.0 613 19-74 
54 P-15 Ilt. 

14-16-48 
Long. 

121-.06-57 450300 
4.0

138*0 

250 200.0 192.0 +2.2 26.1 96.2 3.40 1972 
55 p-16 Lat. Lcng. 450 40.0 

14-16-18 121-04-59 300 145.0 

250 200.0 191.0 +1.9 24.6 99.7 3.76 1972 
56 p-17 a. L2. 300 156.0 

14-17-06 121-06-24 250 216.0 212.0 +4.0 35.9 41.6 1.04 1972 

57 p-18 Lato Lorg. 
14-15-54 121-04-49 450 40.0 

300 1. 144.0 

58 p274 Lat. Long. 250450 200.0 190.0
40.0 +12.4 5.8 118.3 6.48 1973 

14-14-41 121-05-12 300 145.0 

250 200.0 192.0 1.8 18.3 106.0 6.43 1973 
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DESCR IPTIVE DATA GRAPHIC LOG
 

WELLK. 
(OTHER) 4995 

LOCATIN RBAPRIO Tll. 

CTYCALAMF3'A. 
PROVINCE LAGUNA 
CONST. BY' BPW 

DRILLER A. ,_c_RAW 

sTARTED APRIL 7 9 9 

COMPLETED- JUNE 14, 1949 

OWNER 
STATOSN 
CASINGIIAMETER. 100MM (4 IN.)

CASIN 
CASING LENGTH. 106.7M ( 350 

DIAETERHARD_ 
T.) 

-' 

7.6 

15.2 

22.6 

274 

305 

25 

F 

0O. 

. 

AOi!,)-%,) 

-

STRATIFICATION 

.. ROUND SURFACE 

___ADOBE ROCK 
O 

..... .. 

BROWN STICKY CLAY 

HARD ROCK 

SCKY C 
STICKY CLAY 

ROCK 

DRILLERS TEST DATA; 

DATE __ 

STATIC WATER LEVEL 9 7.5 M ( 320 FT. ) 

PUMPING WATER LEVEL 99 M (325 FT) 

TEST PUMP YIELD IS GPM (97 LPS) 
SPECIFIC CAPACITY 0.63 LPS/M (3GPM/FT.) 

64.0 210 

BROWN STICKY CLAY 

REMARKS*-

ADOBE ROCK 

93 .0 305 

WATER QUALITY DATA: 

106.7 350 HARD ROCK 

124.0 407 

ANNEX FIGUREVII-B-I 
WELL DATA SHEET
 

FEASIBILITY STUDY FOR WATER
 
SUPPLY OF SECOND TEN URBAN AREAS LW M WELL CDM-I 



,,.C,,PITVE DATA GRAPHIC LOG 

VlLLLNO, CUM) 
(O VHER) 50 826 

LOCATION BARRIO SAIMSIM -

CASN G TRATIFICAI'iJ) 

O(YjtT SURFACE 

PROIINCE LAGUNA 

CONST BY B_ 
DRILLER D.BORO 
STARTED DECEMBER 18, 196 

COMP*ETED_ ,JANUARYI T01!56_2 

OWNER 
STATUS _ __ _ 

CASING DIAMETER /OOMM ( 4 IN.) 
CASING LENGTH 121. 9 1M(400FT ). 

21.3 70 

jRPW
RED CLAY 

__,,.-

Aoo39 SAND 

DRILLERIS TEST DATA; 39.6 130 

DATE 
STATIC WATER LEVEL 6.96-i2OO FT--
PUMPING WATER LEVEL 6-4M ( 210 Ff-T 

TEST PUMP YIELD 1_0GPM_(63 LIPS) 
SPECIFIC CAPACITY 021LPs/ (IGM7T.). 

FINE sAN4D 

REMARKS: 

64.0 210 

;. 

0 OGRAVIEL AND SAND 

60.3 200 ,o;."" 

FINE SAND 

WATER QUALITY DATA:' 

103.6 340 

pH 

ODOR 

7.4 

: OILY SANDSTONE 

COLOR: CLEAR 

TASTE = BLAND 121.9 400 -

TURBIDITY *-2.5PPM 

ALKALINITY :196 

BICARBONATES:239 

ACIDITY z 78 

CHLORIDE.S =15 

IRON = 0.4 

HARDNESS = 168 

FEASIBILITY STUY 
SUPPLY OF SECOND TEN 

FOR 
URBAN 

WATER 
AREAS 

LWUA-CDM 
ANNEX FIGUREI-B-2 
WELL DATA SHEET 

WELL CDM-4 



D:D.T "'I G<=['":
R LOG 

DEPTH J 

DE...P-I CASINO STRATIFICATION 

114RRIO MAIJNONG ___LOCAVION BROMN_ . . -- GROUND SURFACE
 
CITY . CALAMBA
 

-- - -.-'.. YELLOW CLAY
PROVINCE . . .. LA1UNA 
CONST.-,-- BPW ._-" --...
 

DRILLER 
STARTED . . NOVEMBER 20,1965
 

COMPLETED___ JANUARY 14, 1966
 

OWNER ___ 

;zAT;z: ADORE CLAY 

CASING DIAMETER 115 MM (4 1/2 IN.)
 
CASING LENGTH-.... 113.4 MMl 372 FT.) -


DRILLER'S TEST DATA: 3,.6 120
 

DATE -,,, /

STATICWA UERl LEVEL 106.7 M.( 350 FT.)
 
PUMPING WATER LEVEL 108.2 M (.335 FT.)
 
TEST PUMP YIELD 5GPM0,3LPS) /
 
SPECIFIC CAPACITY. 0.21 LPS N.( I GPM/FT) /
 

//_/ HARD ADOBE ROCK 

79.2 250 ,*" 
...... SAND
 

65.3 200 - SAND 
//
 

______________________ /HARD VOLCANIC 

WATER QUALITY OATA: DOB/ ROCK
 

106.7 v.- '-* 
WATER IS GOOD FOR 113.4 372 . . "" SANDSTONE 

DRINKING AND LAUNDERING ... 

121.9 400 

ANNEX FIGURE '0I-1-3 
WELL DATA SHEETFEASIBILITY STUDY FOR WATER LWUA 

SUPPLY OF SECOND TEN URBAN AREAS CDM WELL CDM-5 

I 



,T, '. T"A 

'~DEPTH 
GRAPHIC 

-ASING 

L 0 -3 

STRATIFIATiON 

( CO T HE R 'l  i0 9 9 2 
LOCATION-.----- CALAMBA 

r~lY CLAMBA
IOVINCE.___.. __.L.... 

CROSSING _ ... GROUND CSURFAiE 

DRILLER 

STARTED 
COMPLETED_ 
OWNER 

STATUS-
CASING DIAMETER 

... 

DECEMBER 3 19b2 

DECEMBER 22 , 1962 

REDRILL E __ 
254 MM.IC).N) .No OATA) 

DRILLER'S TEST DATA: 

DATE 

STATIC WATER LEVEL 14 M (46 FT.) 
PUMPNG WATER LEVEr. I5.!_5_f"I5--
TEST PUMP YIELD 250 GPM (15.75 LPS) 

SPECIFIC CAPACITY 10.5LPS/M .(50 GpFM/FT) 

REMARKS: 

STRATIGRAPHIC DATA 
FROM GROUND 
BELOW GROUN i 

NOT AVAILABL,' 
SURFACE TO 91.4 M. 

SURFACE. 

91.4 50o 

SANDSTONE 

WATER QUALITY DATA: ... . 

ANNEX FIGURE VII- B- 4 
WELL DATA SHEET7, 

FEASIILITY STUDY FOR WAT(i, I ,D. WEW CDM -11 
SUPPLYOF SECOND TEN URBAN AREASW 



I 

DESQRIPVE ru Y}A 	 GRAPHiC LOG 

DEPTH CASING 	 STRATIFICAT! IN 

,EL. NO. C .......... ....... .
 
OTHER BPW 6i . ..... . ...	 ____. _.... -.
 

-- GROUND SURFACESCHOOL cOMPOUNoLOCATION ...PAL.O ALTO 
CITY LROWN 	 ADOBE CLAY
PROVINCE .. ...._.A.G NA .......-	 . .
 

511 10 
.........
CONST. BY ...... 

CESf "i CASrILLODRILLER 	 ST. 

STARTED DECEMBER 	 24,1961 LACK HARD ADOVE 

COMPLETED FEBRUARY 	kG, 1962 

OWNER 	 14.0 40 
BROWN STICKY _CLAY 

STATiSUS 	 5.8....
 

CASING DIAMETER 00 MM (4 IN.) 

CASING LENGTH 66 M (216 FT.AND 6 IN.) 	 HARD ADOBE 

DRILLER'S TEST DATA; 	 24.4 Do0 
DATE 	 ADOBE STONE 

STATIC WATER LEVEl 62.5M.(205 F) 

PUMPING WATER LEVEL 634_ M( 208 FT.) IANDSTONE
 
TEST PUMP YIELD 8 GPM( 0.5 LPS) . 1.
 

SPECIFIC CAPACITY 0.5 6 LPS. (2.67GPM/FT)
 
BROWN SANDY CLAY 

40.5 133 	 ..
 
ADOBE STONE
 

REMARKS: 43.9 144
 

BROWN CLAY
 

1. 170
 

SOFT BROWN ADOBE 

62.2 204WATER QUALITY DATA: 
SOFT ADOBE
 

66.7 21p
 

BLUE SANDY CLAY 

74. 243 	 . 

SOFT ADOBE
 

7.2 	 260 .... .. 

SANDSTONE 
82'.6 	 271 

1 COARSE SAND 

65.3 280 

ANNEX FIGURE 1[]-B"
WELL DATA SHEEFT 

FEASIBILTY STUDY FOR 	 WATER LUA
 
SUPPLYOF SECOND TEN URBAN AREAS LVVIJM 	 WELL CD-.2 



OESC IPTIVE DA,rA 	 GRAPHIC DATA. 

WELL IO. (COM) ± 
43A 

(OTHER) ALF, WELL i 
LOCATION 

....ITY CALAMBAA_____0 
PROVINCE LAGUNA 

CONST BY 

DRILLER PUMP INTERNATIONAL WELL DRILLING 

STARTED DECEMBER_71 1974 

COMPLETED JANUARY 31,1975 
OWNER ALFA INTEGRATEO TEXTILE MILLS INC. 

STATUS 
CASINO DIAMETER 300MM 

20oM--f-4T 

DRILLER'S TEST DATA: 

DATE ___ __ _... 

STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD .8.. 

SPECIFIC CAPACITY 

REMARKS:
 

ATO-152.4"M) 
- 240 M 

22.9 M(75 FT.) 

..... 

PERFORATED CASINGS AT
 

DEPTHS OF'
 

a. 4a8 M-70.1 M. 

b. 94.5 M--149.4M 

c. 152.4 M.-240.8M.A 

WATER OUALITY TA: DATA"ADOBE 

DEPTH CASING STRATIFICATION 
r FT 

_ T_"T 	 A 

LOGROUND SURFACE ..... .
i.e - * - B 9Y/_W..¢LAY... .... . 

BLACK ADOBE 

12:2 	 40 BROWN CLAY W/ GRAVEL"-

DARK BROWN SANDY CLAY
 

, B• 
7b
 

BLACK ADOI[ 
A0.5ND1T 

SANDSTONE 

ADOBE 

71 6 236 	 -47__ 	 .... ..... 
SANDSTONE
 

9.9 295 
9,5 3jo ADOBE 

SANDSTONE
 

128.0 420 	 " BROWN SANDY CLAY 

33.8 438 	 . 

SANDSTONE
 

.. ...... . .......
1 4 8 540 

BROWN SANDY CLAY 

176.8 ago ... . . ..... 

AD 

1190.5 625 	 gUhGRAVEL WITH SANDY CLAY 

11 . 5 5 - l RAVEL ,-.WITH-.G LAY..--:.:_ -

BROWN SANDY CLAY 

213.4 700 
SA NDSBTOrE 

Z2 2.2 728 	 .........
 

.i BOULDERS
 
231.4 759 .... 	 ... 

SANDSTONE
 

2434 S00 

ANNEX FIGURE "-8-6 
WELL DATA SHEET
 

FEASIDILITY STUDY FOR WATER LWUA-CDM 	 WELL CDM-43 
SUPPLY OF SECOND TEN URBAN AREAS 

http:M--149.4M


4""ALL~~*L -~NC FW )FF 

BARRIO SiRANG UJPA I ___-__ROUND SURFACE 

CANLUBGM 10. ,-_. 
LAGINIA FX [ 

I,ST. BlY .rr1E 
.7P, INTERNATIONAL.. WEtLL DRILLING
 

C, F.ETE,, _! i_IAPRL
197.6 

"E .... L.U l S.TA' _EEL0.PMENT CORP ;DSTOIE 

CASI G DI4METFFN 40MYM AT 0--6i.0 M ______ 

300 K" ' 127 1 'Til 
.... BROWN CLAY 

,.RILLER'S T.3T DATA: n 1 70
 
DATE .7.M. 8 
 ANSTNE
 
STATIC wATER LEVEL M0 (58 FT 200 
PLIMPIN V;ATFR LEVEl.. 27.1 m (89 FT. 

TEST PUP YIEL, 440 GPMi (27.72 LPS) SANDY CLAYSPECIF;C CAPACiT'; zi.0!S-7TO(14.2 GPM/FT. 7!, 
7a2Z 240
 

A N DSITONE'" , ..-.: - .-
76 .2 z_0 

*" " SANDY CLAYr 
REMARKS: m 

PERFORATED CASING AT DEPTHS OF 9j.5 300 _ _,____ 

BROWN SHALEa) , -61. oM ST.2 320 1,,,,1 -
b)8.3 I- 176.4 M. I1 HARD SANDSTONE 

IOM.T 30O 

SANDY CLAY
 

120.4 3%WA ,,R QUA4LITY DATA: 122.0 40 J r Ih, HARD SANDSTONEDT-!BROWN SANDY CLAY 
1z2a= 4 2 0 70.0 : I7 I SANDSTONE. 0 "20 l' 

HARD 

134. 440 Itil ,,,o.,B CLAY 

140.2 460 

BROWN *ANDY CLAY 

*:::.:I ANDSTONE 

1802.0 0o 

ANNEX FIUR )- 6- 7 
FEA$1IILITY 3 T 'DY FOR WATER WLL DATA SHEET 
SUPPLY OF SEC.o,. LFUPP AMEAS LWUA-CDM WELL CDMTEN URBAN 




:.SPI'x OATA 0...PH L,0G 

,.,,. SN SINGCA:.TRAT1FIC..ION 

G--GROUND SURFACE 

DRILLEFR .J P tNTEFNATIf!.'-AL - EL-L DRILLING, ADOBE 

COMPLETED APRILX t 1975--.-STATUS 

C~.$ING DIAMLTERI~~M A 012.2 M. 

.. . . .... .. ..... . . ..... . . 
'00 MM AT 1-49.- _240 H 

Io 

SANDSTONE 

ORILLEFI TEST DATA: 
DATE 

STATIC WATER LEVEL _229 
PUMPING WATER LEVEL 
TEST PUMP YIELD .7.0 

(75F.) 

z 

75M ADOBE 

__.. 

REMARKS: 

PERFORATED CASINGS AT DEPTHS OF 

r 

-1WITH 
I" J 

ky~IVE CLAY 

LIMESTONE 

0) 73.2 

b) 1097 

c) 152 4 

M - 76.4 

M -1493 

M - 240.8 

M 

M 

32.6 

148.8 
52.4 

435 

435 
000 

_

--

. 

_..A-D.ON
15 2BROWN 

- " 

..... 

ILK SANDSTONE 

SHALE---
GRAY SHALE 

155 5 510 7~I HL1,690 . ~ ADOBE........
 

WATER QUALITY DATA" 

' ~1 SANDSTONE 

2I7.1I227.6 712734 6 SANDSTONE WITH BOULDERS 
2 23,B 734 1I. . . . . . ... . ... . .. .. 

---- BROWi SANDY CLAY 

23 1 7 760 
31 7. 0iJ 

. . . . .. .. 
SAN.STONE 

. . . . . . 
WITH DOULDER3 

. 

2,9.3 7 5 .. . . .. 
2439 goo BROWN CLAY 

ANNEX FIGUREV-B8 
WELL DATA SHEET 

FEASIBILITY FOR,TU WATE R LWUA-CDM WELL CDM-45SUPPLY OF SECOND TEN URBAN AREAS 



_ ,t. N . ,- -EL -D A 

LOEPTH 
..... ....... . (OTFER)T) A IG ST1AT FI A.1 

!ON 
cr'.... ....- -

BAfiRIO 
..-.- --

TULO 
A . . . ... . . .--.

-GR"D 

.. . ..._-- , -.,;.--,--. ;"""--... 
SURFACE 

. ..,N- - -. . ..A ,-

W 1.Sy6...
0 R IL.L E P 

.....2 

. .. . 
- WIN*1-4~ NAYP,"i 

. .... "__ 

. .. . . .I
p LAY 

DP..o e3 
i

Fi-
i 

. . . . . . ... ...... ... 

STARTED AF R L 21.19.'_ *- *--K 

COULEI TEC:. NAY 7 1976_.. 
GPY CLly 

STATSWTRLVL710M23F)-~ -- ----

BROWNlfSANDI CLAY 

IREMARPISTLIIDTA 

PEMPNG rATERCASVING AT2 3MDEP 

0--
T -OF: 

G 
13 .15 2. 

I'iq1-T
II " S HALTOE ---. 

a) ~~ ~M~'f ~ ~ .427M8. 

WAE QUAIT DATAA;OB I~III**~ BROWN SANDY CLAY 

PAER FORALT DATA7 

b)~0. . 9 4. 04 

ANNEX FIGURE M1I-B-94
WELL DATA SHIEET 

FEASIBILITY LFOR WATER LW D.WELL CM -46 
SUPPLY or SECOND TEN URBAN ARE S OF:A-Cll 



DESCRIPTIVE DATA GRAPHIC LOG
 

CAtING STPAT' ICTIOA IIATIO,N' 'l T) . .WELL NO. (CDM) 0 
(OTHER)_
 

LOCATION.- BARRIO REAL -GROUND SURFACE 
CiTY....... CALAMBA 

PROVINCE - LAGUNA 
CONST.By ANCIEN EQUIPMENT CORPORATION SLACK ADOSE 

DRILLER 
MARCH 1,1975 N 

STARTED ,___ .____. . 
APRIL 3,1975 

OWNER ACI FIBERGLASS PHILIPPINES INC. 
COMPLETED 


ADOBEsTATUS OPERATIONAL _ _OWN 

CASING DIAMETER 
CASING LENGTH 200MM(81N.)-0 TO 61.0 M. 

150 MM(G IN-58.0 T0122.OM. 35.1 

SANDSTONE 

-.--- -'--. --.. ----- -..- 42.7 140 !i -

SANDY CLAYDRILLER'S TEST DATA: 

DATE
 
STATIC WATER LEVEL 4 M (5 FT.)SANDTON
 
PUMPING WATER LEVEL 
 30.5.
 

TEST PUMP YIELD 9.46 LPS (150 6PM)
 
41.0 200SPECIFIC CAPACITY 0.71 LPS/M. 

TRANS~~~~~SAD CILAVT_____________TRANSMISSIVITY 

*Y.1 220 

REMARKS:
 
.. :.. SANDSTONE 

...
PERFORATED CASING: 

200 MM -30.5 TO 61.0 M. •__"_0__,_&4___ 

150 MM-73.2 TO 122.0 M." 
BSLACK SANDY IHALE 

II.*.. BLACK SANDSTONE 

103.7 340 C. II 
'0- SANDYlOS? BROWN CLAY 

10*IBROWN CLAY 

WATER QUALITY DATA:
 

ILACK SANDSTONE 

ANNEX FIGURE YI[-B-OI 
WELL DATA SHEET 

FOR WATERFEASIBILITY STUDY WELL CDM-50fSUPPLY OF SECOND TEN URBAN AREAS LWUA--DM 
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.,. ~~tW tw.,.'- ~..-~in... ,~flftL .. . ............. . .a ...... .. ....
. J..
 

INSTT 1 

4 AS 
.O F . 19 	 TUi, PukItCo'J 

TUFF
ALA
-1.LFGi "" 


9TArU . . OPERATIONAL 4 o ~ AP 
C.E3NG E f'AETER 450MW3 !N.)-O TO 3e r... ........ . ............ 

.ASIN LENGT~H 300M ..(12 IN )- TO 138 M. 	 ....... ....C.......
TUp ,250MMN8 IO '-.- TO 192 M.AT
DRILER N.i.J :7
 

__2_ _TUFF 	 , U!72AN 

OkILE S---"AT-	 ./ UFI', LITTLE CLAY 

NOL(i.ICDATE 	 V. AHTUVVACEOUS 

STAT IC WATER LEV EL + 2 .2 4 M. 8 7 	 . . . .. ... .. . . . . .
 PUMPING 	 WATER LEVEL- 26. O M.0 TUFF, iLTY 

TEST PUMP 9 LPS (1525 GPM)YfIELD f2 

SPECIFIC CAPACITY_3.A LPS/M(16.4 GPD/FT)
TRANSMISVITV 377U00 GPD/FT.o 

DATE____ ________VOLCANIC ASH
 

r KS:WELEAR .
 

PERFORATED CASING"300 IPM 	 5 _ TO 59 M TUFF, SILTY
 

65 TO 82 M
 
87'TO 100 M G. I -- ___ 

112 TO0125M 
250M TO 92 MVOLCANIC 	 ASH 

PERFORATED CASING IS A MIXTURE 

OF SLOTTED PIPE AND COMMERCIAL 	 .

WELL S TCREEN. 	 TUFLITTLE CLAY 

VOLCANIC AH,TUFFACOU
 
A'T'ER QUALITY DATA: 	 .CTUFF,LITTLE CLAY 

COLLECTED: 3-11-72, 15:00 HOURS 
ANALYZ ED BPW LAB VOLCANIC ASH,TUFFACEOUS 
TEMP AT COLLECTION: 280C _,_ 

CONDUCTIVITY; 460 MICROMHOS 
TOTAL DISSOLVED SOLIDS: 322 PPM
 
PH. 7. 70
 

SAR: 1.42 

MEQ./ LIT. 
=
Ca 1.80 CI: 0.34 

Mg : 1.40 W30.81 

No : 1.80 C3:o000
 
K : 0.06 HCo3=370
 
TOTAL CATIONS: 5.06
 
TOTAL ANIONS*. 4.85
 

ANNEX FIGURE EJ-B-II 
WELL DATA SHEET 

I-A31I5LIT'Y STUDY FOR WATER LUA 	 WELL CDM-54WELLIVI
AREAS LVVAJMSUPLY OF ECOND TEN URBAN 

.. I1I 

i 
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(OT'4 -'1, P- F,!iC:-'A-T'O 

S.. 

OLAT!ITDE 14-14--41 
L0NGITUr.E t21- 5 -- 12 
CA3BU"AO 

.. OROU, D SURFA(EL 
- .----

VOLCANIC A!H 

PROVIN!F LAGUNA,__OL_. .. C T 
VOLCAIC F,TUPF 

3TN R y~ 

ORILLER 

C"IM PLT E D NIA___________VLA4 

RI 
OP.VOLCANIC 

rn 
YUF,PUMICKOU3 

.ONRNIA 

STATIU S OPERATIONAL 
VOLCANIC TUFF, PUUICVOU* 
e.,£ 

CAS!NG DIANiFTER 450 vM0(IOI) -0 TO 40 m. 54 

CASIlNG LENGITH 335 MM ( 13 318 IN.) 40 TO 145M 
50 F --- 1 5 .T -- VOLCANIC ASH, 

T U f FACEOUS 

GLAYEY 

DRILLER'S TEST DATA: 

DATE 
STATIC WAI"EA LEVEL I fI M 

VOLCANIC TUFF. CLAYY 

PUMPING WATER LEV-L i82-M 

TEST PUMP YIELD 106 LPS (1660 GPM) 
SPECIFIC CAPACITY 6 43LPS/M(31.O9GPD/FT-O 
TRANSIAISSIVITY _o____ 

4CLAY, 

'0? -U:::. 

VOLCANIC ASH 
TUFACEOUS 

O C,VOLCAN IC TUFF, PUMICErOUS 

REMARKS1: 
REMARKS 

0 :.CA 
VOLCANIC ASH, TUnACCOUS 
V O.CLAYEY 

PERFORATED CASING 
335 MM (SURESCREEN) 

75TO 77 M 
92 TO 94 M 

101 TO 108 M 
I I TO 115 M 

30o 

;': 

VOLCANIC TUFF, SANDY 

-- -___ 
PUMICE , CLAYEY 

VOLCANIC ASH,TUFFACEOUG 

1 21 TO 123 M 
129 TO 131 M 

138 TO 140 M 
250 MM ( SLOTTED 

14 5 TO 1921M 
PIPE) 

~~. 

~'!~~ 
'Sc" 

74 TO1 1 .....I I ' 

VOLCANIC 

VOLCANIC:& 

TUFF, SANDY 

A*HTUFFACCOUS1 I-

. 

-A 
-7 

WATER QUALITY DATA: 184OCAI 

192 
164~ i 

trv AD 
CLAYJ 

VOLCANIC TUF F 

20l200 -VOLCANIC ASH 

ANNEX FIGURE II-R-12 

WELL DATA SHEET 
FEASIBIIITY STUDY 
SUPPLY OF SECOND TEN 

FOR 
URBAN 

WATER 
AREAS LWUA-CDM WELL CDM -58 



I 
,. ",0!, :F R,5'..!i:, 08 MBk: P.VEL, '1iL PIPEU 

IN PUMP DISCHARGE HE k, OR SURFACE PL'A-.. IF iESIRED

4/ " 

CONCRETE PUM STEEL SURFACE CASING-

I 500 MM DIAMETERS
 

-----SEALIGR LT 
IS M MiNiMUM DEPTH 

STEEL PUMP HOUSING CASI, 1G .. GRAVEL PACK
 
300 MM DIAMETER
 
25 M TO lOOM LONG-...........
 

0 

aa
 

REDUCING CONE STEEL BLANK CASING

S.....200 MM DIAMETER 

S" ....200 MM DIAMETER 15.MM SLOT r •| CONTINUOUS WIRE WRAPPED 
CORROSION RESISTANT STEEL SCREEN 

©,, PLACED OPPOSITE PERMEABLE ZONES. 

CENTRALLIZERS __E.ZNS PLCD-IE 

60' 

"-....2009,- :::STEEL BLANK CASING(2M MINIMUM"- ' !LENGTH) 

: 'PILOT 

APPROXIMATE 200 M .. -. ,
 

----" " HOLE 

.. ANNEX FIGURE V-B-13"N \ /GENERAL DESIGN 

GRAVEL PACKED WELL 
ROTARY DRIISLEDC
 

UPPLY OF ECOND TEN URBAN ARErAS LW A D CALAMBA WATER DISTRICT 



1 

GE,-NTEMAL 9OOCTfRUCT]N . 

Cravel Tacked Well -3 Plot,ary Dlrillo.I 

D)rj.ill '1z.1 !:I lco 1.5-mni.e:c mini n.ral c.cnpth (more 
if condit.i4, r1jire ) set 501out,.nw00surface 
casin,7% 

2. 	 lh.!l m1I di:m:'ter pilot h..11 inside surftce cas.ng 
to 20,X n. C n3,' (rs I ifior Jr an aaaea :,Jhere saline 
:-roundwatrt- at ,- pth ii anti ipatcd)+ 

3, 	 ri- electric io0 

4. 	 Exam-ine smpie and electric. log to loc-ite suitable 
parmeable sour'ces Abandon site if sufficient permeable 
material is not found, 

5, 	 Ream pilot, hole diameter -to laa',ect diameter that can be 
drilled i~nside the surface casing to a depth about 5 meters 
below the ] owest permeable zone. 

6. 	 Install string of' casing and screen with 
all permeable zones. Pu!ni housing casing 
minimum len±th, maxinnmi lengt.h dependent 
per screened zone and. anticipated maxinim 
during life of well. 

screen opposite 
to be 25-.4eter 

on depth of up
water levels 

7. 	 Place gravel ot" proper size and g-adation. 

8. 	 Cl.eu and develop well thorou.hly 

9. 	 Test Ifell. 

10. DeniigT, punp. 

11. Constriuot iell head facilities, 

12. Install pump. 

http:condit.i4


CHFIPR V .NAL . -:3I)OP' L..'..IOP;TATYI-ES 

it. L:ir1PAL 

This chapter !Awotifieo and e'aluateo the ait,:rnatives available
 
for .ioure c i'pm-in .t trni-.ic, trea n nt. teraga and distri

kUiCi~ -utoSt-:!-, LT Wild)E14-,m toNAIenS 


?ituiV<:O)'c<Q j-m supply the for water of,ossIbly roquirements 
the (CAL.-.WT)h e -'fcce water ,,ouroeo --.Lagii-ua de Bay, San Cristobal 
Riverv :sn-d t*-ho 2xa i ,vr; the p:-sent CAL-44,D uouroeB.a l Spriug, 


yriI.nd~"trThti~ ~ groll~ els be1tdiscussed separately
and will be 
hermaftirz 

Surfer's Wet r
 

Lgut' do B.y the eastorr' boundary of Calambal is a very large 
,I' uater abodt -. f'-2-4h which hasi been oonsidered as water source for
 

%.op;ita - Xa,-iila. Thle water Bample collected on I September 1976
 
was ,' ratiefaotvry chemisal qualility. 1owever, this large lake is at
 
times somewilit. calic. due to backflow from Manila Baky* The natioual
 
goveel-nent ha curreunly- designin.g control works at the lake outlet
 
which will pre'-!ent tihis aniitya 'Beaidaq salinity, the lake is our
rentiy subjeot to pli ution from Industries on its shores* The 
Laguna Lake Dsv-oi.opz eut Authority i planning measures to control 
this polluLion; but thei ull bonef-it: from such an industrial pollution 
abatcmrrt pi-ogrn%will probably n.O lhe r-ealized inmediately, The lake 
i aiso wtibjeo-. to b]umia of algal whifth may at timoo prcduce taste 
and eoo problems in the wat< r, 

La%.una de i. therte'ore, have to 
trefatenit: incluinf. c-Ieul a Jon, oodimentationt filtration, and 
chlor-.lnztioa It would somst-iine[l oairn special treatment for taste 
and . bafori it could be supplied to CAL-W.D. The CAL-WD, the 
i.ani k. i op:rsn; Antho-ity or 'the National Pollution Control 
Com-niasion would have, to monitor the industrial-waste pollution of 
the -.ake to pian preventive X-easuros or additional treatment by CA/,-WDo 

Yfay ;at:tr would, be given complete 

t.-h -thI Snz. J tun and San Criestobal Rivers are flashy streams 
wrhich tecome vry tmrbld and rniddy after rains* Water from either of 
these rivnr al -. nomplj.ti traatment before could bewould ) nend it 
used by GA1.IWD, kuch of the dry etason flow of both these rivers is 
used fex irnigation. and use by CAL-D would involve conflict with 
existing irrigation rights. At present, the NIA is planning a dam 
and additional devolopment of the San Juan River for irrigation* 

VIII-1
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SprinM Water 

Bukal Spring has satisfactory chemical and physical quality; 
however, its bacteriological quality can be improved by simple ohlozi
nation, The lowest recorded flow of this spring is over four times 
the predicted need for water of CAL-41D in the year 2000. Bukal Spring 
would therefore be a , tisfactory source of water for C.-WD. 

Groundwater Wells 

Since 1952, CAL.44D has obtained part of its water supply from 
the "Crossing" well. This water is also of satisfactory physical and 
chemical quality, and will moet baoteriologioal standards as pumped 
from the ground. Aithough this well is of moderate capacity (higher 
capucity wells of modern design may be expocted), and has been in 
operation for over 25 years, a groundwater investigation and test 
pumping program would still be necessary before CAL-WD could be cortain 
of obtaining its long-range water requirements from wells. 

Source Evaluation
 

As Bukal Spring is a satisfactory and reliable source taod large 
enough Co supply CAL-WD throughout the design period, other sources 
should be used only if they have advantages over Bukal Spring. The 
three potential surface water sources (Laguna de Bay, San Juan and 
San Cristobal Rivers) do not have any advantage over Rukal Spring. 
These sources would require complete treatment which is expensive and 
complicated, whereas Bukal does not require any treatment other than 
simple chlorination. The point of supply of all three sources would 
be somewhat farther away from the city than that of Bukal; hence, a 
surface water supply would require longer transmission lines. 
Diversion or inlet structures would be considerably more wxpensiv3 
for the surface sources than the spring intake for Bukal. 
Power costs for pumpin.i Laguna de Bay water would be equal to or 
greater than that of Bukal Spring. Although it meSy be theoretically 
possible to obtain water from the surface streams at such an eleva
tion that would make pumping unnecessary, possible dam sites are not 
readily apparent, Dames are, of course, relatively very costly. 
Water rights conflicts would be anticipated with current irrigational 
use of the surface streams. Industrial wastes and algae problems
 
in Laguna de Bay are expected to continue in the future* For these
 
reasons, the CAL-WD should therefore use Bukal Spring as a source of
 
water over any of the three surface sources examined.
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(rundwater wells may-, how-ever; also be eatiafactorr a sources 
of water for CA14'D. A oomparative. analysia of the costs of supply

trig water to UALAD oither from Bkal Spring or from wells was 

therefore made. The results arc showni in Tables VIIL-1 aid VIII-2, 
The supply from wells appears to be loss costly by 1.4 million pesos# 
in 1978 pyesent worth oosts, over supply from Bukal Spring. This 

differenoe represents about 8 to 10 percent of the overall present
 

worth project uoss through the year 2000. Since the accuracy of 

the oost estimating data and the preliminary design basis is conui

dered to be in order of ±15 parcnt, these two alternatives are 

basically equal. Iii calculatinL ihese comparative costs, it was 

assumed that the iwmodiate improvement program would be implemented 

by 1980 since CAL-WD needs these new facilities critically. 

The facilities proposed in the immediate improvement pro
grain do not create a bias in the choice betwoen springs 

and wells. 

The chaPca of long'4e sotrce to therefore,tin appears be, between 

Bukal Spring and deep wells in the service area. As mentioned
 

earlier, cost considerations alone do not seem to favor one source 

over the other. Further analysis based on non-quantifiable or non

economio factors was therefore made and discussed as follows under
 

four major headings: 

1. Health/Environmental Considerations - Factors such as 

susceptibility to contamination (total and localized) 
and effect on the systemwhen disinfectants are unavail

able,favor the deep well over the spring. The intake 

portion of Bukal can potentially be contaminated; in 

the event that localized contamination occurs, the well 

alternative is more flexible in the sense that the 

contamination may be prevented from spreading to the 

entire system or polluting the entire water source. 

2. Teclnical Considerations - If the CAL-4D were supplied 

primarily from wells located at sites closest to the 

demand centers, the distribution system would operate 

at better pressures under conditions of stress such as 

during a fire. This advantage will, in all probabi

lity, not occur often. On the other hand, it will
 

be more complicated to operate several wells rather 

than a single pump station. Certain wells must be 

turned on as they are needed, and turned off as den.. nd 

diminishes. More operational decisions must be made,
 

more staff employed and more pumpeets kept in operation
 

if the supply were from wells.
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TABLE VIII-I 

COPAEIATIVE COST. OP AD) ITI]IAL iUPPLY FR0ON BU AL 3PRING 

Construct ionYeax 
 Cost 1978 PresentConstructed It . c eu1 x 1000 Worth Cost 
1982 Fuaj.i, 3tj-n 910 5711981 Addit !ota. Piping 957 6321986 Addit:. :: 2. Pi:.in 2,561 8821987 Puilpii, , 3 .-i n Addki!on.s 1,120 3711993 Danping 3 tation Additions 1,310 1691997 Replace ;ti'y 400 201978-.0WO0 Operatio' Utnd .inn-l ce 1,710
 

Total 1978 P.W. Coot ?4,355 x 1000 

C~i4PflATJV& C0L.Q C(3.ADI)ITIONiAL SUPFLY FROM DEEP WELLS 

ConstructionYear Cost 1978 PresentConstructed Item Conatnrucd 
 r x1000 Worth Cost 

1982 Well fuld. Pump House 485 304
1986 Well and Pump Hous,- 485 
 184
1990 Well and Pump House 485 1041993 Well and Pump House 485 631996 Foll and Pump House 485 31
1996 Additional Piping 
 174

1997 Well and Pump House 485 

9
 
1998 Replace Punps and Motor 

14
 
41978-2000 Operation 

80 
and Maintenance 2,217 

Total 1.978 P.W. Cost ?2,926 x 1000
 

Notes: 

1. This compiriu."n assumres a common program for immediate 
improvement

2. The immcdiate improvemont pvogram, storage and all otherelements comion to both -iltarnatives have been omitted 
fro the omparison..3. It if alvo ansumed that n1.s will be located oonveniently
at points of maxr,.m dminnd. 

4. Above costl Inolude the reultz of distribution sy-Stem
alternatives (refer to Section D, hereafter). 
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Water from Bakal Spring is quite certain in quantity
 
and in quality, at present and in the foreseeable future,
 
Adequate water is considered probably available from well!9
 
though prodaction capacity from the underground aquifer
 
would need testing and verificaLion. A comprehensive
 
groundwater investigation would be required (at a cost
 
close to P140 million) over a two-year period to ascertain
 
the groundwater potential in Calamba. If groundwater is
 
available, it could conceivably be depleted later,
 
especially if other large wells are drillqd into the same
 
aquifer by other private firms or competing irrigation
 
interests.
 

3. 	 Socio-Political Factors - Although Calamba has been using 
the spring and a deep well as their main sources of supply, 
the continued utilization of the spring is believed to be 
more acceptable to the people rather than adding new wells 
to serve the community. Moreover, the deep well scheme 
could have future conflicts concerning water rights with 
irrigation interests. 

4-	 Resource Concervation Factors - Power and land that would 
otherwise be utilized in the deep well scheme, could be 
utilized elsewhere with the use of Bukal Spring. A 
possibility exists for a nearby water district (such as 
Los Baflos) to share sources with Calamba. If Bukal Spring 
becomes an economic alternative for a nearby water 
district then both districts may share common source 
facilities. The conservation of skilled labor, which is 
an advantage for Bukal Spring, will be offset by the 
generation of employment opportunities by the deep well 
source* 

The 	table below shows the summary comparison of the two
 

alternative sources considering the non-economic parameters*
 

Factor 	 Bukal Spring Deep Wells
 

1. 	Health/Environmental has th,j advantage
 
2. 	Technical has the advantage

3. 	 Sooio-Political has the advantage 
4. 	 Resource Conservation has the advantage 

Pesed on tae above, it is recommended that Bkal Spring be adopted
 
as the long-term source for the CAL-WD.
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Tab1 VILE.-3 *hc.foz, a quantitative oomparison of the alter
n.t v'otc uc.-,. the non-eionomic parameters. The greater 
o:r., w :s:'Oigne to the alternative souroe where the benefits
 
lori vofould be m.-.0 no The al-ternative source with the most
 

of Points .f considered the "best" alternative. As Table
 
Vi1!fy3 n the )est alternativo souref for Calamba is the
 

C. TREATIEWV2 ALTEIINATIVE 

iater from Bukal Spring and wells within the service aawea has 
;aIS2actory Cqualityrequiring no treatment for removal of che-

m~e~I: or,"hyoical ccnatititents. However, to preserve its pat&
bID ' 6i:strib'tvion system, chlorine atwihin '-he application 

iab]. t-oints of t+he sy:3tem would be required. A residual 
chlo ine coact itrt.ion of 0.2 mg/1 would provide adequate protect
ion inst pxt.nti.-O, contininati.on in the distribution system. 

D DiY3CR-BU~ ,,IT A LTPRN1ATIVES 

This section presents the distribution alternatives consi
dered for the CAL-ID. The recommended improvement program for the 
tho water system is dicussed in Chapter IX. 

T.he longAerm ouIroe of water could not be seleoted for the 
CAl0-WLW without the results of the preliminary analysis of the 
diattribution cystem. The distribution system for the two desi

rai),X1, source alternatives - Bukal Spring and deepwells - has been 
annlyzed and the cost difference is included in the source 
altuv.native !vailvsiz in Soction D of this chapter. 

Toe omponents of a water distribution system and some of the 

alternatives in planring a system are discussed in Appendix K. 
The design criteria for the distribution system are given in 
Apendix F, Appendices F oand K were largely developed for the 
Fi:.:t T~en Provincij3l Urban Areas and are applicable to moderate
si2ze? c(;O, ,flUiit.. '/The Second Ten Provincial Urban Areaa are 
geno'rl].y ucn. omr,!-Aer and the paraet.ers presented in Appendices 
P and Y, muet be applied with discretion. 

Partic-ar attention has been given to the requiremen+s of 
.f. flw in the CAi.,-WD. In general, fire flow is applied at 
.'.'~Jocatenz in a system coincidentally with maximum-day 

outhe Ti clinen are sized to convey the required flow 
at zpect 'ied head i(;cses. In large communities, the total peak
h,,.m.r :I, .; ,eat-e- then the mi. i-day flow plus fire flow and 
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http:contininati.on


?AUXZ TIn .3 
COXPWAISON OP ALTENMATIn SOUR=C IT RD54CONOXIC PARABMA 

Points fer. 
Alternative Sourge
 

Aasirned Points Buka Deep
NoD-Zconomic Parameters 
 Sub-Total Distribution S Woile Remarks
 

Health/hrvironaentaa 30a. Probability of nurfum wter The intake portion of Bakal Spring can potentialy be oontainsted; deep wells ae* (sprinc) contamiatiox. 	 12 8 12 eebe Avilability of disnfeoctants 	 6 4 6 In the event of chlorine shortage, deep well water would be pmfer"Ie.c. Probability of as-lnIsationof groundater 12 12 8 Dukal Spring usege vll not lead to grounater salinization, like deep wells. 

Tohaloal 26 a. ReliabIlity (oertainty) of Bakal Sprin a relisble soroe. Deep well water needs further studiessoute 	 e2nt*be18 18 16 oertalin)b. 	 3iaplicity 2f operation and The Bukal Spring system viii require only on pcp station, whereae the deep velsaintenanae 
 8 4 scheme will have several pmps. 

Sooio-Politioal Acceptability 20 
a. Potential irrigation oonflt 	 hedeep well shee ould hav ftrj*oen.Mcts on water rihts with iconftliet on water rigbte 
 10 10 	 interes.
 

onwtra~sTedeb. Public attitude abouttraditional seo o 	 10 10 
elShUC~dh ~ ~ cni o ae jkj ihirgte10 Do" Spring as a traditional w-urce will be more acceptable to the oitizenry. 

Resouroe Consoervation 
a. conomT-of--eoale (sharing 

24 
The BukaWl Spring is a potential source for the Los 3ac VWD. souroe .dl.souroes) 
 4 4 0 ties is an advantage.b- Pav., conservxtion 8 8 6 buka Spring has an advantage over deep veles.o. Land tuse conservation 6 6 4 bukal Spring has an adrAtage over deep volU.d. Skillad labor oonservetien 6 6 3 Bukal Spring has an advantage over deep vel.. 

arawd Total 	 100 100 94 5 
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-thYfr r!!P"iv inor adjutjtcntp are required in the pipe
system to provide -'re ,. In the smaller comunities t especially

emili~bar iu .tan.-, £r:rt the pcoblaeom the. - fire flow alone 
cali bs iu i -;r-t,." to ti: the total k--hr dam! ndo 

Ftoviding aderu ,ie ftj.n flo-v to aresin the firewher.c flow may
be far gisater th,3n the ultimate dh iv r.rely jutifiedp demlad 

economioally; but. a gonera.l 
 1'uie, some fire proteotion should 
be provided. Inc udL'ed in this study is informaLion on the available 
fire flow :at v-rv,3ri locations where the system has been designed
for corditions cathor than fire flow. 

The flowo u4e d for design of the various oomponents of the
distribution Byst, i are bsp-ed on the water demand projections given 
in Chapter VL 

Preossure Zonea 

Tho ground elevation within the future service area of the
CAI-WD through the yoar 20C(0 ranges from a low of 8 meters Barrioin 
Pansol to a hi of ?5 meters in Barrio Real. The larger portion

of the service ara incliuding the pobiaicrn is situated at an

elevation of 1"3-moters. The system can be 
 operated adequately at 
a HGL of 0 meters; therefore, only a single pressure zone has been 
considered for the CAL-44D. The single pressure zone is adequate

whether the spring or deepwalls aro selected as the water source.
 

Source/Distributi.-lAna Zsi.3 

The analysis of various source alternatives generally does not
 
require complete analysis of the alternative distribution systems.

Simplifying assumptions can be made 
so that a complete distribution
 
analysis is riot required. However, the source analysis for CAL-WD

required a complete analysis of the distribution system because the
 
different alternative sources significantly affected the configura
tion of the distribution systems.
 

With Bukal Spring as the source, large transmission mains from 
the source to the poblacion would be required for the distribution
 
system. The distribution system pipelines for the deep well source
would be generally smaller since the 
source would be located closer 
to the demand centers. Table VIII-4 presents the cost comparison
 
of the distribution systems for both source locations. 
The
difference of r3.35 million in the costs of the distribution systems 
was used in Section B of this chapter to analyze which source would 
be most cost effective. 
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TABLE VIII-4
 

COMPARISON OF COSTSY/FOR ALTERNATIVE TRANSMISSION
 
AND DISTRIBUTION SYSTEMS FOR CAL-WD
 

Year Pipelines Constructed Deep Wells Bukal SprinA 

1981 Plb,790,000 ?2,750,000 
1986 4,130,000 6,690,000 
1996 550,0038. 

P6,470,000 P9,820,000 

Bukal Spring was recommended in Section B of this chapter 
as the long-term source for CAL-WD. All further discussions in 
this chapter are based on using the Bukal Spring as the long-term 
source. 

Storage Facilities 

Distribution storage tanks provide water to meet demand 
fluctuations during peak hour, fire flow and emergency conditions 
as discussed in Appendix F. 

When the supply rate from the source equals maximum-day demand,
 
the usual storage volume required is 15 to 20 percent of maximum-day
demand. However, it isnot always cost-effective to provide that 
*Aouat of storage because there &re some instances where providing
additional supply oapaoity is less costly. An example would be for
 
flat areas where the primary means of providing storage isby

elevated storage tanks. This type of storage tank is very costly

since it must be designed to withstand seismio loadings. Henoesit 
may be less expensive to provide additional supply capacity. A curve 
used in estimating storage volume required for various source supply
rates is discussed and presented in Methodology Memorandum No. 5. 

In Calamba, locations for ground storage are available either
 
at the present site or at Lecheria Hill, which is nearer the center
 
of demand. The source at Bukal Spring is adequate even beyond

2000; therefore, it will be considered as the source if the storage
 
were at either location.
 

!/Costs are based on 1978 prices. These are not "present
 
worth" costs. Present worth costs are presented in Section B,
 
Tables VIII-I and VIII-2.
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Three alternatives have been investigated for the location
 
of distribution storage. Alternative 1 assumes that CAL-WD
 
would continue to use the present tank site for all future storage.
The transmission main for Alternative 1 would be sized to convey

peak-hour flows from the tank site to the poblaoion.
 

Alternative 2 assumes that storage would be constructed at
 
Lecheria Hill* 
The advantage of this alternative is that the

transmission main sizes are reduced. The transmission 
main from Bukal Spring to Leoheria Hill would be designed for
 
maximum-day flow. 
Only that portion of the transmission main from
 
Lecheria Hill to the poblacion would be designed for peak-hour

flow.
 

Alternative 3 assumes utilization of the existing storage

faol-Ities as long as possible, thereafter abandoning then and con
struoting a new distribution storage tank on Lecheria HU.i
 

Two situation, were investigated for Alternatives 1 and 2 
one using thq maximum amount of storage to minimize pipeline

construction, and the other using a minimum amount of storage. 

Table VIII-5 presents the cost analysis of the three distribution 
storage alternatives. Costs common to these alternatives are not

included in the analysis. Table VIII-6 is 
 a list of facilities 
considered in the cost analysis. 

The present wolrth cost analysis does not include a cost for
abandoning the existing storage tank for any of the alternatives. 
According to the guidelines for present worth analysis, the use
ful life of a storage tank is 50 years and the present tank is
already over 50 years old. Practically speaking, the existing
tank is reasonably useful and still has remaining economic value 
as a storage tank. 

The present worth cost betweendifference Alterrative 3 and
the minimum storage situation for Alternative 1 is about P350,000.
If the value of the existing tank is assumed equal to the new 
cost of a 380-cum tank, then the present worth of the salvage
value of the tank to be abandoned in 1990 in Alternative 3 would
reduce the cost difference to less than P1009000, which is within 
the range of cost estimating accuracy. 

Alternative 3 is the most cost-effective for construction 
of the storage and tranmiasion fe.ilities. A complete description
of the recommended facilities is included in Chapter IX. 
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TABLE VIII-5 

PREh3ENT WORTH C('ST ANALYSIS OF 2 , 
DISTRIBPION STORAGE ALTERNATIES-/ 

Present Worth Costs
 

x iooo) 
Alternative 1 

Maximum Storage at Present Site: 
Supply P,696 
Transmission mains 1,350 
Storage tanks 566
 
Additional power costs .
 

P3,612
 

Minimum Storage at Present Site: 
Supply P2,125 
Transmijssion mains 1,335 
Storage tanks 33 
Additional power costs 

P3,493
 

Alternative 2
 

Maximum Storage at Leoheria Hill:
 
Supply P1,696
 
Transmission mains 
 978
 
Storage tanks 692
 
Additional power oosts 188
 

P3,554
 

Minimum Storage at Lecheria Hill:
 
Supply 12,125 
Transmission mains 1,337 
Storage tanks 160 
Additional power costs 188 

P3,810
 

Alternative
 

Storage at present site to 1990 then
 
Constructing Storage at Lecheria Hill:
 

Supply P1,721
 
Transmission mains 1,015
 
Storage tanks 303
 
Additional power costs
 

P3,138 

2/See Table VIII-5a for facilities considered in the analysis.
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TABLE VIII- 6 

FACILITIES CONSIDERED IN DISTRIBUTION STORAGE ANALYSiS 

Supply Facilities Transmission Mains Storage Tanks 
Capacity Year Size Length Year Size Year 
_(cumd) Installed (m) Constructed (cum) Constr-.acted 

Alternative I 

Maximum Sterage 3,270 1982 600 1,460 1982 700 1982
 
(at present site) 3,270 1985 400 
 750 1982 500 1985 

4,090 1989 250 650 1994 500 1989 
5,460 1994 
 700 1994
 

Miniam Storage 6,550 1982 600 1,460 1982 500 1994 
(at present site) 4,910 1985 400 650 1982 

6,550 1989 300 100 1982 
8,18o 1994 250 650 1994
 

Alternative 2
 

Maximum Storage 3,270 
 1982 400 1,460 1982 1,000 1982 
(at Lecheria Hill) 3,270 1985 300 790 1982 500 1985 

4,090 1989 250 1,460 1994 500 1989 
5,460 1994 700 1994
 

Minimum Storage 6,550 1982 600 1,460 1982 300 1982 
(at Lecheria Hill) 4,910 1985 400 650 1982 200 1989 

6,550 1989 250 140 1982 
8,180 1994 250 650 1994
 

Alternative 3 

Minimum Storage at 6,550 
 1982 450 1,460 1982 2,000 1989 
present site to 19 4,910 1985 350 650 1982 700 1994
 
then Maximum Storage 4,910 1994 300 140 1989
 
at Lecheria Hill 
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Alternative 3 has been selected not only bucauae of the
 
potential coat savings but also begcaaiie of its tdchnical advan.
tages. If the storage tank is located at Lachoria Hill by the
 
year 2000, iL woui6 be possiiblo to supply even tfie most distant
 
barrios in the service area with full fire protection. The
 
entire service area in general would also have higher average
 
pressures since the tank i8 closer to the center of demand.
 

Tranemission Main 

'Tihe basic trcnimiission alternatives are closely related to 
storage location aund the supply versus storage analysis presented 
in the preoeding section. The recommended transmission main 
which is btsod on the storage analysis is described in Chapter IX. 

The proposed transmission main will be construoted along the 
existing and proposed street right-of-way to minimize land cost 
ant also to utilize the transmission main as a distribution main.
 
The existing transmission main is assumed to be abandoned in the 
1990 and 2000 analyses because of its age. However, the district 
could continue to use the main as long as it remains operative. 

Distribution System 

The analysis for the distribution system of CAL-WD generally
 
followed the guidelines giver. in Appendices F and K. Unlike the 
First Ten Areas Feasibility Studies, computer analysis for the
 
Second Ten Provincial Urban Areas considered pipelines smaller
 
than 200 mm in diameter. Calamba has many pipelines smaller than 
200 mm even in the year 2000. 

Alignments for the distribution pipelines would follow exist
in, roadways, to minimize land co;t and to locate them as close 
as possible to areab of demand. Thene would be looped to avoid 
dead-ends. 

No alterwzitivea in the analysis of the distribution system 
were consider -td since the source of supply is in one location and 
different storage locations only affect the transmission main 
sizing and location. Several alternative analyses in connection
 
with fire protection were made and are discussed in the succeeding
 
section. 

Fire Protection
 

The distribution system analysis for Calamba included the 
investigation of available fire protection in the service area for 
each design period. Fire flow requirements for two types of area-
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commercial, industrial or high-value residential, and single
family residential areas - are 20 Ips and 10 ips at two adjacent 
hydrants, respectively, aa outlined in Appendix X. Available 
fire flows for areas where full fire protection is not satisfied 
are presented in this section as a percentage of these requirements 
for fire protection. Figure VIII-l shows the extent of the fire 
servic* areas in Calamba for the year 2000 service area. 

At present, thore is no fire protection in miost parts of 
Calamba. The hydraulic field survey data indicate that pressures 
throughout the system, except along the tranFmission line, are 
very low or zero in some parts of the town. For an area to have 
full fire ",rotection, there must be adequate pressure in all pipe
lines throughout the day. 

In the imnmediatD improvement program, full fire protection 
in the service area is not provided due to cost consideration.
 
However, partial fire protection would be provided by thQ addi
tional recommended improvements in the distribution system. Avail
able fire flow at remote areas of the service area, Barrios Linga
 
and Real, would be about 30 to 60 percent of the required flow for
 
full fire protection. 'The existing fire hydrants would have to
 
be repaired to obtain fire flow by 1980. 

Full fire protection is not a design target for the 1990 distribu
tion system. However, since by 1990 all existing pipelines would
 
have been replaced, available fire flow in almost all areas, except
 
at extreme limits of Barrios Real and Mayapa, is more than the
 
specified requirement for fire protection. Barrio Mayapa and the 
extreme limits of Barrio Real would have an available flow of 50 and
 
70 percent, respectively, of required flow for full fire proteoflen. 

The proposed system for year 2000 would provide full fire pro
tection in all parts of the city except Barrio Sucol and the extreme 
limits of Barrio Real where fire flow alone is 5 to 8 times the peak
hour flow. Partial fire protection equal to 20 and 30 percent, 
respectively, of the required fire flow for those barrios would be 
provided. Additional costs of providing full fire proteotion in these 
areas are presented on Table VIII-7. 

System Operation
 

This section includes various operational aspects of the
 
alternative distribution systems.
 

VIII-14
 



PUNLOD 

SOLA 

BOO 0 500 1000 15 
BANAYBANAY i'--' -- --- 4iSCALE IN METERS 

LEGEND: 
PU LO 

LIII HIGH VALUE RESIDENTIAL, COMMERCIAL 
AND INDUSTRIAL AREAS 

TATALONS/ 

: SINGLE FAMILY RESIDENTIAL AREAS 
BANLIK CABUYAO 

----YEAR 2000 SERVICE AREA 

- BANLIK CALAMBA 

N CRISTOBAL , 

}
B.:. N..E 

NIA .......
 

L A GUNA BAY 

PRINZA~ ~ L ME".:S::A" :." 

T..U::::LO :':L 

ULFOT AA L A MA WT DISTRICT 

:.."~~~~IG . :.::. .I!~~! R 

FESBLT STUDY FOR WTER IRE.ROTETIONAREA 
SUPPLY~~ ~ ~ ~ ~~~~~~ . CLMA AE DSRCOFSCNDTNURA:RESLQ..D 



TABLE VIII-7
 

ADDITIONAL PIPELINE COSTS IN 2000
 

Size for Partial Size for Full 
Length Protection Protection Additional Cost
_(m). (an) --- ,mm) W( 

2,150 150 200 P 129,000 
2,000 100 200 290,000
 

Sub-total 419,000
 
Contingenoies (15%) 63,000
 

482,000 
flngineerinC (10%) P4 0 
Total Cost P 530,000 

The CAL-WD water supply system is a relatively simple system 
to operate, considering that it would have only a single source, 
Bucal Spring, for 1990 and 2000. From the present until the 
early 19 8 0's, the existing well pumping station in Barrio 
Real would continue to be part of the CAI-WD system. The only 
operational consideration of the system is to meet the varying 
demands in the service area, The system operator would be res
ponsible for deciding the number of pumps to be operated during 
any given period of the day. 

Computer analysis of the 1980 system conditions was conducted to 
determine the effect if the Crossing well pumping station 
becomes inoperative. The analysis indicated that under this con
dition, the distribution system could meet average-day and 
maximum-day demands with adequate pressures throughout the service 
area. 

Internal Network
 

A general but complete discassion of the internal network for 
distribution systems is included in Appendix K. The small size of
 
the CAL-WD does not affect the application of the recommendations 
contained in Appendix K since these are the minimum pipeline sizes 
recommended for any municipality. 
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E. ALTRNMTIS FOR WATER]
 
CONi2ERVATION AND AUGMENTATION 

In areas where water is a scarce resouroe, there are several 
alternative methods of conserving water. These alternatives
 
depend on sophisticated technology in the case of water reuse 
and desalting or on governmental policy in the case of land 
management. Appendix M, Volume II is a discussion of these con
servatAon and augmentation alternatives.
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CHAPTER IX DESCRIPTION AND COST OF THE RECOMMENFDD PLAN 

A. 	 GENERAL 

This chapter describes the immediate improvement proeram, and 
the first and second stages of the long-term construetion program. 
In addition, the zapital and operation and maintenanoe costs of the 
recommended program, concepts concerning sewerage and drainage, 
comments regarding the management of water resources and a state
ment regarding the environmental impact of this project are included*
 
Appendices F, 0, N and 0, Volume II, contain discussions of Design 
Criteria, Basis of Cost Estimates, Construction Methods and Materials, 
and Outline Specifications, respectively. The recommended construo
tion program consists of the following five implementation stepst 

1. 	Immediate Improvement Program (1978-79)
 

2. 	 Stage I Phase A of the Long-Term Constrvxtion Program 
(1980-85) 

3. 	 Stage I Phase B of the Long-Term Construction Program 
(1986-90) 

4. Stage II Phase A of the Long-Term Construction Program 
(1991-95) 

5. Stage II Phase B of the Long-Term Construction Program 
(1996-2000)
 

Source 

The present source of water supply to CAL-WD is the Bukal 
Spring, approximately 3 km south of the Calamba Poblacion and the 
Crossing well near the poblacion. Bukal Spring serves the comu
nity via an existing pipeline consisting of 200 and 150--mm dia
meter pipes. The total measured discharge of Bukal Spring is about 
96,000 cued, with approximately 1,500 cued flowing into the CAL-WD 
system, while the Crossing well currently discharges about 1,500 oumd. 
The spring will be utilized as a water supply source for the water
 
district and will be adequate to provide projected maximum-day demand
 
well past the year 2000, at which time maximum-day demand is expected
 
to be about 19,420 oumd. 

Storage
 

CAL-WD currently utilizes an existing 380 oum ground-level 
covered concrete storage tank located 150 meters southwest of the 
Bukal pump station. The storage tank was constructed in 1926. It 
is recommended that the existing storage tank be retained in service 
until 1991. At that time the existing tank will be abandoned and a 
2,000 oum ground-level reinforced concrete storage tank will be con
structed on Leoheria Hill. This will provide adequate storage to 
meet system demand until 1995 at which time an additional 700cum of 
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storage will be constructed at the same location to meet year
 

2000 requirements.
 

Transmission-Dis ribut ion System 

The existing transmission conduit from Bukal Spring to Calamba 
Poblacion consists of 1.6 km of 200 mm and 1,3 km of 150-mm pipe
line. During the immediate improvement program a portion of the 
existing 150-mm pipeline near the poblaoion will be abandoned; a 
portion of the existing 150-m pipeline near Leoheria Hill will be 
replaoed; and the 2(X-mm section from Leoheria Hill to Bukal Spring 
will be retained.
 

During Phase I-A the existing transmission pipeline route will 
be abandoned. The transmission pipeline to be installed during this 
phase will follow the alignment of the Lou Bafios Road from Bukal 
Spring to the Ramon Santos Street intersection, subsequently follow
ing Ramon Santos Street to the poblacion. 

Subsequent additions or reinforoements to the transmission sys
tem will be along Ramon Santos Street or along the Manila Road. 

The system of existing distribution pipelines will be replaced 
by 1990. In addition, barrios Mayapa, P. Rizal and Sampiruhan will 
receive service from distribution system extensions between 1980 and 
1990. Similarly, barrios Looo, Sucol, San Cristobal and Prinza will 
receive service between 1990 and 2000. Approximately 27.2 ka of 

100 to 450-mm diameter pipelines will be installed before 1990, with 
Thesean additional 11.9 km to be installed between 1990 and 2000. 

pipelines do not include internal network pipelines which will be 
constructed throughout the entire program. 

All distribution and other recommended facilities are shown in 

Figure IX-1 (appended).
 

Administrative and Other Service Facilities 

In addition to the souroe and distribution facilities required 
for the production and transportation of water to consumers, it will 

be necessary to provide other facilities to improve administrative, 

operation, maintenance and quality control capability within the water 

district. The operational capabilities of the CAL-WD will be sig

nifioantly increased by the construction of a new administration 
These facilities willbuilding and plumbing shop during Phase I-A. 

be provided with furniture, applianoes, equipment and tools required 

to efficiently handle the administrative and technical aspects of a 

new and rapidly expanding organization. It has been assumed that 
meter repair and laboan arrangement will be made to meet the water 

ratory requirements of CAL-WD by sharing the relatively larger faoi

litieu of other nearby water districts, such as San Pablo or Lipa City. 
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DesirC~iea n 

The recommended program of pipe construction described in 
this chapter refleoti: -the reoultc. of sucoessive computer analyses 
of the CAL-WD dietriibution system. The general design criteria 
and methods of analysis are discuse3ed in Appendix K of Volume II 
and Chapter XII of the Methodology Manual, respectively. 

The method of aelecting pipeline sizes consists of analyzing 
each pipe under tho anticipated future hydraulic conditions. Since 
each computer analysis is criticl to a different series of pipes, 
there is no single progra result that can be included herein as 
a "design run". 

The computer printoui; for the peak-hour and minimum-hour con
ditions are included in Annex 114 as representative of the worst 
conditions for pipe design. Tho peak-hour condition can, in 
Senei.al, be considered as the "design run" for the majority of 
pipes. However, certain variations in operational modes can be more 
critical for some pipelines.
 

Daring the design of the recommended facilities, it is impera
tive that the design engineer re-run the computer program to deter
mine the critical conditions for each pipeline to be designed. It 
is also important to revise the program during each design phase 
to take into account the actual system conditions at that time. It 
is recommended that a new series of hydraulic studies be conducted
 
on the distribution system after some improvements have been com
pleted and the system operates with adequate pressures 24 hours a 
day. The results of the additional studies can be incorporated into 
any ft-ture designs. Additional considerations to update this report 
are discussed in Appendix Q, Volume II. 

In some cases facilities included in the last phases of Gon
struction are only designed for a short term, to the year 2000.
 
These facilities are included in the cost analyses of this study to
 
determine the economic impact on the overall program. However, from
 
a technical point of view, they may not be the most practical or
 
economical facilities to construct. During the design of the last
 
phases of the conn3truction program, the design engineers should study 
alternatives beyond the year 2000 and design facilities accordingly.
 

B, IMMD)IATE TMPIOVEMNT PROGRAM 

While the findings and recomendations of this report are
 
being reviewed, ponrling their approval by the CAL-WD, LWUA and finan
cial agencies, certain steps may be taken to facilitate immediate
 
improvements in the CAL-WD water supply system. These "high-impaot"
 
improvements will provide improved service to existing consumers and
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additionl rervice- t:. 	 OfmY01rliritd of ncr -onntiona to the
 
system, before implementation of the initial phaue of the long.
tev:r, construation program.
 

As discu_ed in (hapter IV, the existing system has many
 
Qeficier.oies ancl iome corroc-Lirc maures are recommended in the
 
im-mediate irmprovemetit program.
 

The 	 immediate improvment pro.ram wrill improve and increase 
•,tor supply service primarily l1y the addition of sources, trans
mic-:son and dintribution facilities. The program will consist of
 
the following:
 

1. 	Tle prorlsion of additional puamping equipren, at the B]Ical 
pump station. 

2. 	 The installation of about 9.65 km of transmission and 
distributi)n mains with diameters, ranging from 100 to 
350 m"m. 

3. 	 The initiation of aan exteisive leakage do-ection survey 
and repair program. 

4. 	 The addition of full-time reliable aisinfection facilities 
at the rossing well to provide an initial concentration 
of 2.0 mg/l ot ohlorine in nearhy distribution pipes. 

5. 	 The addition of 824 service connections within the service 
area, as well as provision of msters for 1,098 existing
service connections, and major repairs to about 30 percent 
of 	existing service connections.
 

6. The provision of office equipment and plumbing tools and 
other appurtenant equipment to upgrade the water district's 
operational oapabilitiea. 

7. 	 New distribution pipelines will be installed as shown in 
Figures IX-2 and IX-6 and listed in Table IY,-i. 

8. 	 Repairs will be made to the existing 380 cum reinforced 
concrete storage tank located in Barrio Dkal. 

Additional source facilities will be provided at the existing 
Bukal Spring pump station and the Crossing well. A new pump set
 
will be installed in the existing Bukal pump station to provide suf
ficient additional pumping capacity (2,800 cumd) to meet expected
 
peak hour demand in 1982 (5,800 cumd). In addition, chlorination 
facilities will be provided at the Crossing well. 

The pipelines reoommended for construction during the immediate 
improvement program consist of 9.65 km of 100 to 350-mm pipes. This 
includes replacement of 770 meters of existine transmission main east 
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St. L.( ,her]ia Road 
ub.vi',i350 

"oi t;hY f :iazeq iuiv ls,, i on 

2 :i i l'flcakl Fi.pe103 
[Li: choria Road 

104 Lecheria -'oad 
131 Lopes Jaena St. P. 

:out1, uf Elaze(1ui 
132 Lopez .1 ona St. - i'. 

Thuti of Elazequi 
133 Lopez ,rJaa St. -P 

Soith of' Elazeoui 
134, Lopez Jac.a St. - 1. 

5outh ,f iElazequi 

ine from 

Thir,os St. to 
Subdivision 
Buros St. to 

Subdivision 
iur-os St. to 

Subdivision 
flur-ros St. to 

Subdivision 
R.lnon L;itos St. - Lecheria Road to 

Elazeoui Subdivision 

101 1,,tkal '..jrln"to 
117 RizaI/rtu':o Tn, 

73o. Ainj:a 
121 Lurez ,w.ena St.

Jouth of 

122 ";,,,,z Jaena 
-OU hh 

123 Ma%ini -t 
1.. 


110 Loeaer-. 
to ;. T. 

Gen. 

St. 
(;Sen. 
near 

i1e. Pau1o 
o rsection to 

to "labini St.
Lir St. 

to Yaliri. St.
 
Lim St. 

Uablic !,L*rket 


So.. of .P. 11tirgos 8t. 

St. P. DIr,-,os St. 
Rizal 3t. 

11i Del Pillar St. - j, P. Rizal St. 
to Elepalo St. 

Pipe

Diameter 


350 


350 

350 

300 

250 
250 

250 

250 

250 

250 

250 

200 

200 

200 

200 
200 
200 

150 

150 

Pipe

Length
 

40 

190 

150 

150 
530 
"0
340 

770 
240 

140 

80 

70 

70 

1,420 
1,500 

380 

320 

130 
220 
110 

100 

200 
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TABLE .X-1 (Continued) 

Pipe 
Number LocationL/DtfooiiA ion 

112 Del Pilar St. - Elepafio St. to 
Caahaa St. 

113 J, P, Ri.al St. - Caaiiae St. to 
Cailles St. 

114 3. P. Rizal St. - Caillee St. to 
Mabini St. 

115 j. P, Rizal St. - Kbini St. to
 
Do. Palingon 


116 J, P. Rizal St. - Mabini St. to
 
Bo. Palingon 

118 Bo. Linga 
119 Bo. Liniga 
120 Bo. Linga 
126 Bo, Parian from road to Bo. Real 
127 Bo. Parian from road to Bo. Real 
128 Bo. Prinza near Manila Road 
129 Bo. Prinza near Manila Road 
130 To Bo. Real from Manila Road 
135 Gen. Lim St. from Lop, ?aena St. 

to Elazequl Subdiv rirn 

125 Cailles St. - J. P. Rizal St. to 
P. Burgos St. 

Pipe Pipe 
Diameter Lewh 

150 360
 

150 120
 

150 110
 

150 400
 

150 460
 
150 100
 
150 380
 
150 150
 
150 260
 
150 400
 
150 400
 
150 400
 
150 650
 
150 650
 
150 110
 

4,600
 

100 100
 

100
 

Total 9,650 
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of L : i. H 11 m-itiotrs of new pipeline alongerP r."',istu of 
the north side. of Lchir:ia il.i11; provision of 5"j0 meters of new 

pipeline along Ra:7Cn Santos Street; provision of a reinforcing 
tr-Ank -a-b- alC-ng P--iZ Jz,.ena, d-e 1er rnd J. P. Rizn.1 Streets; 

prov13ion of "r:.n-o:" 'ioti bu' 'l oon -:'outh of S;1,a-Q1-n and Juliana 
subdivLsion eiid provioion of rew pipolina to baarrios Real, 

it ha been obo--rved that qegetal Voots hae ini,rded through 

the wall of' The ei!;.ing storag - t, k The root mass is -nrowir4 
over nearly an ear-ir3 ciadrant .,:tni ,Vall, with actual perforation 
of the wall covering approximate?.y 10 percent of the quadrant. It 
has been assumed 'Ji-t repairs will be made to this tank by removing 

the roots and filli,!7 the resnitin holes and cracks with epoxy 

grout. This will permit utilization of the tank until about 1991. 

Because of its exrn'e ago (nnrctruoted in 1926), and its relative
ly great distance from the center of demand, this storage tank is 

not expected to provide service beyond 1991. 

The provision of additiona! water at increased pressures on
 

a 24-hour basis will tend to increase the current levels of leak

age and wastage. It is, therefore, imperative that an extensive
 

program of leaka ge and wastage surveys and associated system repairs
 

be undertaken during the immediate improvement program.
 

The existing 1,098 service connections will be provided with
 

water meters. Of these, 30 percent (329) will receive major repair, 
or be replaced. In addition, 824 new service conneotions will be 
installed by 1979. By 1980, 31 percent of the total population 

within the 1980 eer-vice area will receive service from the CAL--WD. 

The operational capabilities of the CAL-WD will be signifi

cantly inoreased by provision of office equipment, plumbing tools,
 

a vehicle and other miscellaneous items (i.e. waterworks publioa
tions, chlorine residual analyzers and minor repair items).
 

Table I-2 presents a breakdown of costs (July 1978 prioe 

levels) for the immediate improvement program. The total project 

cost, including coitingencies and engineering, is ?5.12 million, with 

a foreign exchange component (FEO) of?2.95 million. 
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TABLE IX-2 

COST SU31 rfY-jTiTDATE IMPROVMITS 

Item 

-Sourenc.1:il.in7z 
(AditionalT1,ipnot in Exi-.Aing 
PuNmp Station) 

MVtrial! a,, ! quipmenlt 
Civil and Structural

(Install ChlorinatZ on _cilities 

at Existing Crossinj well)
 
Materials and Equipme t 
Civil and Structural 


Stora~e Facilit ies
 

(Repair Bo. hukal Storage Tank)
 
Materials and Equipment 

Civil and Structural 


istribution Facilities
 
,Leakage Detection and Repair)
 

Materials and Equipment 

Civil and Structural 


(530 m x 350 mm)
 
Materials and Equipment 

Civil and Struotural 


(340 m x 300 m)
 
Materials and Equipment 

Civil and Structural 


(1,420 m x 250 nun) 
Materials and Equipment 
Civil and Structural 

(2,660 m x 200 ,m) 
Materials and Equipment 
Civil and Structural 

(4,600 m x 150 mm) 
Materials and Equipment 
Civil and Structural 

11Based on 1978 price levels.
 

/U.S. $1.0 - r7.0 

Local 

-
6,000 


2,400 

-


8,400 


-

8 800
 

4,000 

189000 


29,700 

109,200 


28,900 

49,300 


82,400 

171,800 


85,100 

226,100 


101,200 

335,800 

Prei 2 Total
 

32,000
 
-

17,300 
-

49,300
 

11,200
 

11,200 20,000 

8,800
 
74,800 

207,800
 
-


102,700
 
-


312,400
 
-


335,200
 
-


400,200
 
-
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TABLE IX-2 (Continued)
 

Item Looal Foreign Total 

(100 mx 100 mm)
Materials and Equipment 
Civil and Str-actuxral 

(Valves) 
Materiale and Equipment
Civil and Struotural 

400 
5,300 

14,300 
17,400 1 

4,000 
-

55,400 

39 501,300 2/,200 
Sub-Total3 

Materials and Ecnipment
Civil and Structural 

348,400 
94 700 

1,487,000 
4,800 

6 1,561,8o 

1,835,400 
1,022,500 
2,857,900 

Service Connections 
(I,098 Conversions) 

Materials and Equipmwnt 
Civil and Struotural 

(329 Replacemen ts) 
Materials and Equipment 
Civil and Structural 

(824 New Connections) 
Materials and Equipment 
Civil and Structural 

-
39,500 

7,900 
95,700 

19,800 
269,400 

213,000 
-

95,400 
-

398,800 
-

432,300 707,200 1,139,500 
Administrative and Miscellaneous 
(Equipment for Administrative 
Facilities and Tools for Plumb
ing Shop  separate buildings 
be provided during Phase I-A)

Materials and Equipment 
Civil and Structural 

to 

20,000 
-

69,000 
-

(Miscellaneous Items - publica
tions, minor repair itqms and 
chlorine residual analyzers) 

Materials and Equipment 
Civil and Structural 

5,000 
-

7,000 
-

(Vehicle  van or pick-up type) 
Materials and Equipment 
Civil and Structural 

30,000 
-

30j00 
-

55,ooo 106,00 161,000 

YContin enoies and engineering costs for these items are
 
calculated @ 15 percent and 10 percent, respectively*
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TABLE IX-2 (Continued) 

Coot ( ) 
Item Local Iorei Total 

Sub-Tvtal / 
Materials and Equipment 
Civil and Structural 

82,700 
40460 

813,200 
-

895,900 
404,600 

487,300 813 200 1,300,500 

Total Conostruc ion Coot 
Materials and Equipment 
Civil and Structural 

431,100 
1735800 

2,300e200 2,731,300
1,427,100 

1,783,400 2,375,000 4,158,400 

Con~ncies 
@ 15% 

S,, 
194,400 
4,87oo0 

234,300 
81,300 

428,700 
10oo 

Sub-Total 2,026,500 2,690,600 4,717,100 

Engineerin,9 / 

@ 10% 115,000 213,700 328,700 
0 5%2500460 120 

Total Project Coot 2,166,500 2,950,800 5,117,300 

Contingenoies and -engineering costs for these items are 
calculated @ 10 percent and 5 peroent, respectively. 

2_Consists of 65 percent foreign exchange based on recent 
similar projeots.
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o FlRST STAGE OF TiE LONC --.fIr Ct"",11VOR- 0..AM (1980-90) 

The firet Hta.e ef thf or m : 0ed0ntrV-tIon prorm, in
cluding source dev ,Ioiment, p.nip.Jr ..).S, inteni.n.l network, service 
conneutionr aud adrinistrative and plumbing fnoilitie, will be 
implemeltcd in two ": ruotf -,Oil Me 'irst conruction 
phase will be implemented between 1980 cnd 1985, and the second, 
between !986 an.d 1090. 

Source developimont to take place during the first construction 
stage will include imuprovenments to the intake structure at Bukal 
Spring? reoonntruotion of the Bukal pump stationr cone.truotion of 
chlorination facilities at the 'ukal pump station and provision of 
pumping equip-.- nt at the Crossing well. 

Daring this atagre tranemisican/distribution pipelines will 
be constructed along the Loo BWiras. arnila road from Barrio Bukal 
-to Barrio MIyv.t. At addi'icna] main pipeline wil be provided along
J. P. Pizal StreeJ in the - n-d distribution System re
inforoeniente wi1.1 b constructed wi-i--.hin the poblacion. Existing 
facilities wil1 be iyicorpo -ated into the reco-mmeanded scheme to the 
maximum exient practical . Rxistinri distribution system pipelines 
wore construkted more than 50 years ago, are in poor condition, and 
will be replaced during this construction stage. 

The existinc 380-oum storage tank located in Barrio Bukal is 
also more than 50 years old. Howevert it will be retained in ser
vice until 1991, at which time additional storage faoilities will 
be constructed at Lecheria Hill and the existing tank will be aban
doned. 

COVSTRt1TI0B PHASE I-A (1980-85) 

Source Develonment 

During Phase I-k improvements to the existing Bukal Spring 
intake structure will be made; the Bukal pump station will be re
constructed; and new pumping equipment will be installed at the Cross
ing well. 

The exiiting rei-forcod concrete spring intake structure, lo
oated along h-te Loti Baiot-Manila road opposite the Bukal pump sta
tion, serves to capture flows from Bukal Spring as they emerge 
through the existing road embankment. .The structure serves as a 
suction chamber for the existing Bkal pump and is oonneoted to the 
pump via a 200-mm suction pipe which passes under the intervening road
way. Extensive leakage ocours undor the walls of the intake struc
ture, with consecruent lose of head possibly in excess of 1.2 meters, 
It is recommended that repairs and alterations of this facility be 
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made including placeiment of steel sheet piling around the down
streaam periphery of the structure, pouring and bonding of a con
crete wal. letween 
 the sheet pilinez and existilig structure, and
provision of'two 45cmz suction from.1..pes the structure to the
 
pump ateon These modification 
 will extend the useful life of 
the intake stt-_oturo beyond tho yea-r 2000. 

The ex4io,ili M: .ip sto-tion -"-is coistru.,oted in 1926, and 
ourvently in vor-y poor oondition. it is .reaornended that a new 

pump station P cc tructe: on --. Gsail tedir1'ing this oontruo
tio"n phastt. Several, alteri3ati-o pua p station :koations were re
viewed duing the oourse of this atudy including 1) at the south
eastern extremity of the existing f;pring pool, where several
 
squatiter houses are currently 
located; 2) on the northeastern side 
of the PNR railway line, opposite the existing wsxmp station, where 
landfill of rice Ixiddies would be required; and 3) atop the exist
in__ spring intake s'tructur-, whex'e the strength of the structure 
and potenitial traffic hazards womid have to be considered, These 
alte'-iatLi'e pump s tation aresites indicated in Figure IX-3. The
 
site of' the existing Iup station is reoommended, but should be

reviewed in detail during the final design of the pump station*
 
The coat of this pump station includes all reqnpired piping, valves, 
meters and appurtenanoes. Rxisting pumping equipment will be in
corporated, with additional pumping equipment installedto be as 
necessary to meet peak-hour demands to 1986 (see Figure IX-4) when

additional equipment will be required. 
The pump station itself will
 
be adequate to meet system demands until 1995, when modifications
 
will be required.
 

A separate chlorination buildir 
will be constructed during

this phase, adjacent to the proposed pump station. This facility

will inolude all required chlorinators, scales, ejectors, meters,

miscellaneous piping and valves and 
storage apace to meet projected

requirements until 
1991, when additional facilities will be re
quired, 
The existing chlorinator will be incorporated into the
 
proposed facilities or installed at the Crossing well.
 

The existing, pumpeet installed at the Crossing well is currently produ-.:inrg appcoximatly 2C.is ,gainst an average discharge

pressure of' 1.76 mteters. A new 
 will be reqnired toproduoe the 
same quantity of water (no inore;ise is anticipated due to -the age
and uncerta. condition of the well) against a 6ischarge pressure
of about 40 meters* It is antioipated that this well will beutil zee 
until 1985, when it will be abandoned, 

The improvements and additions to source facilities to be
implemented du.ring Phase I-A will provide sufficient flow capacity
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to meet projected demands until 1986, when additional facilities
 

will be required (see Figure IX-4).
 

Storage Facilities 

During the a!ternative studies previously discussed in 
Chapter VIII, it was found to be most economical to supply peak
hour demand directly from the source facilities at the Bukal wimp
 
station, until 1991., During the period from 1980 to 1991, the exist
ing storage tank will be utilized to meet emergency conditions and
 
to provide additional capacity to meet minor variations in projected
 
peak demands. After 1991, it becomes more economical to supply pro
jected maximum-day demands from Bukal pump station and to supply the
 
difference between maximum-day and peak-hour demands from storage
 
facilities to be constructed at Lecheria Hill by 1991.
 

Transmission/Distribut ion -acilities 

Daring Piase I-A., 9.94 km of i100 to 450-mm diameter pipelines 
will be constructed. About one-half of existing pipelines will be 
replaced during this phase. The total length of pipelines to be
 
installed consists of 4.56 In of reinforcements (or replacements)
 
to the existing system and 5.38 km of additional pipelines. The
 
subject pipelines are listed in Table IX-3 and shown in Figures IX-5,
 
IX-6 and IX-1 (appended).
 

These pipelines will provide reinforcement to the existing 
pipelines in the vicinity of Bukal pump station; a new "transmission 
route" from the pump station along the Los Bafios-Manila road to the 
Ramon Santos Street intersection (the existing 200-mm pipeline up
stream of Lecheria Hill will be abandoned); an additional "trunk" 
main along P. Burgos Street from the Manila Road to Barrio Palingon; 
additional distribution pipes in Elazequi Subdivision; and service 
to Barrios Real and Sampiruhan and Elepafio Subdivision. 

All proposed pipelines will be furnished with required spe
cials, air/vacuum relief valves, isolation valves and necessary appur
tenances.
 

Internal Network
 

It has been estimated that bY 1980 approximately 131 hectares 
within the poblacion and barrios &in Juan, San Jose, Leoheria, 
Halang, Bukal, Pansol, Real, Linga, Palingon and Parian will be served 
by internal network or equivalent distribution system piping. During 
Phase I-A it is proposed that an additional 149.9 hectares of inter
nal network be installed. This, together with approximately 40.1 hec
tares to be served by distribution pipes installed during this phase, 
will bring the total area served with equivalent internal network to 
321 hectares, about 64 peroent of the 1990 service area. 
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[AB3LE IX-3 

PHAST I-A PIPIINES 

Pipe Pipe 
Pipe Diameter Length 

Number Lo ationDescription (nn) (in) 

Rei nforcement Pip1ines 

403 13o. Bukal to alamba 450 180 

401 Bukal pLmp to existin, line from 
reservoir 400 . L 

30 
407 Crossing well to Do. Real Road 300 140 

140 
474 Silangan Subdivision 250 80 

80 
402 From existing reservoir to Bukal 

pump discharge 200 100 
408 Manila Road from road to Bo. Real 200 100 
409 Bo. Real from Manila Road 200 280 
410 Do. Real Road to Rizal/Burgos St. 

Intersect ion 200 230 
428 P. Burgos St. - Rizal 6t. Inter

section to Belarmino S.. 200 140 
431 P. Burgos 2t. - Belarmino St. to 

T. Alonzo St. 200 310 
433 P. Burgos t. - T. Alonzo St. to 

435 
Lopez Jaena St. 

P. Burgos St. - Lopez Jaena St. to 
200 150 

Elepaio St. 200 160 
437 P. Burtgos St. - Elepaho St. to 

Casafan St. 200 340 
439 P. Burgos St. - Casailas St. to 

Cailles 3t. 200 130 
440 P. Burgos St. - Cailles St. to 

1.4abini St. 200 100 
442 P. 'Burgos St. - Mabini St. to 

Rizal St. Intersection 200 830 
459 Ranon Santos St. - -west of Elazequi 

Subdivision 200 150 
3,020 

443 Gen. Lim St. (Elazequi Subdivision 150 60 
444 Gen. Lim St. Elazequi Subdivision 150 190 
445 Gen. Lim St. Elazequi Subdivision 150 50 
446 Gen. Lim St. Elazequi Subdivision) 150 120 

420 
449 Elazequi Subdivision 100 60 
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TABLE IX-3 (continued) 

Pipe 
Number Location/Description 

451 Elazequi 6ubdivision 

454 El'lazequi Subdivision 

456 Elazequi Subdivision 

461 Elazequi Subdivision 

463 Efazequi Subdivision 

465 Elazequi 2ubdivision 

469 Silaan Subdivision 

470 Silnan Subdivision 


New irielines 

102 Bo. BTukal - Los BTaios Road to
 
Calamba 


201 Do. Bukal - Los BPalos Road to
 
Calamba 


202 Bo. Bukal - Los Balmos Road to
 
Calamba 


204 Ramon Santos St. from Los Ba~os 
Road 


206 Ramon San tos St. from Lecheria
 
Road 


213 Raznon Santos St. - Elazequi
 
Subdivision 


214 Rainon Santos St. - Elazequi
 
Subdivision 


215 Silwanan Subdivision 


216 Do. Saxnpiruhan 
217 Bo. Real 


207 Eiepio Subdivision 
208 Elepauio Subdivision 
209 Elopauto jubdivision 
210 Elepafio Subdivision 
211 Elcpaiio Subdivision 
212 Elepaio 6ubdivision 
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Pipe 
Diameter 


(mm) 

100 

100 

100 

100 

100 

100 

100 

100
 

Sub-total 


450 

450 

450
 

350 


350 


200 


200 

200 


150 
150
 

100 

100 

100 

100 

100 
100 


Sub-total 

Total 


Pipe 
Length
 

60
 
50
 
50
 
60
 
60
 

190 
110
 

690
 

4,560
 

700 

180 

650
 

100 

70
 

80
 
160
 
310 
300 

1,800 

130
 
150
 
130
 
170
 
120
 
180
 

5,380 

9,940
 



Areas adjacent to distribution system pipelines will receive
 
servico directly from these pipelines and have been deducted from
 
the total internal network requirement. A description of internal
 
network systems ie presented in Appendix K, Volume II, with details
 
of the installation schedule presented in Annex IX-C.
 

Service Connect ions 

During Phase I-A, 1,926 new service connections will be in
stalled within the poblacion and barrios San Juan, San Jose,
Lecheria, Halang, flual, Panaol, Real, Linga, Palingon, Parian, and
Sampiruhan, at a rate of 321 per year. In addition, the remaining

70 percent (769) of existing serrice connections, not repaired or
 
replaced during the immediate improvement program, will receive
 
major repairs or be replaced during this phase*
 

Details of service connection installation are presented in
 
Annex IX-C.
 

Fire Protection 

The detaila of Lire by'drant installation are presented in 
Annex IX-C. During Phase I-A, 155.0 hectares within the service 
area will receive fire protection by the installation of fire hydrants.
Most of thin area will receive normal residential-type hydrant ser
vice, with only 12.3 hectares within the poblacion to receive a higher
level of protection because of the higher property values associated 
with commercial areaa. By 1985, approximately 21 percent of the area 
to be covered by the year 2000 will receive fire protection service. 

Administrative and Plumbing Faoilities
 

During the immediate improvement program, off ie equipment,
plumbing tools and furniture would have been purchased to increase 
the administrative and operational capabilities of the water district. 
Because of the relatively high oost of new buildings and the relative 
adequacy of recently occupied rented office space, the oonstruction 
of an administration building and plumbing shop has not been recommend
ed during the immdiate improvement program but would be deferred to 
a later time. During Phase I-A, both of these facilities will be con
structed. Costs have been included in this report for the oonstruo
tion of buildings, each having 300 sqm of floor space, to house ad.
ministr.tive and plumbing facilities. 
 The costs of required land for
 
this construction have also been included. 

Water Meter Repair and Laboratory Facilities 

For the efficient operation of the CAL-WD, it is considered es
sential that the water district have the capability to monitor the
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quality of weA.:er derived from its sources and distributed to con
aumers and to servic.- and maintain the water mettire installed 
throughout its systeaI. Th00ause of tho re]ativeiy small size of
the CAL.-WT with rej..-,ct to other ntarby communities with similar 
needs, and to avoid a proa.feratjJr of swaller and probably less 
efficient facilitio, throughout the PFhilippinoo, it has been as
sumed that these facilities will not be provided within Calamba 
itself, but will be ehared with larger conuniLes. such as San 
Pablo or Lipa City 

An allowanoe, etuivalent to C arhboc share of the cost of 
these shaved ]aboratoVry an," metec i-epair facilities, is included in
the miscoaous ext:,ensea tabulated for annual operation and main
tenance costs presor.ed in a subsequent section of this chapter* 

Cost Sunar-zv Pha I-4 

The cost umrariv for proposed construction during Phase I-A
is prei.ented in Ta.ble IX4 Based on 1978 price levels, the total 
projeot cost, including contingencies, enginoering and land, is 
P13.38 million, with a foreign excha&tge component of F6.68 million,
which includes dircot and indirect import items. A cost breakdown,
based on materialsi and equipment procurement and required civil and 
struotural work, is also included. M4ateriale and equipment consi
dered in this breakdown include pipes, valves, pumpeets, water
 
meters, hydrants and chlorinators. 
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TABLE IX-4 

COST SUM&MRY FOR CONSTRUCTION 
STAGE I PHASE A 

Item 	 Local ftreip/ Total 

Souroe Foilities
 
(Intake Improvement)
 

Materials and Eqipment 17,700 132,300
 
Civil and Structural 56,400 4,800
 

(New Pump Station and Equipment)
 
Materials and Equipment 90,000 851,900
 
Civil and Structural 929,800 96, BO
 

(Chlorination Facilities)
 
Materials and Equipment 4,200 39,400
 
Civil and Structural 19,200 

(Pumpset for Crossing Well)
 
Materials and Equipment - 48,000
 
Civil and Structural 3,000 , -,
 

1,120,300 1,73,200 2,293,500 

Pipelines(19820 m x 450 mm) 

Materials and Equipment 125,600 997,400
 
Civil and Structural 484,100 

(30 mx 400 mm) 
Materials and Equipment 2,000 14,400 
Civil and Structural 7,600 

(750 	 m x 350 mm) 
Materials and Equipment 42,000 294,000 
Civil and Structural 154,500 

(140 m x 300 mm)
Materials and Equipment 11,900 42,300 
Civil and Structural 20,300 

(80 m x 250 mm)
Materials and Equipment 4,600 17,600 
Civil and Structural 9,700 

(3,330 m x 200 imm)
Materials and Equipment 106,600 419,600 
Civil and Structural 283,000 

(2,220 m x 150 mm)

Materials and Equipment 48,800 193,100 
Civil and Structural 162,100 

(1,570 m x 100 mm)
Materials and Equipment 6,300 62,800 
Civil and Structural 83,200 

(Valves) 
Materials and Equipment 22,200 104,100 
Civil and Structural 31.500 

1,606,000 2,145,300 3,751,300 

6 sed on 1978 price levels.
 

£/Us. $1.00 - P7.00. 
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TABLE IX-4 (Continued) 

Cosot (rPI 
Item Local Fr Total 

Administrative Building and 
Plumbing(ulig ShopOly) 

Materials and Equipment - -
Civil and Structural 726------

726,000- 726,000 

Sub-Totaly 
Materials and Equipment 481,900 3,216,900 3t698,800 
Civil and Structural 2 101 1600 

3,452,300 3,318,500 67 

Internal Network 
(149.9 ha)

Materials and Equipment 
Civil and Structural 

91,300 
898,600 

713,100 
-

9M9,9oo 713,100 1,7o30oo 
Service Connect ions 
(769 Replacements) 

Materials and Equipment 18500 223,000 
Civil and Structural 223,800 -

(1,926 New Connections) 
Materials and Equipment 46,200 932,200 
Civil and Structural 629,800 - _ _ , , 

918,300 1,155,200 2,073,500 

(1550ha)~

Materials and Equipment 41,300 140,700 
Civil and Structural 60,500,

i180 1409 WO 242,500
 

Sub-Total 2/ 
Materials and Equipment 197,300 2,009,000 2,206,300 
Civil and Structural 1,812,700- 1,812t700 

2,010,000 2,009,000 4,019,000 

Y-Contingenoies and engineering costs for these items are oal
oulated @ 15 percent and 10 percent, respectively* 

2/Contingenoies and engineering costs for these items are oal
culated @ 10 percent and 5 percent, respectively. 
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TABLE IX-4 (Continued) 

cost (F) 
Item Local P'oreiln Total 

Total Construction Coat 
Materials and Equipment 
Civil and Structural 

679,200 
417832100 

5,225,900 
101,600 

5,905,100 
4t864,70 

5,462,300 5,327,500 1O,7&8-,6 

a 1 Ie 517,800 497,800 1,015,600 
201,000 200,900 401,900 

Sub-Total 6,181,100 6,026,200 12,207,300 
Engineer' 10/ 

@ 10% 
@5% 

272,500 
77,400 

506,100 
-143,600 

778,600 
221,000 

Sub-Total 6,531,000 6,675,900 13,206,900 

LandS1 
172,000 - 790 

Total Project Cost 6,703,000 6,675,900 13,378,900 

1 	 Consists of 65 percent foreign exchange based on recent 
similar projects. 

21J 	1,400 sqm @ P80 sqm and 1,500 sqm @ ?40/sqm. 
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CONSTRUCTIOUJ .,,iASE I-B (1986-90) 

Source DeveloRMent 

During Phase I-B additional pumping equipment will be installed 
in the Btukal pump station constructed daring Phase I-A. This 
pumping equipment will provide an additional 6,000 cumd of source 
capacity to the Calamba system. The resultant total source capacity 
(14,300 cued) will be sufficient to meet projected 1991 peak-hour 
demand. However, the alternative studies discussed in Chapter VIII 
indicate that it is more eoonomical to provide storage , aoilities at 
Leoheria Hill in 1991 to supply projected future peak-hour demands. 
Thus, after 1991 Bukal pump station will only be required to supply 
mai mum-day demands and the equipment installed during Phase I-B 
will be adequate until 1995. 

Transmission/Distribution Facilities 

A total of 7.62 km of 100 to 350 m-diameter pipelines will be 
constructed during Phase I-B, including 3.08 km of reinforcements 
(or replaoements) and 4.54 km of additional pipelines. The remainder 
of existing pipelines, which were not replaced during Phase I-A, will 
be replaced during this phase. These additional pipelines are des
cribed in Table I-5 and shown in Figures IX-5, IX-6 and 17-1 (ap
pended).
 

The subject pipelines provide reinforcement along the western 
end of J. P. Rizal Street from the intersection with P. Burgos Street 
to Casajias Street; provide additional reinforcements within the dis
tribution systems in the poblacion and Elasequi and Chipeoo Subdivi
sions; and extend service along the Manila Road from the intersection 
with Ramon Santos Street through Barrios Halang, Parian, Prinza and 
P. Rizal to Barrio Mayapa. 

Internal Network 

During Phase I-B 38.3 hectares within previously served areas 
and Barrio Mayapa will receive internal network piping. Together 
with the 45.4 hectares served directly from distribution system pipe
lines installed during this phase, and 321 hectares served before 
1986, the total area served with equivalent internal network 1 1990 
will be 404.7 hectares. This amounts to 81 percent of the total 1990 
service area. Details of internal network installation are presented 
in Annex I-C. 

Service Connections 

During Phase I-B 2,625 new service connetions will be installed 
within the areas previously served and Barrios Mmapa and P. Rizal. 
Service connections will be installed at a rate of 525 per year. Py 
1990 there will be a total of 6,473 service connections within the 
area served by CAL.bD. 

U-21 



TA3J.: IX-5 

PHASE ,-B PIUELINES 

Pipe Pipe 
Pipe Diameter Length 

Number Location/Descritonji 

Reinforcement Pipelines 

459 Ramon Santos St. - West of Elazequi 
Subdivision 200 150 

460 Elazequi Subdivision 200 60 
462 Elazequi Sudivision 200 190 
464 Elazequi Subdivision 200 .22 

450 
411 J. P. Rizal St. - Burgos St. 

section to Belarmino St. 
Inter

150 150 
412 J. P. Rizal St. - Belarmino St. to 

Chipeco Subdivision 150 240 
414 J. P. Rizal St. - Chipeco Subdivision 

to T. Alonzo St. 150 70 
415 J. P. Rizal St. - T. Alonzo St. to 

Lopez Jaena St. 150 150 
417 J. P. Rizal St. - Lopez Jaena St. to 

Elepafio St. 150 160 
420 J. P. Rizal St. 

Ca9afias St. 
- Elapafo St. to 

150 340 
472 Gen. Lim St. from Lopez Jaena St. 150 180 
473 Gen. Lim St. from Public Market 150 220 

1,510 
.413 Chipeco Subdivision 100 100 

418 Elepafio St. - Del Pilar St. to 
J. P. Rizal St. 100 90 

429 Belarmino St. - J. P. Rizal St. to 
P. Burgos St. 100 60 

432 T. Alonzo St. - J. P. Rizal St. to 
P. Burgos St. 100 100 

436 Elepafio St. - J. P. Rizal St. to 
P. Burgos St. 100 100 

438 Casaias St. - J. P. Rizal St. to 
P. Burgos St. 100 100 

441 Mabini St. - J. P. Rizal St, to 
P. Burgos St. 100 100 

450 
455 

Elazequi Subdivision 
Elazequi Subdivision 

100 
100 

190 
190 

466 Elazequi Subdivision 100 90 
1,120 

Sub-total 3,080 
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Pip)T. 

.:40,Pipe .1 inc z 

.':.dLo.203 Los !lO - }1,1t,.nL 

218 .'uni la Roid - No. arui. 
219 MOMi !io:d Bo. PrinzaR:. 
220 rarila Road to Bo. P'. Yiz. 
221 Do. P. RQi::a 
222 Do. "ayraon 

Fipe Pipe
 
Di :netcr Lenjth
 

350 1 I
 

200 350
 
200 i;00 
200 3,250
 
200 600
 
200 60
 

3,400
 

jub-total 4,540 

Total 7,620
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.Details of service connection installation are preeented in
 
Anex IX-C.
 

Fire q'a o 

During Pua~e I- 173,6 heotares within the eexvice area will 
reoeive fire protection by installatoj of fire hydrants. A major 
portion of this area tzill receive normal residential-ype hydrant 
service, with only i2.3 hectares within the noblacion to receive a 
higher level of protec-tion ocau of1 the higher property values 
associated wit.h colmUrcial rea.s Py 1990, approximately 45 percent-.

of the .i be oowored 'by2000 will receive fire proteotion sex
vic& 

CoSary: PhaseI-B 

The oost rummry for pr'oposed construction during Phase I-B 
is presented in Table 1X-6. Based on 1978 price levels, the total 
project cost, including contingencies and engineering, is TF6,09 mil
lion, with a foreign exchange component of ?3.40 million. Table
 
IX-6 also shows a cost breakdown based on materials and equipment
 
procrement and required civil and struotural work.
 

D, SECOND STAGE OF 'MhE LONG-TW24 CONSTRUCTI0N P1OGRAM (1991-2000) 

Me second stage of the recommended construction progra inclu
ding source development, storage facilities, pipelines, internal net
work, service connections and fire protection, will be implemented in 
two construction phases, Uhe first construction phase will be imple-
mented between 1991 and 1995, and the second between 1996 and 2000. 

Soiuroe developmeiit during the second construction stage will in
o ude expansion of the Bukal pump station. Work will include stru -
tural modifications to the pump station and provision of additional
 
pumping equipment. These modifications will provide sufficient source
 
capacity to enable the CAL-WD to meet projected niaximwn-day system 
demand until the year 2000.
 

In 1991, -the existing 380-cum storage tank located in Barrio Bu
kal will be ab.audoned., Mring the second construction stage, 2,700 
cure of ground-level storage tank capacity will be constructed at Le
cheria Hill, to meet projected system peak-hour demands until the 
year 2000. 

Pipeline construction during this construction stage will in
clude 11.91 km of 100 to 350-mm diameter pipelines. Reinforcements
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TABLE IX-6 

COST SUMVAWY FOR CONSTRUCTION 
STAGE I PHASE B 

Item Local 

Source Facilities 
7ditional Pumping Equipment 
for Bukal ?wmp Station) 

Nateriale and Equipment 7,000 
Civil and Structural 43200 

11,200 

(1,140 m x 350 mm) 
Materials and Equipment 63,800 
Civil and Structural 234,800 

(3,850 m x 200 m,) 
Materials and Equipment 123,200 
Civil and Structural 327,200 

(1,510 m x 150 mm)
 
Materials and Equipment 33,200 

Civil and Structural 110,200 


(1,120 m x 100 mm)
 
Materials and Equipment 4,500 

Civil anrd Structural 59,400 


(Valves) 
Materials and Equipment 9,900 
Civil and Structural 11,500 

977,700 


Materials and Equipment 241,600 

Civil and Structural 741,300
988,900 

Internal(38.3ha Network 
Materials and Equipment 22,100 
Civil and Structural 217-j3P 

239,400 

-Based on 1978 price levels.
 
--./U. s. $1.00 - r.00. 

Cost / 

FTotel 

35,100
 
4,200 

39,300 50,500 

446,900
 
-

485,100
 
-

131,400 
-

44,800
 
-

36,400
 

171144,100 20122,00
 

1,179,700 1,421,300 
4,200 751,50019183,900 21i720806
 

172,300
 
-


172,300 411,700 

1-/Contingencies and engineering costs for these items are
 
calculated at 15 percent and 10 percent, respectively.
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TABLE IX-6 (Continued) 

Item Local 
Cost 

fre 
(r) 

Total 

Serioe Connections 
(2,625 new oonneotions) 

Materials and Equipment 
Civil and Structural 

63,000 
§224-00 
921,400 

11270,500 
-

1,270,500 2,191,900 

Piro Hydrants,
(173.6 ha) '-

Materials and Equipment 
Civil end Structural 

48,800 
7

166,100 

120,300 166,1(00 286,400 

Sub-Total5/ 
Materials and Equipment 
Civil and Struotural 

133,900 
1,147,200 
1,281,100 

1,608,900 
-7 

1,608,900 

1,742,800 

2,890,000 

Total Construction Cost 
Materials and Equipment 
Civil and Structural 

375,500 
1,894.500 
2,270,000 

2,788,600 
4,200 

2,792,800 

3,164,100 
1,898.700 
5,062,g80 

0 15% 148,300 177,600 325,900 

@ 10% 
Sub-Total 

128 100 
24,00 

160,900 
3,131,300 

289,000 
5,677,700 

Nnineert 
@ 10% 
@ 5% 

/ 

87,500 162,400 
110,L0 

249,900 
159,ooo 

TOTAL PROJECT COST 2,689,500 3,397,100 6,086,600 

1./Contingenoies and engineering costs for these items are 
calculated at 10 percent and 5 percent, respectively. 

1!/Consists of 65 percent foreign exchange based on reoent
 
similar projects. 
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of the pipeline along P. Burgos Street from the Manila Road to

Barrio Linga, reinforcement of the pipeline along the Manila

Roid from the site of the abandoned crossing well to Barrio
 
Mayapa, new pipelines to provide service to Barrios Sucoll San
 
Cristobal and Looo and reinforcement of pipelines in Elazequi,

Silangaan and Juliano Subdivisions are to be constructed during
 
this period.
 

Construction of 292.0 hectares of internal network, installa
tion of 6,600 servioe connections and provision of fire protection

service to 397.8 heotares will also take place between 1991 and
 
2000•
 

C0Y1TRUCTION MS1AsE II- (1991-95) 

Source Facilities 

As previously stated, as a result of the alternative studies
 
discussed in Chapter VIII, projected peak-hour system demands within the CLL-WD will be met IV direct pumping from the Bukal pump

station until 1991s 
 In 1991 storage facilities will be constructed
 
at Lecheria Hill, and it will subsequently be required to provide

only sufficient flow capacity at the Bukal pump station to meet
 
projected maximum-dAy system requirements. As a result, pumping

facilities previously constructed to serve until 1991 will now be
 
adequate until 1995.
 

In 1995 the Bukal pump station capacity (14,300 oand) will coin
oide with maxim .b-aydemand and expansion of this facility will be
required to meet subsequent future demands. 
It is proposed that

general pump station revisions be made to increase the station

capacity to 19,420 cumd, adequate to meet projected year 2000 maxi
mum-day demands This will require structural and station pipingadditions, as well as tho installation of additional pumping equip
ment. 

Because of increasing water demands, with consequent increasing

chlorine requirements, it is recommended that the chlorination faci
lities constructed during Phase I-A be expanded during Phase II-A.
 
The expansion of chlorination facilities will provide adequate chlori
nation capacity beyond the year 2000. 
The facilities required consist of minor structural alteration of the existing facility 'to in
corporate the storage space and equipment necessary to convert from

the use of "100 pound" qylinders to "ton" containers. The scales
 
and lifting equipment required will also be included.
 

Storaae Facilities 

The year 2000 stora.,R volume required to meet peak-hour demand 
is 2,700 cn. It is reoohmended that 2,000 cum of the year 2000 
storage requirement be constructed in 1991.. This will be adequate to 

IX-27
 



met system demands until 19951 at which time an additional 700 
cum of storage will be oonstrcoted. The required storage tank 
will be constructed at Lecheria Hill, much closer to the center
 
of demand than the existing storage tank* The existing 380-oum
 
storage tank will be abandoned because of its extreme age and 
greater distance from the area of major demand. The proposed
 
storage tank will be provided with all required piping and valves.
 

Transmission/Distribution Facilities 

During Phase II-a 10.76 km of 100 to 350-.m diameter pipe
lines will be constructed, including 7.62 km of reinforcements
 
and 3.14 km of additional pipelines. These pipelines are des
oribed in Table I2-7, and shown in Figures IZ-5, I7-6 and IX-1 
(appended). The Phase II-A pipelines will provide reinforcement
 
of the pipeline along Ramon Santos Street from the new storage
 
tank pipeline to P. Burgos Street, provide reinforcement of the
 
pipeline along P. Burgos Street from the Manila Road to Barrio
 
Linga, provide reinforcement of the pipeline along the Manila Road
 
from the site of the Crossing well (abandoned) to Barrio Mayapa,

and provide service to the previously unserved barrios of Suool, 
San Cristobal and Looo. 

Internal Network
 

During Phase II-A 131.2 hectares within previously served
 
areas and Barrios San Cristobal, Looo and Prinsa, will receive in
ternal network piping (Barrio Sucol will be served directly from 
distribution pipelines)* Together with the 30.0 hectares served 
directly from distribution system pipelinee.,installed during this
 
phase, and 404.7 hectares served before 1991, the total area served 
with equivalent internal network by 1995 will be 565.9 hectares. Thi 
amounts to 78 percent of the area to receive service V teyear 2000. 
Details of internal network installation are presented in Annex IX-C. 

Service Connections
 

During Phase II-A 3,300 new service connections will be in
stalled within the areas previously served, and Barrios Suool, San 
Cristobal, Looc and Prinsa. Service connections will be installed 
at a rate of 660 per year. By 1995 there will be a total of 9,773 
service connections within the area served IV CAL-MD. 

Fire Protection 

During Phase II-A 198.7 hectares within the service area will 
receive fire protection by the installation of fire hydrants. Near
ly all of this area will receive normal residential-type hydrant 
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TABLE. IX-7 

PHASE II-A PIPELINES 

Pipe 
Numbe_.r Location/Description 

Reinforcement Pipelines 

105 Ramon Santos St. - Leoheria Road to 
Elazequi Subdivision 

106 Ramon Santos St. - Lecheria Road to
 
Elazequi Subdivision 


107 Ramon Santos St. - Leoheria Road to
 
Elazequi Subdivision 


108 Ramon Santos St. - Lecheria Road to 
Elazequi Subdivision 


206 Ramon Santos St. from Lecheria Road 

117 Rizal/Burgos intersection to
 
Barrio Linga 


213 Ramon Santos St. - Elazequi
 
Subdivision 


214 Ramon Santos St. - Elazequi Sub
division 


218 Manila Road - Bo. Parian 

219 Manila Road - Bo. Prinza 

220 Manila Road to Bo. P. Rizal 
221 Bo. P. Rizal 

222 Bo. Mayapa 

408 Manila Road from road to Bo. Rizal 

409 Bo. Real Road from Manila Road 

410 Bo. Real Road to Rizal/urgos St.
 

Intersection 
428 P. Burgos St. - Rizal St. Inter

section to Belarmino St. 

431 P. Burgos St. - Belarmino St. to
 

T. Alonzo St. 
433 P. Burgos St. - T. Alonzo St. to 

Lopez Jaena St. 
435 P. Burgos St. - Lopez Jaena St. to 

Elepafio St. 
437 P. Buraos St. - Elepafio St. to 

Casabas St. 
439 P. Burgos St. - Casaias St. to Cailles 
440 P. Burgos St. - Cailles St. to 

Mabini St. 


Pipe Pipe
 
Diameter Length
 

(mm) (m) 

350 40
 

350 190
 

350 150
 

350 150
 
350 100
 

200 380
 

200 70
 

200 80
 
200 350
 
200 600
 
200 1,250
 
200 600
 
200 600
 
200 100
 
200 280
 

200 230
 

200 140
 

200 310
 

200 150
 

200 160
 

200 340
 
200 130
 

200 100
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TABLE IX-7 (continued)
 

Number 	 Location/Description 


442 P. Burgos St. - Mabini St. to 
Rizal St. intersection 

459 Ramon Santos St. - West of Elazequi 
Subdivision 

407 Crossing well to Bo. Real Road 

Sub-total 
New Pipelines 

205 To elevated tank - Bo. Leheria 

301 To Bo. San Cristobal 
302 To Bo. Looc 

303 To Bo. Sucol 

Sub-total 

Total 

Pipe Pipe
Diameter Length 
imee Ln(m) 

200 	 830
 

200
 

250 140
 
140
 

7,620 

300 	 140
 
140


150 300
 
150
 

1,000
 
100 2.000
 

2,000
 
3,140
 

10,760 
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servioe, with only 12.3 hectares within the poblaoion to receive 
a higher level of protection because of the higher property values 
associated with cowneroial areas. BY 1995, approximately 73 per
cent of the area to be covered 1- 2000 will receive fire proteo
tion service. 

Cot SutmaR , Phase II-A 

The cost summary for proposed construction during Phase II-A 
is presented in Table IX-8. Based on 1978 price levels, the total 
project coat: including contingencies, engineering and land, is 
P10s54 million, with a foreign exchange component of P5.14 million. 
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TABLE IX- 8
 

COST SUMMARY FOR CONSTRUCTION 
STAGE II PHASE A 

..Cost (%7 
Item Local Fore__n!y Total 

Source Facilities
 
(EMalIpump station expansion
 
and provision of additional
 
pumping equipment)
 

Materials and Equipment 5t600 93,100
Civil and Structural 199,700 14,600

(Additional chlorination 
facilities at Bukal pump 
station) 

Materials and Equipment - 35,000
Civil and Structural 13,400 

218,700 142,700 
_ 

361,400 
Piplines 

(630 m x 350 mm)
Materials and Equipment 35,300 247,000 
Civil and Structural 129,800 

(140 m x 300 mm)
Materials and Equipment 11,900 42,300 
Civil and Structural 20,300 

(140 m x 250 mm)
Materials and Equipment 8,100 30,800
Civil and Structural 16,900 

(6,850 m x 200 mm) 
Materials and Equipment 219,200 863,100 
Civil and Structural 582,200 

(,000 m x 150 Mm)
Materials and Equipment 22,000 87,000 
Civil and Structural 73,000 

(2,000 m x 100 mam)
Materials and Equipment 8,000 80,000
Civil and Structural 106,O0C 

.! Based on 1978 price levels.
 

8U.S. 1S.OO P7.00-
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TABLE 

It m 

(Valves) 
Materials and Equipment 
Civil and Structural 

Storage Facil ities 
T2,000 cum storage toni at 
Lecheria Hill)


Materials and Equipment 
Civil and Structural 


Sub-Total 2.- / 
Materials and Equipment 

Civil and Structural 


Internal Network
 
(131.2 ha)
 

Materials and Equipment

Civil and Structural 

Service Connections
 
(3,300 new oonnections)
 

Materials and Equipment 

Civil and Structural 


Fire }&drans 
(198.7 ha)
 

Materials and Equipment 

Civil and Structural 


Sub-Total 2 / 
Materials and Equipment 

Civil and Structural 


Total Construction Cost 
Materials and Equipment 
Civil and V-tructural 

IX-8 (Cont inued) 

Local 

16,400 

12,200____

1,268,300 


677,600 
290,400 

968,000 


1,004,100 

1,450,900 


2,455,000 


74,100

731.70058'805,80
W 


79,200 

1,079,1!00 

158,300 


53,700 

718800 

132,500 


207,000 

1,8§21600 

1,211,100 

3,340,500 


4,551,600 


Cost ( ) 
Foreign Total 

60,100
 

1,410,300 2,678,600
 

48,400
 
193,600
 
242,000 1,210,000
 

1,586,800 2,590,900 
208,200 1,659,100 

1,795,000 4,250,000 

580,000
 

O 19395,81
 

1,597,200
 
-

1,597,200 2,755,500
 

183,100
 
-

183,100 315,600
 

2,360,300 2,567,300
 
-1,889600 

2,360300900
 

3,947,100 5,158,200
 
208,200 87
 

4,155,300 89706000
 

- 2 /Contingenoies and engineering costs for these items are oal-. 
culated at 15 percent and 10 percent, respectively. 

20/Contingencies and engineering costs for thFse items are cal

culated at 10 percent and 5 percent, respectively. 
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TABLE IX-8 (Continued)
 

Cost (r) 
Item Local Forein Total 

@ 15% 368,9200 269,200 637,400
0 oc 201,q, 236.000 
Sub-total 5,129,500 4,660,500 9,790,000 

~1/
 

@ 10 171,100 317,700 488,800 
5 8 0 l 08800 

Sub-total 5,386,400 5,137,500 10,523,900 
Land, V 11,200 - .. 11,200 

TOTAL PROJECT COST 5,397,600 5,137,500 10,535,100 

2/Consists of 65 percent foreign exohange based on recent
 
nimilar projeots.
 

2/375 eqm @P30/sqm 
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Distribution .1iailities 

Jaring Phase II-B 1.15 km of 200 and 250 mm-diameter pipelines 
will be oonstructede All of these pipelines will be oonstructed as 
reinforcements to previously installed pipelines. The pipelines 
form part of a loop around the southern portion of the poblacion, 
passing around Elazequi, Silanan and Juliano Subdivisions from 
Ramon Santos Street to Cailles Street. They are listed in Table IX-9 
and shown in Figures IX-6 and IX-1 (appended). 

TABLE IX-9 

PHASE II-B PIPELINES 

Pipe Pipe
 
Pipe Diameter lanwth 

Numbe r Looation/)esoription (m) 

.Reinforcement PiglineI 

109 South of Elazequi Subdivision 250 
340
 

121 Lopez Jaena St. to Nabini St. 

mouth of Gen. Lim St. 200 320 

123 Mabini Ste near Publio Market 200 220 

124 Cailles St. south of A. Burgos St. 200 110 

215 Silangan Subdivision 200 160 

Total 1,150 
Storaxe Facilities 

In order to provide suffioent flow to met projeoted peak-ouw 
demands in the CAI-D distribution system until the year 2000, addi
tional storage capacity will be required* A 700-oum ground level 
storage tank will be constructed adjacent to the tank constructed 
during Phase II-A at Leheria Hill. The tank will be construoted of 
reinforced concrete and be furnished with all required valves, piping 
and fittings. 

Internal Network 

During this construction phase 160.8 hectares of additional area 
will receive internal network piping. The details of internal net
work installation are presented in Annex IX-0. The internal network 
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installed during Phase II-B, together with the total equivalent
 
internal network installed before 1996, will provide service to 726.7
 
hectares within the CAL-WD service area or 100 percent of the pro
jected year 2000 requirement.
 

Service Connections 

Service oonneotions will be installed at a rate of 660 per year 
during Phase II-B to provide a total of 3,300 additional service 
connections during this phase. By the year 2000 there will be a 
total of 13,073 service connections within,the area served by the CAL-
WD. Details of service connection installation are presented in
 
Annex IX-C.
 

Fire Protection
 

An additional 199.1 hectares within th service area will receive 
fire protection by the installation of fire hydrants during Phase 
II-B. This consists of 12.2 hectares within the poblaoion to receive 
high-level service and 186.9 hectares within the remaining barrios 
of the CAL-WD. W the year 2000, 726.7 hectares will be provided 
with fire protection service. 

Cost Sumary: Phase II-B
 

The cost summary for proposed construction during Phase II-B is 
presented in Table IX-1.. The total project cost for this phase# 
based on 1978 price levels, is P6.54 million, including contingencies 
and engineering costs. The foreign exchange component of this cost 
is P3.29 million, and includes direct and indirect import items. 
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TABLE I1 -10 

COST SUY4ARY FOR CONSTRUCTION 
STAGE II PHASE B 

(F 23Cost 

Item 	 Local ForeignZ Total 

Pipelines
 

(340 	 mx 250 mm) 
Materials and Equipment 19,700 74,800
 
Civil and Structural 41,100 

(810 	 m x 200 mm)
Materials and Equipment 25,900 102,100 
Civil and Structural 68,800 

(valves) 
Materials and Equipment 2,500 9,7o0 

310 0  Civil and Structural 	 .
161,001,9003479700 

Stora MfFacilities 
(700 cum storage tank addition 
at Lecheria Hill) 

Materials and Equipment 271,000 19,400 
Civil and Structural 116,200 __.400 

387t2484,WRY
 

Sub-Total?2/ 
Materials and Equipment 319,100 206,000 525,100 
Civil and Structural 2 ,06,600548,300 283,40081,0
 

Internal Network
(16o.8 ha) 
Materials and Equipment 90,000 704,200 
Civil and Structural 	 888.5, 

978,500 704,200 1,682,700
 

n /Based on 1978 price levels. 

2 /Contngenvies and engineering coots for these items are 
calculated at 15 percent and 10 percent, respectively.
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TABLE IX-tO (Continued) 

cost (rb) 

Item Local Foreign Total 

Service Connections 
(3i300 new cnnections) 

Materials and Equipment 
Civil and Structural 

Fire Hydrants 

79,200 
1,079,100 
1,158,300 

1,597,200 
-

1,597,200 2,755,500 

(199.1 ha) 
Materials and Equpipment 
Civil and Structural 

SbTtly1321800Su1>-Tal2 / 

53,800 
7,0 

183,500 
____ 

183v500 

____ 

31,300 

Materials 
Civil and 

and Equipment 
Structural 

223,000 

2,269,600 

2,484,900 
-

2,484,900 

2,707,900 
2,046,600 
4,754,500 

Total Construction Cost 
Materials and Equipment
Civil and Structural 

542,100
27 02,817,905 

2,690,900
77.400

Z7681100 
3,233,000 

505861200 

Co noie 
@ 15% 
@10% 

e 
82,200 

227,000 
42,500 

248,500 
124,700 
475,500 

Sub.-Total 3,127,100 3,059,300 6,186,400 

Engineeri2 
@ 1 
@ 5% 

33,500 
91,500 

62,100 
170,000 

95,600 
261,50 

TOTAL PROJECT COST 3,252,100 3,291,400 6,543,500 

26/Coningencies and engineering costs for these items are 
calculated at 10 percent and 5 percent, respectively* 

-!/Consists of 65 percent foreign exchange based on recent
 

similar projects,
 

IX-38
 



E. UAPIPTAL COST SUMUNMY 

The c.pital costs for construction during each phase of the
 
recommended project are summarized in Table IX-It. In general, 
the total project costs shown in this table include contingencies, 
engineering and land cost. All construction cost estimates are 
based on 1978 price levels. The foreign exchange component of the 
total project cost includes the costs of direct and indirect 
import items. 

TABLE IX-It 

CAPITAL COST SUMMARY 

Construction Construction PrJet.Cost (?)_. 
Stag-Phase Cost (r) Local Foreign Total 

Immedia .e 
Improvement 
Program 
(1978-79) 
I-A (1980-85) 
I-B (1986-90) 

4,158,400 
10,789,800 
5,062,800 

2,166,500 
6,703,000 
2,689,500 

2,950,800 
6,675,900 
3,397,100 

5,117,300 
13,378,900 
6,086,600 

II-A (1991-95) 8,706,900II-B (1996-2000) 21586 
11- (1962o~ 200,~ 

5,397,600 
3,252,110 

5,137,500 
3,291,400 

10,535,1006.54j5. 

Total (1978
2000) 34,304,100 20,208,700 21,452,700 41,661,400 

F. AM!UAL OPEIIATION AY2 ! iAIThNANCE COSTS 

Annual operation and maintenance costs include personnel, power, 
f'uel, chemicals, maintenance, office supplies and other miscellaneous 
expenses which are necessary to sustain the overall water supply sys
tem. Tne total annual budgeted cost of the existinUg system in 1976 was 
?211,100 (at 1978 price levels). Following implementation of the pro
posed construction programthe annual cost will increase due to the 
additional costs for prionnel, chemicals, power and maintenance. 

The costs of operating and maintaining the CAL-WD facilities 
are estimated o be approximately P392,5(X), ?763,100 and P1,157,600 
in 1980, 1990 a'nd 2000, respectively. Me breaklown of these esti
mates is shown in Table IX-12. All costs shoin are based on projected 
1978 price levels.
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TABLE IX-12
 

ANNUAL OPERATION AND MAINTENANCE COSTS
 

Annual Costsp28
'
 

Item 10.. .2000 

Administration and Personnel 73,200 180,900 391,600 485,000 

Power and Fuei2--l 101,600 54,500 133,500 287,800 
Chemicals 3 /- 9,700 29,900 59,100 
Maintenance32/ 29,000 89,700 121,400 194,800 

Miscel1aneousE/ . 7QO 7,0 -6700 130-900 

Total 211,100 392,500 763,100 1,157,600 

i
 
1 Based on 1978 price levels.
 
2VPwer cost = PO,25/kwh. Includes miscellaneous power costs
 

@ P500/mo and operation of two vehicles @ P400/mo. The high level 
of current power cost is caused by the poor efficiency of existing 
equipment under poor operating conditions* 

- /Chlorine cost - P5.00/k4. Includes miscellaneous chemicals 
@ P4,0OO/year from 1980 to 1989 and P5,OO/year from 1990 to 2000. 

31 In general, includes equipment maintenance @ 2 percent per 

yeur and pipeline and building maintenance @ 0.5 percent per year.
 

=-Includes present costs increased at 10 percent per year and
 
an allowance for rent of shared laboratory and meter repair facilities*
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Studies of the western portion of Laguna de Bay have recent
ly been completed by consultants to the Laguna Lake Development 
Authority (LLDA). These detailed studies concern the present 
and future water quality of Laguna de Bay and the steps required 
to minimize future pollution by agricultural and urban runoff and 
municipal/industrial wastewater disposal. Because of its locations 
the municipality of Calamba has been inoluded in these studies and 
preliminar7 (pre-design) plans for development of 'its sewerage and 
stormwater systems have been compiled. Because of the general and 
broad conceptual nature of the following paragraphs, the details
 
of the LLDA report have not been included here. However, it should 
be poi2ted out that the regional approach adopted in the LLDA 
studies will certainly lead to more technically flexible and eco
nomically viable projects. It is intended that the following para
graphs briefly describe existing wastewater facilities within the 
CAL-ND and the magnitude of future collection, treatment and dis
posal systems.
 

ExistnDainge System 

The existing drainage system in Calamba (see Figure IX-7) is
 
based on an existing NIA irrigation canal system which traverses
 
the center of the municipal area from west to east along J. P. Rizal
 
and P. Burgos Streets. These large open concrete-lined canals are
 
paralleled and oross-connected by a network of municipal drainage 
channels and smaller street drains. Most of the water drained by
 
this system is transported to a disposal point located on a branrh 
of the San Juan River north of Barrio Linga, although some irrigation
 
flows are diverted to the ricefielde south of the poblacion via Ela
zequi and Juliano Subdivisions and uest of Barrio Linga. The ulti
mate disposal area for all wastewater derived from this system is
 
Laguna de Bay.
 

The majority of NIA irrigation canals are ooncrete-lined, vary
ing in width from approximately 0.20 to 1.20 meters, with depths
 
varying from 0.30 to 1.50 meters. The larger municipal drainage chan
nels are concrete-lined, varying in width from approximately 0.20 to
 
C2.40 meter, with depths varying from 0.20 to 0.50 meter. Smaller un
lined earthen street drains exist along smaller roads, draining into 
the larger channels. These street drains are from 0.20 to 0.30 meter 
wide, and from 0.10 to 0.30 meter deep. Many of the street drains 
simply transport drainage into adjacent low-lying areas, principally 
those north of Del Pilar and J. P. Rizal Streets and the ricefields 
south of the poblacion. 

The NIA irrigation caaal system is very o~d (construction date 
urLknown), and was constrauted to supply water to the agricultural 
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areas which are now located south of the poblaoion. The principal 
municipal concrete--linnd dr-dInage channe-l ar , also very old, The 
smaller lined and unilired i inicipat street drains were constructed 
as the need becamrie obvious during expision of the comnity and its 
road system. IA maintains its irrigation canal system, with the 
municipality responsible for its own drainage system. Municipal funds 
covering drainage system maintenance aro included in the allocation 
for .oad repir. f:I~h drainage requirementsA con,prehnsive for fuful-e 
doev not exist, and additional drainage facility development is ham

pered by the lack of available f'unds, 

The existing drainage facilitiei iere constructed for the col
lection and disposal of stormwater rrnoff, although much of the sys
tem usually contains a significait amount of irri.gation water from 
the inter-connected NIA canal systme 2Ven during non-rainy periods 
significant flows are observed, During ev-!n moderate rainst floods 
occur along major roads due to the presence of surface runoff, irri
gation water, some miscoianeous solid w-,uastes and a relatively small 
amount of domestic watstewaturs. 

Field observations of the drainage system in Calamba are as 
follows:
 

I. The major dioposal area for stormwater nunoff is the San 
Juan River, which runE, along the north side of the pobla
clen, with some stormwater disposal into the ricefieldB 
south of the poblacion. 

2. 	Most of the domestic wastewater (except for effluents from
 
excreta disposal facilities) is discharged either directly
 
into street drains or into open areas which subsequently
 
drain into surrounding low-lying areas,
 

3. 	 The mnicipal slaughterhouse and public market drain 
their wastewraters into NIA irrigation canals. 

4. 	 The municipality maintains its drainage system with funds 
allocated for road maintenance. There are no compreheiisive 
long-term pians for development of the sewerate/drainage sys

tems of Calamba.
 

5. There are presentiy no industries producing significant 
wastewaters.
 

6. 	 Approximately 12-11" metric tonsi/day of solid wastes is col
lect-3d by the Muiipal Helth Office, and disposed of in 
an area adjacent I.- the S3an Juan diver in Barrio Banadero 

(across the SLn Jun Rivrort niO'th of DZIrr.io San Juan). 

7. 	Periodic flcoding occurs in severzA. areas during moderate 
rains, duo prinmarily to Ahe presence of irrigation water in 
conduits used foir stormnqate!, draina ga and also due to the 
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presence of significant amounts of solid waste materials
 
which reduce the capacity of these conduits. This prob
lem is aggravated when the water level in Laguna de Bay, 
the receiving body of the San Juan River, is unusually 
high. Normally, local flooding occurs for periods not
 
exceeding 2-3 hours.
 

Relationship with Infrastructure and Other Engineering and 
Economic Factors 

The provision of sewerage and drainage facilities within the 
CAL-WD has a significant impact on water supply and other infra
structure components. Economics (public's ability-to-pay) and the 
status of public health directly affect the feasibility of providing 
sewerage and drainage facilities. 

In view of the current relatively minor stormwater drainage 
problems being experienced in the CAL-WD area, it appears that drain
age facilities do not warrant high priority in Calamba's list of 
infrastructure components. Before decisions can be made concerning 
the implementation of sewerage and/or drainage programs additional 
technical and economic data must be collected and evaluated. 

Information from the Department of Health indicates that in 
1976, 21 percent of Calamba households had water-seal toilet facili
ties, 53 percent had open flush-type toilets, 22 percent had closed
pit type and 4 percent had other pit-type toilet facilities. It is 
unlikely that such a low percentage of "modern" facilities can eco
nomically justify a near future sewerage program. 

The rationale for the provision of wastewater facilities has
 
traditionally been based on aesthetics and public health benefits.
 
At present, there is an obvious water supply problem in the CAL-WD.
 
As the water supply problem is resolved wastewater volumes will in
crease. Related aesthetic and public health standards will rise in
 
time, increasing the urgency for solution of the wastewater problr.7
 

Projected Wastewater Volumes
 

Projections have been made for wastewater flows in CAL-WD for 
the years 1990, 2005 and 2025. These estimates are presented 
in Table IX-13* 

The service area considered for the wastewatr projections was 
the core area to receive water supply by 1980. This area is the most 
densely populated area in the water district, and is the area where 
public health and nuisance problems associated with wastewater will 
be greatest.
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TABLE IX-13 

AVERAGE DAILY WASTEWATER FLOWS 
CALAMBA WATER DISTRICT 

Design Year 

Percentage of Water
 
Connections with Sewer
 

Connections: 

Domestic 30% 60% 100% 

Commercial, etc. 50% 85% 100% 

Wastewater Flows (cumd): 

Domestic 800 2,534 7,744 

Commercial, etc. 227 790 2,323 

Infiltration 1762 2 3525 

Total 2,789 5,862 13,592 

The wastewbter volume which could be collected was determined by 
estimating the peroentage of water supply connections (domestic and 
commrcia/indu.strial/institutional) with sewer connections during 
the design period from 1990 to 2025. It was assumed that all water 
supply connections would have sewer connections by 2025, and that in 
1990, 30 percent of domestic and 50 percent of commeroial/iudutrial/ 
institutional water supply connections would have sewer connections* 
It was assumed that no unusually large water consuming connections 
would occur during the design " -, and that 90 percent of water 
consumed would therefore be ret'' o the sewerse An allowance was 

.made for groundwater infiltratV .&.o the sewers, based on projected 
percentage of physical area witi, .,uers and an infiltration rate of 
0.15 Ipe/heotare. The resultant number of sewer connections required 
during the design period was then checked to ensure that the annual 
rate of sewer connection construction was realistically within the 
capabilities of the water district. 

Alternatives Available 

The economic cost of sewerage/drainage facilities for the 
CAI-WD area is expected to be significant. 
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'Me proviion of a financially self-sufficient sewerage/ 
drainage system is seldom achieved even in developed countries.
 
It is likely that the CAL-WD is no exception to this rule. 

Feasible alternatives for sewerage in the CAL-WD area appear 
to be as follows: 

1. 	individual (septic tanks) or iunified public collection
 

sy'item; 

2. 	 combined or separate sewereage/drainage system; 

3. 	 various degrees of centralized community sewage 
treatment;
 

4. 	disposal system (river or land disposal) for treated
 
sewage.
 

The question of whether the CAL-WD should construct a com
bined or a separate sewerage/drainage system depends on economic 
circumstances. 

An alternative to the combined system, which must be investi
gated in detail during the sewerage feasibility study, is the provi
sion of open canals (peripheral drains).
 

Alternative treatment and disposal me3thods for intercepted
 
wastewater may consist of:
 

Is 	Screening of gross solids; high-rate lagoons and effluent
 
discharge into the San Juan River. 

2. 	Some form of treatment such as conventional primary
 
and/or high rate secondary treatment may be applied.
 
Treated wastes may be used potentially for agricultural 
irrigation. 

Recommetdat ions 

Aq soon as the first-phase water supply program is underway, 
a comprehensive seweraige/drainage feasibility study should be 
undertaken. This study must address the issue of combined versus 
separate sewers, It should also update the population and water 
demand projections of this water supply study. 

Once the decision has been made to use either the combined 
or separate system, the water district must embark as promptly as 
possible on a street sewering and house connection program. 
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A plumbing code should be developed by the CAL-WD to coordinate
 
plumbing requirements for water, wastewater and surface runoff 
facilities. This code becomes very important anJ meaningful
 
particularly if a separate . %em of sewers is adopted.
 

In the meantime, a house-to-house survey should be conducted 
to inventory existing watstewater and toilet facilities. As-built 
drawings of storm drains and peripheral canals must be compiled 
and accurately recorded in preparation for the sewerage/drainage 
feasibility study. 

The provision of an alternative distribution network for 
NIA irrigation water, such as the construction of another main 
canal south of the poblacion (immediately adjacent to the agri
cultural lands presently served by NIA), would permit full use by
 
the municipality of the existing I:IA canals on J. P. Rizal and P.
 
Burgos Streets for stormwater drainage, resulting in a large in
crease in stormwater disposal capability for the municipality.
 

For residences and establishments that currently lack waste 
disposal facilities and are financially unable to provide the modern
 
flush toilet with septic tank, the Department of Health (Division
 
of Environmental Sanitation) has developed an inexpensive water-seal
 
toilet,
 

Permanent rights-of-way should be acquired for the main routes
 
that will be used for drainage/sewerage canals.
 

The current practice of dumping solid wastes into waterways,
 
canals and manholes, should be strictly prohibited. Solid wastes
 
not only pollute the water, but also are very unsightly and serve
 
as habitats for flies, rodents and parasites. The proper handling
 
of solid wastes should be studied and planned carefully.
 

H. MAGEI.UMT OF WATER RESOURCES 

In order to make the best use of water resources available for
 
present and future use of CAL-10D, certain technical anIn management 
steps must be ec,idered. These considerations are primarily related 
to the collection of' data concerning the chemical quality and amount 
of water 'roduced by the distri,t, and a data stora~g md retrieval 
system which would provide eas: accessibility to those organizations 
dealing with subject. These are discussed further in Appendix Pp 
Volume II of this report. 

I. UPDATIDG THE WATER SUPPLY YASTER PLAN
 

To be a meaningful working document, this water apply master
 
plan must be periodically updated. Changes related 'o technological 
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developments, social goals, land use concepts, unforeseen
 
population growth or movement, eto., Tuit be reviewed for 
possible long-ranige impact on the program recommended in this 
report. An outlije of the steps req-uired for such periodic 
updating is presented in Appendix Q, Volume II. 

0. ENVTROfI-'DTAL COS3IDERPATIONS 

Appendix R, Volume II discu-sses some of the ways the 
recommended program may affect the environment of the study 
area. Some of the natural resources affected by the program 
are irreplaceable, requiring due consideration before actual 
construction.
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IIANM ' -C 

DISTRIBUTION SYSTEM GROWTH 



ANNEX IX-C 

DI3TRIBUTION SYSTM 01I1OVITH 

General
 

It i-; neceesairuy to p,'oje,.t the growth of the distribution ys
tem in order to estimate the required expenditures for internal
 
network piping, service connections, and i'ire hydrant reap..irements. 
The projection of distribution system growth is based on 1) an
 
apportionment of the served population among individual sections 
within thn aervice area 2) the poje+.ted numbei- of people served by 
each connection, and 3) the anticipated total area of individual 
served sections within the service area. The dotalls of these items 
are discussed below. 

Served Population 

The projections of served population presented in Chapter VI 
are presented in Annex Table IX-C-l according to individual com unity
served and respective service areas in 1976, 1980, 1990 and 2000. 

AM X TABLE IX-C-l 

SERVED POPULATION PROJEC"PIONS 
CALANBA WATER DISTRICT 

Comunity 1976 1980 1990 2000 
Served Service Area Servioe Area Service Area Service Area 

Poblaoion 
San Juan 
San Jose 

5,322 
18 

104 

6,468 
390 
450 

17,497 
1,213 
1,662 

30,541 
2,635 
2,360 

Lecheria 391 720 1,990 
Halang 79 198 460 1,045 
Bukal 
Pansol 
Real 

525 
104 
165 

720 
432 
336 

1,880 
1,265 
1,564 

3,020 
2,624 
207 

Linga 
Palingon 
Parian 

-

-

600 
450 
768 

1,823 
i,817 
2,064 

3,279 
2,816 
3,240 

Mayapa - 2,426 6,666 
P. Rizal 
Sampiruhan 

- - 1,024 
535 

2,486 
1,138 

Looc 
Sucol -

-- 1,903 
638 

San Cristobal - - 1,133 
Prinza - ----

Total Served 
Population 6,708 11,532 37,220 71,903 

Total Sqorvioe 
Area Population 24,872 36,662 64,455 100,069 

Percent Served 27 31 58 72 
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Number of Persons per Connection 

Based on the pilot area studies within the present service 
area, the present number of people ser%,ed by a sirgle eervioe con
neoeion is 6.1 on the average. With an anticipated rise in standard 
of living this figure has been assumed to decrease to 6.0 by 1980, 
5.75 by 1990 and 5.5 by, the year 2000. 

Area Served By Internal Network 

In order to project the net area to be served by internal net
work piping, the gross service areas (presented inAnnex Table IX-C-2) 
were modified, taking into consideration the percentage of population 
served for the years 1990 and 2000 (i.e., 58 and 72 percent as indi
cated in Annex Table IX-C-), as well as actual area served by 
installed piping by 1980 (i.e., 130.7 ha). The modified areas 
resulting from the above considerations correspond to served areas
 
of approximately 130, 404 and 726 ha in 1980, 1990 and 2000, res
pectively (i.e., 48 81 and 88 percent of the 1980, 1990 and 2000 
total service areasS, as indicated in Annex Table IX-C-3. 

ANNEX TABLE IX-C-2
 

TOTAL SERVICE AREA BY INDIVIDUAL 
COMMUNITIES (hectares)
 

Community 1976 1980 1990 2000 
Served Service Area Service Area Service Area Service Area 

Poblacion 30.8) 65.5 78 83.1 91.7 
San Juan 10.6 22.6 22.6 22.6 22.6 
San Jose 3.5 7.4 15.6' 26.9 39.0 
Loherip 10.1 21.5 29.3 42.9 50.7 
Halang 0.9 2.0 5.9 14.4 24.6 
Bukal 3.7 7.8 14.8 35.9 66.3 
Pansol 3.6 7.7 17.4 42.3 66.6 
Real 9.5 20.3 46.4 111.9 167.7 
Linga 4.2 9.0 15.2 24.2 34.3 
Palingon 3.1 6.6 9.0 10.5 10.5 
Parian - 18.2 42.9 95.6 
Mayapa - 23.4 48.8 
P. Rizal 3.9 15.6
 
Sampiruhan - 14.4 29.3 
Looc - 21.8 
Suool - 15.6 
San Cristobal -- - 13.3 
Frinza - -1 

TOTAL (80.0) 170.4 272.4 499.3 825.7
 

Note: Numbers in parentheses are net area.* served in 1976. 
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ANNEX TABLE IX-4-3 

TOTAL AREA SERVED BY INTERNAL NETWORK SYSTEM (HECTARES) 

coammity Phase .-L Phae I-B Phase II-A Phase I-B 
Served 1 (196-90) (1991-95) (1996-2000) 

Poblacion (37.4) 43.2 2.6 4.3 4.3 
San Jua'n (10.81 " 9, - - -
San J (7,5' 10o,4 2,3 7.5 7,4 
Lechoria (14. 1I',7 1.4 5.4 5.5 
Halang ( 2.8 4.9 1,8 5.2 5.1
 
Bukal 7.1 13.8 6.0 14.7 14.8 
Pansol 8.4 15,1 6.1 13.r 13.5 
Real 22.3 42.3 18.8 29.1 29.3 
LinW 7.3 10,0 2.1 5.8 5.7 
Palingon 4.3 5.2 0,5 0.2 0.3 
Parian 1 8.7 11-4 18.5 23.7 23.7 
Sampiruan 4,7 4.7 7.7 7.8 
Mayapa - 15.2 13.1 13.2 
P. Rizal - 3.7 5.6 5.5 
Looo - - 8.7 8.7 
Sucol - - 6.5 6.0 
San Cristobal - - 5.3 5.3 

Prinza, 40 4 

Total (130.7) 190,0 83.7 161.2 160.8
 

Cumulative Total 320,7 404.4 565.6 726.4 

Note: Numbers in parentheses are net areas served by 1980.
 

Izhas also been assumed that relevant distribution system pipe
lines passing through the service areas will provide service to the 
areas within 50 meters on each side of the pipelines (see Table IX
C-4). The resultant net areas to receive internal network systems 
are 4,aulated in Annex Table IX-C-5 according to construction phase. 

Number of Service Comeotions 

The projection of the number of service connections to be in
stalled is obtained by dividing the served population (see Annex 
Table IX-c-I) by the average number of persons per connection. The 
estimated number of service connections for each community within 
the service area is presented in Annex Table IX-C-6j 
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Coinmnity Th:s: "--A Das Fhace I-1-A PiwTee - 1-

Served 9_____-i I -01(91-5 6-00
 

Fo! i on .i ,. ,--

5ict Juan ...
 
San Jose ...
 

1 alang 2, 1.0 -

Bulal 12.0 - -
Paneoi - 13.5 

"Real -,,O 13-9--
I~~f:, - -

Parian - 13.5 --

Sampiruhan 3 - - -

Mayapa - 8.3 -

P. Rizal - 3.7 -- -

Looc - - 7 
Sucol - - 6.5 

3wi Cristobal - - 3 -

Prinza - - -

Total 40-1 45.4 30.0 0.0 

Cumulative Total 40.1 85.5 115.5 115.5
 

ANNEX TABLE IX-C-5 

NET APYA SERVEDT BY INTERNAL NETWORK (hoctares) 

Community 10. Phase I-A Phase I-B Phase 1I-A Phase II-B 

-Seve ervcd M-ea (138§5 l§2M2-01 (I0- (1,996-2002) 

Poblaoion 37.4 42.2 2.6 4-3 4.3 
San Juan 10.8 11.8 - - -

San Jose 7.5 10.4 2.3 7.5 7.4 
Lecherla 14.1 10.2 1.4 5.4 5-5 
Halang 2.8 2.3 0M8 5.2 5.1 
Bukal 7.1 1.8 6.0 14.7 14.8 
Pansol 8.4 15.1 6.1 - 13.5 
Real 22.3 27.8 4.9 29.3 29.3 
Linga 7.3 10.0 2.1 5.8 5.7 
Pal ingon 4.3 5.2 0.5 0.2 0.3 
Parian 8.7 11.4 - 23.7 23.7 
Sampiruhan - 1.7 4.7 7.7 7.8 
Mayapa - - 6.9 13,1 13.2 
P. Rizal - - 5.6 5.5 
Looc -- - 1.7 8.7 
Sucol .- 6.0 
San Cristobal - - - 2.3 5-3 
Prinza -... 4.7 4.7 

131.2 160.8
Total 130.7 149.9 38.-3 


280.6 318.9 450.1 610.9
Cumulative Total 130.7 
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11JR)EX TDI X~t 

SCDI)UE1 PA)S, RVICE CONNEETION INSTALLATION 

Community auiadiate Phase !--A Phase I-B 1Tase i-A PFh"wu !1-- 14 

Poblacion (87I) 207 933 1,032 1,255 i. 
3)e 73 134 134 

San Jose 58 107 107 70 
Lecheria 64 5 113 ,13 139 139 

fl~~±1~; ~ .. ,23 55 55 
kal 6) 34. 103 104 1!1 il1 

?an cd 5? 74 74 "29 "23 
Re(2) 29 103 108 0 

Linga 100 109 108 139 140 
Palingo, 
Po-in 

7. 
12,• 

121 
115 

.20 
1i6 

.98 
115 

98 
115 

lypa . - 422 395 395 
P. 1iz(alt - - 178 137 137 
Sampiruaan - 4-5 47 57 
Looo - - - 173 173 
Sucol - - 58 58 
San Cristobal 
Pirinza 

-
-

-
-

103 103
4 

Total (1,O,),/ 824 1,925 21625 3,300 3,30 

Cumulative 
Total 1,92Z 3,847 6r472 9,772 13,072 

,. 
diate ipoovemnnt r,, it ia expei.ted that some exiting servto 
oonnetions will bn idfnt vtied as major 8iouroes of leakage, It haw thoec
fore been anticipated th.at 30 porcent of vxisting service conneotiono v.l 
require major repa.i.r er replactment by 1980. The remaining 70 percent 
Sil. be rejps'd o repi'c,d di.-ing Vhnie I-A,. 

During the leak , irvey which will ba conduoted during the ikme-

Areas Rooeivir4 -

All. oi the n- to into.rnl network piping by the *year 2000aenlv 
will &lSo be provid.e d i.U- fire protect on ei -e by 20k) Nor.. the year 
mal residential type fire hydint servike will be pro-vided except in those 
areas where high prpel-tl v-ala: are f polOa.ipooted
i.hin the Calarnba 
cion, 49,1 heo'tareA W3.l -t.ceivw a ]i'hor leve. of fire protectionl servioz 
The sohodule for fire i in Annex Table TX
C-7, 

!1umbe-re iz parentiOSea a.Ve eX..Uitn' conmeCtions in 1976o 
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AINiAi'BLE 2LX--7 

If~s. T. Il, -3-ILUL ION.; (hI-o Paiae T 

Sill J4,1n 5.57 5. 5.7So Joso 7~S . 8.8 
10 1047 

I~aan 4.9.45-0~ 5. 0 

P14214.1 14. 1
Real 35.6 35.6 35.6 35-7
 

LJA&j 1,8 7 .7 
 7-7 7.7
P,.]A.n~on 2.7 2. r 2.6 2.6 
Parian ,r P1-5 21 5~nrP'62 ~ 26.2I '53 

~ay~s.- 1.~13.8 13.9 
4-9 4,,'%4.95.0

Looc  8.7 8-7 
Sucl -6.2 6.3 
3~i ~ -5.- 5,3 

T,,,t a 0~,. jj 

Cumu LA ive 

r- r~cmnh.e- mogram of ipoine cor2atrLuctioni Preaented in 
di j'CAEnj ,c~u.v -cohnpjter-.jtr f 

the (X-b1 diI3trib,.oJ.1 ;sy~tom. aT -,:- nera deesAg Jrter ia ,ai
method, of an-alyd:'cuayt iv Aupendix ~±re IIT n"M 

Captcc XU? ~ lo~N~u9z Net re opectively. 

'Th~~t~~of' i;..n -Pim ir -niZeb ;nroiaj c-f analyzing 
a number of' flow re mnwneand opara-tixg conli-ti ons amd deLifning
each pipe' for t wmo' set 7f coidi,'.jonsj. Sinice nea( computer 
aaa1.7 ;Is -1r (--,,i.-11do al a d i' t -ae.A a- ii F of 1)ipnE3 t heare i s no
single pro,-am rcsiltt2at can. be inciluded, 1hrein i;a 7design ryux't 

*Area~u t'n rceive- high-I.ave1 hyfdrani, w-r,;eJ2 inshown 
parentileses, 



,k cow;.,v'cu rvix~touts- t poeak. 1-.11 1iJ in.~Vo.n h'Our cn
ditions are a - "U-..4 ; i - rY winc!idhL td Tablezi (. 
tative of the wox'-ft coll i fox' :p~~ The 
pveak-liour ccn-ti ion r n -rir a,., the eir 
I-ri" T:im 0(1tzil V~tlc'. I;e'I"~u inr.iCT 

opraxtyo.: '.oes, ca..i Lb, cr"iticail to anme pip'Me-4ni.
 

Pipeline fromm 1i to 89 shu 'i t"'o co,)Pvto' printouts 
a.re existin'O; i~f,"11 ~ T4, w;i x'o. jn~ "43rof r-the 

f' o a p'~~ C~'~seio pipe( aumbcr,'. The "100" 
sei~pilpe!ino *3~ r'ecummwtidtd for in,.vu.1.tion during the jimme-

Jiate impnrovoerit pr'~ The ";:2>- re 0 aat Efy
1990 desipn conditiou.3. The "300" saries pipes axe to satisfy the 
year 2000 design condi.-tions,. 

'3omie of th i- ~i troe r~OXEddco~utrcLion prograi 
mnay appear ill ~ haee bi.~re'yto lie 3 rxutr.cto iot appropriate 
pipe numbers, Thia i~ il other joverninCiiilV fr%, conditiarm the 
starving of re-coned faci.1itio3. An example nmi .ht be. a "1200",
seriee pipe l.intai~1e within tho imie di ,. i vrnLtprg 
because the "200"1 -evric, -ipeline was not :3uf'iciently large to 
economically justify siaging. 
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CHAPTE)", X FINATACIAL 1ITASIBILITY ANALYSIS 

A. (GENEThRAL 

The finaicial fea:sibility analys,is heirein establishes a detailed 
set of ,guidelinos t'hai:. the water, district management may" use in making 
cracial deoisions JduriLng the noxt years The technical aspects and 
project cort of the rcc.mendcA plan have been presented in Chapter IX. 
Its econo.i , ti.fioat:[n follows in Chapter XI. In this chalapter, a 
plan is deve].od to ii,.:icate how and when funds will be used to operate 
and maintain the .. y te., impleent the program, establish reserve funds, 
and retire indobtcsnesu, 

Water rates Luve ;-crn dveloped cn. the basis that the system will 
be financially self-suoporting. Capital funds for the recommended 
plan will be obtained b boroLing'-orm international lending agencies 
and. LWUAo The water r:tes that have been developed appear to be within 
the ability-to-pay of th:.; aver.-'Y. I -,oholder in the water district. 

The financi.i uialy;i.s in -iude3 onlvy those revenues ad disburse
ments for the p'oosei nstru.%tion roi.ram from 1978 to 1990 (Immediate 
Improvements, iasesI-A1 FhI s I-B). All revenues and disbursements 
shown between 1"))k) and 2(,)0 are those directly attributable to conti
nued ser-vice and expenses occurring from facilities constructed between 
1978 and 1990. 

B. TIE EXISTING SYSTEM
 

Personnel 

As of December 1976, the CAL-W4D employed a total of 14 porsonnel.
Key positions are currently beingfilledand the quality of the staff is 
being upgraded to comply with U11JA guidelines in personnel organization. 

Water Rates 

The present system has a total of 1,098 flat-rate connections. As
 
of Januaa-y 1977, the water rates were as follow:
 

Residential IGcvernmert Ce.mmerci al/Industrial 
1/2" p15.00 per month 1/2" P 60.00 per month 
3/4" 25.00 3/4" 80.00 

1" 250.00 

Financial Statements
 

From the available income statements for 1977, average monthly 1 

revenue is P34,40).00 wh-.le average morthly o~pcnse is -29,000. 
Income exceeds expensei, by only a small margin and will result in 
deficit if allowances wenc to }e made for depreciation. 

1/1,Lonthly rev*,nues -. d ex-cnses for 1977 of ?31 ,400 and 29,0OO, 
respect ivelywere obtaived financialfroM. available statements. The 
1976 operating and. maintenance expenses of ?14,500 par month reflected 
in Table TX-:" were obt.-*-ned from the district's bud;Iot for the period 
July - December 1.76. 
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The district is now in the procef<ss of installii-; the Cotiej.cial 
Practices Manual which prescribes detailed accountins_ procedures. How-
Cver h---tor!, 1iiancia! records have not been based on organized 
basic ,'countin trse. Therefore, data on the past finances of the 
presenit systcm W,- iiadi.quate to fotii a sound baoi; for i'uture projec-. 
tions. It iherefre t mce aempi:ions'is nece,..nv o cortadi, The 
finar.. a3 i --i: lity of those asoutdvp..cn:, will b ;,stea as the project 
is ifl:.j'eVt'3Q. 

C. DEVELOPMEINT COSTS 

Phe cost facilitLes to improve and expandoo, iate[ of thi,.- nee-ded 
water 0e!,icosthe district the planningof w.-ter over deelo.n-ent 

period a sresented Chapter Cost facilities
pre in IX. estimates of the 

are b.2sjed on the '-rojected July 1978 prices.
 

Proec Cost s 

Project costs of facilities recomiended for implementation in 
Stage I ave summ.arized on an annual basis in Annex Table X-C-1. 
arDn inecriT services for design, a-ld eonstruction supervision are broken 
down. It has been assumed that 70 percent of the cngineering services 
applies to surveys and design and 30 percent to construction supervi
sion. Design costs are shown in the year preceding construction.
 
Continip, ncies (15/110 percent) are distributed uniformly during the con
etruction periods Foreign exchange component of total project cost 
includes cost of direct and indirect import. items, as well as a portion 
of the ongineering costs. 

Escalation of Costs
 

To account for the effects of inflation, capital cost estimates
 
are escalated. This has, been done year by year on an item-bye-item basis 
using, escalation factors computed from assumed inflationary trends and 
applied to the basic current cost dat. as shown in Annex Table X--21. 
The escalation factors used are based on an average annual rate of 
inflaion of 10 peyrcent per year from 1978 through i980, 8 percent from 
1981 to 1985 and 6 percent per year thereafter. On the other hand, 
annual operation and maintenance costs and family income are escalated 
at a rate of 8 percent all throughout the 23-year study period. These 
escalation factors have been assumed to apply equally to the local and 
foreign exchange costs. 

1
D. OERATING AiD MAI NVAIANCE COSTS
 

This cost categor-j covers cash expenses required to keep the sys
tem operating and adequately maintained. It assures the continued
 
maintenance of the water district's revenue-producing capacity and
 
protection of its investment. Included in this cost category are:
 
personnel, power, chemicals, maintenance, rental, and other miscella-
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neous expenses which are neoessary to run tha overall water system*
 
Most items increase in aocordanoe with the quantity of water produced;
 
the number of customers served; and the extent to which the physical
 
plant will be operated and maintained.
 

The operating costn of the existing and future systems are pre

sented in Chapter IX. 

E. 	FINANCING POLICIES COVERING LOCAL
 
WATER DISTRICT DEVELOPMENT
 

The following are the major potential sources of funds which can
 

be utilized bl the CAL-WD:
 

Operating 	Source
 

To the extent that revenues from the operations of the local water
 

district exceed annual cash requirements for all other purposes, funds
 

can be devoted to financing development costs. As a practical matter,
 

it is highly desirable to finance a significant proportion of develop

ment costs in this manner in order to reduce the amount that must be
 

borrowed and the associated debt service costs.
 

Non-Operat ing Sources 

Non-operating sources of funds for development include 3 basic
 

groups:
 

1. 	Loans - funds may be borrowad by the water district for
 

development. One of LWUA's primary functions is lending
 

funds for 	development to water districts. From the water 
district's point of view, LWUA is the primary, if not the
 

only realistic,source of funds. LWUA borrows both foreign
 

currencies and pesos at varying terms and relends needed
 

funds to water districts according to the composite terms
 

needed to support the blend of debt service terms !WUA
 

itself must meet. At present, LWUA's terms include:
 

Immediate 	Improvements Loan Phase I-A and I-B Loan
 

Interest-	 9 percent per annum to be 9 percent per annum to be
 

computed at percent per computed monthly at i per-

month. Interest due on the cent per month from the year
 

local component is paid following the date of dis

annually. Interest on bursement.
 
foreign exchange is capi
talized during construction.
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Immediate Improvements Loan Phase I-A and I-B Loan 

Total loan outstanding at
 
the end of construc Aon
 
period earns another full
 
year interest befors re
iayment 

Duration - 30-year loan, disbursement 30-year loan from the date of 
aossumed made at mid-year, initial disbursement. 
thus will earn interest for 
6 months* 

Principal-	 amortized equally for 30 No principal payments due 
years to start one year during construction periods 
after construction* 	 (Construction periods of
 

Stage I-PhasesA and B are ex
plained in 	 Chapter IX). Prin
cipal repayment period is 30 
years less the duration of the 
disbursement period. 

2. 	 Charges and Assessments- consist of payments made by new 
customers and benefiting property owners for the costs of 
specific portions of the facilities being developed. Typi
cally, such charges are made for the costs of new construction 
and water meters and for all or a portion of the costs of new 
distribution system extensions. LWUA guidelines suggest that 
new customers may pay for connections and water meters, but 
currently do not include an assessment for distribution system 
costs. For purposes of this analysis, new customers were
 

assumed to 	be paying for new connections and water meters on 

a revolving fund basis. These sources are referred to as "con

tribution in aid of construction" in accounting terminology and 

have the effect of reducing the amounts to be borrowed. Since
 
many new customers will not be in a position to pay connection
 

fees (or benefit assessment charges) in cash, it will be neces

sary to provide financing assistance. Present practice is to 

allow such 	payments to be made at a flat monthly rate of ?5.00 
over a period of 10 years.
 

3. Grarts or Credits - LWUA has access to loan funds on con

ce:;sionary 	terms and is thus able to relend funds at rates
 

that are below market rates. This in itself is a 'credit'
 

available to the local water district borrower. In some
 

countries, 	the national government makas outright grants to
 

local water districts in recognition of the overall national 
berieits of having safe and reliable water systems. Another 

ap,,roa;&h is for the government to advance a portion of the 
finds needed during the early years of development at little 
or no interest to assist the local utility in building its 
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financial capacity. This is another form of 'oredit' as 
referred to above. Later, as the revenue base expands and 
development expenditures decline, the local utility refunds 
such advanceo as permitted by its cash position. At the 
present time, however, the local water district is expected 
to undertake its development programs with no equity partici
pation by government or assistance other than the LWUA loans. 

Reserve Requirements
 

Since reserve requirements are tied directly to obtaining develop
ment loans from IIUA, they are considered as funds required to support
capital development. After total revenue requirements are determined,
LWUA guidelines suggest that 10 percent be set aside for reserve funds. 
For purposes of this study, a lower percentage will be used, starting 
at 3 percent progressively increasing to 10 percent. 

F. FUNDS FOR CAPITAL DEVELOPMENT 

Once the basic data requirements are met and the financing policies
outlined, funds required to cover development costs are then determined. 
The most important document in this regard is the breakdown of 
costs as escalated and shown in Annex Table X---2* 

Depreciable Asset s/Depreci ation -Expense-

Capital assets acquired each year become subject to depreciation
in their first full year of service. Thus a pipeline completed in 1978 
becomes "depreciable" in 1979. If it has a 50-year life, depreciation
continues for 50 years and it is assumed to ba retired in the 51st year.
The coat of large facilities that require several years to construct is 
carried as "work-in-prooess" until completed.
 

Annex Table X-F-1 shows the water district's assets and depreciable
 
value forecasts, the initial purpose of which is to show the appropriate
"depreoiable" values for use in calculating replacement costs and annual 
depreciation expenses. At the same time, year-end book values of assets 
are shown as well as the value of work-in-process. 

Based or, the schedule of assets, annual depreciation expenses were 
calculated xnd are shown in Annex Table X-F-.2. 

Revolving Fund for Connections
 

To assist new customers in financing service connection ohargesg

it is necessary to provide working capital for a revolving fund. It
 
is proposed that LWUA's present policy which provides for the costs to
 



be payable at ?5,00/month over a 10-year period be Inoreaed to P6.83 
by 1978 to cover the increased unit price of meters. Net inflow funds 
will 	be required over a peziod nf 10 yearn to build oiuffioient income 
to support the annual costs of conncotione. At some future point,
income exceeds annual expenditiLres and the revolving fund can be used 
to refund the earler advanoes of working capitala 

Annex Table X-F-3 indicates the working capital requirements.
 
In this table, the two kaey asnilmptions are:
 

a. 	 The monthly installment payments are based on actual 
osts of constructing service connections and meters; 

thus, the monthly payments by customers connected to
 
the 	system in 1981 would be greater than those who 
would be connected to the system in 1978 to account 
for 	the escalation of construction costs. 

2. 	Sixty (60) percent of all new ouatomers would utilize
 
the installment method of financing connection oharges.
 

Revenue Unit Forecast
 

The present LWUA rate policy incorporates the use of "revenue
 
units" (RU) in determining the basic ocat per "cubic meter of water to 
domestic conoumers. Commercial and industrial customers are charged
twice the unit price for domestic use and wholesale water distributor* 
are charged thrice the basic price. As defined, a "revenue unit" is 
an arbitrary uit of measure into which discharges from pipes of va
rious sizes are reduced 'o a 3/8-inch connection by the use of 
conversion factors.
 

Thus, the discharge of a 3/8-inoh connection (actually a i-inoh 
connection, but regulated by a water meter to give the 	discharge of
 
a 3/8-inch connection) is multiplied by 1.0; that of a ii-inch by 2.5;
that of a -,-inoh by 4; that of 1-inch by 8; and so forth, to get the 
total RUs delivered, 

Two chares are levied on metered connections - the service charge
and the commodity charge. The service charge is the fixed charge which 
covers the first 10 cum of water. It varies according to the size of
 
the connection. The commodity charge is payment for water consumed 
after the first 10 cum. The unit price in uniform for every size and 
type of ccnnection. 

Annex Tables X-F-4a and X-F-4b give the revenue unit forecast* 
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G- ANALYSIS OF WATER RATES 

Abiliy~o=sZ Isue 

Presidential Decree No. 198 stipulates that water districts must
 
be financially self-sufficient, In the past, most water systems have
 
not been able to generate sufficient revenues to cover even the 
operation and maintananoe expenses due to various factors including 
poor pricii sohemes, defective colleotion system and inadequate con
sumer promotion. The major reason for insufficient revenues, however, 
is that certain consumers being Perved by the water distriot have snoh 
low incomes and hence, are not in a finanoial position to pay the full 
costs of the system, Therefore$ before a water system is improved and 
expanded, the ability-to-pay of the population targeted to be served, 
must be ascertainede
 

Since water distriots are not expected to be ex-tended government 
subsidy, the analysis of the factors affecting ability-to-pay has been 
significantly aimplified. The factors that affect ability-to-paq are 
the annual income of families covered by the water distriot and the 
percentage of their income allocated to water supply. 

In March 1975, an informal survey wan conducted among Water 
District General Managers to help gather data needed for the ability
to-pay studies. Questionnaires were distributed to 15 water districts 
covering provincial areas that differed in size, location and economic 
conditions.
 

The answers given by the general managers of the 15 water districts 
are summarised as followes 

1) 	Though 10 of the water districts were revenue-producing prior
 
to the change in management of the water district, 13 imposed 
increased water rates upon takeover, 

2) Water consumers generally accepted the increase after some 
explanations justifying it. Only five received formal com
plants about the increased rates while eight received formal 
complaints about the poor quality of water supply* 

3) 	 Ten had difficulty in the collection of water bills primarily 
due to dissatiffaction of consumers with the water wervioe. 

4) 	 Assuming that capital and service improvements were mades 
the general managers indicated they could increase their 
rates by as low as 25 percent and as high as 447 percent for 
the average and below average households. 
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A fox-mal rjurvey was conducted in April and May, 1975 in the city

of Lipa and the Municipality of Tanauano These pilot 
areas were
 
selected because (a) they are at present experienoing water supply

problems, (b) thi incodij level of thoi, fa iilies iti similar to that
 
of the national incomo figure, and (o) they are near Maila, only
 
about 2 hours away by bus*
 

T'IL tuiwrey covered 556 faunilierit claussi'ied into 4 income groups. 
Approximately 2B percent came from the low-income class (below P220/

month); 55 percent from the middle-noome (221 -. 1750)1 12 percent from
the upp -Liddle-1nomo group; and 5 parient from the high-inoome group
(abova F1,500). 

The table below prenents the highlights and pertinent findinids of 

the survey:
 

ESTIMATED ABILITY-TO-PAY BY INCOME GROUPING 

Weighted Averame 

Income Group P220 P221-750 P751-1,500 P1,500

% Distribution 28% 55% 12% 5%
 
Probable Ability
to-Pay on Basis
 
of Improvd
 
Service 
 P13.50 P24.50 P37.00 P67.50 P25.00/mo
 
Estimated Average
 
income P220 P660 
 P1,000 ?2,700 P680/household
 
Ability-to-Pay
 
Divided by Ave
rage Inoome 6.1% 3.7% 3.7% 25% 
 3.7% 

The foregoing table indicates that the low-income group may be able 
to pvq a maximum of 213.50 a month for water (about 6.1 percent of their 
average income). In the extreme end, the high-income group may be able 
to pay a maximum of P67.50 a month for water (only 2.5 percent of their 
uverage income). This disparity in the percentage of income allocated to 
water by the 2 income groups may well be the best argument of those 
advocating a socialized price structure. 

The probable maximum abilit -to-pay of the pilot area average house
hold is about P25.00 per month.d 

Z'This figure includes appropriate allowances for the respondents
understating their income or willingness to pay and the increase in 
amount they are willing to pay as a result of improved services. 
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Famil.y Inoome 

In the Survey of Households Bulletin Series No. 34, published
 
July 1973 by the NCSO, Manila, (page 3, Table 5), the following data 
are givens
 

Manila Other
 
Total Total and Urban
 

Families Urban Suburbs Areas Rural
 

Median Family Annual
 
Incomet Pesos P2,454 P3,972 P5,202 i"3,650 P1,954
 

Size of Sample,
 
Families 6,347 1,913 525 1,388 4*434
 

The above data are for the 12-month period May 1970 to April 1971, 
more or less. The figure for "other urban areas"v T3,650 median family
annual income, may approximate, or may be a little less, than the 
median family income in the areas served with piped water. As the 
figures cited above show, in general, people in urban areas tend to be 
financially better off than people in rural areas. 
The term "urban
 
areas" includes all urban areas in the country. The inhabitants of 
the central urban area of a city or municipality are expected to be
 
somewhat wealthier than the other areas of the city or 
municipality.
 

By July 1976, the annual income for "other urban areas" cited 
above, escalated at 10 percent per year, would be about P6,200/year. 

The report, "The Filipino Familyt Community, and Nation" by Emma

Porio, Frank Lynch and Mary R. Hollensteiner published by the Institute 
of Philippine Culture of Ateneo de Manila University in April 1975,

cites in Table A9, page 99 the results of a survey in April 1974. The 
families surveyed were distributed among 15 urban areas, and included 
373 families in Metro Manila. Excluding the families in Metro Manila, 
mean monthly income of the remaining 1,599 families was ?572, or ?6,864 
per year. Escalating this income at an annual rate of 10 peroent, by

1 July 1976, itwould be an income of abwut P8,510 per year. Theas 14
 
urban areas are among the more urbanized in the country. They included, 
for instance, only 3 municipalities, the other eleven being classified 
as cities. The median population of the 14 urban areas in the 1970 
census was about 70,000. 

Based on these data, the meaa family income of the people residing

inthe water service areas of the communities whose water systems are

proposed to be improved might be, by 1 July 1976, somewhere between the
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P6,200 per year (developed from the 197N/71 data of the NCSO) and the
P8t510 per year (developed from the data of Porio, 3nioh andlollensteiner).
For lack of other data, the average water-using family may have an incoma 
of about 7,900 during 1976 (or ?660 per month, which is close to the 
Lipa household survey). This is equivalent to an annual income of $1,000 
for a family of six or seven. 

Initial Rate Determination 

Several trials were made to come up with "revenue unit" (RU) prices

that can be used for a period of several years. It is good praotioe for

the water district to adjust prices every 3 years or so, instead of
 
annually.
 

Based on the trials made, the water rates established at 3-year
 
intervalsare as followst
 

Period Water Rat-3 (P/RU) 

1978-1980 PO.75 
1981-1983 1.20 
1984-1986 1.50 
1987-1990 1.80 
1991-1994* 1.90 
1995-1997* 2.00 
1998-2000* 2.10 

The first step of ?0.75/RU was selected as an intermediate rate, in
 
anticipation of the second step (P1.20/RU) which in 
indicative of the
 
required cost to make the system financially viable, The rate of ?1.20/

RU in 1982 cost levels is equivalent to ?0.82 in 1978 prices (based on a
 
10 percent discount rate). Likewise P1.50/RU in 1985 is equivalent to
 
P,0.77 in 1978 prices.
 

Feasibility of Charges 

The question of feasibility is a matter of analyzing whether or 
not the customers of the water district are able to pay the required
charges both now and in the future in order to obtain safe and reliable 
water services. Inasmuch as the proposed water rates represent the 
"mea"', determination has been made for that group of households whose 
income (P700/mo) also represents the "mean". Probable use of water 

*These rates only cover expenses of debt service and operation and 
maintenance costs incurred for facilities constructed before 1990. Water 
rates from 1990-2000 would be higher if the CAL-4 continued to cci
struct additional facilities from 1990 to 2000. 
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by this group was calculated at 24 ctui per month.3/ Por present pur
poses, the stucy covers consumers with -inch conn, tions inasmuch as 
they comprise the bulk of the domestic/government consumers. Working 
back, the 1979 rate of 1 .75 per revenue unit will yield a monthly 

oharge,ervice commodity charge a consumptionof ?1'V,75. The for 24-cum'.75 14). whois "10.50 ( x For newly connected customers avail of the 

10-year installment plan, monthly expenditure for water will increase by
16.81 to ,,<om., for the Service connection charge. Since both water 
and house~hold incomes increase each year, the impact of the installment 
charge on the expenditure pattern of the household will decline over the 
10-year period o' payment. The estimated impact of the increased rates 
and connection chart-,,s on household patterns is shown below for the
 
mid-point of each rate block.
 

1979 1982 198 2 989~M 212 2.196 


Eucanted income of
 
household earning
 
P'700/mo in 1976
 
(8% per year) 880 1,110 1,400 1,900 2,600 3,300 4,100 

E9xpenditure for 24-cu 
water consumption
service charge 
(first 10 cu) 18.75 30.00 37.50 45.00 47.50 50.00 52.50 

Commodity charge 
(Rate/RU x 14 cum) 10.50 16.80 21.00 25.20 26.60 28.00 29.40
 

Income allocation to
 
water for existing
 
consumers () 3.3 4.2 4.2 3.7 2.9 2.4 2.0
 

Connection charge for 
new customers
 
(p6.83/mo in 1978) 7,51 9.63 12.13 15.31 19.32 23.01 27.40
 

Income allocation 
to water for new 
customers 4.2 5.1 5.0 4.5 3.6 3.1 2.7 

Since Lhe mid-point of the period was selec'ed for comparison, it should
 
be noted that the proportions shown would be slightly higher in the year

preceding the mid-point and lower in the succeeding year of each rate
 
block.
 

JProbable use of water by income groups:
 

Income Below Upper Weighted 
Grouping Average Average Middle High Mean
 

Probable Water 
Use cur/mo 16 24 32 44 23.7 
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In the example shown above, the proportions of' the household
 
income required for water services (except in 1982 and 1985 which are
 
the crucial years) are considered within the upper range limit of the
 
ability-Lo-p;ib- steadies done in Lipa City where willingness to pay fees
 
for improved services was found to be about 3.7 percent of the house
hold income.
 

In the final analysis, if any significant improvement is to oe 
achieved in the ncope and quality of public water service and if the
 
requirement for commercially viable and financially self-supporting
 
water districts is to be maintained, all groups of water customers will
 
have to pay substantially higher charges for water services than they
 
have paid in the past.
 

Socialized Water Rates 

A policy guideline in the structuring of water rate charges is
 
that they must be reasonable and realistic. Aince water is a prime
 
commodity both for the poor and the rich, the socialized rate may be
 
determined such that a greater financial burden is carried by those 
who can afford it(but not to the point that it becomes oppressive to them). 

In the preceding sections, specific rates established meet the 
cash requirements for an improved system, and at the sane thime, fall 
within the average consumer's ability--to-pay. Under this scheme, the 
cost for the first 10 cum consumed is ?18.75 and the subsequent con
sumption, P0.75/cum. Thus, the monthly rates for the following water 
consumption will be:
 

Usage (n/mo.) Cost/month (r)*
 

16 23.25 
18 24-75 
20 26.25 
"2 27.75 
24 29.25 
30 33.75 
3P 35.25 
44 44.25 

The estimated impact on the average income household (assumed to 
have a monthly 1976 income of p660) and the below average income Louse
hold (assumed to have an adjusted monthly 1976 incorne of f300) is as 
follows:
 

*"or .12-inch connection, domestic classification.
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Projected 1979 Monthly Usage Cost of Percent of Income 
Income Level Ronthly Income of Water - ater/no Allocated to Water 

Below Averzee P380 16 cum P23.25 6.1 
Average 830 24 cum 29.25 35 

The preceding table shows that the financial burden to the below 
average income froup is heavy. 

A socialized pricing alternative has been developed to relieve the
 
low income groups of the high financial cost of water with the following 
rate structure: 

first 16 cum/mo at ?O.85/cum 
from 17-24 cum/to at 1.85/cum 

25 or more cum/mo at 2.45/cum 

The resulting monthly rates for the various water usages will be: 

Usage (cure) Cost/month (r) 

16 13.60 
18 17.30
 
20 21.00
 
22 24.70 
24 28.40 
30 43.10
 
32 48.00
 
44 77.40
 

The corresponding impact on the various income levels is as follows: 

Projected 1979 Monthly Usage Cost of Percent of Income 
Income Level Monthly Income of Water Water/mo Allocated to Water 

Below Average t 380 16 cum ?13.60 3.6 
Average 830 24 cum 28.40 3.4 
Upper Middle 1,260 32 cum 48.00 3.8 
High 2,910 44 cum 77.40 2.7 

The preceding table shows that across the income profile of the 
community, the onthly costs range from 2.7 - 3.8 percent of household 
income. 

Revenue Forecasts 

Estimated future levels of income from water sales are shown in 
Annex Table X-C-1. 
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H. FIN.A7Cl T SUIM4ARY 

Several trials have been conducted in developing the forecasts of 
financial statoments of the CAL-WD. These statements are based on the 
following major assumptions: 

1, 	 Reserve Pund: 3 percent of sales for 1978-1990; 6 percent 
for 1991-1995; and 10 percent for 1996-2000. 

2. 	 Uncollectibles: 2 peicent of grozis revenue requirements 
for the first year of a new rate application, and 1 percent
for the second and third years. 

3. 	 Account.s iReceivable: equivalent to 3 months of sales. 
4. 	 Accowuts Pivyable: equivalent to 2 months of operating 

expen:ieu. 

rxternai Boroowing-_ ire d 

Arnex Table X-11-1 shows a silmiary of the external borrowing
 
required and the annu i debt servicing of the loans. Two separate
 
analyses were made for the imirediate improvement loan and the Phase
 
I-A and T-B loans to comply o:ith prevailing LWUA terms.
 

Borrowing uil1 t:urt in 197G and -ontinue througTh 1990. The 
immediate improvine nt loan (i978-l")80) will amount to !6.003 million. 
The 	 Fhar;e I-h I an u;i I cover the §-yaar period I980435 inclusive and 
will amount to tm16. '3 illion. The 'hase I-B loan will cover the 5
year period 1986-)( i0 l u7iv ald will be about r9.031 -illion. 

Tye immiediate ic ,i,,ov,-ment loiu, of' 1'6.003 million consists of 

T5.397 mllion in eic ;lated capital expenditures (see Table X-C-2) and 
T10.606 capitali-0d interest. The Stage I loans of P16.993 million in 
1978 and rS.031 million in 1)936 include escalated capital expenditures
(see 'Table X-C;2 ) le'3:: revenues from the service connection revolving 
fund (lece Table X-(-3e 

Pro jectioris of }"iImoral '.tatemcnts 

Anner Titlile h the income on yearly basis.X-Ii- ,own net kloss) a 
Net lose is f'oV,;is L'd in 10 through 1985. Net income cumulative 
would show positive v;Jues in fifteen of thu 23-year study period. 

Ot|l.r r ];etd doai such a, water production, water sales, un
accounted-for-kjater and rate of return based on net fixed assets in 
operation are !..tr-o p1'ueented in tile table. 

Cash Plow .tatumentn 

The cash flow ,ct;itement provides an indication of the adequacy of 
working capital. It is not gene rally suff'icient to cover cash out
lays with revenues because of the tendency of cash receipts to lag 

X-1 4
 



behind cash outlays. 1.n: :aela ri xpanding organization with an 
active capital developLient progre-m and increasing level of activities 
will require similarly increasing quantities of working capital. 

Annex Table X-H-3 pree,-:tr th' annual "Projected Sources and
 
Applications of Funds", Potatilal n-, dioreases are expected in 1978,
 
1981 through 1983 and 1996. By 20C, roeitive net cumulative cash 
balance will be T23597 million even i "cAsh at the beginning of 1978" 
has 	been assumed equu! to zero. 

Other Finncial Stateizits 

Appendix Tablo X-pi.4 prKeses --he "Projected Balance Sheet" which
 
shows the projected fixed and current assets, liabilities and equity
 
of the water district from 1978 to 2C00.
 

Rate of Return
 

Discount rate of ,eturn on total investments (Annex Table X-H-5) 
measures the true efficiency of mobilizing investments on the project 
from a broader perspective. Telken from a different perspective, it
 
measures tho effective utilization of total investments employed in
 
the project. I shows what the com-nounded growth of investment within 
the project cyclo wculd6 be ba3ed on the interplay of cash outflows 
and 	the roculting infl cs from ouch investment. 

Net asot ealv --o ,aluo of ?5.747 million is added to net cash 
inflow in the year 2000. This is doz3 based on the assumption that the 
project will terminate in th' last projection year, Henoe, assets are 
to be liquidated and aLl liabilities are to be paid from the proceeds 
of the aszetsc
 

Several trials vro mad3 in finding the rate of interest that 
equated the pre ,nt valuo of the cash inflows to the unrecovered invest
ments, Zn tha CAIU-':D, thi rate of roturn, with the assumptions made, 
is estime.ted to be 8.41 percent. 

T. PINP: CIAL-.irECO,,DATIONS 

1. 	The vater district should establish a revolving fund to assist new 
customers in finLn:Lin sorvioe connection charges. 

2. 	The proposed water rates (for domestic consumers) to effect self
sufficiency are as follo-ows:
 

X-15
 



Period 	 Water Rate r/RU
 

1978-1980 	 Po.75
 
1981-1983 1.20 
1984-1986 1.50 
1987-1990 1.80 
1')91-1994A 	 1.90 
1995-1997* 	 2.00 
1998,-92000 * 	 2.10 

It is reoommended, however, that in the implementation of these 
rates, the water district follow the socialized pricing approach 
which will generaite the same amount of income to meet its require
ment s. 

3. 	 The recommnded pl an for the first construction phase (Phase I-A) 
of CAI,-WD is financially feasible. Borrowing for that period 
would be 116.993 million. 

External borrowing would still be necessary for the Phase I-B
 
period.
 

*This rate is recommconded to cover expenses incurred by imple
menting and operating facilities included in immediate improvement
 
program and Phase I only.
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ANNEX X-C
 

DEVELOPMEPNT COSTS
 



AMTEX TABLE 7-C-1
 
PROJECT COST OF RECOM.-D- PRORAM
 

CALAM!A -MTERDISTICT
 
WhITHO T ESCAI&TION. 

(I x 1,000) 

.1978 212 1980 1981 1982 ~ 1985 286 1288 .1990 Total2 2 19 1 .§7 L8 
Source Facilities 
a) Equipment 21 63 61. 1,167 
 4 60 1,376

b)Stracture 25 76 250 1,239 1,590


Distribution Facilities 76 226 2,221 2,222 171 1,257 1,257 7,430

Adninistration Bldg. & Plumbing Shop 15 43 860 918 
Service Connections 

a) Pipes 16 47 304 304 303 303 303- 364 355 355 355 354 354 3,717
b) Eeters 4 13 83 83 83 82 82 105 135 135 135 135 134 1,209


Internal Network 17 49 - 380 380 380 380 397 92 92 92 92 92 2,443Fire Hydrants 2 7 - 54 54 54 54 66 64 64 64 64 64 611 
Feasibility Studies./ 51 195 
 246
 
Immediate Improvements
 
R Source Facilities Equipment 73 
 73
b Storage Facilities 25 25c3 Distribution Facilities 1,870 1,647 3,517
d Service Connections 

1. Pipes 416 389 8052. eters 264 247 511
e) Administrative & Y~isoellaneous 117 117
f)• Vehicles 69 69 

Sub-Totaly 3,061 2,807 3,974 5,449 820 819 819 1,107 1,963 1,903 646 645 644 24,657
Land - - 172 --- - - - - ..... 172 
TTL PROJECT COST/ 3,061 2,807 4,146. 5,449 820 819 819 1,107 1,963 1,903 646 645 644 24,829 

2/mputed at approxiately 1%of the total project cost* 
W eIncludes design (first year of each major segment of dieilolment), mpervision of oonstruc ion and oontingencies spread umifporay duriz 

the pdiod of construction. 
Does not include interest during construction* For calculated interest see Table 141-. 
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AM=,X -TLEX-C-2 

PROJECT COST OF PROGRAM
CALAI .-Zl-LMF DISIIICT 

WITM ECALMTOCN 

(P x 1,ooo) 

Escalation n-cr 
Source Faoilities 
a) Eoui-ment 

SS~acture 
Distriiaution Facilities 
d.ndnistzaton Bldg. & Plumibing Shop 

S e.i ce~ crne ic-ns 
:ipe 

intema.. et:ork 
•.... 

Ictndi, te Lmprovommrt3
.) Sctrce Facili'ies 
b) Ctora.e,Fcilities0)!F~rit;Itior, Facd!itics 

Sewioe Con~ecionn 

1.000 1.10j 

21 69 
25 4 
76 249 
15 47 

1. 52 
.04 4 

17 54 
2 8 

73 
251187M 1,812 

1.211C 

7A 
2 

2,6F7 
1,C4"1 

368 
1 

5-1" 

1.307 

1,526 
",619 
2,904 

397 
108 
497 
7 

1.412 

428 
117 
537 
76 

1.525 

462 
125 
580 
82. 

1.647 

499 
135 
626 

9 

1-79 

7 

304 

64e 
187 
706 
117 

1-

113 

2,371 

670 
255 
174 
121 

1.999 

2,513 

710 
270 
184 
128 

2.119 

752 
286 
195 
136 

2;246 

795 
303 
207 
144 

2.381 

.843 
319 
219 
152 

"810 
?,030 

11,104 
1,103 

6,640 
2,223 

3,996 
1,126 

287 

73 
25".6L)2 

F,.ir,3* 
2. ;,eter 

ei 'i2nir;trativof eldcles &lizcell.,-na 

6 
26 
11769-

,4-23 
2-2 536 

117
9 

Su-To-2L 

Sax d 
3,061 

--

3,i3 4,808 

208 

7,122 1,158 1,249 1,349 1,969 3,7Q- 3 805 

__208 

1,19 1,449 1533 35665 

T07., F20.7ZC" COST 3,061 ,89 5,0"16 7122 1,158 1,249 i 1,345 i9t9 3,7C04 3:305 l,469 1,449 , 



ANNEX X-F
 

FNDS FOR CAPITAL DEVELOPMENT 



,G.
=Ioo)
 

- -iZi- .)z----,t 21 69 74 1526 	 7 113 
b) Structure 25 84 3;2 1619
 

7ticr 76 2687 304 2513
'acilities 249 2904 2371 

.;adio z Plxrbing Sbop 47 1041
B=da. and 15 


S,.-vice Conzec.ion a) Pipos 16 52 368 397 428 462 499 648 670 710 752 755 643
 
b) Rters 4 14 100 13 117 125 135 187 255 270 256 303 319
 

,.o- ::etwork 17 54 497 537 580 626 706 174 I4 195 207 219
 
Fire :;-da:.ts2 8 71 76 82 89 117 121 128 136 144 152
 
Foazibility Studies 51 236
 
Immediate Improvoaenta a) Source Facilities
 

1. Equipment 73
 
b) Storaca Facilities 25
 
c) Distribution Facilities 1870 1812
 
d) Service Connection
 

1. 	Pipes 416 428
 
2. '.ters 264 272
 

a) A'mir-itrative and
 
,sCeOllaZGoua 117
 

f) Vah-.cles 69
 
Replace=Oen:t z izourco ?.cilitios - zuip=egt .193 3941
 

) jr.i- .;iv, and Xiscellznous 320 
c) Z. -vicu Cornoction - Xoters 700 742 264 280 297 311 330 3500>Vhil; 
 119 179 	 27C, 
uj Ztor 1A.oilitiou 	 61 

Tozal Azzoa 1doe By Year End 3061 3069 4808 7122 1158 1249 1349. 2088 3704 1805 1369 1"9 .1533 61 179 1213 742 "264 4221 297 311 wOG 350 
_ 2.RZECIA3LE VALZ--S 

A. 	50 Years S.-vic Life 
a.istirz F.7cilities 2064 2064 572- 465 397 329 261 193 193 193 , 1,53 193 193 15t 193 193 193 193 193 193 193 193 
S&r:.z aici:icz - Structure - 25 109 411 2030 2030 2030 2030 2030 2030 2010 203-0 20-0 23C, 2C3 2030 2030 2030 2030 2030 2030 203C 2030 

'acilitien 1946 9598 9902 12273 14--6 14.-5 2.86 1.:78 14-86 1486 14786 14786 1476 14786 14786 14786 14786s-inu:ic -- - 4007 6694 9598 9598 9593 
.'LLi-i--ralondg. and PlumiU Mwp - 15 62 1103 1103 1103 1103 1103 1103 1133 1103 !-:33 ! . 1103 1103 1103 1103 1103 1103 11033 1C31-3 1103 
Z -L.ceCcr-ection - Pipes - 432 912 1280 1677 2105 2567 3066 3714 4384 5354 5846 - 1 ':- "'-- 7.-: 7484 74c4 7484 7484 7484 74& 7484 
-ar--:e: - 17 71 71 568 1105 1685 2311 3017 3191 3373 353 3777 35z- 37,6 3956 3996 3996 399 3996 3995 3996 3996 

Pit y-- 2 .0 10 81 157 239 328 ZZ 5t 6:: D 5-- -26 112 1.Z6 1126 1126 1126 1126 1126 1126 1126 
To-aa 50 Tear 	 life 2064 4501 5743 10034 15454 164Z7 17483 18629 2C4C4 23740 2727- 28358 295C4 30718 20718 30718 30718 30718 3M718 30718 30718 30718 30718 

B. 	30 Yea=: Srice lif 
S;' - 9ai',ili'y 287 287 287 28- 25' 2:- 2e7 287 25 2-7 2E7 237 287 28 287 287 287es 51 51 2-7 287 257 

Total 30 Years Life - 51 51 287 287 287 287 287 267 287 287 26-7 287 287 287 287 287 287 267 287 287 287 287 
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-C'z3Ia E31831'F 9313 45 244 Z45 
C. 15-Tars 23sr-.iz:,AL8ife31M 2 2 0 "20 '- :11 20 

1~-.7 1 2 139 4254 4254 4254 6254T 1383 1-63 15=3 1333 1833 1962 1913 3?,3 -163 4349 4..4 
- 94 163 217 1763 1763 1763 1761 170 --3 1--3 2.4.0 2753 27S9 2759 3191 3647 3311 

.o.-ce ?w litiag - -Sipmey t .."ore • 654 7 2 379 1004 1139 1.26 154,1 1351 2137
26. 554 2 

'A±..,rs;ra .-'i;i~oS11eo 633 911,c 
'1 1 117 1V 120 320 

- .7 1"- 1" 117 11' 117 117 1 
5WO 5970 855f 87373451 4137 4440 4759 4759 4753 5493 

'- 479 634 1,:8 26,,22759 268.43019 3213 3581 
7DUa 15 Tsars Life 

6,
D. 13Taror. if* 61 61 61 61 61 61 61 61
25 25 2 5 

- 25 21 2S 25 .5 25 25 25 2 
S.1o 61 61 61

25 25 61 61 61 61 61 
25 25 25 25 25 25 25


25 25 25 25 

Total 13 T ars Life 

1,9 -9 2-0
11 17 9
69 .69 119 i'q i1 11-I o 1,1

2.7 7aa.- Seruice Life - 9 -9 6 ,4 69 
7e-io&s 173 270173 179 179179 '79 17? 

1V9 11 119 119 119 1.) 119 

- 69 69 63 69 69 69 63 

Total 7 Tears Life 

39382 40168 4-.536735 37125 3215 396232926 343-5 35908 35944 360C
22029 2ZO48 2775Z 315z5125 6722 11423 14?7 1:567 20746 40293 40768 ±'C04AL ~204 31557 32;26 3.375 35X, 353 49 36U3 372T 374S0 37389 41436 40099 

T.-:. :ZZ1 C.2 A5=5OT2 2a3 2.2 22i L= 5125 6214 7530 183545 19635 2 16 22097 24117 27752 
208 220 28 208 20882 C8 208 

2C, 
-= 2--


41012
 
21024 22305 24325 27960 31765 33134 34583 36116 

36177 36331 37425 37688 37597 41644 40307 40501 40976 
T ' ' 

A S 512 821411733 16753 1583 
TOTAL 3c0Z "L Z ? .AMCAPZ L 

X-F-2 



AMAMX TABLE X-F-2 

SCHEDULE OF MEP ECIAION ZIF1Ss 
CALMA WATER DISTRICT 

(P 1000) 

Total Accum. yet 

Annual Deprec. Book Value of Assets Accum. 

Year 50 YES 
Service Life Catego--
30 Yrs 15 Yrs 13 Yrs 7 Yrs 

Deprec. 
Exenses 

Prior 
Year 50 Yrs 

Retired Turir. The Year 
15 Yrs 13 Yrs rs ToTal 

Deprec. 
Year R.d 

1978 41 - - - - 41 .1,844 - 1,885 
1979 90 2 32 2 10 136 1,885 2,021 
1,S0 115 2 56 2 10 185 2,021 1,492 1,492 714 

1981 201 10 67 2 10 290 714 107 107 897 
1982 309 10 76 2 10 507 897 68 68 1,336 
133 329 10 84 2 10 535 1,336 68 68 1,803 
1984 
1985 

350 
373 

10 
10 

192 
201 

2 
2 

10 
10 

564 
596 

1,803 
2,299 

68 
68 

68 
68 

2,299 
2,827 

1986 408 10 214 2 17 651 2,827 69 69 394D9 
1987 475 10 239 2 17 743 3,409 - 4,152 
1988 546 10 256 2 17 831 4,152 - 4,983 
1989 567 10 276 2 17 872 4,983 - 5,855 
1990 590 10 296 2 17 915 5,855 - 6,770 

1991 
1992 

614 
614 

10 
10 

317 
317 

2 
5 

17 
17 

960 
953 

6,770 
7,730 25 

-
25 

7,730 
8,668 

1993 614 10 317 5 26 972 8,668 119 119 9,521 
1994 614 10 366 5 .26 .1,021 9,521 479 479 0,065 
1995 614 10 392 5 26 1,047 10,063 355 355 10,755 

1996 6-4 10 398 5 26 1,053 10,755 174 174 11,634 
1997 614 10 571 5 26 1,226 11,634 1,634 1,634 11,226 
,998 614 10 583 5 26 1,238 11,226 117 117 12,347 
1999 614 10 595 5 26 1,250 12,347 125 125 13,472 
2000 614 10 608 5 38 1,275 13,472 135 179 314 14,433 
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T.*.XTjLr Y,-P-3 

FMR RL7:OLVL:G I.cL:, ::z.; CC o,:s..,TlOhS 

1973 

1979 
1979 

1981 
1952 
1983 
1984 
1-F5 
19$F 
1987 

1953 
1991 
1992 
1993 
i 94 
1995 
1996 
,997 
1998 
1599 
20 

:: . 
!; "'Lcr of 

b..r of Lnzt-i. r.t 
:: wP l 

1112 2'7 

127 
412 247 
321 193 
321 193 
321 193 
321 193 
321 193 
321 193 
525 315 
525 315 
525 315 
525 315 
525 315 

"n.bcr of 
InLta 11=cnt

PI-,n 

124 
247 
220 
193 
193 
193 
193 
193 
251 
315 
315 
315 
315 

: 

otal 
Payi;z 
::ontrly

: l , 

, 7 

,4 
657 
8F0 

1,073 
1,266 
1,459 
1,652 
1,967 
2,282 
2,473
2,541 
2,636 
2,443 
2,250 
2,057 
1,864 
1,671 
1,417 
1,102 
787 
472 
157 

t 

:o.-.thly
Ir(ot allm.nt

Plan 

6.83 
6.83 
7.51 
8.26 
8.92 
9.63 
10.40 
11.23 
12.13 
12.86 
13.63 
14.45 
15.31 
16.23 
17.20 
18.23 
19.32 
20.48 
21.71 
23.01 
24.39 
25.85 
27.40 
29.04 

Incz*( 

20 
20 
2265, 

19 
21 
22 
24 
26 
28 
49 
52 
55 
58 
61 

, :.t Increr c-.' 

10 
21 
21 
20 
22 
23 
25 
27 
39 
51 
54 
57 
60 

L .;, ';
P- -,-r.= 

04 
115 
93 
1C5 
115 
124 
134 
144 
251 
266 
282 
298 
316 

1l000 

Ca:h P.rirn±-/ : -c.;A 
t,3- r: a 

10 
31 
52 
72 
93 
116 
141 
168 
207 
257 
31
336 
315 
385 
363 
340 

315 
288 
249 
198 
144 
87 
27 

T al 

114 
145 
150
178 
208 
240 
275 
312 
458 
523 
583
634 
631 
385 
363 
340 

315 
288 
249 
198 
144 
87 
27 

' 

An. ua1 
Co r.,tnirttin 

261 
27 
246
235 

287 
310 
335 
361 
627 
564 
70
704 

791 

or :r g
Ca- l ,, 

147 
141-21 

58 

79 
70 
60 
49 
169 
141 
121112 

160 
(385 
(363 

35 
249 
98 
1454) 
87 
27 

.. : tv o 
C ,La V,0 

1.:? 

-:2 

551 
421 
1 

730 
;9 

1 
1,1611,273 

1,433 
1.C48 
1,070 

730 

127 
.1122) 

551) 
(578) 

.-

-cuL'.zA.ted in3tall1,ent p1-onts aro calc-Uatod on the basis of 100 parcent incre:ental 

- d on the aasumption that inv'allzcnt plan will be paid back in ten years.ed to be 40 parcent of conatruction cost. 
to be shouldered by the custom'ero which is 2/3 ef pipo + meters. 
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A:..=l ABL X-?-4.a 

STRATIFICATIC: OF SE.I CC CTIO.
 
CALA.3A WAT.- DIST.ICT
 

Dome st i c/Goverwment Co-.ercial/Industrial 
Year I/2E I_" Sub-Total 1,'2 ____ lot Sub-Total Total 

1978 917 39 10 966 99 21 12 132 1,098
 
1980 1,606 68 17 1,691 173 37 21 231 1,922
 
1985 3,217 135 34 3,386 346 74 42 462 3,848
 
1990 5,411 228 57 5,696 5S3 124 70 777 6,473
 

LN- TABLE X-F-4b8/ 

RE'JL'-JE UNIT ORECAST 

Dc .estic/G(n-e.rer.t Commercial/Industrial Service Esti=ated Consumption Cocodity Charge Total 
1/2" 3/4" 1" Sub- 1/2" 3/4" l" Sub- Grand, Charb-m (.a/.lear) . R.s).. . ,Revenue

Year i(.0) (P.0') Total . -) (8.0) (16.0) Total T 1 (R.*a,:2/ o)s t i c Co!--ercRl flo~estio! >-- . 

1978 2,293 156 80 2,529 495 168 192 855 3,384 436,080 343,100 37,960 227,180 44,240 677,500
1980 4,015 2T2 136 4,423 865 296 336 1,497 5,920 710,400 505,163 75,555 302,240 95,670 1,108,310
1985 8,043 540 272 8,855 1,730 592 672 2,994 11,849 1,421,880 967,980 151,475 561,660 192,070 2,175,610

1990 13,528 912 456 14,896 2,915 992 1,120 5,027 19,923 2,390,760 1,834,125 312,440 1,150,605 438,400 3,979,765
 

ooputation of revenue uits based on LWUA guidelines on structuring of water rates.
 
I--rand total of -=ber of connections multiplied by their resFective conversion factors for ca=Duting revenue xmits (in RUs).
 
/l-.iply grand total by 120 (derived from 10 cum/nonth, the minimum amount covered by the service charge x 12 months/year) in RUs. 
omestic consumption - (120 x number of domestic conections)/ x use factor. Use factor for doestic/institutiona classification is 1.2VCoc=eroial consumption - (120 x number of oaercial connectionas)/ x use faotor. Use factor for oommercial claaification is 2. 
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ANALYSIS OF WATER RATES 



ANNEX TABLE X-G-1
 

RNEV E FORECASTS
 
CALAMBA WATER DISTRICT
 

Estimated 
Number . x 1000 

of 
Rate/RU R.U.s 

(Yearly) 
Income 
from 

13/ 
Other-- / 

Total 
Net 

Year P Sales (Bad De) Inoome Inoome 

1976
 
1977 
1978 678 0.75 509 10 10 509 
1979 893 0.75 670 7 13 676
 
1980 1,108 0.75 831 8 17 840
 
1981 1,322 1.20 1,586 32 32 1,586

1982 1,535 1.20 1,842 18 37 1,861
 
1983 1,749 1.20 2,099 21 42 2,120
 
1984 1,962 1.50 2,943 59 59 2,943
 
1985 2,176 1.50 3,264 33 65 3,296
 

1986 2,537 1.50 3,806 38 76 3,844
 
1987 2,898 1.80 5,216 104 104 5,216
 
1988 3,258 1.80 5,864 59 117 5,922
 
1989 3,619 1.80 6,514 65 130 6,579
 
1990 3,980 1.80 7,164 72 143 7,235
 

1991 1.90 7,562 151 151 7,562
 
1992 1.90 7,562 76 151 7,637
 
1993 1.90 7,562 76 151 7,637
 
1994 1.90 7,562 76 151 7,637
 
1995 2.00 7,960 159 159 7,960
 

1996 2.00 7,960 80 159 8,039
 
1997 2.00 7,960 80 159 8,039
 
1998 2.10 8,358 167 167 8,358
 
1999 2.10 8,358 84 167 8,441
 
2000 3,980 2.10 8,358 84 167 8,441
 

1/Other income (derived from meter replacement charges
t 
contingency fees of new conneotions, servioe fees, etc.), is 
about 2% of sales.
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ANNEX .ME X-5-1 

DEBT SERVICE SCHE J.E OF 5)TAL i-iROJECT LOX 
CAI4BA. WAT ,[RDI :-MRICT 

(p x 1000~ 

Outstanding Loan 

Year 

End of Year 
Immediate Phase I-A 

Improvement and I-B Total 

Capital Repay enti 
Immediate Phase I-A 
Improvement and I-B 

. 

Total 

Interest Payments 
Immediate Phase I-A 
ImDrovement and I-B Total 

Total 
De4, 

Serice 

1978 
1979 

2,961 
5,696 

62 
493 

3,023 
6,189 

.... 
- - -

54 
157 

-
6 

54 
163 

54 
163 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

6,003 
5,959 
5,911 
5,859 
5,802 
5,740 
5,673 
5,600 
5,520 
5,433 
5,338 
5,234 
5,121 
4,998 
4,864 
4,718 
4,559 
4,385 
4,196 
3,990 
3,765 

5,359 
12,303 
13,253 
14,262 
15,336 
16,993 
20,112 
23,267 
23,926 
24,550 
25,261 
25,002 
24,615 
24,228 
23,679 
23,130 
22,455 
21,712 
20,969 
20,159 
19,221 

11,362 
18,262 
19,164 
20,121 
21,138 
22,733 
25,785 
28,867 
29,446 
29,983 
30,599 
30,236 
29,736 
29,226 
28,543 
27,848 
27,014 
26,097 
25,165 
24,149 
22,986 

-
44 
48 
52 
57 
62 
67 
73 
80 
87 
95 
104 
113 
123 
134 
146 
159 
174 
189 
206 
225 

-
-
-
-
-
-
127 
127 
127 
191 
191 
259 
387 
387 
549 
549 
675 
743 
743 
810 
938 

-
44 
48 
52 
57 
62 
194 
200 
207 
278 
286 
363 
500 
510 
683 
695 
834 
917 
932 

1,016 
1,163 

205 
540 
536 
532 
527 
522 
517 
511 
504 
497 
489 
480 
471 
461 
450 
438 
425 
410 
395 
378 
359 

44 
482 

1,107 
1,193 
1,284 
1,380 
1,529 
1,810 
2,094 
2,153 
2,210 
2,273 
2,250 
2,215 
2,181 
2,131 
2,082 
2,021 
1,954 
1,887 
1,814 

249 
1,022 
1,643 
1,725 
1,811 
12902 
2,046 
2,321 
2,598 
2,650 
22699 
29753 
2,721 
2,676 
2,631 
2,569 
2,507 
2,431 
2,349 
2,265 
2,173 

249 
1,066 
1,691 
1,777 
1,868 
1,964 
2,240 
2,521 
2,805 
2,928 
2,985 
3,116 
3,221 
3,186 
3,3'4 
3,2 4 
3,341 
3,348 
3,281 
3,281 
3,336 
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(r X 1000) 

19718 IMZ2 1980 198, 198 1983 1904 i r-86 19,09125 1990 1 . . 2~ 1 2219M ~ ~ 19 2000O 
2' ater Production per Year (1,000 x ou) 953 968 17 2969 2989 
-atca. Sales per Year (1,000 z cum) 381 581 1119 21472147 

L.%.coun-d-for - ater ( ) 60 50 34 23 28 
Cozractions - Vatered 1098 1922 3648 6473 
 6473 
Conz=;tion (Ipcd) 117 120 128 135 
 135
 

V.t:o:e Sales 509 670 831 1586 1842 2099 2943 3264 3806 5216 5864 6514 7164 7562 7562 7562 7562 7960 7960 7960 8358 8358 8358 
.. le.e *z 13s:10 7 8 32 18 21 59 33 38 104 59 63 72 151 76 76 76 159 80 80 167 4 Uco be 


1 .
0.bor Pevonuo 
 10 1. 17 32 37 42 59 65 76 117 130 '1 11 151 151 151 159 159 159 167 167 167 
Total Revenue 509 676 840 1586 1861 2120 2943 396 3a44 5216 5922 6579 7235 7562 7637 7637 7637 7960 8039 8039 8358 R441 8441 

d-iricration and Personnel 109 157 212 266 301 403 445 479 638 690 745 835 937 10C5 1151 1241 13-43 1449 1566 1692 1825 1970 2130
Powor &.d Puel 50 56 64 
 79 96 115 137 161 189 220 254 293 336 363 3Q2 423 458 494 534 577 622 672 726
Chemicals 3 7 11 15 19 23 28 34 40 /8 56 65 75 81 38 95 103 111 120 129 139 150 163 
K~a -t or.3n c.e 43 57 105 130 158 167 177 182 221 259 274 296 316 330 357 325 416 44:9 486 524 566 611 660
Kiccellancous 9 10 67 74 81 90 100 110 122 136 151 163 218 236 255 275 297 321 347 375 404 436 472De.rociatiot 41 136 i85 290 
 507 935- 564 5.6 6si '14 811 872 9!5 r, 963 972 1C1 1047 1053 1226 1238 1250 - 27' 

Total Operating Expenaes 255 423 644 854 1152 1333 1451 1562 1861 2096 2311 2577 2837 3035 3206 3391 3638 3871 4106 4523 4784 5089 5426 

Oporatir: Lcome 254 253 196 732 6)9 787 1492 1734 1983 3120 3611 4002 4393 4527 4-431 4246 3999 4089 39.;,, 3516 3564 3352 3015 
?ilui: ercre on Resorvo 1a 6 11 18 26 37 1,0 65 C j .?i! 3 3.A 401 e66 H5 (-'6 720 IQ7 101.!:t Incoze 3ffore L.'terost 255 256 202 743 717 813 1529 1744 2 3204 3717 413 45 473, 47c4, .5o. 4400 4555 44 412 4344 - 40242)
I.e-er -- on Dobt 5j 1ff, 249 102 1(-. 1725 1811 10G2 2C6 2321 259 26_0 26c 273 221 2676 1 2562 2507 2431 2349 2265 2171 

2 (2d2(I) 2 1Nat~1-cone (Loss) 201 93 (471) 9o(9 529 01454~3 lt6l 19H3 18 190 1769 15d6 1981 1751 1995 15&: 1856C-'d.'laive Note Inuco:- (Lose) 201 294 247 ( (958(1870 (2152 (2270(2268)(1-8_5) (265) 1220 3361 50f,4 7067 8954 10723 12709 14690 16441 18436 20420 22276 

Appropriation to Reoerves 15 20 25 48 55 63 88 98 114 156 178 195 215 454 
 454 454 454 478 :96 796 836 836 836
 
-voraCs Not .ixed "ssets in Operation 1768 4904 9061 15046 18787 19470 20219 21358 23630 26688 28488 29045 29643 29503 28661 28389 28370 27839 29032 30151 29223 28435 27647 
ate of Return (%) 14.4 5.6 2.2 4.9 3-.7 4.0 7.4 8.1 8.4 11.7 12.7 13.8 14.8 15.3 15.5 15.0 14.1 14.7 13.5 11.7 12.2 11.8 10.9 
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A:ZX TAKE~ X-:;_3 

PRO3ECTMl 
C;L, 

~ 
W .-

''S . , .S 'M~~??lSOF 7 .T 

(- x 1woo) 
1978 1979 1930 1981 1982 1983 1984 2 1986 1 19& 1q39 q l992 2 199 1996 i9 199 9 2000 

SOUtcES 0OF 2.lS 

1 - 936 1937 '9-'._ __ __ 1998 2M_ 2000 

"1et Income Before Interest 
Add: Depreciation 

Total Internal Cash Generation 

'r-erm Borrowing 
Capital Contributions 

Total External Cash Generation 

Total Sources of Funds 

255 
41 

296 

3023 
114 

3137 

3433 

256 
116 

392 

3166 
146 

3312 

3704 

202 
185 

387 

5173 
150 

5323 

5710 

743 
290 

1033 

6944 
173 

7122 

8155 

717 
507 

1224 

950 
2Q03 

1158 

2382 

813 
535 

1348 

1C09 
240 

1249 

2597 

1529 
564 

2093 

1074 
275 

1349 

3442 

1784 
596 

2380 

1657 
312 

1969 

4349 

2048 
651 

2699 

3246 
458 

3704 

6403 

320 
743 

3547 

3282 
523 

38CF 

7752 

3718 
831 

4549 

726 

963 

1369 

5918 

4135 
E72 

5007 

815 
6.-

1449 

6496 

45-0 
915 

5475 

c2 
631 

1533 

7008 

7-6 
6O 

5676 

3S9 

365 

60'i' 

:7C4 
PQ 

5667 

363 

363 

6030 

4533 
9-2 

5555 

40 

340 

595 

.4C-
1,021 

5421 

315 

315 

5736 

4555 
1U47 

5602 

288 

2-o 

5890 

4488 
-053 

5541 

249 

249 

5790 

4182 
1226 

5408 

IV4 

196 

5606 

4-44 
123.8 

5582 

144 

i44 

5726 

'249 
1250 

5499 

37 

E7 

5586 

4029 
1275 

5304 

27 

27 

5331 
A?LCA7IOA?:S OF FUN DS 

Capital Expenditures 
Capitalized InterestDebt Service: Interest 

Principal 
Sub-Total 

3061 
76
54 

-
54 

3G59 
2'3
163 
-
163 

5016 
3C7
249 
-
249 

7122 

1022 
44 

1066 

1158 

1643 
48 

1691 

1249 

1725 
52 

1777 

1349 

1811 
57 

1868 

1969 

1902 
62 

1964 

3704 

2046 
194 

2240 

3805 

2321 
200 

2521 

1369 

2598 
207 

2805 

1449 

2650 
278 

2928 

1533 

2699 
286 

2985 

2753 
363 

3116 

2721 
500 

3221 

2676 
510 

3186 

2631 
683 

3314 

2569 
69-

3264 

2507 
834 

3341 

2431 
917 

3348 

2349 
932 

3281 

2265 
1016 
3281 

2173 
1163 
3336 

Replacements 
Increase in WorkirZ Capial 

Total Applications of Funds 

301 

3492 

52 

3527 

(64) 

5508 

179 

8367 

67 

2916 

5 

3081 

203 

3420 

119 
143 

4195 

125 

6069 

334 

6660 

174 

4348 

1"8 

4525 

143 

4666 

61 
(331) 

2S46 

179 
(7) 

3393 

1213 
207 

4606 

742 
(17) 

4039 

264 
(113) 

3415 

4221 
(10) 

7552 

297 
(32) 

3613 

311 
43 

3635 

600 
(16) 

3665 

350 
(41) 

3645 
IN~~:~)r CASH BALAU;CCAZs 3ALA6CE BzG ;Zr;G OF YEAR 

CA BALS;E:- , OF YEZR 

=BT-=V-V:C RATIO (vr.s) 

(59)
0 

L59) 

5.48 

177(59) 
11 

2.40 

'2 02113 
320 

1.55 

(212)
320 
108 

0.97 

(534)108 
(426) 

0.72 

(84) 22 154 334(42fl (910) (888) (-734 
(90) (88) (734))400) 

0.76 1.12 1.21 1.20 

1092
(400) 
692 

1.57 

1570 1931692 2262 
2262 4193 

1.62 1.71 

2342
4193 
6535 

1.83 

3235
6535 
9770 

1.83 

2637 12699770 12407 
12407 13696 

1.76 1.74 

1697
13696 
15393 

1.64 

2475
15393 
17868 

1.72 

(1762)
17868 
16100 

1.66 

1993 2091
16106 18O99 
18099 20190 

1.62 1.70 

1721 168620190 21911 
21911 23597 

1.68 1.59 

~C? TZLYCAME =-'S ==7. ,? T--OCAP:TAL 

EX. TE2Z.--- 7.7 6.9 2.6 - - - 16.7 21.1 12.4 37.5 127.4 143.5 162.4 
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Amax TABZLE x-H-4 

PR0jZCTSD BALL'CE' 3 

C!,xlowo) 
1978 1979 19S0 l931 1982 19.33 1985 1986 1937 OM3 _-, - 1995 1996 2 1998 1999 2000 

AZ 'ETS
 

Gross VaLue of Fixed Assets 5201 8513 12344 19559 20449 21630 22911 24931 28566 37371 33740 35139 36722 36733es- 36937 3;3, 3.:-94 33203 42253 40913 41107 41582 41618Azc'.ulated De~reciation 
 19.9 2021 714 8-17 131.6 1531 2299 2827 34.0? z12 5553 6,.0 ,730 8'68 .2i 1-3 10755
19827 20612 22104 25197 24219 26757 2933, 2-992 2Q05 2826 2 

!et Value of Fixed Assets 3316 6,:2 11630 1-362 1911 
13 1614 11226 121-7 1;e72 143 

;ork in Process 26510 26211 16 2Q587 28760 28110 2715
9 306 2
 

Total Fixed Assets
 

Current Assets: 
(59) 118 320 103"-co'nts Receivable (426) %:'o) (868) (734) (400) 692 2262 4193 6535 9770 12407 13696 15393 17868127 167 208 397 461 525 736 816 952 16106 18399 20190 2191 235971304 1466 1629 179171oision for a Dbt 3 2 2 1891 1891 1891 1i1 1990 199c 199O 2090 2,G 20 -O8 5 5 15 8 10 26 15Inventories 16 18 38 19 91 91 40 20213 236 160 173 188 20 42 21 21203 220 289 321 343. 65 38d 412 27 29 265 281 125 133 12 150 160 171Total Current Assets 
 278 519 686 670 218 (187) 53 363 863 2313 4078 6194 
 8720 11650 14308 15833 17546 19943 18209 20211 22388 24140 25837
Total Assets 
 3594 7011 12316 19132 19331 19640 20665 22467 26020 30532 32835 35528 38672 40703 42577 44343 45777 47391 48-825 49898 51143 52250 53022 

Z,--T A-D LIA3ILITIES 

C:rernt Liabilitiesj:r 
 36 48 77 94 109 133 148 161 202 226 247, 204 320 346 374 403 436 471 509 550 593 640 692Current Xaturities on Lona-Term Debt  - 44 48 52 57 62 194 200 207 273 256 363 500 510 653 695 
 84 Q17 ,32 1016 1163 1250Total Current Liabilities 36 48 121 142 161 190 210 355 402 
 433 525" - 570 683 846 884 i02P6 1131 1305 1426 1482 1609 
 1803 1942 
Loner-Term Debt (Less Current Maturities) 3023 6189 11318 18214 19112 20064 21076 22539 25585 28660 29168 29697 30236 29736 29226 28543 27848 27014 26097 25165 24149 22986 21736 
-'i,.czn Co=-ribution 220 220 220 220 220 220 220 220 220 220 220, -220 
 220 220 220 220 220 220 220
Capi-a. Contributions 114 220 220 220 220260 410 588 796 1036 1311 1623 2081 _.. ss--es 15 

2604 3187 3821 4452 4837 5200 5540 5855 6143 6392 6590 6734 6821 684835 60 103 163 226 314 412 526 632 860 1055 1270 1724Umap;r=%:riated Retained Earnings 186 259 2178 2632 3086 3564 4360 5156 5992 6B28 7664137 (140)1121)(O. 6)(2466)(262)(279)(206 7)(112 5 ) 165 1811 3340 .e69 6322 7642 9145 10330 !1285 12444 13552 14612Total E -dity -535 774 877 776 58 (614) (621) (427) 33 1439 
3142 5261 7753 10121 12467 14714 16798 19072 21302 23251 25390 27461 29344Total Equity and Liabilities 3594 7011 12316 19132 19331 19640 20665 22467 26020 30532 32835 35528 38672 4003 4577 44343 45777 47391 48825 49898 51148 52250 53022 
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l, EX BkBLE X-H-5 

RATE OF RkEMJR ON TOTAL IESTMT 
(DIsCoul 1= CASH FLOW METHOD)

CALAMBA WATER DISTRICT
(I--:.10c00) 

Year 
Debt 

Servioe 

Net 
Increase 

in Cash 

Total 
Cash 

Inflow 
Invest-
ments 

Net 
Cash 
Inflc ' 

lIet 
Present 

F-actor 

Trial 
Value: 8% 

Vali 

2nd Trial 
Present Value: 10I 
Factor Value 

1978 
1979 
i980 
1981 
1982 
1983 
19e4 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

54 
163 
249 

1,066 
1,691 
1,777 
1,868 
1,964 
2,240 
2,521 
2,805 
2,928 
2,985 
3,116 
3,221 
3,186 

(59) 
177 
202 

(212) 
(534) 
(484) 

22 
154 
334 

1,092 
1,570 
1,931 
2,342 
3,235 
2,637 
1,289 

(5) 
340 
451 
854 

1,157 
1,293 
1,890 
2,118 
2,574 
3,6913 
4,375 
4,859 
5,327 
6,351 
5,858 
4,475 

3,137 
3,312 
5.323 
71,122 
1,158 
1,249 
1-349 
2,08 
3.704 
3,805 
1,369 
1,449 
1,533 
446 
542 

1,553 

(3,132) 
(2,972 
(4.8721 
(62.8 

44 
41 
30 

(1 130) 
(,92) 

3,C36 
3,410 
3,794 
5,905 
5,316 
2,922 

,OOW 
.926 
.657(4,r 
7Q. 

.735 

.681 

.630 
o583 
°540 
.500 
.463 
.429 
.397 
-368 
.340 
.315 

(3, 132) 
(2,752 

15) 
4977-,3 

() 
30 

341 
17 

(610) 
(96) 

1,392 
1,463 
1,506 
2,173 
1,807 
920 

.9g 
-909 
826 

.683 

.621 

.564 

.513 

.467 
,,424 
:.386 
.350 
.319 
.290 
.263 
.239 

(3,132) 
(2,702 
>4,o24-0 
1 707 

() 
27 

3.5 
15 

(528) 
(81) 

1,160 
1,194 
1.210 
1,712 
1,398 

698 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

3,314 
3,264 
3,341 
3,348 
3,281 
3,281 
3,336 

1,697 
2,475 
(1,762) 
1,993 
2,091 
1,721 
1,686 

5,011 
5,739 
1,579 
5,341 
5,372 
5,002 
5,022 

1,057 
552 

4,470 
495 
455 
687 
377 

3,954 
5,187 

(2,891) 
4,846 
4,917 
4,315i.. 
10,3921A/ 

.292 

.270 

.250 

.232 

.215 

.199 

.184 

1,155 
1,400 
(723) 
1,124 
1,057 
859 

1,912 

.218 

.198 

.180 

.164 

.149 

.135 

.123 

862 
1,027 
(520) 
795 
733 
583 

1,278 
+690 -2,698 

-Ylncludes net asset value of n5,747 

Total Assets 53,022 
Total Liabilities 53,022 23,678 Rate of Return - 8.41% 
Cash 23,597 23,597 

Net Asset Value 5,747 
X-a-5 



CHAPTER XI ECONOMIC FEASIBILITY ANALYSIS 

A,, WATER AND THE ECONOMY 

Introduo' , ion 

Water ia bmuic requirement in any country's economic develop
ment and n eco~oric activity can take place without it. However#
this basic. funatica diminishes in relative importance as a higherlevol of eccnic -.ev-lopment is attained by a country. In mostinetanc-s, tha availability of water alone will not spur economicgroni~h for there arc other significant factors that influence development; ouch ;ks pvace and order, political stability, rate oftaxation and availability of infrastructure facilities. Hence, awater supply project ilust be considered as only one part of a regional developm nt program. 
 It must be viewed within the context
 
of the overall govei-rnpent program.
 

Considering that the Philippines is still a developing country,water supply plays a. fairly important role in the national or regional economy. Traditionally, water has been made available to theconsuming public at vary nominal rates. There is a tendency for the
 oonsumera to usa water wastefully. As a consequence, the regard

given to it is far below its true importance. 

To the water concumer, the value of water is measured by itscontribution to tho satisfaction of the family group which uses the
water. His perspectii*e includes 
himself and his household and allthe health, wel1_being and productivity aipeots of family life.the busineasma. water is valued for all it does to improve business.
To 

F'rom the national viewpoint, the benefits to the water user, both

householder and businessman, are only 
a part of the total.
 

11ar Uses of Water S__12 

Domantic. Water for domestic use is usually given top prioritybecause water is essential to life and, up to a point, essential togeneral well-being. Estimation of the beneficial value of water fordomestic purposes is best viewed in terms of average willingness to pay for water rather than do without it. It will be noted that the
willingness to pay is higher than the price charged kL iofar as most 
users are concerned.
 

Industrial Use. 
Water is used by industry primarily as a factor
of production. In some instances, it goes into the production process
as an input. This is the case for the soft drinks industry. One

method of determining the value of water to industry is to analyze the 
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cost of alternative industrial proceases which produce the sacme pro
duct but use loss water, This is not, however, always possible and 
may be unduly laborious. 

Other UseO2 Crop irrigation ns ono of the major uses of water. 
The value of water used for irrigation purposes can be estimated by 
an elaborate clo2ution of "with" and "%ihout" project conditions. 
All ather costo are .ioumsd to be paid and water becomen the residual 
claimant undv "Iithout" a9nd "itli" projeot conditions. Detailed
 
analysis of th'r area to be irrigated is required.
 

Anoth~r important use is hydropowo-i generation. Water used for 
this purpose may be valued by comparison with the lowest-cost alter
native of providing electric power. Lastly, badies of' water serve a
basic role in many recreational activities. Ordinarily, water qua
lity is not adversely a'fectnd by recreational use. Water value

in this case depends on a numbar of factors such as accessibility,
 
setting, beaay and quality,
 

In the fhilippint,!, the National Water Resources Council 
establishes the water priorities, in pursuance of the policies laid

dom by its charter, 1residential Decree No. 424. In general, the 
system of prioritics for the development, conservation and utiliza
tion of' the country's water resources refleots the current usage of
 
water and 's responsive to the changing dermand for water. Another
 
presidential decree (Presidential Decree No. 198) has declared that
 
the oreation, operation, maintenance and expansion of water supply

and wastewater disposal systems are a national policy of high

priority. 

B. METhODOLOGY 

Recornended and Next-B3at System
 

One approach in determining the economic feasibility of a water 
supply project involves a comparisan of the benefits and costs of 
the recommended system and those of the next best system. In this 
method, the capital expenditure costs and the operating and main
tenance costs for both alternative systems are transformed to an 
equivalent annual cost basis during the projection period. The
compai-inon will uhcw uhich ot' the alternative systems will generate
the aanva level of benefits at less oost. 

Benefit-Cost Ratio
 

A second approach in determining the economic feasibility of 
water supply project involves the following steps: 
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1o The identification of the economio benefits and costs that 
oan be attributed to the establishment, operation and 
maintenance of an improved water supply system;
 

2. 	 The determination of the possible bases ror quantifying 
these benefits and costs; and 

3. 	The comparison of the present value of the benefits likely 
to be generated and the present value of the oosts. 

The 	results of the 	economic malysis are then expressed as a 
single ratio called the benefit-ooet ratio, The project is considered
 
feasible if the ratio is equal to or greater than 1:1.
 

Another method involves the calculation of the economic internal 
rate of return of the proposed project. The total amount of the
 
benefits as well ab of the costs is determined throughout the pro
jection period, ay trial and errcr, the interest rate at which the 
present worth of the benefits is equal to the present worth of the
 
costs is then calculated. The project is considered desirable if
its 	internal economic rate of return is higher than the minimum 
rate generally aoc in projects, whichptable such is usually the
 
opportianity cost of capital,
 

Method e)-Aopt 9d 

Both 'the second and third methods were employed in determining
this project's economic feasibility. These two were considered more
 
appropriate than the first method because in this case# the recom
mended plan has already been selected from several alternatives on
 
the 	basis of present worth cost comparisons (as discussed in Chapters

VIII and IX). 

Calculation of Bnefit and. Cost Streamis 

The economic studies cover only Stage I of the proposed water 
supply program, which extends from 1978 to 1990. Benefits, however, 
were projected up to 2000 except for land values which stop at 1990.
This is because the benefits (except for land values) from the faoili
ties to be construotcd up to 1990 would continue to accrue beyond
their construction period.
 

The construotion costs included in the analysis are thosit which
will b6 incurred up to 1990, except replacement costs and the operation
and maintenance costs which were projected up to 2000. This is due to 
the fact that proper maintenance of the facilities will have to b% 
undertaken regularly for as long as benefits are desired to be realized
 
from the system.
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Estimates of bmnefits and costs were based on 1978 priaes. In
 
recognition of inflationary presoures, all benefits were escalated
 
by 10 porooift from -978 to 1980. 3 peroent from 1981 1985 and
1W to 

by 6 percenit fCroL" ?86 to 1990. A!l project costs were also eseala
ted in the same mrntar, with thn eception of operation ar-d maint.
nance ootf which wir esoal te unifomly by 8 percent all through
out the sttJ: 
 In both caes, ho iever, the escalation factor 
for 1990 was halc. co:qtan! up to 2000, Thic is because only Stage
I of "he pr iposcd project in bing considered in the economic analysis;
henoe, oIy iirtJa Infla',ion haa L adopted. 

C. QJAIITiFIABIA' BENEFITS 

The eooncmio bi.aefito that will be derived from the proposed

water aupply impro-rmont pur'ograw fTr the water district may be
 
olassificd into qviltifiable and nonquantifiable. ( tantifiable
benefito are thos ilhich cen be expressed in monetary terms. On
the other hand rion--quatifiablo benefits are intangible but real,
and are c-xtrt.mely dUffloult to cosresa in monetary terms, 

Ienefitt, retralting from the proposed project evaluatedwere on an incremental basis, ioea, on a "1th" or "without" principle.
Hence, the bonnfit figure reflect only thoue that will accrue to 
the survioe area as a result of the improvement of the water supply 
system. They exclude the benefits arising from the present systm. 

The qraantifiable benefits that are discussed in the following

seotions are: increase 
in land values, improved health conditional
reduction in fire damage, and boneficial value of water. 

The implementation of the water supply project will result in 
an increase in the land values of the service area. Howeverl it mait 
be pointed out that the increase in land values cannot be attributed
solely to the ,rater supply projec;. Any difference between the
acquisition oost and the present msarket value of a pieoe of land evolves 
from a aerie.j of market and public forces which exist whether or not
the water supply project io undertaken. Such forces include the
general pace of industrialization, construction aotivity, inflation,
land speoulation, taxation, public land acquisition and selling.
More particularly, aioh a difference could be the result of a general
estimation of productivity due to infrastructure investments which 
include a water supply project. 

The portion of land values attributable to the provision of an
 
improved public water supply systam was estimated in the household
 
survey in Lipa City (MaY 1975) to be about 22.6 percent of the market
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value of a piece of land. It is reasonable to assume that this
 
figure representa the incremental value of a pievo of land, given 
access to water supply. In a specific instance, a residential
 
lot about 400 sqm has the 	following market values: 

Without Water 400 squ 	x P50 - r20,O00 

With Water 400 sqm 	Y P65 n ?26,000 
11to 1.3 or 30% increase 

In this particular case, the incremental cost of F6,000 closely 
represents the market value of a private vell (complete with pump, 
electric oontrol, etc) to serve the premises.
 

On the basic of this infortation, it may be conservative to 
assume that 20 percent of 	the value of land served by the water 
distribution system could 	be attributed to the water supply project. 

Assumptions made for this analysis are explained in Annex XI-C. 
Annex Table XI-G-1 shows the computations of this benefit, whioh 
amounts to a present worth of P28.1 million. 

Health Benefits 

The establishment of a water supply system in a community will 
necessarily bring about health benefits to the population. Undoubt
edly, the provision of safe, potable water to the population is a 
prerequisite for the maintenance of minimum health standards. These 
health benefits are ordinarily manifested in the followings 

1. 	A significant reduction in the incidence of water-borne
 
diseases such as cholera, dysentery, gastro-enteritio,
 
and typhoid/paratyphoid. As a result, there will be a 
decrease in the amount of time lost by income earners 
who 	are afflicted with such diseases.
 

2. 	 A subsequcnt reduction in premature deaths due to the 
lower incidence of water-borne diseases. 

3. 	 A corresponding reduction in medical expenses for the 
same reasons 

Calculation for the health benefits and assooiated assumptions 
used are presented in Annex XI-C, Annex Table XI-C-2 shows the health 
benefits on a yearly basis, with a total present worth of P409554. 
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Reduotion in Fire DaMe 

With the installation of suitable fire hydrants espebially in
 
the high-value as well as the residential districts in the service 
area as part of the proposed project, savings due to reduced fire 
daargb will result from the availability of an adequate amount of 
water and increased water pressure for fire-fighting purposes 
Calculations relative to this benefit are explained in Annex XI-C 
and shown in detail iL Annex Table XI-C-3* The present value of 
this benefit amounts to P6.3 million. 

No attempt was made to quantify the inoonvenienoe to the people
 
rendered homeless and the value of human lives lost due to fire.
 

Beneficial Value of Water 

This benefit (sometimes called "consumer satisfaotion") is
 
quantified by the additional revenue generated by the water distriot
 
as a result of an improved water supply project. In the case of a
 
oommnity which previously did not have any piped water eystemp the 
"consumer satisfaction" benefit may be measured by the full amount 
of the economic value of the acounted-for-water. 

For a community where the proposed project involves merely the
 
expansion and improvement of the existing system, this benefit may
 
be measured by the eoonomio value of the incremental water production
 
directly resulting from the improvement of the system.
 

For this benefit, the concept of oonsumers surplus was adopted.
 
This concept takes into aooount not only what households and oommer
oial establishments are actually paying for water but also how much 
more the consumers are willing to pay for this essential commodity.
Calculations for the benefioial value of water are shown in Annex 
XI-C and Annex Table XI-C-4. The present value of this benefit amounts
 
to P15.8 million.
 

D. NON-QUANTIFIABLE BENEFITS
 

The non-quantifiable benefits arising from a water supply pro
jeot are generally as important as the quantifiable benefits. How
ever, they do not easily lend themselves to valuation. The approach 
taken herein is to acknowledge their existence and importanoe. No 
attempt has been made to quantify or include them in the benefit
cost oalculations. 

The proposed water supply project will set off a chain of events
 
beyond its construction period. Those activities include among others
 
the inducement to industry to establish plants in the service area due
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to availability of a dependabl~e water supply. Without such supply, 
new industrial and commercial establishments would be forced to 
develop their own supply system or relocate elsewhere. The overall 
cost of providing separate water system is normally large and
 
represents a deterrent to invest in the area and oo9squaently to
 
industrial development.
 

Because of the employment generated by the project, hired
 
laborers are able to spend their wages for purchasing goods at the 
local stores. Hence, each peso they spend is generated back into 
the income stream of the local economyo In the operation and mainte
nance of the projeot, the water district would find it advantageous 
to purchase required supplies locally and engage local service. 

E. ECO 1C OOSTS 

General 

The total cost of the proposed wator supply system is the sum 
of all expenditures required to realize project objectives and 
benefits.
 

Costs have been divided into the following: 

1. Project costs 

2. Replacement costs
 

3. Operating and maintenance costs 

In general, economic costs are easier to identify and quantify 
of the costs are incurred inthan benefits. This is because most 

real, monetary terms to pay for either goods or services while bene
fits are usually intangible. 

Project Costa 

Project costs inolude the construction cost of the proposed 

facilities such as pipes, meters and equipmentf as well as, engineer
ing services and contingencies and land cost. The cost of the feasi
bility studies has also been included. 
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Annex Table XI-E-1 shows the construction costs of the proposed 
water supply projeot for *the wator dintrict,. Th are ligtt by 
component as to type of expenditure in 1978 prices. Thqy are further 
broken down into foreign and domestic components. 

The cost of unskilled labor is shown separately from the do.
mestio component of the project. From the balanoe of the domestic 
costs 5 percent wars assumed to be in the form of hidden taxes. 

Ad meL, o Projeso Couts 

In the determination of the project costs# adjustments were 
made for those items which are not properly valued by the price 
mechanism. A price other than the market prioe (calla&the shadow 
price) was imputed to these items. In this way, most of the effects 
of price discrepancies which could be identified, whether primary or 
secondary, were incorporated directly into the project analysis and 
imputed as direct costs to project investment. The 'shadow prices' 
used in this analysis are those employed by international lerding 
institutions and the Planning and Project Development Office (PPDO) 
of the Department of Public Works, Transportation and Commnioation. 

One of the items where 'shadow pricing' was applied is the
 
price of unskilled labor (otnerwise known as common labor). In a 
perfectly competitive market, the price of labor in determined by 
the marginal value of its product, In this oase, therefore, the 
price of labor is equal to the value of the output which an extra 
laborer hired would produce. However, this is not applicable in 
an econony such as that of the Philippines where t-here iv a surpluo 
of labor. Since there is widespread disguised unemployment in ouch 
an econoD7, unskilled labor is normally valued below the actual wage 
rate likely to be paid. In this study, the opportunity cost of 
unskilled labor or its potential in other employment was valued at 
one half of its estimated cost in the project. The net affect is to
 
reduce the cost of unskilled labor by 50 percent, thereby reducing 
the summation of project costs. 

Skilled labor, on the other hand, was valued at its goiag rate. 
It was assumed that if skilled labor were not employed in the service 
area, il would probably migrate elsewhere to obtain employment or a 
better wage. 

Adjustments were also made with respect to cost of project 
facilities which use up limited foreign exchange reserves. 
Foreign exchange used to import project components was valued at 
1.2 times their actual peso cost. This effectively increased foreign 
exchange cost by 20 percent, thereby affecting project cost in a 
similar manner. This was done to reflect the opportunity cost or 
alternative value of foreign exchange. Domestic omponents, on the 
other hand, were priced at their actval cost. 
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Interest was not included since this is considered a financial
 
instead of an economic cost.
 

Annex Table XI-E'-1 shows the ocnversion of finanoial costs to 
economic costs through shadow pricine and other adjustments. Ths 
present value (see Table XI-E-4) of total eoonAomic project cost for 
CAL-WD amounts to KZ2.8 million. 

Based on the oriteria used In the finanoial atudies) vehicles
 
have a life axpeotalipy of 7 years while meters are expected to

be replaced every 15 years* Other items which have a servioe life
 
of 15 years are the equipment of the source faoilities as well as 
miscellaneous items of the imnmediate improvememt pro
gram. The feasibility studies were assumed to be 
good for 30 yearai The storage facilitiez which will be merely re
paired are expeoted to lact for '3 yeare, after which another repair
will be undertaken, All other facilities in the syetem are expeote.
 
to last for 50 years.
 

During the 2 3-year period from 1978 to 2000, thbrefore, vehioles, 
meters, equipment with a service life of 15 years and the miscellaneous 
items will have to be replaced while the storage facilities will be 
repaired after 13 years. Annex Table XI-E-2 shows the replacement
schedule and costs of vehicles, meters, equipment and miscellanecus 
items and cost of repair of the storage facilities. The present 
value of total r6placement costs (see Table Xl-Z.4) for CAL-WD 
amounts to 1680,900.
 

Sal e VDlue 

Annex Table XI-E-3 shows the salvage value in 2001 of all the 
capital equipment to be used in the projeot. The pe-oentage of sal
vage value was based on the remaining servioe life of the facilities 
in 2001, For CAL-WD, the present worth of the salvage value (see 
Table XI-E..-4) is .24million. 

Qfating Wnd. MaJUIn ae Cost 

Operating and maintenance oosts refer to the costs assooiated 
with the maintenance, operation and management of the project. 
Otherwise known as annual costs, they include personnel, power,
chemicals, and other miscellaneous maintenance expenses such as fuel 
and lubrication, repairs, oommuri oation needs and office rental. 
Only the operating and maintenance costs of the proposed project
(i.e., excluding those of the present system) were considered in 
this study. 

XI-9
 



Annex Table XI-3-4 presents the incremental annual recurring

coats assooiated with running and operating the water district up

to 2000. The present value of these costs amounts to P7.6 million.
 

The economic cost may be expressed as the adjusted (shadow
priced) project oost plus replacement cost plus operatini/mante
nanoe cost less salvage value. Annex Table XI-.E-4 shows the oomputa
tion of total economic costs for CAL-WD, amounting to 28.9 million. 

F. BEN&PIT-COST ANALYSIS 

The summary of the quantifiable eoonomio benefits and eoonomio 
costs for. CAL-bl io shown below. They are expressed in their present
values (discounted Ft 12 percent) after the 1978 prices have been
 
escalated.
 

SUMMARY OF BENEPITS AID COSTS 

Benefits (r 106) 

Increase in Land Values P28.143 Project Cost P22,823

Health .410 (+)

Reduction in Fire Damage 6.278 Replacement Cost .881
 
Beneficial Value 
 - (+) 

P51.927 Operating and 
Maintenance Cosja 

Sub-total P31.263
 

Salvage Value 2 

F28.901 

Benefit Cost Ratio - 1.80 : 1 

The preceding table shows that the quantifiable benefits exceed 
the economic costs associated with the improvement of the water 
supply system in CAL-WD. Under the principle of benefit-cost ratio, 
the project is, therefore, considered economically feasible. 

The actual benefits of the proposed project may really be 
greater than what the benefit-cost ratio represents because the non-. 
quantifiable benefits have not been incorporated into the analysis.
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0, IIJT7f1NAL t,00EJONIc WITE W1"RE71JUI 

The internal economic rate of return (IERfl) is the rate at 
which the present value of the quantifiablt benefits is equal to 
the present value of the economic costs of the proposed project.
It is generally held that fcr a project to be feasible and desir
able, its 1ERR shuuld be higher than the prevailing opportunity 
cost of capital. In this particular study, the opportunity cost 
of capital is 12 percent.
 

For CAL-WD, the 1ERi is 71.4 percent as shown in Annex Table 
XI-G-1. On the basis of the above stated principle of IER, the
 
proposed project appears to be economically feasible and justified. 
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ANNEX ir o 
QUANTIFIABI E BEWITS 

Portion of,Land Values Attributable to Water SungjZ je 

Annex Table XI-C-1 shows the present value of the portion of
 
land values attributable to the proposed water supply project, based 
on the following assumptionsi 

I. 	In accordance with the staging program of the con-. 
struction of facilities, the 1980 service area of 
272 hectares was projected to increase in the follow
ing manner: by 17 hectares from 1980 to 1981i bY 35 
heotares from 1981 to 1982; Iy 19 heotares from 1982 
to 1983; by 21 hectares from 1983 to 1984; by 21 heo
tares from 1984 to 1985; by 23 hectares from 1985 to 
1986; by 25 hectares from 1986 to 1987; by 26 heotaias
 
from 1987 to 1988; by 28 heotares from 1988 to 1989;
 
and by 29 heotares from 1989 to 1990.
 

2. 	Land use was assumed to be 87 percent residential 
and 13 percent oommeroial/institutional/indastrial 
throughout the projection period. This olassifi
cation was based on the water demand projeotions in 
1980 by consumer category, as shown in Chapter VI. 

3. 	The 1977 costs of land based on estimated market values
 
in Calamba are:
 

Residential : P30 per sqm 
Industrial/Commeroial/Institutional : P40 " " 

These costs were assumed to be constant over the pro-

Jeotion period.
 

4. 	 The portion of the total cost of land specifically 
attributable to the provision of water supply was 
assumed to be 20 percent of the cost of land. This 
land value benefit was escalated by 8 percent from 
1980 to 1985, by 6 percent from 1985 to 1990. 

5. A discount factor of 12 percent was used to obtain the 
present values of the benefits. This is believed to be
 
the opportunity cost of capital and is commonly used for 
public investment projects like water supply development. 

For CAL-WD, the land value benefit in its present worth amounts 
to F28.1 million. 
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Health Benefits 

To determine the amount of benefit arising from the reduction
of income lost of those afflicted with water-borne diseases, perti
nent statistics morbidity ra-toon were gathered from the Department
of Health. Phor 1964 to 1974, an average of 429.1 out of every
100,000 population in the province of' Lagfuna were afflicted with
primary water-borne diseases eveiy year, regardless of age, sex,
and income class. The same rat, was assumed for the municipality

of Calamba in the absence of specific data. The morbidity rate in

the service area was assumed to remain constant during the 21-year

projection period.
 

Since not all ci' thoie afli']cted with said diseases are wageearners, an adjurtment wac made accordintrly. Based on the 1970
Census on PFopalat.io,, and 11ousintg cf the Vational Census and Statis
tics Office, ,15 oert-ent o" the municipality's population was econo
mically active.l_/ it wan a'Iumed, therefore, that only 45 percentof 429.1 per 100,0(00 who were afflicted with primary water-borne 
diseases were ,economically active. Hence, this is the only segment
of the population wlio would suffer a reduction in income due to said
diseases. fxirthern.x'1e, these afflict(A wage-earners were assumed 
to be earning 1*8 a lay and unable to work for 15 days on the average
because of their illness. The final figure corresponding to theeconomic cost of time lost due to water-borne diseases was thereby
arrived at by ml Lijlyin" the number of people afflicted with water
borne diseases 1).V 4') percent, by Y8 daya and then by 15 days. 

Another health benefit that could be associated with the estab
lishment of a safe public water supply system is the reduction of

the economic cost of the preiikture death of those afflicted with

water-borne diseases in the service area. 
Obviously, the reduction

of the life _;pan of' the population caused by said diseases is an
 
economic loss to the community.
 

This economic loss due to premature death was determined by
multiplying the niumber of people who die because of water-borne
diseases (assumin.. that a water supply improvement program were 
not undertaken) by 35 percent and then by P11,629. The projeoted

number of such deaths was based on the average of the 10-year mor
tality rate for primary water-borne diseases in the province ofCalamba, as gathered from the Department of Health. These figures
indicated that 49.0 persons died of the 429.1 per 100,000 who were 

'/Economically active population includes those who are 10 
years old and over, whether employed or unemployed, excluding re
tired persons, students and housewives.
 

http:PFopalat.io


afflicted with water-borne diseason. This mo:-ality rate was

assumed to be constant ovir the projection period. The 45 per
cent corresponds to the portion of the 
service area population

who are income earners. The F111629 rypreeents the monetary value

of each death. This 
wan derived from the estimated income to be

earned bv the average wage-earner over a period of five years dim.

counted at 12 percent plus 
20 percent associated economic costs
 
(mumation of P200 a month x 
 12 months x disoount factor + 20
 
percent associated costs),
 

The third health benefit that can be derived from the improve
ment of the water supply in the qarvice area is the reduction of the 
medical expenses of persons afflic-tl with water-borne diseaR99
Aocording to the Lipa City pilot survey on "Ability-to-Pay",1. an
afflicted person spends P113.00 rrr ally on the average for medical
 
expenses, which include hospitalization, medicine and dootor's 
feesBased on this finding, the total modioal expenses incurred due to
water-borne diseases were arrived at ty multiplying P113.00 by the

number of people afflicted with such diseases in 
 the service areas 

The sum of all three economic costs related to health benefits
had to undergo three final adjustments to arrive at more meaningfulfigures. First, 40 percent of the total economic loss due to water
borne diseases was taken as the health baenfit directly resulting

from the water supply improvement program. This reduction was made

to account 
 for the fact that not all water-borne diseases are caused
by a poor water system and may also be duo to less than ideal personal hygiene or lack of sewerage facilities. Second, the 40 per
cent health benefit was ecoalated hy 8 percent from 1980 to 1985,
by 6 percent from 1985 to 1990, after which the escalation factor 
was held constant up to 2000. Third, the escalated health benefit 
was discounted to its present worth at 12 percent* Annex Table X1.0-2 shows the calculations associated with the health benefit. forCAL-I). The total present vmlue of said benefits after the adjust.
mente amounts to P409,554. 

Reduction in Fire Damage 

The proposed ratar supply improvement program will result in
increased water pressure and reliable supply for domestic as well
 
as for fire-fighting purposes. At present, none of the fire hydrants

in Calambaare effectively operating; hence, no fire protection is
 
accorded it.
 

-/Refer to Methodology Manual, Chaptrr 20 for 'Ability to Pay"

studies.
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With the implencmaion of the p3r arfinwhioh will involve the instal
lation of new firo bdr aPtI+ 
 the fire protection coverage will be

provided to the servioe area. 
Hence, a reduction in fire damage is
 
expeoted in the servioo arms,
 

This reduction was aunrod to be 0.75 percent of the combined

asseased value3 of all s'truouev in the servioa area. For Calambat
the average asoessd value of cauh structure was assumed to be

P18,66W The numbe of structures ims derived from the projected

population to ie as,-%ed by 
the saymt,aseuming that each household 
ho an average of 6O,0 mmbers. 

The firo p '-teotion
boefit was based on the assumed overallreduction. in feiro xda-gov but corrolated with the schedule of fire
 
hydrant incIn.llation in -he sevico area. 
Percentage of fire pro
tooticn atare .t , poreo!a in 1980, gradually increasing to 90 
peroent i 1990 in ao.:oQtaae with the extont of the service area 
to be covu(wd 'Lot tho fAir, hydrants. 

The zuv r'i ;'.c4 o i-i fire dziS was escalated by 8 percent

from 1980 to 1065: 1-y 6 pc.romnt f:'oI2 1985 to 1990, after which the

ezoalation faoter vac Eold 
cozut up to 2000. It was then dim
ounto al. 12 , The pres~nt value of the fire protection

bceitvnu nhon in /..mnc Table I-.C-3 amounts to F6.3 million. 

Snoo tve'O, AO cecential to hMmn life, all members of theser"valC pot"n-io'n T, crvico preoumably would be willingtho erea 
to obtain it ,z & . - vntieo at come given price. With 
the rrcpo'3:r th,. ryetmi's facilitiest the volume of vater rodu4t1on -i o. cotcd to i1toroaae oonmiderably to serve the
noeeds of th, 7o,-+.. , r.or-tl ion, %im will bring about additional 
reve.:ea , ho dirttpe ially since a price increase 

of w rz.. tho improved service.-,,in vicn of 

In Con., tF '3orm oh! :ed ty the iter distriot do not 
reflct +Aim. " it tJ.-c o ' iitcro Moover, it is recognized that
houvcholdu ot.-± .... ui"o really willing to pay more than
wIbnt Thc.f, a-r.auiclr boeng ohc:wed for water oonsumed. From the
eoonomio vi thcaho in a oonsumere' surplus* This 

cozccz r.,.-.o1additional amount consumers are
willftg to prj t,. t-nd zabova ,hznt thc7 are paying for water* ior 

-.-.theao 
of aseimre value records on Calamba, the 

-- liie-cn !., '970c COn'-u, on Iloucing in Leuna provinoe. 

Al. 6 

4 

S/
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AM=E TABLE XI-C-3 

REDUCTION DI FIRE DAYAGE 
CALAYBA WATM DISTRICT 

Overall Reduction Percentage Net Reduction Escalated Value of Discount Present Value 
Number of Total Value in Fire Damage Protection in Fire Damage Escalat, Not Reduction Factor of Net Benefit 

Tear Structu5res at 718.800 each-I (.0075) f3enefit) (Benefit) P x 1000 Factor (P x 1000) at I2e. (F x I000 
1980 1,922 36,133.6 271.0 0 0 1.210 .797 0 

1981 2,161 40,626.8 304.7 48% 146.3 1.307 191.2 .712 136.1 
1982 2,429 45,665.2 342.5 53 181.6 1.412 256.3 .636 163.0 

1983 
1984 

2,731 
3,071 

51342.8 
57,734.8 

385.1 
433.0 

59 
66 

227.2 
285.8 

1.525 
1.647 

346.5 
470-7 

.567 

.507 
196.4 
238.6 

1985 3,453 64,916.4 486.9 73 355.4 1.779 632.3 .452 285.8 
1986 3,882 72,981.6 547.4 81 443.4 1.886 636.2 .404 337.8 
1937 
1988 

4,365 
4,907 

82,062.0 
92,251.6 

615.5 
691.9 

83 
86 

510.8 
595.0 

1.999 
2.119 

1,021.2 
1,260.9 

.361 

.322 
368.6 
406.0 

1989 5,517 103,719.6 777.9 88 684.5 2.246 1,537-5 .288 442.8 
1990 6,203 116,616.4 874.6 90 787.2 2.381 1,74.2 .257 481.7 
1991 .229 429.2 
1992 .205 384.2 
1993 .183 343.0 
1994 
1995 

.163 

.146 
305.5 
273.6 

1996 .130 243.7 
1997 .116 217.4 
1998 .104 194.9 
1999 .093 174.3 
2000 6,203 116,616.4 874.6 90 787.2 2.381 1,874.2 .083 155.6 

P27,169.0 P6,278.2 

i/Derived from the served population projections in Chapter VI.
 
./Basod on 'he assessed value records in Gapan, in the absence of similar data on Calamba.
 
1-/Escalated annually by 10 peroent from 1978 to 1980, by 8 percent from 1980 to 1985 and by 6 percent from 1985 to 1990, after whioh the
 

escalation factor was held constant up to 2000.
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purposoo of this Ot,. y, this additional v ]itshau been estimated to 
be 50 percent hItghe, Lhi dometic water rate, all', 2',/Pevcert higher 

than comirie F'ci A] ildu:3 trial/inst itit isnal water rates . 

In the dtermii:tiO, o[' this ,enefit, the following ';teps were 

taken: 

1. 	 Only t,( incremental volume of' ac(,untc-foraer was 
considre(!d; honce, the )77 accounted-for-water amounting 
to ;)00,;88 eum was.i deducted from total accomted-for
water ,rojc Lions in Ch-pter VI. The water dumand 
projection,; in Ghapter VI, expre;sed in liters. per capita 
per (a, ware converted to chbic meters per ,/,car. 

2. Clas;ification of accounted-fIor-water into, domeutic and 
othero (cojijrcial/instiittjonal/indus Li~ia:l) was based 
likewise on Chapter VI. 

3. The price per cubic meter of water was obtained from tie 
unescalated riate per revienue unit in Chapter X, Annox 

Table x-C-I. The rates hoe adjustedr , however, up

wards to r'ef ect consimers' :.i plus: 50 percent higher 
for domesLic water and :'5 percont hig;her for otheiz;. 

4. 	The total economic revenues were thca, escalated uy 10 

peroent from 1978 to 190, by 8 percent from 1980 to 1985, 
by 6 percent from 1985 to 1)10, after which the escalation 

vaie:; wore discounted at 12 percent to obtain their pre

nent va1ue;;. 

For (CA,-.D, the beneficial value of water amounts to a present 

value of P17 .1 million, as shown in Annex Table XI-z-.41 

for 	the Economic and Financial Analysis
Refer to Procudures 

of Water iro.ject:s, .;.'A, Mav 1976. 

http:XI-z-.41


HDFICIAL VALUhS OF ,A= 
CALA WAR DISM2RICT 

Present 
Value 

Incremental /Economic 7economic -ater Toal Escalated Discount of :1et 
Accounted-for-Watera Domestic Others Price Per cu.1- 1 ner cunL/ Rever~nes Economic EscalatiQo! Economic Factor Economic

Yecar ___/_e________eDomesticOthersDoestiDomestic 	 oestic ethers Revenues Factor!-I) Revenues at 12( Revenues 

1977 200,6S3 174,599 26,089 
1978 85,300 74,211 11,089 0.75 1.50 1.13 1.88 83.9 20.8 1C4.7 1.000 104.7 1.000 104.7 
1979 206,S56 179,965 26,891 0.69 1.,5 1.03 1.73 185.4 46.5 21.9 1.100 255.1 .093 227.3 
1930 330,078 330,668 49,410 0.64 1.28 0.96 1.60 317.5 79.1 396.6 1.210 479.9 .797 382.5 
1931 447,502 389,327 58,175 0.95 1.90 1.43 2.38 556.7 138.5 695.2 1.307 908.6 .712 646.9 
1982 526,837 458,392 68,495 0.88 1.76 1.32 2.20 605.1 150.7 755.8 1.412 1,067.2 .636 678.7 
1933 620,354 539,708 80,646 0.82 1.64 1.23 2.05 663.8 165.3 829.1 1.525 1,264.4 .567 716.9 
1934 730,402 635,450 94,952 0.94 1.88 1.41 2.35 896.0 223.1 1,119.1 1.647 1,843.2 .507 934.5
 

1985 859,972 748,176 111,796 0.88 1.76 1.32 2.20 987.6 246.0 1,233.6 1.779 2,194.6 .452 991.9 
1936 1,012,527 880,898 131,629 0.81 1.62 1.22 2.03 1,074.7 267.2 1,341.9 1.836 2,530.8 .404 1,022.5 
1937 1,192,144 1,037,165 154,979 0.90 1.80 1.35 2.25 1,400.2 148.7 1,748.9 1.999 3,496.1 .361 1,262.1 
1983 1,403,625 1,221,154 182,471 0.83 1.66 1.25 2.08 1,526.4 379.5 1,905.9 2.119 4,038.6 .322 1,300.4 
1959 1,625,622 1,414,291 211,331 0.77 1.54 1.16 1.93 1,640.6 407.9 2,048.5 2.246 4,600.9 .2$5 1,325.1 
1990 1,945,789 1,692.836 252,953 0.71 1.42 1.07 7.78 1,811.3 450.3 2,261.6 2.381 5,384.9 .257 1,333.9 
1991 0.70 1.40 1.05 1.75 1,777.5 442.7 2,220.2 5,286.3 .229 1,210.6 
1992 0.65 1.30 0.98 1.63 1,659.0 412.3 2,071.3 4,931.8 .205 1,011.0 

1993 0.60 1.20 0.90 1.50 1,523.6 379.4 1,903.0 4,531.0 .183 829.2 

1994 0.55 1.10 0.83 1.38 1,405.1 349.1 1,754.2 4,176.8 .163 680.8 
i 0.54 1.08 0.81 1.35 1,371.2 341.5 1,712.7 	 4,077.9 .146 595.419951995 	 0.50 1.00 0.75 1.25 1,269.6 316.2 1,535.8 3,775.8 .130 490.9
 

1997 1 1 0.46 0.92 0.69 1.15 1,168.1 290.9 1,459.0 3,473.9 .i6 403.0 
1998 0.45 0.90 0.68 1.13 1,151.1 285.8 1,436.9 3,421.3 .104 355.8 

1999 4 0.42 0.84 0.63 1.05 1,066.5 265.6 1,332.1 3,171.7 .093 295.0 

2000 1,945,789 1,692,836 252,953 
 0.39 	 0.78 0.59 0.98 998.8 247.9 1,246.7 2.381 2,968.4 .083 246.L 
67,983.9 17,096.0 

2/he 1977 volume of 200,688 cum per year of accounted-for-water was deducted from the water demand projections throughout the study 
periodp o obtain the incremental volume. 

7h price per of -a:ter for domestic use was derived by de-escalating the rate per revenue unit of w'ater in Table X-G-1, Chapter X;2 Tne cum 
the -=te 9w 3'ater for other uses (commercial, institutional and industrial) was assumed to be twice that for domestic use. 

19Assumed to be 50 percent higher than domestic rates and 25 percent higher than ra;e for 'others'. 

1-t3calated annually by 10 percent from 1978 to 1980, by 8 percent from 1980 to 1985,-by 6 percent from 1985 to 1990, after which the 
escalation factor was held constant up to 2000. 
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ANNEX XI-E
 

ECONOMIC COSTS
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ANNEX TABLE XI-E-2 

REPLACEfMNT COST 
CALAMBA WATER DISTRICT 

1978 PRICES 
(P x 1000) 

Administrative 

Year Vehicles Meters Eauipment 
Storage1 / and 

Facilities-/ Miscellaneous Total 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 P 64.4 P 64.4 
1986 
1987 
1988 
1989 
1990 
1991 P 21.2 21.2 
1992 64.4 64.4 
1993 P 258.2 P 18.8 P115.1 392.1 
1994 251.1 57-5 308.6 
1995 80.8 55.0 135.8 
1996 
1997 

80.8 
80.8 

1,060.8 1,141.6 
80.8 

1998 80.8 80.8 
1999 64.4 80.8 145.2 
2000 - 1O3.4 103.4 

TOTAL ?193.2 P1,016.7 P,1192.1 P 21.2 P115.1 P2,538.3 

i8-/Storage facilities will be merely repaired, not replaced.
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€,z 3:C..0 Yeo.-n r .:L". .- -- 7 Te-J:- ______ ______. ___ 

7:. c 
in: 2Z'3 
in 2Z01 S ;v . 

Sa-v. 
Sav. Sc.no:o.o S-v,- Zc: 

ceb 

2-onzlzo.a: 
Fc r , .-.. v- Z... Sa;va.u - Sat..-.. 

a-
.

6 

-

P 2,63.0 

2,C.:Z.2Z 
2,9:7.a 
3, z9.5 

56, 

z.5 
o6. 

P1,;27.3 

, 
1,750.6 

P56.8 

2 17.5 

27% 

"30 , 

P 5.3 

65.3 
7161.4 100% P1 63.4 

1, . 

9:. 
2,2 ',&.2 . 

1537 

z3 

, 

c-, . 
1 ,.w.
1.4 ,F.4 

-45.0 
"45.0 
4 45.0 

63 
70 
72 

76 
78 
60 

;; .: 

437.33 
645.4 

. .
1'le01.4 

338.2 
2-7. 1 
356.0 

P : 3.1 
1,) 1 

133.1 
133.1 
13:.9 

,2 
£ 

7;
1.3 

20 
27 
33 

d3 

P 

.. 

13.2 
17.3 

26.6 
35.9 
43.5 

:Z.5.2 

P21.2 31% P 6.6 

C,". 

,: -

3i3.0 
3, 

C.o 

2 2.6 
5. 

-z.& 
,. 

E7 
93 

7o.3 
75. !4.4 8<r . 55.4 

70.3 
130.5 

1:7,528.2 ?11,294.1 P274.3 P 810.6 ?3,112.6 1,85.9 P21.2 i6.6 P64.4 P 55.4 F.63.4 F163.4 P13,406.0 

.al~ai 

"ota 

- z----' 

S&:Vace 

7&:-ao: 

7&L. a 
.121,16-.1 

P13,406.0 

va-..;s for eac year .-efont t-.e salva. vau of the.ta ", year 2301. 
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ANNEX XI-G
 

INTERNAL ECONOMIC RATE Or RETURN
 



AM= TABLE XI--1 

INTERNAL RATE OF RMM 
CALA M& WATER DISTRICT 

(P x 1,000) 

Dis count Disoount 
Esoalated Values Factor at Present Value Factor at Present Value 

Year Bnefits Costs 70% Benefits Costs 75% Benefits Costa 

1978 104.7 3,216.7 1.000 104.7 3,216.7 1.000 104.7 3,216.7 
1979 255.1 3,219.1 .588 150.0 1,892.8 -571 145.7 1,838.1 
1980 21,101.1 5,506.4 .346 7,301.0 1,905.2 .327 6,900.1 1,800.6 
1981 2,512.9 8,010.2 .204 512.6 1,634.1 .187 470.0 1,497.9 
1982 4,444.2 1,781.8 .120 533.3 213.8 .107 475.5 190.7 
1983 3,457-5 2,033.7 .070 242.0 142.4 .061 210.9 124.1 
1984 4,518.8 2,224.1 .041 185.3 126.1 .035 158.2 77.8 
1985 5,214.0 3,074.9 .024 125.1 73.8 .020 104.3 61.5 
1986 6,140.1 5,056.2 .014 86.0 70.8 .011 67.5 55.6 
1987 7,714.4 5,292.3 .008 61.7 42.3 .006 46.3 31.8 
1988 8,830.3 2,865.7 .005 44.2 14.3 .004 35.3 11.5 
1989 10,172.8 3,173.8 .003 30.5 9.5 .002 20.3 6.3 
199o 11,697.9 3,487.5 .002 23.4 7.0 .001 11.7 3.5 
1991 7,276.8 1,951.8 .001 7.3 2.0 .001 7.3 2.0 
1992 6,922.3 2,054.6 .001 6.9 2.1 - - -

1993 6,521.5 2,834.9 - - - - - -

1994 6,167.3 2,636.1 - - - - - -
1995 6,068.4 2,224.6 - - - - -
1996 5,766.3 4,619.5 - -. - - - -

1997 5,464.4 2,093.7 - - - - - -

1998 5,411.8 2,093.7 - - - - -

1999 5,162.2 2,247.0 - - - -

2000 425,214- - - - -

537 73,545.8 9,414.0 9,352.9 8,757.8 8,918.1 
Salvage Value 3109190 

41,926.1 
-00-00 

9,352.9 

B/C 3.48 1.01 0.98 
Present Value at 70% - 61.1 
Present Value at 75% - (160.3) 

221-4 
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CAMP DRESSER & MOKEI INTEPNAT|ONAL INC.
 

Methodology Memorandum No* 1 

To : L, V. Gutierrez, Tr# 

From : A. de Vera 

Date 1 4 January 1977 

Subject: Pilot Area Survey 

A* 	Need
 

In astimnatin water aooountability, data on the ratio of 
borrowers to primary users, averag persons per household, and 
per capita consumption are neoessary. Information on oapaoity 
and willingness-4o-pay would graatly aid finaxial analysis. 
In all oases, these data are not readily available in the 
Philippines. The only way to get these data would be to actually 
perform a house-to-house survey within the served areas of the 
water district (WD). Considering time and financial constraints, 
a pilot area survey would be the best approach* This is merely 
surveying a representative area within the WD and projecting the 
data obtained for the entire served area.of the WD. 

B. 	 Methodology 

1. 	 Choose a pilot area within the WD. Desirable requirements 
for the area are as follows: 

a. 	 adequate line pressures, preferably with 24-hour vervioe; 
b. 	 metered connections; 
o. 	 presence of domestic as well as.cemeroial connectione. 

Ratio of comercial to domestic connections for the area 
must not exceed that for the entire WD; 

d. 	 representative income levels of the oonoessionaires. 

2. 	 Devise a one-page questiorziaire so that its 

a. 	 is easily understood by WD personnel (who will serve as 
interviewers); 

b. 	 provides relevant information; 
c. 	 provides a means of cross-oheoking some answers given 

by respondents; 
d. 	 would make tabular analysis easy. 

A sample questionnaire ia attached* 
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3# 	Get assistance from the WD personnel in the house-to-house
 
survey. It is auggeated that they do the actual interview
 
because of their familiarity with local customs and dlaleots. 
However, before allowing the WD eiumerator" to prosee& on 
their own, it is necesmary that 

a. 	 the enumerators be given a thorough briefing on the 
importance of the ourvey, as well as the purpose of 
each item in the questiornaire. 

b. 	 the enumerators be accompanied to the first few 
houses, and given additional pointers or feedback
 
before they prooeed on their own. 

4. Conduct a house-to-house survey of all households within 
the 	pilot ares. A map at this point indicating the exist
ing 	houses (with their code numbers) woultd be necessary.
 
The 	 following would be helpful during the survey: 

a. 	 brief the respondents about the purpose of the survey
before asking questions. It is very important that 
they be reoepti-v to the interviewers, Otherwise data 
given could be misleading.,

b, 	 in asking for estimates of consumption, avoid using 
technical terms, i.e., liters, gallena, ete. Use 
local o*ntainers like pailsp drums or whatever they 
use. Note the capacity of the container in the 
questionnaire. 

C. 	 Data 

The 	 following data may be obtained from the survey: 

1. 	 Pilot area density 
2. 	 Average persons/household 
3. 	 Borrowers from connected households and percentage of 

households dependent on the WD
 
4. 	 Potential concessionaires 
5. 	 Consumption estimates 
6. 	 Tnoome levels and the respective rates showing
 

willingness to pay for improved servia6
 
7. 	 Water accountability 
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WATER DISTRICT 
PILOT AREA QUESTIONNAIRE 

INTERVIEWEE ADDRESS 
TYPE OF DWELLING __CONSTRUCTION MATERIAL 

CONCESSIONAIREWD CONCESSIONAIRE 	 NON-WD 


I. 	 NO. OF OCCUPANTS: 1. NO. OF OCCUPANTS: 

2. 	 CLASSIFICATION: 2. SOURCE OF SUPPLY: 

MDomestic Elown private well 

M Commercial _l3 rainwater 

l Institutional 0 spring 

0 Industrial [)public faucet 
o 	 E3WD concessionaire 

3. 	 SIZE OF CONECTION: HH Code No. 
E'publio well


0 ' El 1" 02" 	 E~others' private well 

El 	 j' i " 0 0 

4. 	 TYPE OF CONNECTION: 3. CONSUMPTION: 

[]metered: meter functioning Olfree 

0 metered: meter damaged Elpaying 

03flat rate (unmetered) 	 volume used per 

5. 	 APPURTENANCES (Connected to Paying P 
System) 	 for 


0 with hand pump 	 EMA'e 
Mwith electric motor pump


ERS 	 used/day 
Pump 	rated HP ,_ 
 _]w/o 


GPM 
,_ __ 

6, OTHTR SOURCE ASIDE FROM WD: 
own Other H 

13wells 0 wellswilntopyf

Msprings 0 springs 

0rainwater 0 rainwater


I-I______ 

(TO BE FILLED UP AT THE WD OFFICE) 

1. HOUSEHOLD CODE NO. 3. 	 WD CONCESSIONAIRES 

M registered

2. 	INCOME: 0 unregistered
 

Obelow average (P220 below) 
(Javerage (r221 - 750) 4. PAYENTS: 
-un per middle (P751 - 1,500) up-to-dato
mhigh M500 above) tfil 	 delinque 

DATE 
TIME 	__ii __ ___n_,_ 

OALHUSOLFOR 	 ALL HOUSEHOLD3 

1 WD-WATER AVAILABLEs 
No. of hours 
Time ____ -- -__ 

2. 	 FAUCETS: 
0 1 0 3 Ml 5 
0] 2 04 7 , 

SHOWERS: 
01 E12 03 _ 

4. 	 FLUSH WATER CLOS;D:
0 1 32 03 n -_ 

5. 	 MANUAL WATER CLOSET: 
01 02 03 0 

6. 	 0w/septic OW/o e" 
tank tank
 

7, 	AVERAGE MONTHLY: 
Consumption Billi .'.T 

wDtCo .. .....l.......
 
wellst 
others_ 

8. 	USERS
 
o w/ borrowers
 

borrowers
 
Total no. of HE
 

borrowers 
Total no. of HH borrower 

occupants ..... 
9. 	How much would you be
 

willing to pay if 
wateroervioe wereimproved? 

,_/month. 

ENUMERATOR
 

POSITION
 



CAMP ORESSEA & Mr7KEF INTr.-NATIONAL INC. 

Methodology Memorandum No. 2 

To I L. V. Gutiorrez, Jr.
 

From 2 A. de Vera 

Date : 31 January 1977 

Subjeot: Estimatina Water Aocountabi.1iy 

A. 	Need
 

To be able to determine future water demand per capita,

need for leak detection and mirvey program, and the level of
 
development posuible for reducing wastage and leak&ae, the
 
following information must first be available. 

1. 	 Ratio of acoounted-ofor and unaooounted
for-water.
 

2. 	 Ratio of wastage and leakage in relation 

to total production. 

3. 	Doestio consumption per capita.
 

Although there are various methods for estimating water
 
accountability, the selection of a method depends on the
 
purpose for which it is to be used and the level of aoourac
 
desired. Aooounted-for-mater am used herein refers to the
 
revenue-producing water for the water distriot. 
 It is the
 
sum of the billed metered consumption and inferred water con
sumption at flat-rate connections.
 

B. 	 Methodology 

1. 	Pilot Area Survey
 

a. 	 Objeotive - To be able to estimate total accounted
for and unaocounted-for-water. Accuracy will depend 
on the reliability of the consumpt' figures am 
obtained in the pilot area survey.Y 

b. 	 Data Neoessear - Monthly production; number of metered 
and unmetered connections; water rate schedule; pilot
 
area data; and total monthly metered consumption.
 

i/Refer to Methodology Memt adum No. 1. 
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MISSING PAGE
 
NO. 



o. 	 Ste, 

Multiply monthly produotion by: 

.31 to 9et acoounted-forwa-ter
 

.11 to get underestimated flat-rate use
 

.26 to get wastage
 

.25 to get leakage
 
.07 fo others
 

3. 	 Field Study Method 

a. 	 ObJective - To be able to determine within - 5 perceut 
aoouracy water aocuntability figures. This method,
however, is time-oonsuming and very expensive. 

b. 	 Data Neoesary - All data received shall be generated
in the field. The number of concessionaires and the 
water rute schedule are basic requirements. 

1) 	 For each section of transmission and distribution 
line in the water system, appropriate measuring devices 
shall be installed in o:der to determine the amount 
of water flowing in and out, water used by the con
cessionaires, and water leakage. 

2) 	 Desk-top analysis is then neoeasary to determine 
water aocountability. 
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CAMP DRESSER & MoKEE INTER|IATIONAL INC. 

METHODOLOGY MEM0UDU1 NO. 3
 

To L. V. Gutierrez, Jr. 

From 3 P. del Rosario 

Date 1 8 February 1977 

Sub jeot t Classification of Water Districts Aooording to 
Future Water Requirements 

The purpose of this methodoiegy manual is to classify water 
districts (WD) so that future water requirements may be estimated. 
The factors to be considered in classifying WD's are economic #a& 
social development in the distriot's boundaries, probable sources 
of additional water supply and the people's ability-to-pay for 
improvec water service, 

The group with the probable highest per capita consumption 
is labelled Group I; and the group with the probable lowest 
water oonsumption, Group V. Affluent and highly urbanized 
water districts may fall under Group Iwhile less developed
and small water distriota under Group V. 

B. Methodolo 

The initial service area of the WD will most likely include 
the central urban arda or core city (poblaoion). To olasusify it 
according to future water d4nds, the WD and its central urban 
area are judged rnoording to 5 grouping criteria - 1975 urban 
income, 1975 standard of living, 1975 business index, 1980 cost 
of water, and served population in 1980. For each criterion, a 
number of points, from 0 to 20, are allotted to each water 
district. The total number of points under the 5 criteria 
dtermines the classification of the VD* 

Table MM 3-1 lists the 5 criteria by which the WD can be 
classified, and the points allotted to rankings in *ash ori
terion. 

The grouping of the WD's based on the range of total 
points under the 5 criteria is an followss 
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TABLE M,' 3-1 

WATER DISTRIOT GROUPINa CRIZRIA 

1975 
Urban Icoomeb menco.e TX.35 

Paid by Urban Points 
Residents C.') 20 

more than 30,000,000 20 

10,03,31.-30,C0O,O00 18 
5,000,001lO,000,000 16 

1,000,C...- 5,000,000 14 

7 of Households 
with Refrigerators 

in Urban Area 

more than 30 

25.1-- 30 
20.1 - 25 

15.1 

1975 
Standard of Li,.ir-t fBusiness

01of Households 
Points with Flush Toilets 

.O in Urban Area 

10 more than 60 

9 50.1I - f 
8 - 50 

31- 4 

Points 
10 

10 

9 
8 

7 

1975 

Index . of Coaercial 
EsTablishments Points 
in Urban Area 20 

more than 6.6 

4.6 - 6.6 16 
3.1  4.5 11 

1.7 - 3.0 7 

1980 

1980atCost of WaterSource of 
Aiditioral Points 

Water SuppIy 20 

-typ2 

Sprin wi.hbooster pum=p 17 

Iniltration 

1980 

Serve 1onServedPopulation 
Served in 
Urban Area 

more than 150,000 

100,001 - 150,000 
80,001 - 100,000 

Points 

18 

16 

with short trang

5-00,001..
1 0,001-

1,000,000
500,000 

12 
10 

101--15 
5 - 10 

6 
5 

20.1 -30 
10 - 20 

6 
5 

1i0 
leas 

- 1.6 
than 1 

4 
2 

missian line/well points 14 

Infiltration with 

65,001 -

52,001-
80,000 

65,000 
14 
12 

long tranumis
50,001- 100,000 8 less than 5 4 less than 10 4 

a on line/ 

20,001- 50,000 6 
Surface water 

31,001  41,000 9 

8,001-

4,001-

20,000 

8,000 

4 

2 

without 
reservoir 

Surface water 
with reservoir 75 22,001 -

15,001 
31,000 
22,000 

8 
7 

4,000 or loe 1 
10,001  15,000 6 

less than 10,000 5 
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Groupo Total Points 

1 70 and above 
1I 60 - 69 
iii 50 - 59 
IV 40 - 49 
V 39 ane below 

In allotting points under eaoh oriterion, readily availabledata are taken from the latest NOSO report (1970 or 1975 oensus).
These data ares totalspopalation in the eity or munioipaity!
total households; number of urban households; number of oomer-.oial establishments; number of industrial establishments; numberof households with refrigerators; and number of households twingflush water-sealed toilets. The data on total income taxes paidin the oity/munioipality in 1975 obtained from the BIR office.were 
Data on the probable sources of additional water supply weretaken from the reoent preliminary hydro-survey oonduoted by IAUA 
and the WD. 

The following is a procedure for assigning points to ia.WD 
on the basis of the 5 oriteria
 

1. 1975 Urban Income 

Urban income is based on the total income taxes 
paid by individuals and business entities and the percentage of urban households with respeot to total house
holds in the city/munloipality. If the 1975 data are
available, the peroentage .of urban 

met 
households is projeatet

to 1975 by applying an indroese of 0.1 to 0.4 percent
per y*ar. In projecting th.' percentage of urban house
holds, growth oharacteristi.i'and urban development
must be oonsidered. The PrioJeoted percentage is mali
tiplied by 1975 total inoo"i. Table MM 3-idrows the
breakdown of the annual indobie with points ranging
from I to 20. 

2. 1975 Standard of Living 

Thq standard of living :s measured by the number 
of households in the urban area with refrigerators and 
those with flush water-sealed toilets.
 

The percentage of urban households with refriger
ators with respect to total urban households is projeotedto 1975, if the 1975 census is not available. An increase 

MT3-3
 



of 1 to 4 percent per annum is applied, depending upon
the recent economic and sodial development in the oity/

munioipality, The same procedure is applied to the
 
percentage cf urban households using flush wuter-sealed
 
toilets. Table 101 
 3--l chowt. the percentages of households 
with refrigeratora and thoce with flush toilets with res
pect to total urban houceholds, with points ranging from 
4 to 10. 

3. 1975 Basineus Index 

The businese index ismeasurad by *LPe percentage

of oommercial establishments with respect to total urban 
households in 1975. 
One industrial establishment (data
from NCSO census) is assumed to be equivalent to 10 com
mercial establishments (except when the 1975 census is 
available). An increase of 1 to 20 establishments per
 
year is appliedt depending on the recent business aotivi
ties and urban development in the city/municipality. The
 
number of urba,n households in 1975 is obtained by multi
plying the 1915 total households (total population +
 
average of 7 persons/household) 
by the 1975 peroentage

of urban households as derived in the methodology for
 
1975 urban income. The 1975 sum of commercial estab
lishments divided by the number of 1975 urban households
 
is the business index of the oity/muiioipality. Table
 
MM 3-1 shows the various levels of business index, with
 
corresponding points ranging from 2 to 20.
 

4. 1980 Cost of Water 

The cost of water is inferrei from the probable

souroe of additional water supply by 1980. 
The probable
 
source of additional water supply is weighted accord
ing to its apparent economic viability. A spring souroe
 
that is located within the 1980 service area and can flow
 
by gravity is considered the most eoonomioal. Surface
 
water requiring complete water treatment with impounding

reservoir is the most expensive. Infiltration galleries

with short or long transmission lines, wells, or spring
 
sourae requiring booster pump, are consAdered to have
 
weights between the most and least expensive (see Table
 
M943-1). 
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5# Served Population in 1980 

The served population in 1980 is projected by

delineating the future service areas of the WD and
projecting the population of the city/municipality
and of the service areas* The 1980 served pvpulation
is determined as a portion of the service are& populay,tion. In projecting the population served and the 

future service areas, economic growth and urban develop-.ment, availability of water supply and oapability of
the water district to provide service murit be ocnsidere.d 

C. eftter Demand___C___s ofWD 

The experienoe of the LUJA-CDX staffv especially duringthe First Ten Urban Areas Project in the Philippines, has been
used to assign values of expected water demand to the 5 classes
of water districts. These expected water demands are shown in
 
Table MM 3-2.
 

of Water District Cla.sifiationDo __amPle 


This method of classifying a water district is illustratedowith the Sileay City Water District as an example. Available
data for Silay City are taken from the NOSO and DIR reports,and from the preliminary 1hydro-survey by LWUA and the S.1L-WD.
The following data were obtained:
 

Total income taxes paid in the city - 20,049,139 (1974-1975) 
Total population in the city - 103,493 (1975) 
Total number of households in the city - 10,915 (1970) 
Total number of households in the urban area - 3,693 (1970) 
Total number of commercial establishments in the city - 36 (1970) 
Total number of industrial establishments in the city - 1 (1970) 
Total urban houoeholds with refrigerators - 266 (1970) 
Total urban households using flush water-sealed toilets - 807 (1970) 
Probable source of additional water supply - wale (1980) 
Population in the service area  21,280 (1980) 

To determine the epecifio eights of the above data for each
 
grouping criterion, the methodology developed is applied as follows:
 



TABLE MM 3-2 

WATER DE)&AD OF WATER DISTRICT GROUPINGS 

Classification 

Group I 
U80 

Yoax 
a96 2000 

Domestic use, ipod 
Commercial/Inustrial/Institutionaa 

% of domestic 
Equivalent, lpod 

Accounted-for-water, lpod 
Unaocounted-for-water 

% of production 
Equivalent, ipod 

Total production required, lpod 

140 

17 

1184 

40 
0 

273 

155 

21 

1 

28 
_U 

261 

175 

25 

21ZO 

20 
.5 

262 

Group II 

Domestic use, ipod 
Commercial/Industrial/InstitutionaI 

% of domestic 
Equivalent, lpcd 

Accounted-for-water, ipcd 
Unaocounted-for-water 

% of production 
Equivalent, lpod 

Total production required, lpcd 

120 

15 
18 
115 

40 

230 

135 

17 

28 
62 

220 

150 

20 

110 

20 
. 

2 j 

Group III 

Domestic use, lpod
Commercial/Indus tri al/Inst itutiona12 

% of domestic 
Equivalent, lpcd 

Acoounted-for-water, lpod 
Unaccounted-for-wat er 

% of production 
Equivalent, lpod 

Total production required, lpod 

105 

13 
_ 
119 

40 
.-

198 

120 

16 
_19 
139 

28 
4 

193 

135 

18 
24 

159 

20 
.4 

199 
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TABLE MM 3-2 (Continued) 

WATER DEMAND OF WATER DISTRICT GROUPINGS 

Year
Classification U80 1M 00 

GroRR IV 

Domestin use, 1pcd 95 110 125 
CommercIal/Industrial/L.titutiona1 

% of komestl' 12 14 16

Equivalent, ipod 12 120 

Aocounted-for-water, Ipod 
 107 125 145
 
Unaccount ed-for-wat er 

5 of production 
 40 28 20
 
Equivalent, ipcd _L 
 49 _6
 

Total production required, Ipod 178 174 181 

Group V
 

Domestic uBe, Ipod 90 100 110
 
Commercial/Iidusrial/Institutional
 

% of domestic 
 10 13 15 
Equivalent, iped 13 -7U 

Acrcounted-for-water, Ipad 99 113 127 
Ur.accounted-for-water 

% of production 
 40 28 20

Equivalent, I',)cd 66 44 _L2 

Total production required, Ipod 165 157 159
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1. 	 1975 Urban Inoome 

In 1970, the urban households accounted for 
33.8 percent of the total households in the city. 
But due to recent dovelopments in the local economy 
and subdivision housing projects in the urban sector 
of the city, the number of urban households was pro
jected to increase to 35 percent in 1975. The product
of the total 1974-1975 income taxes and the 1975 per
centage of urban households represents the urban in
come taxes which amount to about P7.017 million. 
Table MM 3-1 gives this a weight of 16 points.
 

2. 	 1975 Standard of Living 

This is measured by:
 

a. 
1975 urban households using refrigerators 

In 1970, 7.2 percent of the urban house
holds had refrigerators. Due to economic and
 
housing developments, the percentage was esti
mated to increase to about 12 percent in 1975.
 
Table MM 3-1 gives this a weight of 6 points.
 

b. 	1975 urban households using flush water-sealed
 
toilet facilities
 

In 1970, the households with toilet facili
ties represented 21.9 percent of urban households.
 
Due to the recent houcing developments inthe
 
urban area, the households with toilet faoili
ties were projected to be about 32 percent in 1975.
 
Table XM 3-1 gives this a weight of 7 points. 

3. 	 1975 Business Index 

It is assumed that one industrial establishment is 
equivalent to 10 commercial establishments. Based on 
the 1970 census, the number of commercial establishments
(equivalent industrial establishments included) was 
46 (36 + 10). These establishments were expected to
 
have increased to 96 (at 10 establishments per year)

in 1975. Total urban households increased from 3,693

in 1970 to about 5,180 in 1975 (1975 population of
 
103,493 * average 7 persons/household). Hence, the
 
business index in 1975 was 1.9 percent (commercial estab
lishments divided by the number of urban households in
 
1975). Table MM 3-1 give. this a weight of 7 points. 
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4. 1980 Coat of Water 

Dased on the hydro-survey of 1WUA-CDM and SIL-WD, 
deepwells appear to be the most probable economical 
source of additional supply* Table MM 3-1 gives a 
weight of 11 points for this source. 

5. 1980 Served Population 

By 1980 ,the served population is expected to be 
about 15,63OA as projected from the 1975 NCSO Census 
of Population and Housing. Table MM 3-1 gives this a 
weight of 7 oinits. 

Therefore, the SIL-WD 7.as a total of 54 points inder the 
5 criteria, indicating that it belongs to Group III. The water 
demands of this group from 1980 to year 2000 are listed in 
Table M 3-2-. 

Table MM.3-3 classifies 16 water districts in the 
Philippines according to the 5 grouping criteria. 

!/See Chapter VI, Table VI-39 of the Silay City Feasibility 
Study Report.
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TABLE XW 3-3 

swMwUZ oF crn /sX CzIPAL-TIES SUECTED 
TO MI WATER DISTRICT GROUPING CRITERIA 

195 Standard. of .iving
Urban Urban 1980 Cost 

1975 Houn'hols Bouseholds 1975 of Water 1980 
Urban with Rtri- uith Flush Business Source of Served 
Inace gerators Toilets Index Supply Population Total 

CiA/iy] cialt (point) (Poi.nts) (PoFit) (Points) (Paitt) utG. 

sUlig, Surigao del Sur 14 6 1 11 14 7 59 3 
Urdazeta, Panaginan 6 7 9 1.11 6 50 3 
Calmaba, Launa 14 9 10 7 17 6 63 2 
Gn Nueva Eoija. 6 8 9 7 11 6 47 4 
Silay City 16 6. 7 7 11 7 54 3 
Cebu City 20 io 10 7 5 20 72 1 
D&vao City 16 9 9 16 11 !0 71 1 
Daolod City 20 9 9 7 11 18 74 1 
Zmb-oanga City 14 7 9 7 7 16 62 2 
Digog, Damw- eI Sur .12 6 9 7 11 5 50. 3 
B&Caay, Abar 1 5 9 11 20 5 51 3 
Bangued, Abre 1 6 8 7 20 6 48 4 
]&laguete, Cebu 1 5 8 4 11 5 34 5 
BmWq, Leyte 10 9 8 16 9 6 58 3 
Rozacity 10 9 8 167 6 56 3 
Cotabato City 12 98 1 1 7 58 3 
Olangpo Ci-ty 18 9 10 20 111 
Subic 4 5 6 16 11 5 47 4 
Sm Fernando (Pampmra) 14 6 T 20 11 7 65 2 

?alo12 8 8 16 11 8 63 2 
CaaauCity 12 818 11 11 9 61 2 

LipCity a 10 16 11 7 60 2 
Luesum-at'ilao-Yaysbas 14 .6 8 7 17 12 64 :2 
Daet 10 54 4 20 10 53. 3. 
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CA041PO RESE " WMcKEE'~ ~ AFINLI 

Methodology Memorandum No. 4 

To t L. V. Outierrea, Jr. 

From i E. Jaoildo
 

Date : 20 January 1977 

Subjeot: Probability Analysis of Stream Flows by Oumbel 

A. 	Need
 

In evaluating the surface water sources for water supply 
purposes, the 	analyst has to focus his interest on statistical 
frequency of extreme low flows. :inoe the exact sequence of
streamflow for future years can not be predicted, he also has 
to consider the prcbable variations in flows in order to 
develop a design on the bvis of calculated risk@ 

In 1941, E. J. Oumbel devised a probability method by
which recurring flows can 	be computed for design requirements*
Under this method, the hydrologio data 'are analyzed as an 
"extreme value" distribution and the sets of hydrologio data 
a" plotted as straight lines. Gumbel's method has been found 
advantageous to use. 

B. 	 Basio Data 

The 	 hydrologic data are found in Surface Water Suggly
Bulletins published by the Water Resources Division of the
Bureau of Public Works (BPW). Data are presented in the follow
ing sequence: 

1. Name of river basin
 
2s Name of stream
 
3. 	 Location of gaging station in latitude and longi'hude
4. 	 Drainage area in square kilometers 
5. 	 Records available: months and year
6. 	 Gage elevation 
7. 	 Ebtrames; magnitude and dates of maximum and minimum 

flows 
8. 	 Remarks 
9. 	 Revisions 

10. Presentation of daily discharge for one year 
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It should be noted that Surface Water Supply Bulletins 
after 1967 have not been published; they are on file at the BPW 
Water Resources Division. 

C. 	 Methodoloa 

Below are the steps in Gumbl'e probability ar.ilysis of 
streanf lows. 

TablILL-4-1 

1. 	 Tabulate the monthly flows (mean, minimum or 
maximum, whatever is desired). 

2. 	 Take note of any changes in the yearly records as 
stated under "Remarks" or "Revisions" of the 
Bulletin. Write them under rer raks in Table MM4-l. 

Table MM4-2 

1. 	Arrange all monthlyflows in ascending order, i.e., 
from lowest to highest. Any flow that occurs 
more than once should be listed. 

2. 	Rank the arranged flows under "m". 
3. 	 Take the logarithm of Q. 
4. 	 Solve for the probability flow by the formula 

where, m is the rank of a particular flow 
n is the total number of recorded flows. 

5. 	 Solve for the return period by the formula 
n+l 

m 

Figure M_4-1 

1. 	 Plot log Q as ordinate against probability as 
abscissa. Figure M4-1 is Gumbel's special proba
bility paper.
 

2. 	 Draw a straight line (month lin passing through the 
points marked in step C-l. If not all the points 
fall on the line, adjust the line such that it 
passes on the average path of the points. Any 
return period which falls on the line in in month's 
term. The line may be extended in order to reach 
periods not covered by it. 

3. 	 Take the antilogarithms of the values of return 
periods in months as projected on the log Q scale 

(ordinate). The antilogs are the recurring flows in 
cubic meters per day. 
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TABLE MM4-l 

NEAN-DAY DISCHARGE PER M[ONTH 

Basin: 

Station: 

Pampanga (San Vicente) 

Peraaraadla River 

Gage Elevation: 

Units: 

11,050 m 

cumd x 11000 

Location: 

Drainage Area: 

lat. 15018'46"; long. 120°56130
575 sqkm 

Yer Jan Fab lXar Ar YM Jun Jul AmOct Nov Doe 

Minimum-Day 
Discharge/ 

Year Remarks 

1965 

1966 

1967 

1968 

-

-

4,922 

66 

2,283 

2,915 

857 

77 

753 

-

1,189 

120 

351 -

-

547 

540 

? 

8,941 

S73 

96 

1 ,3i3 

1,59-

425 

-

-

2,682 

1,012 

-

-

4,215 

6,614 

-. 

-

5,425 

4,415 

-

3,239 

1,413 

5,707 

-

5,156 

9,801 

5896 

-

4,358 

5,380 

125 

117 

1969 

1970 

1971 

1972 

1973 

1974 

141 

1,989 

3,123 

5,992 

697 

1,405 

32 

814 

642 

4,873 

823 

1,332 

336 

279 

732 

406 

82 

2,191 

689 

17 

294 

1,461 

108 

471 

664 

17 

1,499 

767 

95 

621 

301 

3,561 

4,567 

415 

686 

3,781 

3,203 

2,928 

4,021 

18,347 

2,525 

3,497 

2,394 

1,628 

1,824 

15,977 

2,650 

10,761 

2,248 

9,590 

1,377 

6,306 

4,405 

10,014 

1,175 

11,726 

11,161 

216 

14,582 

12,567 

1,785 

9,689 

5,229 

4,701 

4,149 

16,317 

2,190 

6,915 

151007 

2,896 

2,124 

13,693 



MANFOW (PER 
GAPAN 

Q 
In ____ 

1 17 4.230 
2 17 40230 
3 32 4.505 
4 66 4.820 
5 77 4.886 
6 82 4.914 
7 95 4.978 
8 96 4.982 
9 108 50033 

10 117 5.068 
11 120 5.079 
12 125 5.097 
13 141 5.149 
14 216 5.334 
15 279 5.446 
16 294 5.468 
17 
18 

301 
336 

5,478 
5.526 

19 351 5.545 
20 372 5.570 
21 406 5.608 
22 415 5.618 
23 425 5.628 
24 471 5.673 
25 540 5.732 
26 547 5.738 
27 621 5.793 
28 642 5.808 
29 664 5.822 
30 686 5.836 
31 689 5.838 
32 697 5.843 
33 732 5.864 
34 753 5.877 
35 767 5.885 
36 v14 5.911 
37 823 5.915 
38 857 5.933 

TABLE 124-2 

MA RI , sAN VICENTE) 
WATER DISTRICT 

Return Period 
Probability(1±)(t_) (Months) 

x 100) B) 

0.93 108.00 
1.85 54.00 
2.78 36*00 
3.70 27.00 
4.63 21.60 
5.56 18.00 
6.48 15.43 
7.41 13.50 
8.33 12.00 
9.26 10.80 
10.18 9.82 
11.11 9.00 
12.04 8.31 
12.96 7.71 
13.89 7.20 
14.82 6.75 
15.74 6.35 
16.67 6.00 
17.59 5.68 
18.52 5.40 
19.44 5.14 
20.37 4.91 
21.30 4.70 
22o22 4.50 
23.15 4.32 
24.07 4.15 
25.00 4.00 
25.93 3.86 
26,85 3.72 
27.78 3.60 
28.70 3.48 
29.63 3.38 
30.56 3.27 
31.48 3.18 
32.41 3.08 
33.33 3.00 
34.26 2.92 
35.18 2.84 
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TABLT I44-2 (oontinuod) 

MM ('EigA.TwmA RIM~g, SAN VIM~TH) 
GAPAN WATER DISTRICT 

_.L 

39 873 5.941 
40 1,o12 6,005 
41 1,175 6.070 
42 1,189 6.075 
43 1313 6.118 
44 1,332 6.124 
45 1,377 6.139 
46 1,405 6.148 
47 1,413 6.150 
48 1,461 6.165 
49 1,499 6.176 
50 1,595 6.203 
51 1,628 6.212 
52 1,785 6.252 
53 1,824 6.261 
54 1,989 6.299 
55 2,124 6.327 
56 2,190 6.340 
57 2,191 6.341 
58 2,248 6.352 
59 2,283 6.358 
60 2,394 6.379 
61 2,525 6.402 
6P 2,650 6.423 
63 2,680 6.428 
64 2,896 6.462 
65 2,915 6.465 
66 2,928 6.466 
67 3,123 6.494 
68 3,203 6.506 
69 3,209 6.510 
70 3,497 6.544 
71 3,561 6.552 
72 3,781 6.578 
73 4,021 6.604 
74 4,149 6.618 
75 4,215 6.625 
76 4,358 6.639 

Return Period 
Probability (Months) 

2,g( 100) (!+.) 

36.11 2.77 
37.04 2.70 
37.96 2.63 
38.889 2.57 
39.815 2.51 
40.741 2.45 
41.667 2.40 
42.592 2.35 
43.518 2.30 
44-444 2.25 
45.370 2.20 
46.296 2.16 
47.222 2.12 
48.148 2.08 
49.074 2.04 
50.000 2.00 
50.926 4,96 
51.852 1.93 
52.778 1.89 
53.704 1.86 
54.630 1.83 
55.555 1.80 
56.481 1.77 
57.47 1.74 
58.33* 1.71 
59.259 1.69 
60.165 1.66 
61.111 1.64 
62.037 1.61 
62.963 1.59 
63.889 1.56 
64.815 1.54 
65.741 1.52 
66.667 1,50 
67.592 1.48 
68.518 1.46 
69.444 1.44 
70.370 1.42 
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TAOT," 141iM-2 (continued) 

]MOA&LOW (MaARAMA RIM~, SAN xIcMT)
GAP.N WAT.u! DISTRICT 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 


100 

101 

102 

103 

104 

105 

106 

107 


4v405 

4415 

4,567 

4.701 

4,873 

4,922 

5,156 

5,229 

5,380 

5,425 

5,707 

5,896 

5,992 

6,306 

6,614 

6,915 

8,941 

9,590 

9,689 

9,801 

10,o14 

10,761 

11,161 

11,726 

12,567 

13,693 

14,582 

15,007 

15,977 

16,317 

18,347 


6.644 

6.645 

6.660 

6.672 

6.688 

6.697 

6.712 

6.718 

6.731 

6.734 

6.756 

6.770 

6.778 

6.800 

6.820 

6.840 

6.951 

6.982 

6.986 

6.991 

7.001 

7.032 

7.048 

7.069 

7.099 

7.136 

7.164 

7.176 

7.203 

7.213 

7.264 


Retumn Period 
?robability (Monthbs) 

71.296 
 1.40
 
72.222 
 1.38
 
73,148 
 1,37
 
74.074 
 1.35 
75.000 
 1.33
 
75.926 
 1.32
 
76.852 
 1.30
 
77.778 
 1.28
 
78.704 
 1.27
 
79.630 
 1.26
 
80.556 
 1.24
 
81.481 
 1.23
 
82.407 
 1.21
 
83.333 
 1.20
 
84°259 
 1.19
 
85.185 
 1.17
 
86ill 
 1.16
 
87.037 
 1.15
 
87.963 
 1.14
 
88.889 
 1.12
 
89.815 
 1.11
 
90.741 
 1.10
 
91.667 
 1.09
 
92.592 
 1.08
 
93.518 
 1.07
 
94.444 
 1.06
 
95.370 
 1.05
 
96.296 
 1.04
 
97.222 
 1.03
 
98.148 
 1.02
 
99.074 
 1.01
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RETURN PERIOD (MONTHS) GUMBEL DISTRIBUTION 
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Methodology Memorarkd~um No- 5 

To : L. V. Gutierrez, Jr. 

From J, i t J)11uthn.ot/B. R. Conklin 

Date : 16 May 1977 

Subject: Quantity of Storage Versus Rate of Supply 

A. 	General
 

The }"*':u, for water in a water system is not uniform, 
therefore, the system must be designed to supply water at 
varying rates of demiaud. 

One common F,;ethod of supplying water at varying rates 
is to provide a rqpecific amount of source pumping oapacity 
and supply the difference between demand and pumping capa
city from a water storage facility. 

The most economical amount of pumping capacity and 
storage volume is eclected based on cost studies of alter
native combinations of facilities that would meet a com
munity's needs. Some of the factors that should be oonsidered 
in toese cost studies and some basio guidelines for selecting 
properly sized facilities are presented in this memorandum. 

B. 	Discussion
 

The amount of water a oommunity needs at any particular 
instant is primarily dependent on the following factors: 

1. 	 The number of people within the community 

2. 	 The number of water-consuming faoilities within the 
average home (faucets, toilets, showers, automatic 
washing appliances, *c.) 

3. 	 The habits of people (what times people eat, shower, 
sleep, etc.) 



it jtetaeraL, daily ure of water c:lcwa a pattern with
 
two peak usage periods during the day and low usage late at

night. Figure IC45-1 shows 
 a typical variation measured in a

section of tho G-Dba City listribu-ion jstem,
 

The relationship of the poak usage on an average day can
be deternired q--tistically for ! given comnunity, The sta
tistical peak- is
an average of each person's peak usage and
 
has 	 two important properties: 

1, The statitial peak ia a function of the number
of people in the comniinity, The fewer people t the 
higier the peak maV be because each person's peak usage
could more easily affect the total flow. 

2. 	 The, itatiatical peak should be recognized as a mathe
matic. 1 average, and on some days the peak usage could
be much higher or lower than the statistical peak. 

'The common engineering practice for water systems is tosupply water from a source at maximum-day rates either by pumping or gravity* Marimum-dsy demand is the maximum quantity of 
water used during an entire day in a single year. Water usage
can 	be at or near maximum-day demand for a period of weeks

during summer months, Source capacity nust equal maxim1t-_,ydemand because it would be impractical to store sufficient 
water to supply maximums-day demand rates for more than a few 
days. 

The difference in demand between the peal:-hour demands andthe 6upply (which is equal to maximum-day demands) occurs during
a period of short durition where demand exceed.3 supply. Stored 
water is used to meet this short period of exoess demand and is

called operational st .-age, It should be noted at this time that 
there are three categories of storage: 

1. 	 Operational storage  used to meet hourly fluctuations
 
in demand. 

2. 	Emergency storage  used to meet demands in case of 
breakdowns in source facilities; typically equal to 
a full day's demand, 

3. 	 Fire storage - ue'd to meet the required volume of 
water used to exti.4uish the worst fire expected in 
the 	Dommunity.
 

1,945-2 
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Storage requirements for the last two categories have been
 
largely neglected in these studies because of the excessive cost
 
involved to provide the storage.
 

C° Methoology
 

The engineer must determine the amount of storage and source
 
capacity to meet the demands in a specific community. A set of
 
curves that relate the peak hourly usage to the numbl of people

in a community has been developed by CDM and others.V Practice
 
has shown that a volume of about 15 to 20 percent of the maximum
day usage is required as operational storage if source facilities 
can supply maximum-day demands. Combining the "peaking curves" with 
the operational storage requiremont, a second set of curves relating 
the quantity of storage to the number of people, at different rates 
of source supply, has been developed (see Figure MM5-2).
 

Up to this point, the only option that has been discussed is
 
to supply peak-hour demands from sto'age facilities. In many oases,

the cost of storage facilities is so high that it may be more eoo
nomical to provide additional sourie capacity and reduce the quan
tity of storage. This is especially true where storage is provided

in elevated structures that are very costly, since they are built
 
to withstand earthquakes. The curves in Figure *15-2 have been
 
used in this study to determine the requirements for storage at
 
various supply rates in order to prepare cost comparisons of alter
native supply and storage combinations.
 

YASCE Ranual of Practioe No. 37. 
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IrV~ATICNAL INC. 

Mlethodology Memorandum No, 6 

To : L. V. Gutierrez, Jr. 

From : J. Arbuthnot; B. Conklin 

Date : 22 March 1977 

Subject: Economical Sizing of Pumped Waterlines 

A. General 

This memorandum develops an expression for the most eco
nomic size of a pipeline for pumped water systems based on two 
cost factors: cost of Pipe-in-plaoe and cost of pumping
(energy). The larger the pipe the greater the cost of con
struction. Also, the larger the pipe the lesser the cost of 
energy required to pump water through the pipe. The most eco
nomic pipe sizes would be where the incremental cost of pumping 
is equal to the incremental cost of pipe construction. 

In most situations, the above cost factors are the most
 
important factors in determining the economical siza of trans
mission mains. 
Even when these are not the only important 
factors, it is still advantageous to kmow what is thO most 
economic size of pipe with regard to these two factors. 

B. General Relationshi. i, 

The total annual cost *f a pipe line in equal to the sum of 
,its construction cost (exprosod on an amortized annual basis)
'plus its annual pumping eost. 

Ct I C0 + Cp 
To determine the most economic pipe diameter both the fac

tors on the right hand side of the equatioii were expressed in 
terms of the diameter of the pipe. The equation was then 
differentiated with respect to the diameter, and solved for
 
the diaeter for which the resulting expression was equal to 

i/Total Annual Cost a Annual Construction Cost + Annual 
Pumping Cost.
 

) 0, 


dx dx dx
 

. _a(c d( ).- where X - pipe diameter 
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.... Anu,-ontruotion. Cost 

Tho construction cost of the pipe was taken from Table G-4
of Appendix G Basis of Cost Estimates, in Volume II of the final
report. J'aate .-dore adjus'ted by adding a value for necessary
valves and by escalating these by 10 percent per year for 2 yearsto obtain July 1978 construction costs. These costs were then
increased by 15 percent for contingencies and then by 10 percent
for engineering. The following equation was derived and represents
the adjusted construction costs in Table G-4 in terms of the dia
meter. 

2 92C ,22845 (Dia.) 1 . ..-.. Equation 1 

C is the installed cost of pipe in pesos per meter, and Dia, the 
diameter of the pipe in metors. 

The amortized annual cost of construction is the cost of con
struction multiplied by the capital recovery factor.(as influenced
by the economic life of the pipe and discount factor). The gene
ral equation is:
 

Annual Cost of Construction - CRP x 2845(Dia.)1"292 

- --- Equation 2 
where CRF is the capital recovery factor; for n = 50 yeara, dis
count rate = 12%, CRF is equal to 0.12042. 

D. Annual Pumping Cost 

costThe annual of pumping energy may be expressed in terms 
6f the aimourt of water pumped, the energy required to overcome 
the frictional loss in the pipe, the price of electrioal energy
and the effioieny of the pumping machinery. The general equation 
may be written as: 

Maao/Year x _x Hf x TkwAnnual Cost of Pumping Energy - e nefficiency X 396 x 1o 
... - Equation 3 

where mass/Year is the amount of water pumped in kilograms; g, the 
gravitational constant; Hf, the energy lost by friction of flowin the pipe expressed in meters; 1&/kwh, the cost of energy in pesos
per kilowatt hour; and 3.6 x 10 6 

1 the number of newton-meters per
kilovatt hour.
 

The frictimi loss of energy in the pipe may be expressed ia 
terms of the diameter utilizing the Hazen-Williams (OAW) equation, 

L x MLl1 85 2 
361.27 ol' 85 - D4.87 -- - - Equation 4 

where L is Lhe length of pipe in metrs; MLD, the flow of water in
million liters per day; C, the Hazen & Williams roughness coeffi
elent; and Dia, the diameter of the pipe in meters. 
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:Ueztig the expreion for 2. ii -the eqation f'or tl oost of 

V~ziiug azer*y, w .biiiyW,thio with the eprension for the ann 

(oxpression oqvul 	 to wiro and WLgfo~r Vwh dianetert 

(offioionqy; 	 (A/Ps 40%n)0 1 2 

vasta4r a. 'Oralu t~r VA tI a oapital re'v%'ry fc i61 00 120421 
the~ foil xg eqarzwIon ir obt&aThadg 

* 	 J~iJw±RCoft naqg;,(ftk!il. 65 

Thoasbove eqaicz 	iwi exzprea*jad grphicall in rig'are MR 6-1. 

0~~e relgiabs~jeiathe preonduiimg rea tinavhip (M uition 5)r
between i*&ter oarried %nd aocoic Pipe diamatwi? The derlhwltit'm 
iv Agrmis bt ths relation is no wore 6=ct- thani are the si.mpl.

£' aswmgtion upon whia the deriv'at ion Vs banodi 

The construct~ion 	 cost relation (Ilvation 1)has a etaukl-
a.O iVi&,Von of just %wder 10 peroant.% Unit n that two&w 
tirds~ of' tho 'timo the farza,& will reprosant the'adjuutqd 

obsierved vate 20 pearcento &oen a*,. eonomic conditions sad tha 
0 	 cost of pipe miay ohange in tiw%. Probablyp a new table
 

of rips odsti has to be iie4. er~ry 2 or 3 yeare, and the
 
formulan', along~ vith Figiur WM 654, adju~todl aoring1j
 

2* Other Assipztions 

Other a~mmiptious oarez 

0 a- 120 (Hazen &Wlhiames cooflicient) 

n -t 50 -,*Arlo (36onamical life of pipe) 

* 	 The dE,-±atico also assumes tboat for the Wgzpine 
pumpng o~sv .eing various pipe sizes for a design flowth 

total eonstracrtion ost of the pumpig station wesaints Constants 
Thia assumption is reamotable since the differencte in wist 
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between one pump f~eleotion and anoiher for different hetids 
at the same flow would not alter the cost of the complete
station by -iinificant anm',out. Generally, the inatalled 
motor horsepowar would als[o bi,3 the saMe sinoe the motore 
come in standard sizes and one size may be used for a 
number of differs~'t: p mp aeloo-ione at . given flow. 

The relative rate of inflation for pipeline oonetru0ticn 
is assumed equal to that of power ooats. 

3. Flow Quantities are Based on Constant Flow 

The derivation of the moet eoenomic pipe diwneter is 
based on a constant rate of flow within the pipe. This is
probably the most general and therofore the least accurate 
of any ef the assumptions. 

Normally ra pipoline is designed for a apecific flow 
condition; even under desimg conditions that flow may occur 
only part of the time. The flow in ,, tr.smission main 
could be expected to nearly equlal the dseign flow for long
period of time. However, in a distribution main, qized for
 
peak-hour flows, tho flow may not be equal to the design 
flow except for very short periods of time. 

The variation in energy costs due to a fluctuating pum
ping rate through a pipeline can be calculated and applie to 
adjust the most economic pipe diameter determined from figure

" M 6-). This so-called "energy variability factor" is die
cussed in the following seotion.' 

G.. ,Ener= Variability Factor 

Figure MIM 6-1 is based on aelecting a pipeline where the flow 
-dill be constant throughout t.he year. L- most cases, pipeline
sizes are selected on a maximum expected rate of' flow. If the 
flow through the pipeline is less than the design floeytb pump
ing head (which directly affects energy costs) would decrease 
according to -he 2.852 power of the flow (Q). 
Conversely, if
 
flow greater than design flow rate is pumped through a pipeline,
the energy cost would be increased by the 2.852 power. 

The overall difference in energy costs over the day or year 
can be aloulated by comparing the costs of pumping at a constant
flow rate with the cost ofi pumping at the expected flow vaiation. 
This value is -the so-called "energy variability factorz' (EV').
The design flow for the pipe Isused as the base flow and the 
actual flow to the design flow over the day is expresaed as a 
percent. 
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Si -. .. 2~ 4 .'3 o2 ,
2. AVERAGE C =120 OVER 50 YEARS 6 o o ao . 

3. ECC)NOMIC DiSCOUN'T RATE= 12%i
 
4- PIE COST (f.D 1978 PRICES) = 2 8 4 5 D'" PER METER, (D IN METERS) GU"RE M M 6"
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Flow I 

Pormnit or Arage a -i IV 


----- Vattern1 ]h, Flow Pattern No. 2 
&i~ &'vconi erme Enr 

1 32 0zf39 48 0. 12 3
2 36 0054 41i 0.123
3 39 48 0.123
4 33 0,342 100 1*.005 46 0.109 10 1.000
6 95 0,864 '100 1.000
7 193 6.522 120 1.682 
8 206 7.8y5 120 1.682
9 198 7.016 120 U682 
10 156 3.554 120 1.682
1 169 4.466 
 120 1.682
 

12 129 2.067 120 1668213 123 1.805 120 1.68,
14 95 0.864 120 
 1.682

15 99 0.972 120 1.682

16 96 0.890 120 1,682
17 107 1,212 120 1.682 
18 133 2,255 120 1.682
19 130 2.113 120 1.682 
20 87 0.672 100 
 1.000

21 64 0. 80 10O 1.000 
22 54 
 0,172 100 
 1.000
23 4.2 0.084 48 0.123 
24 38 48 Ot12 

44.038 
 28.481
 

ZV '.83 W 2 1.1124-000 24. -, 



--

-3'F:44 PL-TTERFW NO. 

o 

I 

LU 
>I 

_ _ 

TIE(HOURS) 

s~co%~t:'~-i~ e~ ~ Vv/UA - C'DA 



used for this study. F'igure E'I 4,3 presents an adjustod graph of 
diurnal flow using the shape of the Cebu curve bt a maximua 
peak of 1,75. The EDF fvr thi3i ourve is equal to 0,,32 (see Table 
mm 6-2) and when raised to the 0.1623 power, equals 0.83. 

In pzttcatice the E u ed for distribution systeais in this 
study is only signifioant when the pipeline size is greater than 
300 mr, (significant means that EVF changes the recommended pipe 
size by a la:rge incremental size). 

I.Example 

Problem: Select an economical distribution pipe size to con
vey a peak-hour flow of 20 MLD. The cost of power is 49 centavos 
per kilowatt hour, the pimp effioiency is 81 percent, and the 
motor efficiency in equal to 90 percent* 

Solution
 

Pesos/kwh .4 - .672, say .675 
Eff .9 0 

From Figure NX 6-i using the flow of 20 NO and Pesos/kwh/ 
Elf .675 select a pipe size of 500 mm. 

For a flow variation in a distribution main, the EVF is equal 
to 0.32 and the EVF raised to the 0.1623 power is equal to 0.83. 
The most economical pipe size for the actual flow variation is 
equal to 0.83 x 500 m or 415 m; so choose 400 mm pipe size. 

IS16-7
 



TABLE MM 6-2 

"EVP" FOR DISTRIBUTION SYSTEM 

Peroent of Average 
Hlour Day Demnd 

1 35 
2 40 
3 39 
4 37 
5 73 
6 134 
7 164 
8 175 
9 174 

10 163 
11 162 
12 134 
13 118 
14 94 
15 94 
16 94 
17 105 
18 129 
19 123 
20 96 
21 72 
22 58 
73 47 
24 40 

24.,000* "-3Z" W40,0* -3 


VUzig 175 peroent of average 

Peroeri of-Design Energy 
ylov.V Variatioui-'f 

20 0.010 
23 06015 
22 0.013 
21 0,012 
42 0.084 
77 0.475 
94 0.838 

100 1.000 
99 0972 
93 0.813 
93 0.813 
77 0.475 
67 0.317 
54 0.172 
54 0.172 
54 0.172 
60 0.233 
74 0.424 
70 0.362 
55 0.182 
41 0.079 
33 0.042 
27 0.024 
23 09015 

7.716 

.1 623 0.83
 

day an base flow for pipe dsign,, 
:' quals Peroent Design Flow raised to the 2.852 power.
* Energy variation at oonstant flow 

mm6-8
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