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FOREWORD

This feasibility study presents the recommended plan for the
upgrading and expansion of the water supply system of the Bangued
Water District (BAN-WD), This study was made by the Lo-al liater
Utilities Administration (LWUA),with the technical assistaice of
Camp Dresser and McKee Interuational Ino. This study is %he result
of many months ¢ work in the minicipalities of Bangued and Peflarrubia
in Abra Province, and is supported by extensive experience with other
water districts in the Philippines during the First Ten Provincial
Urban Areas Peasibility Studies,

' This study was prepared in two volumes: Volume I, the maia
report, which centains the recommended plan and the methodology
memoranda; and Volume II, which contains detailed background
information relating to specific sections of Volume I. A ocomplete
understanding of tho 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 conductsd in 1975 by CDM during the First Ten-Area
Feasibility Studies.

- The recommended plan is a technically and economically feasible
program for providing the BAN-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 distriot and of tne people, However, during the final
engineering design of the recommended facilitieas, changes could atill
be made. Design changes would be based on more receni field data,
changing priorities of the water district and more economical methods
of providing the recommended facilities, Any changes congidered 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 projeot planning. The training program which
included lectures and on~the-job training aimed to devilop looal plan-
ning capability for water supply projects. The Filipino engineers
learned by actually doing the work, with the CDM consultants providing
the neceesary 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 Projeot Manager
Wilfredo Sevilleja, Counterpart Chisf Engineer
Rafael Luna, Group Leader

Delia Castafieda, Heonomisgt

Jean Caaten, Economiugt

Lourdes Gutierrez, Technical Writer

Gelacio Bolante, BAN.WD General Manager
Severino Formoso, Former BAN-WI} General Manager

The following projeot staff members have algo oontributed to the
technical/non~technical work of the studies:

Eduardo Santos, Staff Engineer

Miguel Buenavides, Junior Staff Enginear
Mario Bermejo, Junior Siaff Engineer
luisito Lacerna, Junior Staff Engineer
Cesar Maiig-a, Chief Drafteman

Ellen Maroellana, Secretary/Typist
Meredith Marafio, Secretary/Typist

Cesar Florendo, Printing Assistant
Diosdado Burca, Printing fssistant
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CHAPTER I SUMMARY AND RECOMMENDATIONS
A, Summary of Studies

Description

The Bangued Water Digtrict (BAN-ND)~was formed on 29 December
1975 by virtue of Kesolution No. 293 passed by the municipal ocouncil
of Bangued. The BAN-WD includes portions of the neightoring mni~
cipalities of Bangued, the capital of Abra Province, and Pefiarrubia.
Following its formation, the BAN-WD acquired the ownership and man-—
agement of the entire water system from the municipal government.

The municipalities of Bangued and Pefiarrubia are situated in
the northwestern portion of the Abra Province on the island of Luzon
about 409 km north of Manila. Including their poblaciones, Bangued
consists of 24 barrios with a total land area of 11,310 hectares;
and Pefiarrubia, 7 barrics with a total area of 3,660 hectares,

Bangued is located about 45 meters above mean sea level near
the Abra River. Peflarrubia is located about 80 meters above mean
sea level, 8 kilometers southeast of Bangued.

The combined population of the two munioipalities in 1970 was
28,547, 60 percent of whom were classified as rural and 40 percent,
urban. Their main source of income is agriculture.

Exigting Water System

The water system of the BAN-WD was originally constructed in
1919, with major expansion in 1953, The source of water for BAN-WD
is Lusuac Spring located at an elevation of about 200 meters above
mean sea level, An impoundment and intake box convey the water to
iwo transmission mains constructed between the spring and the
poblacion of Bangued, The minimum measured overflow of lusuac
Spring was 18,000 oumd on 25 March 1977. Until 1953, hypochlorite
was applied for water treatment at the spring site; at present,
the spring water does not reoeive trcatment.

There are iwo parallel transmission mains between Lusuac Spring
and Bangued, a distance of about 8 kme The majority of both pipe
lines are 150 mm in diameter, with some short sections of 200 mm
pipes The first transmission main was constructed in 1919 and por-
tions were repaired or replaced in 1953 when the second pipeline
was conatructed.

The storage facilities for BAN~WD consist of one 440-oum
concrete storage tank located on Cassamata 11ill south of the PO
lacion., The tank has some cracks and leaks.



The distribution system was first constructed in 1919 and
expanded by 60 percent in 1951. The distribution pipes have a
total length of 11.7 kilometers, of which 70 percent are galvanized
iron, and the remaining 30 percent, cast iron,

Projections

The present service area of the BAN-WD covers only the pobe
laciones, and Barrio Lipcan in Bangued ard Barrio Dumayco in
Peliarrubia., The service area through the year 2000 will extend to
the barrios of Dangdangla, Calaba, Bangbangar, Patucannay, Agtangao,
Sao-atan and Palao in Bangued; and barrio Riang in Pefiarrubia.

The population in the BANWD in 1975 was 18,443 and is pro—
jected to increase to 37,200 by 2000, for an average growth rate of
2.8 percent per year. During this same period, the population
served by ihe BAN-WD is expected to increuse from 6,720 to 30,020,

The per capita consumption of water is expected to be 173 lpcd
in 1980 with a total average drlly usage of 1,800 ctmds. The per
capita usage is projected to decreaseto 174 lped in 1990 due to
improved water accountability and then increase to 181 lpcad in 2000.
The total average daily water usage is estimated to be 3,200 cumd
in 1990 and 5,430 cumd in 2090,

Water Resources

Three potential sources of water, besides the Abia River, were
identified for BAN-WD, Two gources were aquifers that would require
wells to obtain water and the third source was springs, specifically .
Lusuac Spring.

One of the two aquifers is composed of Hecenti alluyium in the
Abra River valley, This aquifer would be capable of producing water
from wells and probably has adequate recharge from the Abra River,

The second aquifer is of older sediments that underlie the flood~
plain of the Abra River and the hillg surrounding Bangued. This aquifer
is generally less porous than the Recent alluvium and probably does not
have adequate rechurge to be able to support high.production wells,

Lusuac Spring emerges from a limestone formation, and from geologic
studies of the areu, the spring appears to be a result of solution
channels in a large limestone formation. The formation would require
massive amounts of recharcze to maintain tLhe spring flow; the dry
and wet season fluctuations in flow would be significant. There is
apparently sufficient flow ut the present time to supply the water
requirements of BAN-WD; however, careful monitoring of the spring dis~
charge will be required to more accurately determine the minimun flow
that may be expected.

T=2
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Studies or alterpative sources of water supply for BAB-WD indioate
that oontinued use of lusuac Spring would be the most economiocal over
the projeot planning period. Surface water supplies from the Abre
River and groundwater supplies were found not cost effective for BAN-WD,

The requirements for the distritution systeam were analysed with
the aid of a oomputer and the rezulting system is inoluded in detail
in Chapter IX. Based on the analysis of the pressure requirements
of the system; two prezsWre service areas should be provided for
BAN-WD, Peflarrubia and the adjacent barrios would be served directly
from the tranamission main through a pressure-reducing valve, The
remainder of the BAN-WD would operate off the hydramlic grade line
maintained by the storage tank.,

Alternate trannmigsion main routes were studied and all future
transpission mains should follow the existing route for cost and
hydraulio oonaiderations.

B. REOCOMMENDATIONS

ngora;

A water supply system utilizing lusuac Spring as the source of
water through the ycar 2000 is recomnended for BAN-WD. Improvements
at the spring site in combination with new transmission, distribution
and adminigtrative facilities will be construoted during an ismediate
improvement program end a long-term oonstruction program divided into
four phases, Thae rain foatures of the recommenied long-tera projeot
for BAN-WD are summarized on Table I-i and shown on Mgure IX-1
(appended),

Seuroe

Lumac Spring will supply maximum-day demands of 6,500 oumd to
BAR-WD in the yeer 2000, Tao existing faoilities will be upgreded
durirg Phazo I-i to provide battcr colleotion and chlorination facili--
ties. The upzroded facilities will rot require any other expansion
during tho project poricdy however, chlorination capacity will be
added ag demsnd incr2nses,

The BAN-YD will also be required to file an application with the
National Weler Ecacuroes Council to pecure water rights at luswac

spl‘in‘ .

Tranamimpion/Digtriviiion Fuodlitden

The iranchmissicn systen betwecn Lusuao Spring and Bangued will
be improved in two phames, One 200-rm transmission pipeline will be
constructed during Phase I-A, and a -econd identical pipeline comstruo-
ted in Phase II-B.

I-3



Construction Pericd

Total Project Cost (P «x

[V

1000)

Foreigr. xcharge Component (P x 1000)1/

Source DJevelopment

Trarsmission

Distribution

Storage

Interral letwork

Service Connections

SUMEAZY (¥ PHPCSZID WATER 3UPFLY IMPRUVEIENTS
BANGUZD WATER DISTRICT

Immediate
Improvement

Program
1976=1379

34510
19743

Cbtain legal water
rights, add chlori-
nation equipment

Leakage survey and
repair

Leakage survey and
repair,(3ee Page
I1X%=3)100 mm=2.9 ¥m
150 mm=1,2 km

200 mm=1,4 km

lepair exigting
440 cum tark

Leakage survey and
repair

Repair 260
Add 234

Corstruction Phase

I

1980-1985
74245
34578

Construct new
intake facili-
ties

New 200 mm
pipeline -
T+9 km

See Table IX=2
100 mm=0.4 km

150 mm=6.0 km
200 mme=o3km

88 ha

Add 605

1-3 I1=4

1986-1390 1991=1295

29315 64117

1,157 2,873

- Kew meter
- New 200 mm
pipeline -

Te9 km

See Table IX-4 See Table IX=~8

100 mm=2.6 km 100 mm=O.Ekm

150 mm=2e4 km 150 mm=0.3 km
200 mm=0.5 km

- New 200 cum
tank
54 ha 34 ha
Add 606 Add 879

11-B
1296=2000
14565

821

51 ha

4dd &80



TABLE I-1 (Continued)

Inmediate
Improvement Construction Fhase
Program J=b I-B Tl 1l-8
Hydrants Repair existing 60 ha 55 ha 63 ha &3 ha
hydrants
Miscellaneous Administrative Plumbing Shop

facilities and  with meter test/
equipment, plumbe repair

ing shop space,

vehicles

l/All foreign exchange figures used in this report were synthesized from data based on actual costs in
U.5. dollars. To be consistent with previous studies, these foreizn exchange costs were converted to RP pesos
at a rate of U.5.$1.0 = RP P7.00. To obtain correct current foreign exchange costs, multiply those precented
in this report by the ratio of tre current exchange rate and 7.0. The actual local component of costs (in
pesos) is as presented herein.
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The distribution system will be reinforced and expanded by constiruc~
ting 26 km of pipelines with sizes from 100 tc 200 mm, by 1990, An
additional 10 km of pipelines will be constructed by the year 2000 to
extend water service to more consumers.

By 2000, approximately 227 hectares within BAN-WD will receive
internal network pipelines and 3,464 new service connections will
be added. All existing and new services.in the district will be
metered.

Storage

The existing 440-cum distribution storage tank will be adequate
for BAN-WD through Phase I-B. The tank will have to be repaired
during the immediate improvement program to eliminate leakage. A
200~cum storage tank will be constructed during Phase II-A in order
to meet the distribution storage requirements io the year 2000,

Capital Cost Summary

The capital costs for each phase of construction, including the
immediate improvement program, are summarized in Table I-2. A more
detailed breakdown of costs for the immediate improvement program and
Phagse I-A is given in Table 1-3 (July 1978 price levels).

Annual Operation and Maintenance Costs

Annual operation and maintenance costs are axpenses incurroed for
personuel, power, chemicals, maintenance and miscellaneous expenses.
Estimates of the anmual operation and maintenance costs of the water
district (based on July 1978 price levels) are given in Table I-4.

Financial Feasibility

The financial feasibility analysis made for the study establishes

a detailed get of guidelines that the water district management may use
in making orucial decigions during the next few years. A plan has beon
developed to indicate the manner and time funds will be used to operate
and maintain the system; implement the program; establish reserve funds;
and retire the 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 BAN-WD hourcholders

The water raleas by revenue unit in three-year increments are ag
follows:

Rate/RU
1978~1980 P0.70
1081-1983 1420
1984~1986 1.60
1987~1989 1.80

1990 1490

I-6



Construction Construction Construotion

TABLE I-2

CAPITAL TOUT SUMMARY

Project Cost (P)

Phage Period Cont (P) Local FEC Total
Immediate
Improvement
Frogram 1977-79 2,708,100 1,766,400 1,743,300 3,509,700
I-A 1980-85 5,850,800 3,667,600 3,577,700 7,245,300
I-B 1986-90 1,929,700 1,157,800 1,157,200 2,215,000
I1-A 199195 4,922,400 3,243,600 2,873,000 6,116,600
11-B 1996~2000 1,354,600 743,400 821,200 1,564,600
Total 16,765,600 10,578,800 10,172,400 20,751,200
TABLE I-3
' COST SUMMARY OF IMMEDIATE IMPROVEMENT
PROGRAM AND CONSTRUCTION
STAGE I FHASE A
Cost (P x 1000)
Item Local Foreign#® Total
Immediate Improvement Program
Distribution Facilities
Leakage Detection and Repair 23,000 94,000 117,000
Distribution System Pipelines 620,000 621,000 1,241,000
Disinfection Facilities 10,800 21,500 32,300
Storage Facilities
Repair Existing Tank 12,500 16,000 28,500
Service Connections
Installation, Conversion
and Repair 283,900 480,400 764,300

*US 8100() - P’I.OO
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TABLE I-3 (continued)

Administrative and !'iscellancous

Administrative Building and

Equipment
Velhicles
l'igcellaneous

Total Construction Cost

Contingencies

Engineering
Land Coats

TOTAL FROJZCT CosT

stage 1 Phase A Conastruction

Source Development
Pipelines and Valves
Laboratory Facilities
Feler Repair Iicilities
Plumbing Shop

Internal Network
service Connections
Iire lydrants

Vehicle

Total Construction Cost
Contingencies
Engineering

Land Costs

TOTAL FPROJECT COST

ANNUAL OPERATTON AMND MATNT

Item

Administration and Fersonnel
Power and luel

Chemiculs

Maintenance

Miscellaneous

Total

Local Foreigm Total
343,000 69,000 452,000
30,000 30,000 60,000
5,000 8,000 13,000
1,366,200 1,339,900 2,706,100
205,200 201,000 406,200
109,000 202,400 311,400
84,000 - 84,000
1,766,400 1,743,300 3,509,700
87,600 116,000 203,600
1,566,300 1,596,100 3,164,400
139,900 274,000 413,900
59,4400 554600 115,000
363,000 - 363,000
515,000 370,400 885,400
212,700 293,300 506,000
58,600 80,900 139,500
30,000 30,000 60,000
3,032,500 2,818,300 5,850,500
414,000 384,100 798,100
202,100 375,300 577 4400
19,000 - 19,000
3,667,600 3,577,700 79245,300
TABLE T=d
BHANCE COSTS (P)
1976 1960 1990 2000
36,300 100,200  1&5,900 238,600
- 13,200 13,200 13,200
1,100 6,600 13,100 22,000
7,300 24,300 £3,900 97,700
4,400 5,300 13,700 35,500
49,000 149,600 289,600 407,000
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It is recommended that the implementation of these rates follow
a socialized pricing policy to make the financial burden on the con-
suimers proportionate to their ability-to-pay. A semple socialized
rate structure for 1976=1980 that would generate sufficient revenue
is as follows:

Usage Cost
{(per month) (per_cum)
first 16 cum r0.85
from 17 to 24 oum 1.70
greater thun 24 cum 2.70

Borrowing requirements will include P4.207 million from 1978 to
1981 for the immediate improvement program; $9.834 million from 1980
to 1985 for Phase T-A improvementis; and P3.808 million from 1985 to
1990 for Phase I-B improvements.

Econcmic Feagibility

The recommended improvements to the BAN-WD water supply system
will bring about numerous economic benefits to the study area. Eco-~
nomic feasibility studies show that the benefits will exceed the costa
aszociated with the development and operation of the water aystem.

Two approaches were adopted tc determine economic feasibility:
the benafit-—coet ratio and internal economic rate of return (IERK).
In both approaches, four benerits valued at 1978 prices were included
and discounled at 1? percent. The bunef'its considered are increase
in land values, health, reduction in fire damage and beneficial value
of water. fAnalysis shows a benet'it-cost ratic of 1.14:1 and an IERK
of 15.8 percent.



CHAPTER II INTRODUCTION
A. FIRST TEN PROVINCIAL URBAN AREAS

The dy contraot signed by the Local Water Hilities Admin-
istration~ (LWUA) and Camp Dresser & McKee International Inc. (CGDM)
on 14 October 1974 provided for 5 feasibility studies for the
First Ten Provincial Urban Areas~ (see Figure II-l). The feasibi-
lity studies are part of LWUA's effort to develop basioc water supply
plans for provincial urban areas of the Philippinecs.

During the first l0-area project, training seminars for IWUA
engineers were conducted by the CDM staff. "The Methodology Manual
for Water Supply Feasibility Studies" was also developed and printed.
In addition to the 10 arag , prefeasibility studies wore made for
131 citiea/hunioipalities « As of August 1976, the feasibility
gtudies were oompleted and submitted to LWUA.

The studies for five of the first 10 areas — Cebu, Zamboanga,
Daet, Ogamis and Butuan - have been appraised by the Asian Develop—
ment Bank (ADB). On the basis of the interim reports, the ADB
extended a $16.8 million loan to LWUA in Decembsy 1975 to provide
dasign engineering services to these 5 areas ani to implement Phase
I-A of the reocommended long~term construction yrogram (except Cebu
whose share of the loan covered only engineering aerviooa). In
August 1976, the United States Agency for International Development
(USAID) signed a $10 million loan with LWUA to provide engineering
servioes and funds for the implementation of the interim improve-
ments of selected waterworks oovered by the prefeasibility studies.
In April 1977, the International Bank for Reconstruoction and Deve-
lopment (IBRD) allocated $18.8 million towards the final design
and initial phase implementatiion of the remaining five of the first
10 arees, namely: Lipa, lucena, Tarlac, Cabanatuan, and San Fer-
nando (La Unionﬁ.

'l/l backgrcond on LWUA is given in Volume II, Appendix D.
g/hefor to Appendix B for sumpary of first 10-area feasibility
studies.

é/ﬁefer to Appendix C for summary of prefbasibility studies
on 131 oities/munioipalities.
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B. SECOND TEN PROVINCIAL URBAN AREAS

On 10 August 1976, LWUA and CDM signed an amendment to the
original study ocontract; exte.ding the feasibii‘ty studies to
include the Saecond Ton Provincial Urban Areas. These are Urdaneta,
Gapan, Calamba, Bislig, Silay City, Bangued, Baybay, Roxas City,
Cotabato City, San Fernande (Pampanga), Olengapo City and Los
Bafios (see Figure II-1). This report includes the techrical,
financial and economic studies for the improvement of the water
supply system in Bangued Abra.

The dollar component of the sacond 1C-area feasibility studies
has been fi-anoed from proceeds of a loan to the Government of the
Republic of the Philippines from the United States of Amerioa through
the USAID, Loan No. 492-T04001 dated 9 September 1976. The Peso oom~-
ponent of the studies, approximately 41 percent, has been funded by
the Government of the Philippines.

The aﬁydy oontract for the secoud 10 areas includes the follow~
ing tasks:

1. Training of counterpart LWUA engineers through on~the-job
. assignments on various aspects of water supply feasibility
studies;

2. Preparing water supply feasibility studies for 5 provin-
cial urban areas, using the expatriate and local consultant
personnel for conducting such studies;

3. Preparing water supply feasibility studies for additional
5 urban areas, with the LWUA engineers taking a dominant
role in the conduot of suoh studies.

The studies began on 1 September 1976 for a period of 18 months.
The project staff was composed of 6 US engineers and 26 Filipino
persounel. The personnel of the respective water distriots also
asslgsted during the course of the studies.

C. HISTORICAL BACKGROUND OF BANGUED WATER DISTRIU-

The BAN-WD was formed on 29 Doeocember 1975 by virtue of Resolu—
tion No. 293 passed by the Sangguniang Bayan (municipal council) of
Bangued. The distriot inoludes portioms of the nasjghboring mnici-
palities of Tiangued and Pefiarrubia — the poblacion~ and the barrio L

ﬂ/hlthough the inoluesion of 10 areas is stipulated in the
contract, feasibility studies for 12 areas have actually been made.

§/hefer to Appendix A, Volume II for complete Perms of Reference.

6/Town proper.

1/A barrio is a political division of a city.or mmicipality.

11-2


http:Areas.pJ

-

1207 128
o’
’
N 1 20°
BALINTANG CHANNEL
a ° 100 0 100 200
N CE=H e
P SCALE  IN KM
LEGEND:

@ BANGUED

B FIRST TEN CITIES(LWUA/USAID/ACOM)
@ SECOND TEN CiTIES(WUAAIsAIOM)]

FEASIBILITY

SUPPLY OF SECOND TEN URBAN AREAS
=

LA uion Wl
v @ummtu -
& TARLAC HICABANATUAN v
Y u @oué‘n o
1 @un FERNANDO o e
OLONGAPO } U o
cau(un Lo %y__\. _
v LiPA By W LucENA b o
? V‘\j Ov\
R 0 >
2
2 W\
Y
W
"ﬁ @ XAS 0
A
@ CEBU
P SIHAY n ¢
s ]
4 ¢ neLio
8 sSuULyY SEA
%,
a2 .
ge B*
'y l
i CELEBES SEA
FIGURE IO-1|

STUDY FOR  WATER

LWUA-CDM

LOCATION MAP
REPUBLIC OF THE PHILIPPINES






http:prsven.ed

CHAPTER II1 DESCRIPTION OF THE WATER DIsTRICTY
A. PHYSICAL DESCRIPTION
Location

The neighboring muniocipalities of Bangued and Peg bia are
situated in the northwestern portion of Abra province=' on the island
of Lugon. Bangued, the capital of Abra, borders along the province
of Ilocos Sur; Pefiarrubia is an inland munioipality southeast of
Bangued. The areas are 11,310 heotares for Bangued and 3,660
hectares for Pefiarrubia.

Including their poblaciones, Bangued has 24 barrios,.gnd
Pefiarrubia, 7 brrrios. However, the present service area® of the
BAN-WD oovers only the poblaciones, and Barrio Lipcan in Bangued
and Barrio Dumayco in Pefiarrubia. The service area in the year
2000 will inoclude the barrios of Dangdangla, Calaba, Bangbangar,
Patuoannay, Agtafigao, Sac—-atan and Palao in Bangued; and barrio
Riang in Peharrubia. (8ee Figures III-1 and VI-1).

Physiqal Features

Highlanda account for nearly half of the total area of Bangued
and Pefiarrubia. The lowland areas in the valley of the Abra River
are. generally under ocultivation. Elevations in Bangued poblacion
range from 40 to 50 meters above mean sea level; in Peiiarrubia
poblacion, 70 to 90 meters above mean sea level.

The Abra River is the most important body of water in the
province. With headwaters southeast of the province, the river
drains the northern barrios of Bangued and flows southwestward
through Ilocos Sur to the China Sea. Sinalang and San Matias
Rivers, both emptying into Abra River, drain the southern and
eastern portions of Bangusd.

1 While the BAN=WD is limited to portions of Bangued and
Pefiarrubia, the municipalities are described herein in their

entirj;y. .

2 Abra is an inland mountainous provinoe located in the western
gide of the Cordillera mountains in the Ilocos Region. The boundaries
include the provinces of Ilocos Norte and Kalinga-Apayao on the north;
Ilocos Sur on the west and south; Mountain Province on the south; and
Kalinga~Apayao on the east.

The service area represents seotions of the water distriot
which are ocurrently served or intended to be served by the water
system.

III=-1



Baangued and Pefiarrubia are olassified under the Type 1
climate, with 2 pronounced seasons (Figure III-2). The dry season
extende from October to April; the rainy season oocurs during the
rest of the year, The average annual rainfall for the period
1960=69 was 2,697 mm. For the same years, temperature ranged from
25.4°C in Jenuary to 28,4°C in May, with the average at 26.9°C.
The climatologiocal data are listed in Table III-1.

TABLE III~1
CLIMATOLOGICAL DATEi/
(1960-69)
Rainfall (mm) Temperature (°C)
January 0.3 25.4
February 0.4 25,7
April 22.0 27.9
May 158.4 28.4
June 4545 27.4
July 616.1 273
August 802.9 27.0
September 499.,2 27.0
October 97.0 27.0
November 25.6 27.4
Deocember 8.7 26,1
Total 2,697.1
Average 26.9

B. POPULATION

The combined population of Bangued and Pefiarrubia in 1970 waas
28,542, an increase of 27 percent over the 1960 total of 22,488,
The two municipalities had a total of 4,890 households, or an average
of 5.8 members per household. The general characteristics of the
population are limted in Table III-2.

C. LIVING CONDITIONS
Physical indicators showing the standard of living in Bangued

and Peffarrubia are listed in Table III-3. These indicators include
types of dwelling units, household faocilities and utilities.

A/Souroez' PAGASA Station in Vigan, Ilocos Sur

ITI-2
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TABLE III=-2

MUNICIPAL POPULATION CHARACTERISTIOSY (1970)

Total Population
Growth Rate (1960-70)
Density

Urban/Rural
Sex Composition

Age Composition

Employment
(4 of those 10 years
and over)

a) By class of
worker (& of
labor force)

b) By industry
(¢ of labor
force)

Eduocation (% of
those 6 years
and over)

a) By attainment
(% of those 25
years and over)

Dialects

Religion

Bangged

24,587
2.4% per annum

2.2 persons per
hectare

urban, 40¢
rural, 60%

male, 481
female, 527

0-14 years, 4l%;
15-64 years, 53%;
65 years and over, 6%

(10 years and over,
17,208); employed, 47%;
unemployed, 53%

wage and salary, 424
own business, 37%
unpaid family workers,
21%

agriculture, forestry
and fishing, 45%;
manufacturing, 9%;
servioces, 3173
commerce, 6%;
construction and
other industries, 9

(6 years and over,
20,298); literate, 82%;
illiterate, 18%

(25 years and over,
9,491); elementary
grades, 52%; high
school, 187;
college, 15%; no
formal education, 15%

Ilocano, 98%; Tagalog
and others, 2%

Catholic, 9&%; others,

0

Pofiarrubia

3,955
2.4% per annum

1,1 persons per
hectare

totally rural

male, 48%
female, 52%

0-14 years, 41%;

15-64 years, 537 '
65 years and above, 6%

(10 years and over,
2,945); employed, 537%;
unemployed, 47%

wage and salary, 28/;
own business, 39%;
unpaid family workers,
33%

agriculture, forestry
and fishing, 67%;
manuf'acturing, 3%;
services, 14%;
commerce, 3%;
construction, 2%;
utilities and other
industries, 11%

(6 years and over,
3,390); literate, 70%;
illiterate, 30%

(25 years and over,
1,593); elementary
grades, 57%; high
school, 10%

college, T%; no
formal education, 26

Ilocano, 64%; Tinggian,
35%; others, 15

Catholic, 88%;
Protestant, 3%;
others, 9%

Q/Souroez 1970 Census of Population and Housing, National Census and
Sta’istics Office (NCSO).

These date apply to the municipalities of Bangued and Pefiarrubia as
a whole.
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TALLY lll=3

CLASSIFICATION OF HOUSEHOLDS BY TYEE OF EACILITIESE/ (1970)

Bangued

4,223

5.8 members per
household

piped water, 46%;
artesian well, 22%

pump, 127; open well,

18%; spring, 2%

flush/water sealed
20%; olosed pit,

41%; open pit, 19%;
public toilet, 1;
no facilities, 19%

About 30 cumd of
golid wectes is
collected by the
municipal govern—
ment. Thece wastaes

are dumped and buried

in an area near the

Abra River northwast

of the poblaocion.
elactricity, 23%

kerosene, 76%%; other

sourves, 1%

'fc
radio, 55%; TV, 2%;
refrigerator, 4%

o of o
HOOd ? 879;‘ [ I:PG y 'IO’
kerosene, 5;

electricity and other

fuel, 1%
4,019

single type, 95%;
the remaining 59
includes duplex

apartment /accessoria,

commercial, ©tc,.

aluminum/gzalvenized

iron, T75%; cogon,
23%; tile/concrete
and nipa, 1%

Pefiarrubia

665

5¢9 members per
household

artesian well, 20%;
pumps, 53%; open well,
15%; spring, 12%

flush/water sealed, 6%;
oloced pit, 457; open
pit, 12%; no facilities,
37%

. Pefiarrubia has no solid

wostos collection system.
Households usually burn
the wastes in thair yards,

kerosene, 1007

radio, 33%; TV, 1%;
refrigerator, 6%

wood, 9&: kerosene,
1%; LPG, 1%

659

singlo type, 987;
barong~barong
(mekeshift houses), 2%

alumirur/galvanized
iron, 58%; cogon, 41%;
nipa and others, 1%

§/ Source: 1970 Census of Population and Fousing, NCSO
These data apply to the municipalities of Bangued and Peflarrubia as

1. Total Households
2. Average Household Size
3. Water Facilities
(4 of total households)
4. Toilet Facilities
(% of total households)
5 ©Solid Waste Disposal
System
6. Lighting Facilities
/ of total households)
T. Appliances
(4 of total households)
8: Cooking Fuel
(<7 of total households)
9. Total Dwelling Units
a) Type of @welling
unit (% of total
units)
b) Roofing material
(% of total units)
a whole,
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Health

Water—borne diseases ooour partiocularly in the more densely
populated seotions of the municipality., Public healih authorities
recognive the correlation between the lack of safe water supply
and sewerage facilities and the inoidenos of water-borne diseasen,
Table III~4 shows the recorded morbidity and mortality rates per
100;390 population due to water=borne diseases in the province of
Adbr from 1964 to 1974. During this period, the averuge morbidity
of 1,170.6 in this province was 1,75 times the national average of
666.5} the average mortality of 44.3 was lower than the national
average of 48.1.

TABLE IlI=4

REPORTED MORBIDITY AND MORTALITY
DUE TO WATER=BORNE DISEAS (1964~74)

(por 100,000 population)

Abra Philippinen
Year Morbidity Mortality Mor%iditx Mortality

1964 2,094.8 65.4 84643 60.2
1965 1,16644 33.6 715.8 51.6
1966 1,104.9 5844 T718.1 61.9
1967 1,023.1 35.4 572.1 47.6
1968 89840 3847 564.8 46.5
1969 1,209,6 28.7 70649 46.0
1970 1,472.7 28.1 612.,8 3940
1971 1,192.7 25.8 422.5 35.8
1972 1,019.1 6745 14344 4944
1973 848.0 5945 76844 5044
1974 847.1 46,1 663.8 4044
Total 12,876.4 487.2 7:331.9 528,8
Avemgﬂ 1 ’ 170.6 4403 666.5 48.1

I/The only records available are for the provinoe., The morbidity
and mortality trends in Bangued and Psfiarrubia are assumed from these
racords (mee Chapter XI).

8 Sourcet Disease Intelligence Oenter, Department of Health.

The water-borne diseases, of which records are available, include
typhoid, oholera, dysentery, and gastro-enteritie.
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D. ECONOMYE/

Family IncomelO/

In 1971, the province of Abra was estimated to include 28,300
families, with a combined annual income of P83 million. The average
family income of P2,933 was lower than the country's average of
P3,736. About 65 percent of the families belonged to the low incume
(less than P500-P2,999) bracket. The middle income (®3,000-P5,999)
group constituted 13 percent. The remaining 2 percent received
annual income of P6,000 and over.

Municipal Incoma

Based on its annual income, Bangued is classified as a third-
class municipality., Ia fisocal year 1974-75, the total municipal
income was about P670,000, over 50 percent of which was derived
from government operations. Water bill collections comprised
about 6 percent of the total income. Other sources were taxation
(42 percent) and incidental revenues (7 percent).

Agriculture, Commerce and Industry

Agriculture is the major occupation and is concentrated in the
Abra River valley. Tobacco and rice are the primary commercial crops.

In 1975, the total number of commercial and industrial establish—
ments in Bangued was 522, Fifty-two (52) percent of the establishments
were engaged in the wholesale, retail and food business and 11 percent,
in manufacturing.

Cottage industries provide additional employment during the
off-planting season. These include ceramics, pottery, hat weaving
and basketry.

Public Utilities

Only land transportation is available in Bangued. As of septem—
ber 1976, the number of public vehicles included 81 jeepneys, 80 buses
284 tricycles and 17 trucks.

§;The Philippine economy from 1946 to 1976 is discussed in
Appendix E, Volume II.

lQ/Only provincial data on family income are availsble at the
NCs0.
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Communication facilitics coansist of a telephore system, 2 tele-
graph stations and a post office.

The pewer requiremenis of Bansued and other neighboring muni-
cipalities are supplied by the Abra Electric Cooperative Incorporated
(ABRECO) which is under the supervision of the National Electrification
Administration. ABRECO has a gtudy that includes projection of power
Bupply requiremonts to 1983. It currently obtains electric supply
from the National Power Corporation (N¥C) with a maximum transporting
capacity of' 20 mega volts-ampere (MVA). However, present consumption
only requires 5 MVA,

Conswners arc classified into domestic, commercial, industrial
and public buildings. Dower rates vary in each category according
to the numher of kilowatt-hours consumed plus the cost of fuel ad-
Justment based on NFgig billing to ABRECO. In this study, the water
district is classificd as a commercial user charged P0.33/kwh used.
However, ihe rate of P0.41/kwh has been used in the comparative
analysis of costs with the difference attributed to the cost of
fuel adjustment.
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CHAPTER IV EXISTING WATER SUrPLY FACILITIES
A. GENERAL

The municipality of Bangued has been served by a waterworks
system as early as 1919. In 1953, the syster. was expanded to
serve the municipality of Peilarrubia and other barrios by adding
a seoond transmission line from the spring source. Existing
facilities include a spring impoundment and intake box, hypochlo=-
rination structure (abandoned), storage tank, tranumission and
distribution mains and other appurtenances. A schematic plan of
the existing system is shown in Figure IV-1.

B. WATERWORKS FACILITIES

Source Facilitiea

The only source of water for BAN-WD is Lusuac Spring, about
8 km southeast of Bangued. It is located uphill in Barrio Lusuac,
Peflarrubia at an elevation of about 200 meters ahove mean gea
level. Source facilities include a spring impoundment and a tra~
pezoidal intake box. :

Spring Impoundment. The 8pring emerges from an artificial
pool impounded by numerous porous rocks sealed with mud or conorotae.

The 300-sqm pool is uncovered and fenced with barbed wire, and
leaks badly (see Figure IV-2). The spring overflows from the
artificial pool over a weir made of wooden boards. It supplies
a 150-mm line leading directly to Bangued and three 75 mm and one
200 mm pipes leading to an adjacent intake box. These intake
pipes are provided with wire screens at the inlet end,

Intake Boxe The existing intake box has an area of 9.28 sgm
and an average height of 0.92 meter. It is a concrete trapezoidal
box with an overflow elevation of about 0.72 meter above the ground
supplying a valveless 150-mm pipe to a nearby swimming pool. This
connection allows the backflow of water from the swimming pcol, when
the water lcvel at the pool is greater than the water level at the
intake. Such backflow could contaminate the water in the intake
box and in the transmission line to the poblacion.

The minimum measured overflow and leakage from the spring and
swimming pool is about 18,000 cumd, The discharge was measured with
a staff gauge installed on 17 November 1976,

Treatment Facilities

The water supply to Bangued used to be treated with hypochlo-
rite solution. However, treatment was stopped when the seoond
transmission line was installed, bypassing the intake chamber.

At present, the supply is not disinfected.

IV-1



Transmission Mains

The firet transaission main laid in 1919 oconsists of a com—
bination of a 320-meter long, 200-mm CCI pipe ard a T,5T70-metor
long, 150-mm CCI pipe. This line, which extends from the intake
box to the storage tank, servee Bangusd. In 1953, the 200 mm
pipe was extended by 400 meters, replacing a portion of the ori-
ginal 150 mm pips. In the same year; other portions of the 150 mm
pipe were repluced with AC and QI 150-mm pipes but whose length and
location are not lnown. Also in 1953, a second transmission main
was laid, bypaezsing the intake box. This line, a 7,525-meter,

150 mm AC pipe, extends from the spring impoundment to the storage
tank and serves both Bangued and Pefiarrubia,

The 2 transmission lines converge into a single 365~-meter
long, 150 mm AC pips leading to the storage tank and near the
Bangued Poblacion, at an elevation of 55 meters above mean sea
levels A CCI pipe is connected to the second transmission main
before the junction of the 2 transmission mains. This pips, 570
meters long and 100 mm in diameter, bypaeses the storage tank and
directly feeds the distribution system.

‘The total length of the transmission pipelines is 16.4 km.
They are mostly made of centrifugally cast iren. Over 90 peroent
of the pipelines are 150 mm in diameter. A desoription of the
transmission system by size, material and age ie given as follows:

Length of Pipe (m)

Size (m) Type 1919 1953~Present Total

100 CCI . 570 570
150  CCI, GI, AC 7,570 7,525 15,095
200 cCl 320 400 120

Total 7 ,8% 8'495 16'385

A plan and profile of the existing transmission lines is
shown in Figure IV-3,

At the present timq the production of water for BAN-WD
is limited by hydraulic conditions of the transmission main to
about 2,600 cumd. ‘ ‘

Storggo

The only storage facility of BAN-WD was constructed in 1919
ag part of the original system. It is loocated at Cassamata Hill
south of the poblaocion at an elevation of 101 meters. It has a
total capacity of 440 cum and an overflow elevation of 101.6 meters
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TRANSMISSION

LINES

LENGTH (M) OF PIPE
DIAMETER TYPE | BYYEAR [NSTALLED REMARKS
{MM) 1919 1953
100 cct 570 BY- PASS THE RESERVOIR
150 lac,cc1,61, 7570 7525 SPRING TO RESERVOIR
200 ce! 320 400 SPRING TO RESERVOIR
TOTAL 7890 8495 ' |
DISTRIBUTION SYSTEM
LENGTH (M) OF PIPE BY
DIAMETER YEAR INSTALLED TOT
(MM) TYPE oTAL
1819 195t - 1976
25 Gl 350 1260 1610
50 Gi 1565 1565
75 61 5160 5160
100 ccl 640 2480 3120
150 ccl 240 240
T ToTaL 6390 5305 11,695
APPURTENANCES
SI2E NUMBER REMARKS
— SOME ARE LOST
VALVES 75,100,150 MM 13 OTHEERS |NOPERA'BLE
HYDRANTS Flg;%gk{rso 3!  |SEVERAL ARE LEAKING
PUBLIC FAUCET | 12 MM P LOCATED IN THE PLAZA

SERVICE CONNECTION , SEPTEMBER 1976

TYPE FLAT-RATE

DOMESTIC 825

COMMERCIAL 32
INSTITUTIONAL " '
TOTAL 868

FEASIDILATY STUDY FOR

WATER

SUPPLY OF SECOND TEN URBAN AREAS

WUA-CDM

N
=

BANGUED  POBLACION
ELEV. 40M ABOVE MSL

DISTRIBUTION RESERVOIR (1919) — -

o REINFORCED CONCRETE TRAPEZOICAL C!
GROUND RESERVOIR,COVERED

e CAPACITY=440 CUM

o OVERFLOW ELEVATION 2101 &6 M ABO\E %

TREATMENT
& NONE




=u3LACICN

~BOVE MSL

TI2MCAC CCME

INTAKE BOX (1919)

® REINFORCED GONCRETE TRAPEZOIDAL
INTAKE BOX.

® COLLECTS WATER FROM THREE 75 MM
AND A 200 MM PIPE FROM THE SPRING.

e A 50 MM PIPE TRANSMISSION MAIN
BY- PASSES THE INTAKE BOX.

SYSTEM PRESSURE

e MANY PARTS OF THE CITY HAVE VERY LOW/NO
PRESSURE DURING DAYTIME ESPECIALLY IN
EXTREMITIES OF THE DISTRIBUTION NETWORK.

LUSUAC SPRINS
o ELEVATION OF 202 M ABOVE MSL.
® UTILIZED CAPACITY OF 2600 CUMD (VISUAL)
® WATER IS IMPOUNDED BY ROCKS SEALED
WITH MUD AND CONCRETE OPEN ON TOP
AND FENCED WITH BARRED WIRE,
® MEASURED MINIMUM CAPACITY IS 18,000 CUMD,

SERVICE AREA OQPERATION

e WATER FROM LUSUAC SPRING FLOWS
INTO THE DISTRIBUTION NETWORK DURING
AN 18 HOUR PERIOD.

® WATER IS FED TO THE DISTRIBUTION LINES
FROM THE RESERVO!R FROM 0400 TO 0600
HOURS SIMULTANEOUSLY WITH THE SUPPLY
COMING DIRECTLY FROM THE TRANSMISSION
MAIN .

® THE RESERVOIR IS FILLED FROM 2100
TO 0300 HOURS.

FIGURE IZ-|
EXISTING FACILITIES
BANGUED WATER DISTRICT
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above mean pes level.  As wsually operaied, water Irom the spring
flows by graviiy intc the resarvoir for about 6 hours each day
(12 midnight to £ a.mo). This water is supplied to the distribu—
ion srxelem hy opening the outledl valve of' the storage tank from
4 a.m. to 5 s, Fard of the spring water bypas-ep the siorage
tank threugh o 100 mm 1 pipe and {lows continuously into the dis—
tribution aystew. The rsservoir leaks badly when its water level
reachss 1.8 motera. The exact location of theme laake has not been
ascertained. ioter leaking from the reservoir and fulling into the
valve chambey wie wessured to be 69 cumd (water lsvel raceded inside
ihe tank wher ihe ontlat valve was closed) on 7 October 1976, Silt
(0,02 1w deep} is evident inside the reservoir. Two 50 mm subdrain
pipes continvously discharge water into the valve chamber when the
water lavel ineide lhe storage tank is at a height of 1.8 meters.
The cutside wall of the tank also leaks. A schematic plan of the
storaze tank is shown in Figure IV-4.

Digtribation Gystem

The exicting distribution system oovers part of Barrio Lipocan
and the poblecion in Bangued and Barric Dumayoco and the poblacion

in Peilarrubia. The aystsam was first construoted in 1919 and was

expanded by sbout $0 percent, mainly in 1951, with the addition of

50 and 100 ma pipes. About 70 percent of the pipes are made of
galvenized iron (G1); the remaining 30 psroent, of cast iron (C1); Figure
IV-5 shows the cxisting distribution system,

Pipe 5ize end length. The ¢ “‘ribution piping has a total
length of 11.7 lom, including 350 metera of 25 mm pipes directly
connecled tc the sscond tranemiseion main and extending to Pefiar—
rubia. Hinety~eight {98) perocent of the pipes are 100 mm and
smaller; the remaining 2 percent are 150 mm in diamoter. A des—
oription of ths pipes by length, size, material and age is given
in Table IV-I.

System Trazsures., In arsas very near the storage tank, wnter
iz generally available 24 hours; but pressurss arc low. Many parts
of the Bangusd service area have very low or no pressure at all
during the dsytime, especially at the extremities of the distribu-
tion nat%orko Pragsures are usuzlly high in Pefiarrubia and in
areas where pipe conngctions are made directly to the transmission

maina.
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TABLE IVt
SUMMARY OF EXISTING DXSTRIBUTION PIPING

L 80gth of Pipe (m)

Bipe Dispeter (ma) Materisl 1933 195i-Presest —Teiml
25 oI 350 1,260 1,610

50 61 - 1,565 1,565

15 GI 5,160 - 29160

100 CI 640 2,480 3,120

150 T _249 = _20

6,390 5305 11,695

Yalves and Hydrants. The BAN-WD aystem has 13 valves ani 3l
fire hydroauts., Mogt valves are laid wnder paved roads to & depth of
2 meters, Some of the valves havo been lost and non-operational,
The fire hydrants are locally made and have 75 mn GI risers, Only
about 20 peroemt or the hydrauts are operating, The remaining 80 perw
oent leak and do not have sufficient water for fire~-fighting pur-
poses.

blio ot The only public faucet, of 12 mm size, is
located at the municipal plaaa of Bangued and is primarily used
for watering plants, washing fire trueks, and general oleaning
work,

Servige Coppections, As of 20 Ootobar 1976, thare ware 868
registered mervice commectiong in the water distriot, all urmetored.
¥arny illegal connections are suspeetsd to exist tmt the lack of
awthority makes inveat% tion of these oconnections diffioult. 7he
registared eonneotionuﬁro olassified by ocoesumer ocatpgory into
825 domestic, 32 commercial, and 11 institutiocnal,

Qperatjon apd Najntensgce

The BAN-WD cperates and masintaing the water source, storage
tank, and trangmission and diatribution systoms. Present operation

-1/ The breakdown of oconnections by area iz as follows: 758 in
the Bangued Poblacion, 69 in Barrio Lipcan, 23 in Barrio Dumayoo,
and 18 in Pefiarrubia Poblacion.
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and maintenance staff includes: 1 section head, 1 valve operator,
1 lineman, 3 plumbers, 1 laborer, and 1 guard at the spring. The
work consists primarily of manipulating valves at the reservoir
for filling ard rationing, repairing leaking mains and servioe
pipes, disoonnecting and reconnecting gervice connactions, and
maintaining the source.

C. WATER QUALITY

Water samplee were taken from Lusuac Spring on 15 September
1976 and 5 March 1977. The results of the analysis of the water
samples are compared with the Philippine National Standards for
Drinking Water in Table IV-2. Exocept for the exocessive calcium
in the second sample of the springwater, other chemical elements
are within the permimsible limits.

D. WATER USE PROFILE

The water consumption in the RBAN-WD has bean analyzed to
determine its present water accountability. Data used have been
obtained from interviews and field measurements in the absence of
water meters and records on water production and consumption. Unit
water consumption has baen guantified through a pilot area survey
(see Methodology Memoranda No. 1 and 2).

The estimated consumption figures obtained from the survey have
been used to develop the water use profile of the BAN-WD. These
figures, however, are still subject to further verificatiom.

Pilot Area Survey

The pilot area, about l.l hectares, is located in the southetrn
portion of the present servioce area, It consists of 26 households
with a total population of 208, or an average of & persons per
household. Intervieswe show the following: 14 households are re-
gistered concessionaires; 3 households ars "borrowers" from regig-
tered concessionairss; and 9 households obtain their water supply
from private wells. These data have been used to derive the number
of conaumers of the BAN~WD water supply.

Population Served

Water users can be olassified as primary users (registered conces-
sionaires) and secondary users (borrowers)s The total of 868
registered service connections in the present service area would
represent the number of households who are primary users. Thers
are about 185 households in the BAN-WD system that would be borrowers,
based on the ratios of the pilot area survey results. Applying the
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TABLE IV.2

WATER QUALITY TEST RESULTS
BANGUED WATER DISTRICT

Luowas
Parmisaible Spring
Zoat Uit __Limits
Physical
Color APEA 15 0
Purbidity ) o) 5 2
Potal Dia??ved ag/1
Solids 500 299
Conductivity Mioromhos/ - 460
om
Chemiocal
pH 7-805 8.3
Total Alkalinity ng/1
Ca003 - 280
Phenolphthalain ng/1
Alkalinjty CaC0y - 20
Total Hardness ng/1
CaC0, 400* 260
Calcium ng/1 75 29,2
Nagnesium ag/1 50 44.8
Total Iron ng/1 0.3 0
Flworide ng/1 1.5 0
Chloride ng/1 200 2
Sulfate ng/1 200 0
Nitrate ng/1 - 8
Manganese l¢/ 1 Oe1 0

a/CO-jm'cod as 65 peroent of oonductivity.

318
490

7.3
270

270
100 %+

0.02
0.5

Qa0WM

#*
Limit infc:red from limits of individual metals causing

hardness,

[ 1]
Exoesds the permissible limits set by the Philippine National

Standards for Drinking Water.
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pilot area average of 8 persons per household to the water distriet,
total users of the BAN-WD water supply are estimated to be 8,424, of
which 6,944 are primary users and 1,480 are secondary users. The
average number of peraons per houssehold is less than eight in most
barrios so that the actual served populatioun (primary users) is

only about 6,720 (ses Chapter VI),

Unit Consumption

The unit water consumption has bsen determined on the basis of
the pilot arsa survey reaults. 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 consumptione.

The unit consumpticn is estimated to be 61 lpod for primary
users; 40 lped for secondary users; and 95 lpcd for private well
owners. The available data are not sufficient to estimate sepa~
rately the different categories of consumption — domestic, commer—
cial, iwstitutional and industrial.

Accounted~for-Water

The accounted-for-water is defined as revenue-producing water
for the water district. Accounted-for-water, however, in the BAN-WD
is assumed to be the volume of water consumed by primary usera and
not necessarily revenue-produeing water. The revenue-producing
water cannot be determined hecause the BAN-WD has neither water
meters nor an established standard amount of water presumed paid
for with flat rates.

The total daily production of 2,600 cumd has been obtained from
the measured flow to the storage tank in October 1976. Using the
unit oonsumption of 61 1lpod, the total consumption among the primary
users is 423 oumd. Accounted~for-water, therefore, represents only
16.3 percent of total water production. This percentage is lower
than the average accounted-for-water of 21 peroent of total pro-
duction obtained for the First Ten Provincial Urban Areas.

Unaccounted—for-Water

Unaccounted-for-water includes leakage, wastage, borrower's
usage, use greater than inferred flat-rate usage (underestimahod
flat-rate use), illegal connections, and other uuses. The total
unaccounted—-for-water in the BAN-WD is 2,177 cumd or 83.7 peroent
of water productian. It is difficult to estimate the volume o’
water in sach category of unacoounted-for-water bocause of insuf-
ficient data.
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Although actually consumed, borrowers usage has been considered
part of unaccounted-for-water because it is not revenue~produoing
since borrowers are not duly registered concessionaires. Borrowers'
usage is about 65 cumd or 2.5 percent of total water productian.
Wastage, leakage and other uses compriso 81.2 percent of total Pro=
duction, including leakage in the reservoir of 2.5 percent.

Summary of Water Acccuntability

The water accountability in the BAN~WD is summarized in Table
IV-3. The accounted-for-water is based on the total consumption of
primary users. It is estimated to be 423 cumd or 16.3 percent of
total water production. The unaccounted-for-water includes wagtage
at flat-rate connections, leakage, borrowers' usage, overestimated
flat~rate use and other uses. The unaccounted-for-water represents
2,177 cumd or 83.7 percent of total production.

TABLE IV-3
SUMMARY OF WATER ACCOUNTABILITY

Amount of Water Percent of Production

Category {cumd) (¢2)
le Accounted—for-wrier
a) TFlat-rate use 423 16.3
Sub-total 423 16.3

2. Unaccounted-for-water
a) Usage of borrowers

from concessionaires 65 ‘ 2.5
b) HWastaze, leakage and
other uses 2,112 81.2
Sub-total 2,177 83.7
3. Total Production 2,600 100.,0

! £. HYDRAULIC STUDIES

A hydranlic survey of BAN-WD was conducted from April 26 to
May 6, 1977 to obtain data for a computer model of the existing
system and to identify parts of the system having operational
problems. The survey showed the following data:
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Fipe Carrying Capacities. Hydraulic tests wers made on the
transmission pipelines from the Lusuac Spring to Pefiarrubia and
to the wye-junction on the two parallel pipelines (see Figure IV-§).
Tests were conducted to determine the carrying capacities, measured
as the Hazen-Williams "C" value, of the transemission lines that
were consiructed more than halt' a century ago. The old GI pipeline
laid in 1919 has a "C" value varyving from 124 to 128 while the new
line, asbestos-cement (AC) pipeline laid in 1953 has a "C" value of
34 to 110 The low "C'" value of 34 from the source to Pefiarrubia is
attributed to extensive leakage in the transmission line. Normally,
an AC pipelins retains a high "C" value for many years. Table IV~4
shows the tabulated "C" value of both pipelines including lengths and
elevations. ‘

System Fressures. 'Two continuocusly recording pressure gages
were alternately installed on five fire hydrants located in the
distribution system as shown on Figure IV-6 to measure the dis-
tribution system pressures for 24 hours. Comparative pressures
on Annex Table IV-E-~l and Annex Figurss IV~E-~5 coinoided with the
times the reservoir was filling, was emptying or was empty. Pressures
obtained from hydrant no. 1 varied from 1.06 to 4.95 m while hydrant
no. 2 varied from 0.70 to 3.55 meters. Pressures at hydrants no. 3
and 5 located in the western portion of the distribution system were
0.70 to 3.95 meters and 0.80 to 4.95 meters, respectively. Pressures
at hydrant no. 4 varied from 1.30 to 3.75 meters.

Single pressure readings were taken along the transmission
lines from the source to the wye-junction. Pressures on the GI
pipeline were 0.5 meters at the source, 60 metera at Peflarrubia and
61 meters at the wye-junction. Pressures on the AC pipeline were
0.1 meters at the source, 33 meters at Pefiarrubia, and 61 meters at
the wys~junction. Pressures at the by-pass line to the storage tank
was 59 meters.

System Flows

Flow gaging utilizing a pitot tube was conducted on the two ,
parallel transmission lines to determine the amount of water flowing
into the pipelines, water losses in transmission mains and
pipe hydraulic conditions. A sochematic plan of the gaging stations
is shown in Figure IV-6. with flow conditions tabulated in Table Iv-4.
Figure IV-7 shows the hydraulic gradeline of the transmission pipelines.

Flow measurements made along the 150-mm AC transmission line
indicate that the water lost from Lusuac Spring to Pefarrubia is
about 1,040 cumd which is 55 percent of the water entering the line
at the spring. From Pefiarrubia to the wye junction, 260 cumd is lost
which is 30 percent of the flow recorded at Pefiarrubia.
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Between the spring and Penarrubia, there is a 770 cumd reduction
in flow in the GI pipeline. From Peflarrubia to the wye junction,
130 cumd of water is lost which is anly 6.5 percont of the water in
the line at Pefarrubia. The water lost in these two pipelines includes
the flow to Pefiarrubia, however, it is not possible to determine the
exact amount used in Peflarrubia and how much was leakage.

Water flowing into the 10C-mn CI by-pass line was measured

to be 200 cumd; thus, the flow into the reservoir was estimated to be
2,260 cumd.

TABLE IV-q
FLOW MEASUREMENTS
A+ 150-tmm GI Transmission Line

Discharge Velocity Fressure Elevation Length

Location (cumd) (m/sec) (m) (m) {m) "C" Value
Lusuac 2,760 .98 «5 200 3,230 124
Peﬁarrg?ia 1,990 1.36 60 98 4,130 128
Bacsil 1,860 1.25 61 53

Be 150~mm AC Transmission Line

Lusuac 1,900 1.22 ol 200 é/
Peﬁarrgyia 860 «54 33 88 3,250 34
Bacail 2/ 600 o4 61 53 4,110 110
By-Pass 200 0.29 59 53 - -

¥. COMPUTER S3TUDIES

The purpose of conducting computer studies on the existing
transmission and distribution system is to duplicate, to the greatest
extent practicable, the hydraulic conditions observed in the field.
By doing this, it is pomnible to svaluate the impact of improvements
on the existing system.

é/Abnormallylow "C" valua for this type of pipe due to excessive
leakage in this section.

4/Location of the wye—junction

§/100hmm CI by-pass to the storage tank.

IV-10



LUSUAC SPRING ———

INTAKE BOX

/ iWYE JUNCTION (BACSIL)

FH4
\\ ™5

TO PENARRUBIA*

TP 7 (BY-PASS)
L DISTRIBUTION RESERVOIR
* CONNECTIONS TO PENARRUBIA HAVE BEEN MADE FROM

BOTH TRANSMISSION MAINS, BUT THE EXACT LOCATION
AND SIZES COULD NOT BE VERIFIED.

FIGURE I¥-6
FEASIBILITY STUDY FOR WATER FLOW MEASUREMENT LOCATION
suepiy of seconn Tew urean areas LWUA-CDM BANGUED WATER DISTRICT




M

ELEVATION ,

EXISTING 440 CUM RESERVOIR-—

—EXISTING INTAKE BOX STA. 74890, TOP ELEV. {03.5 M

200 Y :
150 ' . -————-—‘3—‘7—-&”& ~GfP , \.
] } \.\m.JOR 150 MM ..'“»"h'h | I
: P — CAWAO CREEK r Ack ——t— \ |
i \ /! ’ ; ; —
100 - St S ' : :
SAN MATIAS RIVER —— ! /
" 5 L s
S0 i . Sy = e Ny T
; ‘; | 7 1 BN
' : ' ; ‘ ; SWYE JUNCTION
o | [ i : ! i i | 1
04000 14000 Z +000 34000 44000 5 4 000 6 + 000 7 + 000 8+ 000
PROFILE \\
SCALE VERT. t: 4,000 Nk e
HOR 1 40,000 N
\_/—\ 'J' \ - -“_\\\ \
i-—:g%}\STANgolNTAKE BOX _ " PBOBLACEigN —
; j ELEV. 2020M N e . SR
( <5 /\9
_/’ Q‘:‘:x‘/
& /’\ — / //// ‘ /
/ # EXISTING 440 CUM RESERVOIR
. STA. 7 +880, TOP ELEV {03 5 ¥
Tt .~ o~ \
PENARRUBIA™.
.\ SLAN
) SCALE 1| :40,000 '
"\...}. |
Rak A /
~ \
FIGURE I¥ -7
LTy -t EoP  WETER . EXISTING HYDRAULIC GRADELINE
or secons ten umaan aezs LWUA = CDM BANGUED WATER DISTRICT




In order to provide field data for ocomputer studies, there must
be a significant posiiive pressure over the entire distribution
system during field tests. There were very little field data
gathered in Bangued for the existing system that could bs used for
comnputer medeling, therefore, computer studies on the sxisting
systen wore not conducted.

Portions of the existung system that could be utilized in the
future were retained and included in computer studies on the future
system. The data for themse facilities were based on visual inspeo~
tion of axisting facilities.

G. DEFICIENCIES OF THE EXISTING SYSTEM

Only 16.3 parcent of the water produced by the BAN~WD ia
accounted forj mere than B0 percent of the water is lost through
leakage and wastage. Despite an adegquate production of 2,600 cumd
for the present number of service connecotions, a water shortage
prevails in Bangued. MNost oconsumers at the western fringes of
the service ares have water service for only 3~4 hours daily.
leakage and wastage are major reasons for the water shortage.
Moreover, servioce is intermittent and pressures are usually low
in Bangued. Some concessionaires have requested disconnection
from the waier system. .

Leakage is evident in the transmission mains, the storage
tank and the distribution system. Leak repair is usually make-
shift, with the use of rubber strips, apparently because funds
for proper maintenance are lacking.

The water supply is subjeoct to potential souroces of contami-
nation. Contamination of water at the intake box is possible
because jts overflow pipe is valveless; this may allow backflow
of water from the swimming pool to the intake box. The apring
impoundment is not ocovered, exposing it to airborne contamination.
The spring aite is often visited by excursionists, adding to the
hazard of possible contamination. The water supply is not dis-
infected. The water district has no routine sampling and testing

programa

Part of the water in the transmission line is believed to be
illegally diverted for irrigation. Most of the pipelines are 58
years old and have reduced oarrying capacity. Automatic air
release valves on the transmission lines are missing. Much of
the leakage appears to be at the joints of the transmission mains,

The reservoir is ssldom oleaned — wce every 3 years. Silt

deposited inside t.: reservoir measurses 0,02 meter deep. The
reservoir leaks badly; the leaks, however, have not been located.
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When the stored water is supplied to the distribution system from
4 a.m. to 6 a.m., the storage tank is left empty without any pro—
vision for fire proteotion.

Many illegal connections are suspected to exist in the ,
system. (For instance, an illegal 25 mm line has been discovered
parallel to & 75 mm pipe installed along Pefiarrubia Street). At
present, the existing distribution system oconsists of a complex
network of small pipes laid by private plumbers. About 70 percent
of distribution piping is 75 mm and smaller in diameter.

Most fire hydrants are leaking and inoperative and cannot
provide sufficient water for fire-fighting. Looations of most
valves are unknownj several of them are also inoperative.

There are numerocus potential cross~connections between water
pipes and polluted water. Many pipes are laid in drains under
polluted water. The pipes are subject daily to low (sometimes
negative) pressures, inocreasing the danger of contamination.

The BAN-WD lacks the basie tools, equipment and material
stocks for proper repair and maintenance of the system. Parts
needed for pipeline improvement are taken from existing parts of
the system. There are no transportation, meters, plumbing shop
or administration facilities. Plans of the existing system are
incomplete and inacourate.
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ANNEX IV-E

HYDRAULIC STUDIES



1.

2.

3.

4.

Se

VARIATION IN DISTRIBUTION SYSTEM
(Dominant Pressure)

Location

Pefiarrubia
corner Par-
telo St.

Arellano
corner Eco-
nomia St,

MeH. del Pi~
lar corner
Benedito St.

Santiago cor—
ner Magalla-

nes St,

Borbon cor-
ner Rizal St.

Date

ANNEX TABLE IV-E-1

Reservoir
Filling

jngssunE (m)

Reservoir Reservoir
Empt

ying Enpty
April 1977 (10300FN-4300AM) (4:00AHL8330AM) (83 30AM-10300PM)

26-217

27-28

27-28

28-29

29~-30

1.06 = 4.70
(1.06)

0470 - 2,82
(0.70)

0.75 = 2485
{0.75)

1430 = 2,70
(1430)

0.80 - 2.90
(0.80)

1.80 = 4.95 1,06 - 2.60
(3.30) (2.11)
2.05 - 3055 1.03 - 2082

(2.85) (1.76)
2,10 = 3.95 (1,65 = 2485)
(3.00) ,(1.80)
1430 = 3,75 1435 = 2,70
(3.02) (2446)
0080 4.95 1025 - 2090
(3452) (1.50)

l/bominant pressures during the period indicated.
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CHAPTER 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 methods de-
veloped in the First Tem Provincial Urban Areas Feasibility Studies.
These criteria, together with the developed basis of cost estimates,
have been untilized to evaluate and compare the various alternatives
identified in the course of the study.

In the analyais and evaluation of alternatives, feasibility
study oriteria need not be as refined as those used in the detailed
development of the recommended scheme. Consistenoy is, however,
esgential. A4s long as each alternative to be analyzed is judged by
similar oriteria (or rules), the choice of alternatives will be
accomplished in a fair and oonsistent manner.

B. PLANNING CRITERIA

This water supply feasibility étudy has been guided by the
following planning oriteria (not listed in order of importance)s

l. Areawide Approach: Planning of facilities has been done
on a regional or areawide basis, taking into account the
present distriot service boundaries and the logical long-
term service areas beyond present district or political
boundaries,

2. Source of Water: Groundwater and surface water have been
given equal consideration as potential sources of water.
However, based on the first 10 feasibility studies, dis-
infected groundwater derived from deep wells, when avail-
able, is expected generally to be more ecomomical than
conventionally treated surface water.

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

44 Cénservation: In the selection among alternative plans,
water, power, chemivals and foreign exchange are considered
valusble resources which must be conserved to the greatest
éxtent possible,

S5e Stage Developments The recommended long-range construction
program has been divided into several stages, each of which
satisfies the projected requirements for a specific design
years
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Start Construetion Target

Stage by Calendar Year Des Year
Immediate Improvement 1978 1980
Phase I-A 1980 1985
Phase I-B 1986 1990
Phage II-A 1991 1995
Phage 1I1-B 1996 2000

6, Alternative Plan Screenipg and Selections From an array
of identified plan alternatives, the recommended plan has

been selected on the basis of least (present worth) cost
and other non-economioc parameters. The selected plan has
been tested for eoonomio/finanoial feasibilitye.

7. Skilled Mappower Shortage: The recommended plan has re-
cognized, in the short term, the apparent shortage in
skilled, technical and managerial expertise. Hmphasis
has been given on the need for district personnel training
andi certifiocation, '

8. Water Qualjty: The feasibility study has identified pre-
gent and future water quality problems and includes re
commendations for providing a water supply that ia safe,
healthful and wholesome,

9. Social Soupdness: The successful completion of any pro-
jeot must take into account the social acceptability of

ite recormended programs (Appendix S, Volume II).
C. DESIGN CRITERIA

The basis of design for these feasibility studies is presented
in detail in Appendix F, Volume II of this Report. The design ori-
teria are basically similar to those utilized in the First Tea
Provinoial Urban Areas Feasibility Studiese Minor improvements/
modifications have been made as indicated in the Methodology Memo-
randa attached herein in Volume I.

Water Accountability

As much as possible, water acoountability has been determined
through field teating and measurement procedures, aungmented by data
gathered in the pilot area study surveys (see Nethodology Memoranda
No. 1 and 2). Where field data were not available and the pilot
area study survey results were not conolusive, the weighted average
of the water acoountability results in the First Ten Pmpvincial
Areas was used (see Figure V-1).
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The breakdown of the water accountabllity is as followsi

Percent of Water Production

Hetered Billing 1445
Flat-Rate Billing 16.8
Underestimated Flat-Raie Use 10.2
Wastage 2T.1
Leakage 24-5
Others 6.9

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 watc, demand requirements per capita vhrough
the period 1980-2000 are as follows:

Group 1 261 ~ 273 1pcd
Group 2 220 =~ 230 1pod
Group 3 193 - 199 1lpoed
Group 4 174 - 181 1pod
Group 5 157 =~ 165 1lped

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

For the analysis of existing conditions, actual metered (or
connected) customers and "borrowers" are considered separately
(see Methodology Memorandum No. 2). However,for short— and long-
range planning, it lLas been assumed that "borrowers" would even-—
tually become metered oonsumers. Per capita domestic use has been
inoreased each year to account for economic growth within the com=
munity. Institutional and commercial water demands have been esti=
maxed)as a percentage of domestic “demand (sea Methodology Memorandum
NO.30

Demand Variation
Maximum daily and peak hourly demands have been estimated from

field data and avallabvle records. For the basic analysis of the
water supply facilities, the following ratios have been used:
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maximm-day to average-day ratio = 1.2%1
peak«hour to average-day ratio = 1,5:1 = 1,75:1

Do ECONOMIC AND FINANCIAL CRITERIA

Djscount Rate

The opportunity cost of capita. or discount rate used in this
feagibility study is 12 percent. The discount rate has been used
for economic soreening of the technically viable alternatives (soe
Chapter IX, Methodology Manual on Water Supply Feasibility Studies,
Volume I). -

Inflatiopary Trends

The national economy of the Philippines is discussed in
Appendix E, Volums II.

Projections made in this feasibility study assume a general
cost escalation rate of 10 peroent for ths period 1978 through 1980;
8 percent for the period 198i=1985; and 6 percent thereafier. The
cost of maintenance and operation is assumed to escalate at 8 per-
oent per annum,

Ecopomic guatifgoation

The economio feasibility of this water supply project is based
on 2 parameters: benefit—cost ratio (B/CY and the internal economic
rate of return (IERR). These parameters are discussed in Chapter XI.

Eggggoial Criteria

The financial justifioation of this project is based on the
district customers' ability-to-pay, a finanoial feasibility analysis
(see Chapters XX and XXI, Methodology Manual) and a suggested 8o
cialized pricing scheme, based on increasing unit cost of water
wiih increasing consumption (see Chapter X).

E., BASIS OF COST ESTIMATES

Construction coat curves have been developed for in-place
costs of pipelines, deep wells, water treatment plants, pvmp
gtations, and storage reservoirs, These cosl curves have been
used for estimating the relative ocost magnitudes of alternativy
water supply plans. Escalation factors used in caloulating the
capital cost of recommended improvements in July 1978 priovs, a8
well as the above unit costs, are presented in Appendix G, Yolume II.
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F. IMPLEMENTATION SCHEDULE

For purposes of feasibility study and economic/financial
analyses, an implementation schedule has been assumed. Figure V-2
shows the probable time-table which covers the planning, design,
and implementation of the immediate improvement program and
Phase I-A. It is assumed in these feasibility studies that the
recomnended immediate improvement program is to be fully imple-
mented by the LWUA Interim Demonstration Program.

Final Report Submission September 1977
Select Final Design Engineer September 1978
Start Final Design October 1978
Complete Final Design September 1979
Start Construction January 1980
Complete Comstruction:

a) Source Early 1981

b; Distribution Early 1982

¢) Internal Network Late 1985
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IMPROVEMENTS *
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CHAPTER VI POFULATION AND WATER DEMAND PROJECTIONS
A. (QGENERAL

A necessary etep in developing the preliminary design of a
water system is ithe projeotion of future population and water
demand for the delineated mervice area. These projeotions mate-
rially affect faoility layouts and sizes, oonatruction staging and
the cost of the project. These projeotioms are developed for the
BAN-WD in this chapter.

B. POPULATION PROJECTIONS

The historiocal population growth rates in the munioipalities
of Bangued and Pefiarrubia for the period 1948 to 1975 show a deolin-
ing trend similar to, but more pronounced than, the decline in
the national growth rate for the same periods In the 2 municipa-
lities, thie decline ih the pepulation growth rates (Peﬁarrubia had
a marked deoline in population between 1970-1975) is attributed to
an absenoe of industrial and ocommercial development and problems
of peacs and order prior to martial law declaration in 1972. Theae
factors prevented real development in both munioipalities. The
populations and respective growth rates for Bangued, Peiflarrubia,
Abra Province, and the Philippines are as followsa:

Population Annual Growth (%)
Year Bangued Pefiarrubia Bangued Pefiarrubis Abra Philippines

1948 14,792 2,262 - - - -
1960 19,371 3,117 2.4 2.9 2.5 3.1 (1948-1960
1970 24,587 3,955 2.4 2.4 2.31 3.0 (1960-1970
1975 25,597 3,731 0.81 -l.1 0.20 2.66(1970-1975

Data gathered in the field indicate that future population
growth rates will exceed those in the past. The primary factors
expected to stimulate faster growth are: (1) the naw industries
and commeroial establishments; and (2) the improved pesos and
order aituation,

Based on field inspection and.discussions with local and water
distriot officiels, by the year 2000, the water distriot is expected
to serve the poblaciones of Bangued and Pefiarrubia and the prinoipal
portions of barrios Dangdangla, Riang, Calaba, Patucannay, Bangbangar,
Palao, Agtafigac, Lipcan, Sao-atan and Dumayco. Figure VI-1 indiocates
the present, immediate and projected 1990 and year 2000 servioe areas
of the BAN~WD.
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Population projeotions have been made for the oted water
gservice areas, Data such as past population trends of the muniocipality,

land use and development plan, physical limits of wrban areas, and
existing and proposed future facilities,which were gathered by field
inspection in the study area, have influenced these projections, More
rapid growth is projected the mervice area than that in the past
or projected by NEDA~POPCOMY, Ths munioipalities are primarily rural
and it is believed that a muoh higher growth rate will be experienced
by the urban area served by the BAN.WD than by the entire munioipality.

Pro jeoted populations are listed in Table VI=1 and summarized
belows

Adverage
Density
Overall Population in Servioce
Total Aurmal in Service Area
Year Pogulationg-/ Growth Rate Area _ Area (ha) (persons/ha)
1975 :
(;g;sont) 18,443 - 10,840 135 8o
1
(Iomediate) 21,040 2.67 14,350 155 93
(1975-1980) '
1990 - 29,050 3.26% 23,700 294 81
(1980=1990)
2000 37,200 2450% 35,440 374 95
(1990-2000)

The analysis shows that the population in the service area (mee
Pigure VI-2) will inorease from 10,840 in 1975 to 35,440 in the year
2000, The growth will mostly ocour in the present servioe area; the
growth in the future service area extension will gradually inorease
from 1980 to 2000, Likewise growth in the present and future servioe
areas is slightly higher from 1990 to 2000 than from 1980 to 1990.
Projected densities in the service area will vary between 80 and 95
persons per hectars frem 1975 to 2000, The total population of the
areas to be served by the BAN-WD will double from 18,443 in 1975 to
37,200 in 2000, Overall annual growth rates in these areas will
fluotuate from 2,67 psroent in 1975 to 1980 to 3.28 percent in 1980
t0 1990and 2,50 peroent in 1990 to 2000,

I/NED‘F'NNOH sssumss 1,68-2.67 percent growth rates from 1975
to 1990. However, future growth rates are expected te exceed these

assumpiions. (Appendix H, Volume II).
Of poblaciones (Bangued and Pefiarrubia) and other barrios in

the served area,

VIi-2


http:1.68-2.67

,-;l-— "":'-

Pl

SETN .
" daaenmt
\‘L

Swey ”

-~ Te
-

LT ~

N

P . )
e
s S P ..
AR

-

-‘Nagraibungan .
. o * .

ey S tecns Ten umann s LWUA-CDM




 Dumaoyco ,- . .

A ~
b .
. 1
.
K ~
PR
o .
L A
i
ire
‘.

Yy Lt
R IS

'..- o AT

Lusuac .. B .
LUSUAC SPRING . ©

0o
[ 2 =

5] (]
= o = of = el

SCALE INNCTERS

T N
|, }

. Il

. L | tucuesamao
SLACAG % v ..

28
Seel -

.
~

Y A ! (s
’ N ]
; es 'l
o~ \
L U 2 \
t
\

4
{ » CANGUED
Ll
'

pITER o Pa f
=

’

L]

.
L}
’

=

LEGEND:

ancemt— (975 (PRESENT) SERVICE AREA

AMERGES 960 (IMMEDIATE) SERVICE AREA

SEpuEREMES 1990 SERVICE AREA

e I asmymmemm—">000 SERVICE AREA
. - LNy .
. W ..-..\. . . '0'.
\ . ) ’_ . I N o 3
. ) ' - .L" ) . 0l
s ’ R o3 EERY ‘ L !
o ‘{. ‘ roette : A CopL N
" , T . ) e \\.
- e Sea Résa |
""‘ l' ' ( ' ' ’..I:" . | :‘ . ’
T e RS e e ' FIGURE WI-t
P ’ I T PRESENT AND FUTURE SERVICE AREA
L o e Ty ‘ BANGUED WATER DISTRICT




TABLE VI-1

SERVICE AREA POPULATION FROJECTIONS
BANGUED WATER DISTRICT

Present Serviocs Area Immediate Service Area P__T@EQMI———-—
Population Popalation ation opulation

in  Service in  Servios in  Servies in  Servlos ity
Population Service Area Density Servios Area Density  Service Ares Density Servioe

1915 _Aron  (ba) (Poroons/fa) Ares  _(ha) (Persems/ma) ives  (ha) (Fersons/fa) Ares  _(ha) (Personsibe)

Bangued
Foblacion 10,135 10,135 82 124 11,968 82 - 1) 16,880 82 - - 206 22.288 gg 2;'{
Lipcan 197 319 25 13 740 25 30 1,120 25 45 1, 83? 32 22
Dangdangla 658 - - - - 378 20 19 520 20 26 ogg % 52
Calaba 1,253 - - - - - 1,490 40 37 2, 30 37
Bangbangar - - - - - - 585 30 20 1,122 8
Patucannay 254 - - - - - - 1,065 45 24 l,;g:; ;g 3a
Pefiarrubia o
Podblsoien 659 264 18 15 654 18 39 1,035 18 58 1'3235 ;g };
Dumayoco 61% 122 10 12 570 10 b14 155 24 31 1,083 2o 4
Riang - 903 = - - = - -— -3 10 23 42 12
Total 18,443 10,840 135 80 14,350 155 93 23,700 294 81 35,440 374 95



C. FPROJECTIONS FOR SERVED POPULATION

Served populsition in the BAN-WD has been projected to increase
signifioantly in the next two deoades. The increase will be a result
ofs

a) the intenme campaign of the BAN-WD to conneot and reccnnect
a8 many oustomers as possible;

b) the desire of residents in the BAN-WD to partake of the
benefits of modern piped water system;

o) the increass in population in predominantly urban areas as
well as in the geographiocal ooverage of the BANWD.

Table VI-2 shows the detailed breakdown of the projected served
population for the poblaciones of Bangued and Peflarrubia and the
barrioes within the future service area. Figure VI-2 shows the served
population will triple from 1980 to 2000. The present servios area
will have a more rapid growth in served population than the future
servioe area extension. Generally, the inorease in the total served
population would be greater in 1990-2000 than in 1980-1990. The
served population projections are summarised as follows:

Population
Served in the Peroent
Year Population Servioe Area Served
1975 (Present) 6,720 10,840 62
1980 (Immediate) 10,120 14,350 71
1990 18,390 23,700 78
2000 30,020 35,440 85

D. WATER DEMARD PROJECTIONS

The water demand of the BAN-WD is projected to inorease sig-
nificantly as a result of continued growth in served population.
Per capita domestic water use, commeroial/industrial/instituticzaal
use, as well as unacoounted-for-water (oxpreuod a3 peroent of pro-
duction), have besn estimated for the years 1980, 1990 and 2000
for the servios area. Dased on analyses (sse Methodology Memorandum
No. 3)y BAN-WD has been classified“under Oroup IV, with the
following water use parameteras

VIi-4



40

3%

30

28 : A

20

POPULATION IN THOUSANDS

RVIC
i A QRN —

1900 SERVICE AREA EXTENSIOW.
1948 1960 {970 1980 1980 2000

YEAR

FIGURE MI-2
POPULATION PROJECTION
sorrLy or seconn Ten vraan aneas LWUA-CDM BANGUED WATER DISTRICT




I.

I1.

III.

V.

VI,

Vil.

TABLE VI-2

SERVED POPULATION PROJECTIONS
BANGUED WATER DISTRICT

Bangued (Poblacion)

A+ Population in Service Area
Be Number of Service Conneotions
Ce Connected Population

D. % Connected

Lipocan

A. Population in Servioe Area
B. Number of Service Comnections
C. Connected Population

D. % Comnected

Pefiarrubia (Poblacion)

A. Population in Servioe Area
B. KNumber of Service Conneotions
C. Conneoted Population

D. % Connected

Dumayco

A. Population in Servioe Area
B. KNumber of Service Commections
C. Connected Population

D. % Connected

Dangdangla

Ae Population in Servioe Area
B. Number cf Servioce Comnestions
C, Connected Population

D. % Conneoted

Riang

A. Population in Servioe Area
B, Number of Service Conneotions
Cs Conneoted Population

D. % Connected

Calaba

A. Population in Servioe Area
B. Number of Jervice Conneotions
C. Connected Population

D. % Conneoted

Pre

sent

Servioe
Area

10
6

Vi=$

)135
790

,320

62%

319
13
61%

264
18
85

33%

122
23
120

98¢

(1980)
Immediate
Servioe

~Area

11,968
1,090
. 8,720
73%

740

91

515
707

694

65

312
45%

570

60

318
56%

378

50

255
67

1990
Servioe
Area

16,880

1,752

14,015
83%

1,120
169

900
80%

1,035

141

675
657%

755
530
70%

520

16

390
754

250

26

150
60%

1,490
135
745

50%

2000
Servioce

Area

22,688

2,552
20,420

1,637

263

1,395
85%

1,325

221

1,060
80%

1,083
164
870

835
131

492

68

395
80%

2,081

265

1,455
T0%



TABLE VI~2 {Continued)

(1960)
Fresont Immediate 1990 2000
Service Servioce Servioce Servine

Area Area Ares Area
VIII. Bangbangar
A. Population in Ssrvice Area - - 585 1,122
B. Nunher o Service Connections = - 55 141
C. GConneotsd Pogpulation - - 350 900
D. % Conneocted - - 60% 804,

IX. Patucannay

A. Population in Service Area 1,065 1,703

B. Number of Servioe Connections « - 120 257
C. Conneoted Population - - 635 1,365
D. % Connected - - 60% 8o
X. maﬁg‘o :
A. Population in Serviocs Area - - - 957
B. Number of Service Comnections = - - 105
C. Connected Populatiom C- - - 515
D. % Connected - - - 60
XI. Sao-atan
‘A. Population in Service Area - - - 453
B, FNumber of Servios Cconections - - 51
C. Connected Populatiomn - - - 275
D, % Conmected - - - 61%
XII. Palao
A, Population in Service Arsa - - - 1,064
B, Number of Service Conneotiona - - 114
C. Conneoted Population - - - 640
D. % Connected - - - 60
Total Number of Connections 868 1,362 2,573 4,332
fotal Population 10,840 14,350 23,700 35,440
Total Population Served 6,720 10,120 18,390 30,020
4, Served Population - 624 1% 784 85%

VI=6



180  1xo 2000

Domestiio use, lpod 9% 110 125
Commercial/industrial/insti-

tutional, lpod 12 1 20
Aocomnted~for-water, lpod 107 ng' E1.v3
Percentage of unaccounted-

for-uater, lpod (40) (28) (20)
Unaccounted~for-water, lpod 1 49 36
Tetal Water Demand, lpod 178 174 161

Present unascounted~for-sater of the BAN-WD (83,5 percent of
tota) water preduction) is projeoted to be reduced te 40 peroent by
1980, The faotors that will oentribute to the decline in unaccounted~
for-sater ares (1) initiation of an extensive leakage deteotion
swrvey and repair; (2) metering of all existing connectionss and
(3) replacement of existing leaking connections.

Based on the above water demand paramsters and the projected

ssrved populations, the water demands for the design years 1980, 1990
and 2000 ave as follows (see Table VI-3 and Figure VI-3):

19860 190 = 2000

Water demand, lpod 178 174 181
Served population 10,100 18,400 30,000
Average daily water demand,

ousd 1,800 3,200 59430
Naximun-day water demands ,

oumd 2,160 3,840 6,520
Peak=hour water douandﬁ/ ’

omd 34150 54600 9,500

AR ———

Baned on 1.2 times average dally demand,
Based on 1,75 times average dally dsmand,

VI=T



Yoar

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

TABLE VI3

YEAR-BY~YEAR SERVED POPULATION AND WATER DEMAND PROJECTIGNS
BANGUED WATER DISTRICT

Total
Population

Served

8,590

9,320
10,120
10,740
11,400
12,100
12,850
13,4640
14,480
15,370
16,300
17,320
18,390
19,310
20,280
21,300
22,370
23,490
24,670
25,910
27,210
28,590
30,020

Average-Day
Demand

{cumd)

1,990
1,820
1,800
1,910
2,020
2,140
2,270
2,400
2,540
2’690
2,850
3,020
3,200
3,370
3,560
3,750
3,950
4,170
4,400
4,630
4,890
5,150
5,430

V18

Maximum-Day
Demand

foumd)

2,390
2,180
2,160
2,290
2,420
24570
2,720
2,880
3,050
3,230
34420
3,620
3,840
4,040
4,270
44500
4,740
5,000
5,280
54560
5,870
6,180
6,520

Peak-Hour
Demand

‘cumdz

3,480
3,190
3,150
3,340
39540
34750
3,970
4,200
4,450
4,710
4,990
59290
54600

9
6,230
64560
6,910
74300
7,700
8,100
8,560
9,000
9,500
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CHAPTER VII WATER RESOURCES
A. OENERAL

The BAN-WND ourrently obtains all of its water from Lusuao
Spring in the mountains to the southeast. The possible souroces of
water for further municipal supply are springs, wells, and surfaoe
water from the Abra River.

B. (ROUNDWATER RESOURCES

The BAN-WD is located in the valley of the Abra River and in
the adjacent hills to the southeast along the existing pipeline to
Lusuao Spring. Lusuac Spring supplies the water distriot by gravity
flow. The existing water distribution system is insufficient for
the needs of the served communities and is supplemented by numerous,
small-capacity private wells and by use of local surfaoe water.

Lusuac Spring is capable of supplying all the requirements of
Bangued by gravity flow beyond the year 2000. Wells are an alter—
nate possible groundwater source and are also capable of supplying
Bangued throughout the atudy period.

Geology

The hills flanking the Abra River in the Bangued area are
compogsed of late Tertiary maxrine sediments, tuffaceous olastio
rocks and limestonea. Judging rrom outorops to the east, the
underlying basement rocks are metamorphased voloanios of Cretaceous
or Early Tertiary age intruded by Tertiary andesitic rocks. The
broad floodplain of the Abra River is filled with Reoent alluviumj
gravels, sands,silts and oclays. The thickness of the alluvium is
unknown, the deepest local welle penetrating it to about 50 meters.

The regional topography in the Bangued area is much affected
by faulting, with the Abra River occupying a graben trending north-
east ~ southwest about 45 degrees from the north -~ south regional
structural trend of the Cordillera Csntral to the east. Bangued
poblacion lies on an abandoned floodplain terrace of the Abra River.
No well logs are available from the ‘poblacion but data from
surrounding wells indicate that the Reocent alluviuvm may be thin at
this point.

Aquifsrs

There are two obvious aquife. systems in the area. The Recent |
alluvium cooupying the Abra River valley forme the better aquifer
system. Based on limited well log data and surface examination, it

VII-1



consists of uncemented, intricately interbedded clays, silte, sands
and gravels with great lateral variation over short distances.

Local wells producing from this alluvium have poor specific capaci-
ties and ars of low productivity but this is believed to result from
poor well design and construotion. This aquirer should have a high
transmissivity and be very productive in those locations where clean,
coarse sediments predominate. Abundant recharge to the valley allu-
vium will be provided by infiltration from the Abre River to replace
any water pumped by BAN-WD.

The other aquifer system is that of the older eediments beneath
and in the hills surrounding Bangued. These sameé rocks underly the
alluvium of the Abra floodplain. The older sediments are, in general,
less porous and permeable than the Recent alluvium and, consequently,
will not sustain highly productive wells. However, some beds in this
aquifer system are quite permeable as a result of intergranular
porosity, solution cavities, or fraocture porosity and are responsisle
for numerous large springs in the region. Rechirge to the aquifer
system by infiltration of rainfall is inhibited by surface clays in
many avreasg.

Spr 8

Springe oocur whenever an aquifer is interseoted by the land
surfaoce or whenever a natural conduit extends to the land surfaoe
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 seotion or "perched" as a result of an underlying imper-
vious bed, where erosion incises the land surface. Thus .aey tend to
ooour in gulleys or canyons and at the foot of steep slopes.

In the Bangued area, several large springs are known and smali
springs and seeps are fairly common. This situation is to be expeoted
in an area of considerable topographio relief and some permeable beds.
Lusuac Spring, located at about 200 meters altitude and about 8 km
southeast of Bangued poblacion, supplies BAN-WD (Figure VII-1). No
other large aprings are known to be closer to Bangued.

Lusuac Spring ooours at a break in slope on the northwest face
of a itarge ridge. The apring emerges from a limestone formation into
an artificial pool built by the previous Bangued Water Depariment.
Other smaller springs or seepages ocour in the area, mone obvigusly
leaking from the built-up collection pool and others separate but
probably coming from the same source ted. There im a very old
earthen dam that is overgrown with large trees and ponds water
several hundred meters from Lusuac Spring, indicaling that the souroce
area hae been in use for a long time. The existing spring facilities

VII-2
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are used by a small swimming pool at the spring aite, for limited
loocal irrigation, and as the BAN-WD souroe of supply. Most of the
spring discharge flows to waste over a broad—-orsested weir.

A staff gage was installed at the weir and routine readings
have been made of #pring discharge with the irrigation diversion
pipes plugged. The figures inolude some water from loocal seeps
rather than from Lusuac Spring (approxinateky 2,600 cund) and do
not inolude the BAN-WD diversicus (approximately 3,000 cumd rate).
Thus, the figures probably reprisent the actual flow of lusuac
Spring within the limits of error of the measurements.

Date Measured Flow — Lusuao Spring (cumd)

16 Sept 1976 25,000
21 Sept 1976 19,000
24 Sept 1976 20,000
28 sept 1976 20,000

1 Oct 1976 22,000
8 Oct 1976 25,000
15 Oct 1976 25,000 |
22 Oot 1976 25,000
29 Oot. 1976 25,000

5 Nov 1976 25,000
18 Mar 1977 19,000
25 Mar 1977 . 18,000

The flow is expeoted to deorease further in April but not signifi-
cantly, oonsidering the limited requirements of BAN-WD,

The total annual spring flow of Lusuaoc Spring alone appears to
be about 7 million oubic meters. Moat of the recharge from a very
large area of hills above 200 meters altitude must be channelled ¥o
Lusuac Spring to sustain this flow. The topographic maps indicate a
large sinkhole on the top of tha ridge a kilomster south of the
spring. The combined evidenos of the sinkhole (karst topography),
the large spring flow and the limestons outorop at the spring implies
that the large spring (ead probably the other springs in the zre:.}
results from solutior channels in a limestone formation. It further
implies that the massive recharge necessary to sustain the rvrings
results {at least in part) from infiltration and drainage into solu=-
tion cavities in such a limestone. Tf the recharge area and storage
volume supplying Lusuaoc Spring is in cavernous limestone, it is
very likely that wet to dry season fluctuations of flow will be
large bscause suoh limestones frequently release stored water very -
rapidly (high permeability and rapid drainage effect). Careful
monitoring of spring flow throughout several years studied in

VII=3



conjunction with long~term precipitation records will be neocessary

to make a reasonable estimate of minimum flow. The miniwum spring
flow, however, appears to be much greater than the year 2000 require-
ments of BAN-WD.

Wells

There are numerous shallow, emall-capasity handpump wells in
Bangued poblacion that supplement the BAN-WD supply of domestio
water. Numerous othar handpump wells provide domestic water through-
out the Bangued area. Records of depth, diameter and yield are
available for 25 of these wells from the Bureau of Public Works (BFW).
The pertinent data of these wells are give.. in Table VII-1 and the
loocationa of most wolls are shown in Figure VII-1l, Stratigraphic logs
are shown in Annex Figures VII-B-l through VII-B-9, Unfortunately, the
stratigraphio desoriptions in the loge aro too generaliged for
detailed study. In many cases, they do not even differentiate
clearly those wells drilled in the Recent alluvium from those drilled
in the older nmrine sediments (although adobe and limestons are con-
sidered to indicate the older rooks).

The following statistioal data derived from the wells listed in
Table ' VII=l are pertinent: :

l. Maximum test yield, 1.26 lps.

2. Average specific capacity, 0.26 lps/m, indicating generally
poor wells incapable of large production,

3+ Maxipum specific ocapacity, 1.02 lpa/n, however, the referenosd
well (CDM~17) was tested at such a emall production rate
(0.32 1ps) that the figure is not particularly mesningful.

The next lower specific capacity is 0.83 lps/m and the next
two in order are both only 0.41 lps/m.

4. MNaximum depth, 166.2 meters.

5« Average depth, 55.2 meters, '-ith 4 wells over 100 meters.
Average specific ocapaocity o' #:.'s over the average depth is
0.16 lps/m, and of wells w it “:e average depth is 0.30 lps/m,
probably indiocating that we " - <:e drilled deep only in poorer
aquifers.

6+ Casing diameter varies from_ 37 to 150 mm, with no signifioant
correlations with specific oapacity.

An interpretation of existing well data must take into account
that the wells are almoat always poorly designed and oonstruoted.
They produce only from an open hole below the casing or from a short
length of slotted pipe at the bottom of the casing. The well is
drilled until the driller believes the well produce enough water for
intended use from the bottom of the hole, and no attempt is made to

VII-g



Ch BPH
Well Well
Number Number
1 4825
2 4766
3 4875
4 4931
5 11284
6 8378
7 11285
8 11283
9 11282
10 9946
11 9347
12 9945
13 16222
14 19542
15 1606
16 16011
17 20901
18 20902
19 9943
20 9941
21 18742
22 16021
23 9942
24 9948
25 1621

Location

Agtafigao, Bangued
Pao, Bangued

Dangdangla, Bangued
Cosili, Bangued

Patucannay, Bangued
Bangbangar, Bangued
Macray, Bangued
Patucannay, Bangued
Santa‘ Rosa, Bangued
Palao, Bangued
Lipcan, Bangued
Calaba North, Bangued

Sappaas, Bangued

Msoay, Bangued

Lingtaw, Bangued

Saguid Lubong, Bangued

PC Camp, Bangued

Abra Emergengy Hoapital,
Bangued

Cabuluan, Bangued

Sacao, Baugued

Sepaac, Bangued

Palicao, Bangued

Sorecok, Bangued

Angad, Bangued

Bacsil I, Bangued

TABLE VII-1

WATER WELL DATA SUMMARY

Depth From Ground
Surface In Metere

Nominal Static Pumping Test

Diameter Water Water TYield
(mm) Total Cased Level Level (1ps)
100 65.6 61.0 3.66 Te32 1.26
lgg 105.2 2;:% 9.76 11,59  0.63
100 105.8 44.2 3.05 11,89 0,63
100 62,

75 166.,2 99.4 15.24 33.53 0.63
150 604 54.6 12,20 24.40 0.63
150 2T+4 20.4 Te62 11,28 1.26
150 54.9 49.7 10,67 24439 0.63
150 82,6 6243 18.29 24.39 0.63
150 253 2541 10,67 0.95
150 3045 18,0 13.72 15.24 0.63
150 39.9 24.7 12,20 15,24 0.63
150 49.7 30.0 12,20 15.24 0.76
112 13.7 .

100 51.9 23.8 3.66 3.96 0.63
100 30.8 30.8 12,20 15.24 0.63
100 47.3 40.9 12,57 16.77  0.05
100 19.5 19,2 3.05 4.57 0.63
100 41,2 35.7 10.67 10.98 0.32

37 47.3 18.8 9.15 10,67 0e.32
150 177 14.6 10.67 0.76

) 28,1 12.2 9.15 10,67 1,26
150 54,9 40.6 6.10 9.15 0.32
100 25,0 15.2 10.67 12.50  0.44
150 109.8 67.1
150 24.4 18,0 10,67 14.63 0.44

68,8 610 Abandoned

VII-5

Specific
Capacity Year
(1ps/m) Completed
0.34 1949
0.34 1948
0.07 1949
0.03 1949
0.05 1956
034 1955
0.05 1956
0.10 1956
1956
0.41 1956
0.21 1956
0425 1956
0.19 1962
0.21 1957
0,01 1960
0.41 1960
1.02 1958
0.21 1958
1956
0.83 1955
0.10 1958
0.24 1960
1856
0.11 1956
1962



produce from agquifer zones cased off in the upper well or to explore
deepsr to find mors useable ifer thickness. Th properties are
aocsptable (but not desirable) for handpump wells,~ but often result
in uniformly poor wells (as illuscrated in Table VII-L) whether the
aquifers are very good, moderately poor or very variable. A very
poor agquifer, of ocourss, will support only very poor wells under

any condition of well construction.

Thus, an analysis of the well data from Table VII-1 indiocates
only that wella producing at least a small amount of water oan be
drilled almost anywhere in the Bangued area. It is nscessary to
analyse the limited stratigraphic evidence from goologic maps, well
logs and examination of surface exposures to estimate the probable
productive capacity of good wells., '

The Recent alluvium exposed in the active floodplain of the
Abra River was examined. It appears to be largely fine to medium-
aived sand with some silt, clay and ecattered gravels. Well logs
Annex Pigures VII-B-1l through VII-B-5) indicate a similer section
with considerable local clay. The alluvium appears to be at least
30 meters thick in places and probably is considerably thicker in
areas not yet tosted. The alluvium underlying Bangued poblacion
probably is quite thin as suggested by the logs (Annex Figures
VII-B~1 through VII-B~4). The interferenoce of thin alluvium under—
lying the poblacion is further substantiated by well water quality
data in Table VII-2, page VII~-12. One well shows exocellent water
quality, probably from the alluvium, while the other two produoe
considerably more saline water, probably from the older rocks. Nells
of good design and construction drilled into this alluvium in areas
where it is thick and whery coarser sediments predominate should be
fairly productive. Such wells are probably capable of yielding
20 1ps or more at a specific capacity of 1 lps/m or more. Recharge
and oonsequent maintenanoce of pumping levels will bs no problem for
wells drilled into the Abra River alluvium because well production
will induce ocompensating additional infiltration from the river
into the alluvium.

The aquifer system comprised of the older sediments of the
hills will not ba nearly as produotive, on the average, as the
Reocent alluvium. Although some good wells might be construoted in
locally permeabla limestones or othar locally ocourring permeable
zones; the generai ssction as shown in the well logs (Annex Figures
VII-B~6 through VII~B-9) implies a relatively poor aquifer containing
mach tuff {adobe). Wells of good design and oonstruction in average
areas probably would yield about 10 lps at a specific capaoity of
about 0.4 lps/m. Poorer wells are to be expected in many cases, and
oonsiderable exploratory drilling and testing will be necessary to -

E/For further information on recommended practioes for hand
pump wells, see Appendix L, Volume II.
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determine aquifer parameters and to delineate areas overlying rood
aquifer materials. A shortage of recharge is not a likely problem
as long as well production does not sreatly exceed the year 2000
reguirements ol BN,

Well lesiyn and Drilliwr Program

It is necessary to develop a ygoneral well design and anticipated
production parameters for wells in Banysued for purposes of economic
studies of alternative sources for Bal-WD. If wells are chosen as
water source, the ultimaie design and production characieristics will
be based on test drilling programs and may be considerably different
from those used herein, llowever, the estimates herein are suitable
for their purpcses.

There are two distinctly different aguifer systems in the
Banrued area and ilwo different well desi:ns are necessary. However,
if it 1s decided to exploit either aquifeer system, the drilling
program would be similar. .Jmall-diameter, stratigraphic exploration
holes should be drilled, the first in the most convenient place
(within the chosen aquifier area) for UAN-WD use and two or three
more at a distance. If the geologic section in any or all of the
wells appears suitable, these should be completed as test cum pro-
duction wells. Tue well tests will provide aguifier data for use in
refining the design of further wells. The wells can be drilled by
aither percussion or rotary methods, depending on available equipment,
and can be either natural development or gravel-—packed wells depending
on aquifer conditions cncountered. Suggested scresn and casing sizes
are 150 1o 200 mm diameter lower casing and screen and 250 mm pumpe
housing casing for the first wells (suitable for 30 1ps or less pro-
duction rates). 'The casing sizes will be adjusted as the anticipated
production rale of each well becomes more closely defined. Annex
Figures YI11=1-10 and ViT-B=11are examples of general well designs
and construction sugestions for D ued.

ior cost estimating purjoses, the followimy desigms were used,

l. Induced infiltration wells in the Recent alluvium of the
Abra River;

a) verth = 37 m

b) Diameter of casing — 200 and 250 mm

¢c) Iroduction rute - 19 1ps

d) Pumping water level — 16 m below sround level
2« Deepwell in the older sediments;

a) Deptk — Q2

b) biameter of casing — 150 and 250 mm

c) Production rate — f.3 1ps

d) Pumping water level = 25 m below rround level
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It is anticipated, for purposes of cost estimation, that wells in
Bangued poblacion will necessarily be deep wells because the
alluvium will prove to be thin.

Monitoring

A monitoring program to gather water souroce data is necessary
for proper planning and operation of any water district. In Bangued,
Lusuac Spring production must be monitored and, if wells ever become
an additional source, well production must also be monitored.

A permanent broad-cresied weir already exists in the overflow
channel of Lusuac Spring and a temporary staff gage has been erected
to meusure the head cver thu weir, The wator channels in the area
should be modified and maintained so that all the overflow, and
only the overflow, from the opring passes over the weir. Iurthermore
the temporary gage should be replaced with a perma .3nt installation
and oalibrated against weir overflow using a current meter, measuring
flume or standard weir. Flow measurements should be made twice
monthly, water samples for bacterial analysis should be oollected
monthly, and water samples for chemical analysis collected yearly.

The collected data will give early warning of flow reduction or con-
tamination so that remedial action can be taken early.

Each BAN-WD production well (if any) should have facilities for
measuring the total amount of production or rate of production, times
of operation and water levels. Routine monthly observations of
static and pumping water levels should be recorded and daily records
of pumping kept. HWater samples for bacterial analysis should be
collected monthly and for chemical analysis, annually. The data from
the well monitoring program will provide better aquifer parameters,
indicate the magnitude of recharge, give early warning to BAN-WD of
deterioration in water quality or pump performance so that remedial
action can be taken, and show any unforeseen decline in regional
water level so that individual well yields (which affect local pum-
ping levels) and design and loocation of future wells oan be ad justed
as necessary. For these purposes, copies of all BAN-WYD well monitor-
ing data should be routinely analyzed by BAN=WD (if they have
competent starf for suoh analyses) or by some associated agency
competent to perform such analyses.

Summary of Groundwater Resources

Lusuac Spring is capable of supplying all of Bangued's water
requirements past the year 2000 with xood quality water requiring
no treatment chlorination. It is high enough for water to be
delivered to the entire water district by gravity flow, minimizing
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operating expenses and maintenance problems, but it is nearly 8 im
from Bangued poblacion, requiring a long transmission pipeline.
However, this pipeline also provides watar to Pefiarrubia Poblacion,
only 2% km from Lusumc Spring.

Wells can also be developed to supply che year 2000 require-
ments of Bangued with water requiring no treatment exoept
chlorination. They would have the advantage of baing oloser to
the poblacion and other oenters of major use than Lusuac Spring is,
but would have the disadvantage of requiring multiple pumping
stations, with oocnsequent operating costs and mechanioal complexity.

Lusuao Spring has the additional advantage of being a ocertain
souroe from a known location, making planning and design simp’e and
egtimated ocosts more acourate. The exact or even general location of
wells to supply Bangued is ourrently unoertainj an elaborate explo-
ration program would be necessary to positively identify the sites
and thus permit detailed planning and design and defining oosts.

C. SURFACE WATER RESOURCES

Bangued is situsted in a large loop of the Abra River which
has a reliable low flow much more than suffioient %o provide all
BAN-WD requirements beyond the year 2000. The Abra River is about
2 km from the osnter of the poblaocion at its nearest point. Another
possible Bangued surface water source is the Sinalang River, a
tributary of the Abra River that passes a little more than 2 km
south of the center of the poblacion at its nearest point where it
leaves the hills., - The Sinalang River at Bangued probably has a
reliable low flow just sufficient to meet the year 2000 requirement
for BAN-WD. Water from both rivers would require oomplete treatment
to meet Phiiippine National Standards for Drinking Water.

Surface water data from rivers within the vioinity of Bangued
have been oompiled and analysed to establish the statistiocal
recurrencs of average and minimum monthly flows. BPN records of
4 gaging stations with monthly records spanning from 11 to 17 years
were tabulated and analyzed using the Gumbel probability method of
establishing 10-year, S5-year, and l-year recwrring flows (Methodology
Memorandum No. 4). The analysis shows the following:
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Minimum Flow (oumd/sqkn)
Longitudo/ Years of Drainage at Return Period of

Station Latitude _Record Area (sgkm) 10 Yeaxs 5 Years 1 Year
Sinalang River 120%-39-20"
@ Pefiarrubia 173-32--20" 17 120 55 68 166
Abra River 1200-42'-40"
@ Bo. Bumagoat 170-37'-40" 17 2,515 362 397 561
Abra River 120 0-28‘-30"
® Bamaoang 177=33'~20% 16 4,813 349 369 498
Abra River

Taking minimum recurring flows of the Abra River (for preliminary
design purposes, '"minimum flow" is taken as low flow that is statis-
tioally expected to ooour cnoce every 10 years); the flow ranges
between 349 to 362 cumd/sgime On the basim that the drainage area
of the Abra River in the proximity of Bangued is 4,430 sqkm, the
theoretical minimum flow reocurring onos svery 10 years will be
1,55 million cumd. This is obviously sufficient to .provide the
water supply requirements of BAN-WD for the year 2000.

The olosest gaging station on the Abra River to Bangued is at
Barrio Bumagoat, Tayum, about 10 km upstream of the Bangued poblacion.
At this etation, the minimm recorded flow was 0.91 million ocumd.
There is an irrigation pumping station of the National Irrigation
Administration (NIA) on the Abra River at Barrio Bagalay, about
2 km downstream of the gaging station, but this station does not
remove enouzh water to infringe on the quantity required by BAN-ND.

Sinalang River

Taking minimum recurring flows of the Sinalang River (10-year
reourring minimum flows), the flow is astatistically projestud as
55 oumd/egkm. On the basis that the drainage area of the Sinalang
River in the proximity of Bangued is about 165 sqkm, the theore-
tical minimum flow reourring once every 10 years will be about
9,000 cumd, about 50 perosnt more than the ysar 2000 requirements
of BAN-WD. The minimum recordsd flow at the gaging station at
Barrio Lungsad, Peflarrubia, about 8 km upstream of Bangued poblaociom,
was 6,050 cumd in March 1967.
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D. WATER QUALITY OF POTENTIAL SOURCES

Water samples were takem from Lusuac Spring, the Abra River,
and wells in the Bangued area. Chemical analyases were performed
to determine the water quality of each potential souroce with
respect to potability and treatment requirements. The results of
these analyses are shown in Tables IV-2 and VII-2, and are briefly
discussed below.

Lusuac Spring Water

Two analyses of water from Lusuac Spring are shown in Table
IV-2. The water is of excellent chemical and physical quality and
meets the requirements of the Philippine National Standards for
Drinking Water in all respects. Even the hardness is relatively
low for spring water in limestone ocountry. The c.rfferenoce in the
two analyses in regard to ocalcium and magnesium is almost oer—
tainly analytical error.

Well Water

Since groundwater essentially passes through a filtration
process while flowing through a granular aquifer (such as in the
BAN-WD area) and is not exposed to surfaoe pollution, color and
turbidity or suspended solids are usually not present. For this
reascn, unless other deleterious substances (such as excessive
hardness, dissolved gases or dissolved iron) are presert, treatment
other than disinfeotion is generally not required.

Water analyses of samples taken from existing Bangued wells
are phown in Table VII-2. All of the well waters analyzed fall
below the Mexcessive" limits of the Fhilippine National Stasndards
for Drinking Water, and below the "permissible" limits in all
respacts, exoept for marginal hardness in one well rampled.
However, the private well produces water of very low hardness,
chloride content and sulfate content. This water almost oertainly
ocomee from the Reoent alluvium whioh was deposited in fresh water
and is s~ permeable as to be continually flushed by fresh recharge
water. The other two wells produce considerably harder and more
saline water almost oertainly coming from the older sediments
whioch are less permeable and more poorly flushed out and so contain
either salts dissolved from the rocke or remnant tiaces of connate
salt water.
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TABLE VII-2

WATER QUALITY TEST RESULTS
POTENTTAL SOURCES
BANGUED WATER DISTRICT

Private Well

Abreco Compound Public Market Purugganan St. Abra River
Well, Bangued, Site Well, Corner Washington St. Bo. Calaba
Permissible Abra Bangued, Abra Bangued, Abra Abra
Test Unit Limits 25 March 1977 25 Maroh 1977 25 March 1977 15 Sept 1975
Physical
Color APHA 15 2 2 2 110¢
Turbidity FIU 5 0 2 0 45
Total Dissolved
Solids#» ng/1 500 598 380 208 117
Conductivity -1cronhos/
om, 920 585 320 180
Chemical
pH 7-8.5 6095 T05 Te15 1.9
Total ng/1
Alkalinity CaCoO3 394 176 - 134 75
Phenolphthalein mg/1
Alkalinity CaCO3 0 . o 0 o
Total Hardness zg/1
CaCO3 400 414% 214 100 64
Calcium : ng/1 15 122+ 56 25 24.8
Magnesiun mg/1 50 26 18 9 0.48
Total Iron ng/1 0.3 0.08 0.30 0.22 0.9%
Fluoride ng/1 1.5 0.43 0.43 0.50 0
Chloride ng/1 200 76 84 7 2.44
Sulfate ng/1 200 27 4 0 19
Nitrate #*#% ng/1 50 13.5 5.8 10.6 8

Manganese mg/1 0.1 0.06 0 0 o

¥Exceeds the permissible limits set by the Philippine National Standards for Drinking Water.
sxComputed to be 65 percent of conductivity.
»%#Limits inferred from limits of individual metals causing hardness.

*#**pifty (50) to 100 mg/1 may cause infant disease according to Philippine Na‘tlona.l Standards for Drinking Water,



The water that vould be produced from new BAN~WD wells can be
expscted to be similar to cne of the tasted well waters depending
on the aquifer producing the water. Such water will almost ocer-
tainly be acceptable for domestio use without extensive treatment.

Surface Water

Water from surface sources is generally high in oclor, turbidity
and suspended solids during periods of rainfall. Even during non-
rainy periods, surface water usually requires complete treatment
including chemical addition, mixing, coagulation, floocculation,
sedimentation, filtration and disinfection. .

The results of chemical and physical analyses performed on
water from the Abra River are shown in Table VII-2. The results
indicate that concentration of color and turbidity is excessive
and treatwent would be required particularly during the rainy
season when turbidity would be much higher. The iron content is
also excessive but dissolved iron in the reported quantity is
unusual in normal aesrated river water. The iron probably is parti-
oulate in nature and so would be readily filtered out during the
otherwise required complete treatment.
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ANNEX VII-B

WELL DATA



o

DESCRIPTIVE DATA GRAPHIC LOG

DEPTH
ASIN STRATIFICATION
WELL NO.(coM)____8 (W) J(FT) | CASING
(OTHER)___BPW 8378 ___
LOCATION BARRIO BANGBANGAR: BROUND SURFACE
CITY BANGUED
PROVINCE _ ABRA BROWN CLAY
CONST. BY BPW 1.8 8
DRILLER
STARTED JUNE 8, 19586
COMPLETED JUNE 21, 1955
OWNER BPW
STATUS ] ROLLING BOULDER
CASING DIAMETER 180 MM. (€ IN.)
CASING LENGTH ___20.4 M. (67 FT.) ;
DRILLER'S TEST DATA: Eé) n
DATE :
STATIC WATER LEVEL ~7.6 M.(25FT) 9.l 30 Q-_-?.-
PUMPING WATER LEVEL=204 M( 37 FT) ==
TEST PUMP YIELD 20 gPM (1. 3LPS) === |
SPEGIFIC CAPACITY O.3LPS/M.(1.7GPM/FT): ==
REMARKS ) §:§
= BLUE CLAY
WATER BEARING STRATA R
183-27.4 M. (60-90FT) —=| E==
WATER QUALITY DATA: | red 80 § —<
\ \ ADOBE RMOCK
WATER 1S FRESH 8 CLEAR. 200 | e7 \\
aix TO \L' T
| LIMESTONE
!
]
'
27.4 so  ———

"WELL DATA" SHEET
. . L
:5::15'3#':“0:;"?& ur::m f:f: LWUA-CDM WELL CDM-6




DESCRIPTIVE DATA

ORAPHIC LOG

DEPTH

WELL No{coM) 9 W ] (FD CASING STRATIFICATION

, (OTHER) _ BPW NO.11282
LOCATION BARRIO STA. ROSA — ~GROUND SURFACE
CITY BANGUED
PROVINCE ABRA
CONST.8Y BPW BROWN CLAY
DRILLER DOMINGO ESCUDERO
STARTED APRIL 25,1956 ol 20
COMPLETED MAY 5, 1956
OWNER
STATUS
CASING DIAMETER 130 MM. (6 IN.) SUCTION

75 MM (3 IN.)

DRILLER'S TEST DATA:

DATE SAND AND ORAVEL

STATIC WATER LEVEL = 10.7 M (35 FT.)

PUMPING WATER L EVEL

TEST PUMPYIELD 0.95Lps (I5GPM)

SPECIFIC CAPACITY

28.3 [}

REMARKS:

WATER QUALITY DATA:

reaaimLity stuoy ror waren | WUA-CDM

SUPPLY OF SECOND TEN URBAN AREAD

ANNEX FIGURE YII-B-2
WELL DATA SHEET

WELL CDM-9




DESCRIPTIVE DATA GRAPHIC LOG

DEPTH
. CASIN STRATIFICATION
WELL NO. (cDM) __ e Y | (FT) ABING ATIFICATIO
(OTHER).__ 8245
LOCATION CALABA NORTH _ —GROUND SURFACE
cITY BANGUED =
PROVINCE ABRA 5__:‘2— RED CLAY
CONST.BY e
DRILLER CANDIDO SALUDARES ==
STARTED APRIL 7, 1956 a1 | 2o E= 5 RED CLAY_ WITH_GOULDERS
COMPLETED. JUNE 13,1956 2= 1
== RED AND YELLOW GLAY
OWNER ~ = -= WITH BOULDERS
STATUS =53
CASING DIAMETER '50MM (6 IN.) SUCTION: :"": :: € LO0SE ROCKS WITH CLAY
75 MM (3 IN) '2" a2 =0 S YELLOW CLAY WITH BOULDERS
DRILLER'S TEST DATA:
DATE SOLID ROCK
STATIC WATER LEVEL = '2.2 M (40 FT)
PUMPING WATER LEVEL — 2-2 M.{50FT)
TEST PUMP YIELD 0 .76 LPS(12 GPM) 201 e —
SPECIFIC GAPACITY_.0:25 LPS/M
SAKD AND GRAVEL
REMARKS:
299 98
ADOBE STONE
36.9 121 ety
WATER QUALITY DATA:
SANDITONE
497 163

ANNEX FIGURE Y11-8-3
WELL DATA SHEET

FEASIBILITY STUDY FOR WATER LWUA"CDM WELL CDM-i2

SUPPLY OF BECOND TEN URBAN AREAS




DESCRIPTIVE Ui

SRAPHIC LOG

WELL NG (COM) __17 w 1o |
(OTHER) ___20901
LOCATION P.C__CAMP .. - GROUND SURFACE
CITY BANGUED prhsacey I i
ABRA B SZi=] [ESX]  BROWN GLay

PROVINCE |0 RO
CONST.BY e e
DRILLER AGAPITO GALICINAD Ud e CONOLOMERATE
STARTED AUGUST 30, 1958 . i ER e
COMPLETED OCTOBER 10, 1988 :
OWNER BOULDERS
STATUS 9.1 30
CASING DIAMETER OO MM. (4 IN.)
CASING LENGTH__35.7 M (117 FT))
DRILLER’'S TEST DATA:

DATE

STATIC WATER LEVEL —~10.7 M. (35 FT.)

PUMPING WATERLEVEL — ! C M.(3B FT) SAND AND GRAVEL

TEST PUMP YIELD 0.32LPS(5GPM)

SPECIFIC CAPACITY LOX LPS/ M,
REMARKS:

271.4 0
ADOBE CLAY
WATER QUALITY DATA
4.2 i38

FEASIBILITY 3TUDY

FOR WATEW

SUPPLY OF SECOND TEN URBAN AREAY

LWUA-CDM

ANNEX FIGURE \II-B-4
WELL DATA SHEET

WELL CDM-i7




DESCRIPTIVE [ ATA GRAPHIC LOG
, - DEPTH CASING STRATIFICATION
WELL NG.{CCw) __ 12 R
{OTHER) 9943
LOCATION BARRIO CABULUAN —~--GROUND SURFACE
city BANGUED L —-:‘j
PROVINCE ABRA F=d | p=]  bRowN clay wiTH BouLbzRs
CONST.8Y_ Sy [Fod
DRILLER CASTOR HMENDOZA 34 W B Fosg-
STARTED APRIL 6,1956 ( BOULHERS AND GRAVEL
COMPLETED APRIL 30,1956 5.8 ' oRSAd bl ]
OWNER . 2 BOULDERS , SANDBTONE
STATUS
CASING DIAMETER {50 MM. (6 IN.) 75 :MI3IN),
CASING LENGTH
DRILLER'S TES( DwTA: SaHDSTONE
DATE :
STATIC WATER LEVEL - 10.7 M. (35 FT. )
PUMPING WATER LEVEL
TEST PUMP YIELD 0.76LPS (12 GPM.) U
SPECIFIC CAPACITY SAND AND ORAVEL
iI7.?7 -1 ] ~
REMARKS:;
WATER QUALITY DATA:
ANNEX FIGURE YII-B-5
WELL DATA SHEET
FEASIBILITY STUDY FOR WATER -
SUPPLY OF SECOND TEN URBAN AREAS LWUA' CDM WELL CDM-IS




DESCRIPTIVE DATA O ABHIC LOG
DEFTH CASING S TRATIFICATION _ﬁ
AT iz
WELL HO. (COM) ___2 () | FT)
{OTHER) __BPW 4766
LOGATION BARRIQ PAQ . ~GROUND SURFACE
ciry BAMGUED S5 yewlow cLay
PROVINCE ABRA 42 | 15
CONST BY
DRILLER BONIFACIO DE LA CRUZ =
STARTED OCTOBIR 5, 1948 i___—_:_:;
COMPLETED DECEMBER 1,1948 IIE| LR oLy
OWNER =3
STATUS iy
21.8 70
CASING DIAMETER 100 MM. (4 IN.) Cens
183 M.(-60FT.) 27.4 90 ==
DRILLER'S TEST DATA: =
DATE S BLUE CLAY
STATIC WATER LEVEL ~S.0M_ (32 FT) =
PUMPING WATER LEVEL-11.6 M (38 FT) F==
TEST PUMP YIELD _____ s e B
SPECIFIC CAPACITY__ 03 Lpsam(l.sem;rt) 41 5
REMARKS: 80FT STONE
49,7 {03
83.8 L
S5s B
Sl SANDY CLAY
=
81.0 200 sl =S
= =4
o gt
==, E=
=== ==
WATER QUALITY DATA: [= __—_ﬁl |E_—=::
= ==
== ==
SR
=3 B sLUEL CLAY
==
EZZ
=3
=3
==
===
=23
100.6 330 -_‘_—_:1
o SAND ROCK
108.¢ 348
ANNEX FIGURE YII-B-6
: WELL DATA SHEET
FEASIBILITY STUDY FOR WATER -
SUPPLY OF SECOND TENR URBAN Alils LWUA-CDM WELL CDM 2




FEASIBILITY STUDY FOR WATER
SUPPLY OF SECOND TEN URBAR AREAS

LWUA-CDM

DESCRIFTIVE UDATA SRAPHIC LOG
( ,?EPT(“ -] casine STRATIFICATION
WELL NO. (COM) 4 WY | (FY '
(OTHER) BPW 493!
LOGATION BARRIO COSILI —_.a—-"GROUND SURFACE
CITY BANGUED =
PROVINCE ABRA YELLOW CLAY
CONST.BY BPW o iy
DRILLER '
STARTED FEBRUARY 22,1949 BiLuE ADOBE
COMPLETED APRiIL 13,1949
30.8 100
OWNER BPW 238 o SAND ROCK
STATUS
CASING DIAMETER _lOOMM (4 |N)-62.8M.(208 FT)
76MM(3 IN.)-36.8M.(I120 FT))
DRILLER'S TEST DATA:
DATE
STATIC WATER LEVEL -13.2 M, ( BO FT,)
PUMPING WATER LEVEL ~33.5M.( HIO FT)
TEST PUMP YIELD _1QGPM (Q.6 LPS) BLUE ADOSE
SPEGIFIG GAPAGITY 0-03LPS/M(0.2GPM/FT.)
REMARKS : 89.4 | Zz¢
igg. 4 glio
WATER QUALITY DATA: | SAND mOCK
160.1 ' Bas

ANNEX FIGURE YII-B-7
" WELL DATA SHEET

WELL CDM-4




DESCRIPTIVE DATA GRAPHIC LOG

DEPTH
(OTHER) BPW (284
LOCATION BARRIO PATUCANNAY GROUND SURFACE
cITY BANGYUED
PROVINCE ABRA === BROWN  CLAY
CONST.BY BPW we | w ES
DRILLER 3
STARTED MAY 19, 1956
OWNER BPW ADOBE CLAY
STATUS ;
CASING DIAMETER _130 MM.L_6 IN.)
CASING LENGTH 545 M. ( 179 FT)
1.8 .u
DRILLER'S TEST DATA:
DATE
STATIC WATER LEVEL _ —12.2 M.( 40FT)
PUMPING WATER LEVEL .—24.4 M{ 80 FT)
TEST PUMP YIELD 106PM (0.8 LPS)
SPECIFIC CAPACITY __.05 LPS/M (0.25 GPM/FT)
i
REMARKS: -
ADOBE ROCK
WATER BEARING STRATUM AT
55~198 FT. (16.8~60.4 M.)
WATER QUALITY DATA:
8458 179
WATER IS CLEAR, soa | 108

ANNEX FIGURE YTI-B-8

WELL DATA SHEET
SR ey or secous Tew onean Mazxs  LWUA-CDM WELL CDM-5




DESCRIPTIVE DATA GRAPHIC LOG

_DEPTH
WELL NO. (Com) 0 ™) l FD) CASING STRATIFICATION
(OTHER) ___9946
LOCATION PALAO ~~GROUND SURFACE
cITY ~ BANGUED == E=
PROVINCE ____ABRA o]
CONST. BY = |E=S
ORILLER __CANDIDO GONZALES == 5 "o
STARTED JUNE 4, 1986 e
COMPLETED __JUNE 27 156 4 L =
= B
OWNER == 21 BROWN CLAY WITH
STATUS =3 B=E Loose Rocks
CASING DIAMETER 130 MM_(8 IN) = E=
CASING LENGTH__ 18 M. (89 FT) 21 7 b e
pEAD ROCK™
DRILLER'S TEST DATA:
1.6 30
STATIC WATER LEVELZ!3.7M. (45 FT.) o | a
PUMPING WATER LEVEL-1S:2 M.( 50 FT) - ‘ ,','"q: é_.‘r';’,'j SAND AND ORAVEL
TEST PUMP YIELD___ O GPM(0.63 LPS) I5.2 LY -
DURATION OF TEST___ |8 HOURS o h
SPECIFIC CARMCITY_0.42 | pS/M(2GPM/FT.) L T HIMESTONE
1
| I 1
:"-" :2 S ®] SANO AND ORAVEL
REMARKS BOULDERS
20.4 a7
o } SANDS TONE
- RN B R
23.2 ™ e =
Qb?; I:':.f};;?' SAND AND GRAVEL
244 I 90 g . LINERTORE WiTH
28.3 - a3 D AND GRAVEL
N BN 2
. :d,“ :-‘é’:&:
:’;‘; |;’§%€_§2 SAND AND SRAVEL
: L’ [] '9‘\6
ool e
WATER QUALITY DATA; b5 M
L Suaif - 3%
308 T/ QR SFPRCIL S PR
* LOCAL DRILLERS NON STANDARD TERMINOLOGY

ANN=X FIGURE YII-B-9
" WELL DATA SHEET

SureLy oF seconn Tew unean aneas  LWUA-CDM WELL CDM-i0




NOTE:

PROVIDE OPENING FOR WELL SOUNDING N
PUMP DISCHARGE HEAD OR SURFACE PL.ATE7

“be—eCONCAETE PUMP BASE

.
7 .. .
7. 7%
.

HOLE AY LEAST 150 MM. LARGER THAN

IN ORILLING MUST BE WITHDRAWN AS
GROUT IS PLACED.)

BROUT SEAL ~—m

15 M. MINIMUM DEPTH

e————— STEEL UPPER CASING -
(200 TO 400 MM IN DIAMETER
DEPENDING ON ANTIGIPATED

PRODUGTION RATE.)

g———————— PACKER

o

ORIVE SHQOE
STEEL LOWER CASING

|

CORROSION RESISTANT STEEL SCREEN
PLACED OPPOSITE PERMEABLE ZONES.

(150 MM.TO 250 MM. IN DIAMETER
DEPENDING ON ANTICIPATED
PRODUCTION RATE )

STEEL BLANK CASING

(2 M. MINIMUM LENGTH) BAIL

N

ANNEX FIGURE YII-B-10
GENERAL DESIGN
NATURAL DEVELOPMENT WELL
‘ 'PERCUSSION DRILLED
FRASIILITY  cSIVDY. ,Igh, MarEn LWUA-CDM BANGUED WATER DISTRICT

SUPPLY OF SECOND TEN

UPPER CASING (SURFACE CASING USED |




SUPPLEMENT TO ANNEX FIQURE VII~B-10

GENERAL CONSTRUCTION SUGGESTIONS

Natural Development Well - Parcussion Drilled

1.

2.

3.

4.

5e
6.

Te
8.

9.

Drive and drill surface casing to 15-meter depth,
or more if conditions require.

Drive and drill upper ocasing to depth neocessary

to produce satisfactory well based on sample
examination and knowledge of nearby wells. Colleot
ocareful samplcs and use no clay in drilling.

Examine samples to determine guitable permeable
zones. Pull casing and abandon site if sufficient
permeable material is not encountered.

Plaoe a atring of lower ocasing and screen sections
on bottom =¢ hole with soreen sectione opposite
permeable z(a)s.

Pull back upper casing to expose screen.
Develop and test well,

Design pump.

Construct well head facilities.

Install pump.
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FEASIBRI" ¥
SUPPLY NF SECOND TEN URBAN AREAS

NOTE:

PROVIDE OPENING FOR WELL SOUNDING IN

PUMP DISCHARGE HEAD OR SURFACE PLATE - -,

CASING HANGER v+l

16 M. MINIMUM DEPTH ————3% "

STEEL PUMP HOUSING CASING ~—| ave
(200 MM.TO 400 MM. DIAMETER |* °
TSPENDING ON ANTICIPATED o
PRODUGTION RATE.) '

e e
PRI
o < %

)

.
14
e

,_,.

—PROVIDE O.08M, GRAVEL-FILL PIPE
IF DESIRED

—— STEEL SURFACE CASING ~ 500 MM
DIAMETER

- "

- 4, Oa

e———— GRAVEL PACK

v ® g0
< -

'..L__.»._.. HOLE REAMED TO DIAMETER 200 MM,
e LARGER THAN PUMP HOUSING CASING

CENTRALLIZERS

TEEL BLANK CASING -——
(2 M. MINIMUM LENGTH)

T ——~ REDUCING CONE

- CONTINUOUS WIRE - WRAPPED
CORROSION RESISTANT STEEL SCREEN
PLACED OPPOSITE PERMEABLE ZONES
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SUPPLEMENT TO ANNEX FIGUPE VII~B-1l

GENERAL CONSTRUCTION SUGGESTIONS
Gravel Packed Well — Rotary Drilled

Drill oversized hole to l15-mater minimum depth
(more if conditiona requirs), set and grout
surface oasing.

Drill pilot hole inaide surface casing to
antioipated maximum total depih.

Run slectric loge.

Examine samples and aleotrio log to loocate
suitable permeable zones. Abandon site if
suffiolent parmeable material is not found.

Enlarge pilot hole Adigmater by reaming to a
depth about 5 meters below lowest permeable
gona, Diameter of reamed hole to be sguonh that
suffioient clearance is provided heiwsen hore-~
hole and pump housing casing for easy placement
of gravel, but such that diamster of reamed hole
is not mors than 200 mm or 250 mm greater than
diameter of well acreen. If necessary, ream
hole to 2 differsnt diameters, the larger
opposite the pump housing oasing and the smaller
oppoeits the screen.

Ingtall string of ocaaing and screen in reamed
hole with sareen cpposite permeable zones,

Place gravel.

Dsvelop and teast well,

Design pump.

Conpiruct well head facilitiss.
Ingtall pump.



CHAPTER VIII ANALYSIS AND EVALUATION OF ALTERNATIVES
A. GENERAL

Thia chapter identifies and evaluates the alternatives avail-
able for source development, transmission and treatment facilities
and distribution system. Other water conservation and augmentation
alternatives are also included.

B, WATER SUPPLY SOURCE ALTERNATIVES

Surfaocse Water Sourcss

A large perennial stream, the Abra River, is located about
2 km north of 'the north edge of Bangued. Water in the Abra River
is more than sufficient to meet the needs oI Bangued to the year
2000. The monthly mean flow is less than a million ocumd only about
once in 7 years at Berrio Bumagcat, 10 km above Bangued. The che-
mical quality of the Abra River is satisfactory, as shown in Table
VII-2. The use of the Abra River as a source of water for Bangued
'is, therefore, technically feasible.

' However, the use of the Abra River would entail construction
of a diversion structure and low-lift pumps; complete water treat-
ment works; and a sscond set of high-lift pumps {5 pump treated
water to the distribution system. About the same volume of water
could probably be cbtained from induced infiltration wells at the
"gsame site. The use of surface water as a municipal supply by
Bangued would be costlier than using induced infiltration wells
since a well water supply would not require facilities for treat-
ment and double pumping. Therefore, surface water could not be
most economic source of water for Bangued, and has been eliminated
as an alternative source of supply.

Groundwater Sources

An inspection of the Lanks of the Abra River near Bangued has
found conditions reasmuubly favorable for the use of induced infil-
tration wells. A test well program would be necessary to precisely
determine the depth and capacity of such wells. Pending the results
of the test wells, induced infiltration wells are considered tech-
nically feasible as an alternative source of water for Bangued. The
parameters suggested for cost analysis of infiltration wella are
tabulated on page VII~7.

Although there are no large—capacity wells within Bangued, a
number of small capacity hand pump wells, mostly 6 to 12 meters deep,
are being used in the proposed service area. The alluvium under—
lying the BAN-WD is eufficiently pervious and water-bearing to
indicate that moderate-sized wells may be constructed satisfactorily
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(see Chapter VII). If wells were considered, these conditions

would have to be verified with test wells. Assuming that deep

wolls in thie ares will bs moderately successful, the cost of
supplying the BAN-WD service ares with deep well water has been
calculated for comparison with other alternative sources. The »ara~
meters suggested for oost analysis of deep wells are tabulated on

page VII-7,

Springs

Since 1919, Banguei has been supplied with water piped from
Lusuac Spring, 8 lm away from the pcoblacion. The quality of the
spring water is favorable for water supply (refer to Table 1V-2).
The flow from the spring has been measured several times weekly
since September 1976 and has never been less than 3 times the
estirated maximum-day water requirement of the BAN-WD in the year
2000 (see page VI1I-3). Lusuac Spring is therefore adequate for
future supply.

Other springs in the area are not large enough for BAN-WD
needs. These are situated at lower elevations and farther frem
the poblacion than Lusuac Spring. The cost of transmission from
these springs would likely excsed that of Lusuac. Lusuac is
therefore the preferable spring source, and is one of the alter-
natives considered.

Comparison of Alternatives

The economic comparison of the 3 souroe alternatives - induood
infiltration wells, deep wells and Lusuao Spring - “-~r the BAN-WD
to the year 2000 oconforms to the economic cost oriteria in Appendix
F. The cost of electric energy used is PO.41/kwh. The facilities
for these alternatives would be constructed in stages. All 3 alter-
natives can meet the projected water demande shown in Figure VI-3.
In the initial comparison, the present transmission lines from
Lusuac Spring have besn assumed to provide adequate water until
1983. The alternatives are therefore compared on the basis of their
present worth cost to supply the additional water required by the
BAN-WD between 1984 and 2000, assuming that the present transmission
mains could continue to operate until the year 2000, Costs common
to all alternatives are omitted freom the ocomparison.

Comparative present worth costs of the 3 alternatives, under
the above stated assumptions; are given in Table VIII-l, The com-
parative analysias of the present worth costs for supplying water
to BAN-WD until -the year 2000 indicates that the supply available
from wells in the servioe area is the least costly of the 3 souroes
congidered (about 13 pervent less than the supply from Lusuac Spring).
If the analysis is extended to the year 2010, on the same assumptions,
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TABLE VIII-1

COMI'ARATIVE PRESENT WORTH COSTS, QF

ADDI'1'IONAL SUPPLY AL'I‘ERNA’I‘IVES1
Construction Presentgyorth
Cost Cost
(P x 1000) (» x 1000)
Induced Infiltration Wells on
Abra River
Wells and Pumphouses é/ 1,794 519
Distribution Pipelines 300 88
Transmission Pipelines 1,750 362
Operation and Maintenance - 281
Total Present Worth Cost P1,250
Wells in Service Area
Wells and Pumphouses 2/ r2,517 P 598
Dietridbution Pipelines - -
Transmission Pipelines - -
Operation and Maintenance - 235
Total Present Worth Cost P 833
Lusuac Spring
Wells and Pumphouses é/ - -
Distribution Pipelines P 300 P 85
Transmiseion Pipelines 2,950 829
Operation and Maintenance - 47
Total Present Worth Cost r 961

l/These alternatives are based on an estimated staging

programe See Annex VIII.B for details.

Includes salvage values and replacement costs.

é/Cost for distribution pipelines only include those costs

in excess of distribution costs of other alternatives.
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the wells would still have the least present wortih cost but only

7 perceni less costly than that for Lusuac Spring. These differ—
ences are within, or at least near, the expected ranye of accuracy
for such estimates.

A groundwater supply, under the assumed conditions, could pro-
vide additional water for BAN-WD at less cost than that from Lusuao
Spring. However, the actual conditions may be different than the
assumed conditions and that would not favor the ground water alter~
native. The quantity of sround water assumed available may not,
in fact, be available. Moreover, it may not be economical to use
the groundwater even if available. HWater from wells appears to he
less costly when required in small quantities to supplement the
existing water systemn. If a large quantity of water is required
from the well system at an ocarly date due to failure of one of the
existing transmission mains, the Lusuac Spring alternative would
end up leas ccstly., Table VIII-2 compares the present worth costs
of supplying additional water to the BAN-WD on the assumption that
one of the existing transmission mains would be replaced by 1984.

Evaluation of Alternative Sources

The first comparative analysis (fable VIII-1) shows that it
will be less costly for Bangued to obtain its required additional
water from wells in the service area under these conditions:

(1) supply from such wells is feasible, and (2) the 2 existing
transmission mains from Lusuac Spring could operate until about
the year 2000.

The second comparative analysis (Table VIII-2) shows that
water from Lusuac Spring is less costly than groundwater wells if
one of the exisling mains fails on or before 1984.

The quantity of water available from Lusuac Spring is quite
certain, and based on field observations (see page IV-8) of the existing
tranemission mainc,it is quite reasonable to expect the condition of
one of the mains to deteriorate to a point where it should be aban—
doned by 1984. 1In either analysim, the deep well alternative is
extremely dependent on tho cost of power (maintenance and operation).
Any future increases in fossil fuel costs would definitely favor
the spring (gravity) alternative. Therefore, it is recommended that
Lusuac Spring be utilized in the ruture as BAN=WD source of supply.

If' at sometime in the future the spring supply is inadsquate

or the quality deteriorates, then it would be advisable to investi-
gate utilizing wells for supply.
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TARLE VIII-2
COMPARATIVYE FRUSKENT HORTH COJTSéyF
AYDTPIONAT BUPTLY ALTHRUATIVES

(Assuming one transmission main jis abindoned by 1984)

Construction Present ~7rth

" Coat Chsts
(* x 1000} (» x 1000)
Wells in Service Area
H§118'and.Pumphouses é/ 3,055 * 914
Distribution Pipelines - -
Transmisaion Pipslines - -
Operation and Maintenance - 528

Total Present Worth Cost 1,452

Lusuac Spring

Wells and TMumphouses - -

Distribution Pipelines-/ * 300 * 83
Transmission Pipelines 3,465 1,045
Operation and Maintenance - 40

Total Present Worth Cost 1,166

&/These alternatives are based on an estimated staging
program. sSee Annex VIII-B for details.

2/Includ.es salvage value and replacement costs.
Costs for distribution pipelines only include those zosts
in excess of distribution costs of other alternatives.
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C. ''REATMENT ALTERNATIVES

The Lusuac Spring analysis (Table IV-2) shows that, except for
total hardness and magnesium content, all chemical constituents are
within the acceptable limits of the Philippine National standards for
Drinking WVater. MHardness in domestic water supply is an economic
problem since it results in wastc of soap and encrustation of uten—
sils. It is also undesirable for certain industrial procecsses such
as carbonated beverages, metal finighing, food processing, textile
indusiries and pulp and paper process. Hlowever, hardness has no
demonstrable harmiul effecis on the health of conswmers. Magmnegium
is considered relatively non—-toxic to man and is not a public health
hazard. At high concentrations, however, magnesium salte have a
laxative effect, particularly with new consumers. The human body is
able to develop a tolerance over high magnesium concentrations over
a period of time.

The analysis of water from wells (Table VII-2) shows the water
is within the acceptable limits of the Philippine National Stanilards
for Drinking Water,

Therefore, water from Lusuac Spring and deep wells within the
BAN-WD (the best and near best alternatives), if properly desiimed
and constructed, would not require any treatment. However, in order
to preserve the good quality of water throushout the distribution
system, disinfection would be necessary at these sources. Disin-
fection may be accomplished by various methods which are discussed
in Appendix J, Volume II, For economic and practical reasons
(availabi]ity of the equipment, supply and application, and lasting
effectiveness), chlorination is the recommended process for dis-
infection.

De DISTRIBUTION ALTEXNATIVES
General

This section presents the various distribution alternatives
considered for the BAN-WD. The recommended improvement program
for the water system is discussed in Chapter IX.

The components of a water distribution system and some of the
alternatives in planning a system are discussed in Appendix K. The
design criteria for the distribution system are given in Appendix
F. Appendices F and X have been larzely developed for the Iirst
Ten Frovincial Urban Areas and are applicable to moderate—size
comnunities. The Seccnd Ten Provincial Urban Areas are generally
much smaller and the parameters presented in Appendices I' and K
must be applied with discretion.
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Partioular attention is given to the requiremente of fire flow
for the BAN-WD. In general, fire flow is applied at various looations
in a system coincidentally with maximum-day demands, and the pipe-
lines are sized to oonvey the required flow at specifiesd head losses.
In large communities, the total pesk-hour flow is greater than the
maximum—day flow plus fire flow; therefore, relatively minor adjust-
ments are required in the pipe system to provide fire flowe In the
amaller communities, espeoially the small barrice some distances from
the central poblacion, the fire flow alone can be 3 or 4 times the
total peak~hour demand.

Providing adequate fire flow to areaswhere the fire flow may be
much greater than the ultimate peak demand im rarely economically
justified; but some fire protection should be provided. In this
study, information is given on the available fire flow at various
loocations where the system has been designed for conditions other
than fire flow.

The flows used for the design of the various components of the
distribution system are as follows (see Water Demand Projections,
Chapter VI).

. 1980 1920 2000
Water demand, lpcd 178 174 181

Served population 10,120 18,390 30,020
Average daily water demand, cumd 1,800 3,200 5:430
Maximum-day water dsmand, oumd 2,160 3,840 6,520
Peak~hour water demand, cumd 3,150 5,600 9,500

Pressure Zone

The ground elevation in the future servioces area of the BAN-WD
to the year 2000 varies from a low of 38 meters just north of the
poblacion to a high of 85 meters in Pefiarrubia. The poblacion of
Bangued ie largely situated at an elsvation of 40 meters.

There are essentially 2 pressure service areas in the sxisting
Bangued water system. The pressures in Bangued are regulated by the
water elevation in the existing atorage tank, while the pressures
in Pefiarrubis are controlled by the hydraulic gradeline within the
transemission mains from Lusuac Spring to Bangued.

The existing stc:'age tank is not high enough to serve the
Pefiarrubia ares effectively. In the future, Peflarrubia and the
ad jacent barrios of Dumayco and Riang should continue to be served
direotly from the tranwmission mains.

The hydraulic gradeline in the transmission mains between

Lusuac Spring and Bangued is expected to be higher than neoessary to
serve the Paflarrubia area and adjacent barrios. The Peilarrubia area
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should therefore be served through a pressure-reducing valve from

the transmission maina to reduce the average head from about 80 meters
(7.7 atmospheres) to 41 meters (4 atmospheres). This would pro-

vide a more reasonable working pressure for the consumers in
Pefiarrubia.

The overflow elevation of the existing storage tank (101.6
metera) is sufficient to serve the poblacion of Bangued and the
ad jacent barrios expeoted to be served by the year 2000.

Storage Facilities

Storage facilities are provided in a distribution system to
meet hourly fluctuations in water demand over the day, as disoussed
in Appendix F. If the souvce of supply ia capable of supplying
water at a rate equal to the maximum-day demands, them a volume
equal to 15 = 20 percent of ths maximum-day demsnd is usually
sufficient to meet the hourly fluotuations in demand.

An alternative to supplying the above storage capaoity is to
provide additional supply capaoity. In Bangued, additional supply
capaoity would mean providing more iransmission main oapacity from
Lusuac Spring to Bangued. The rationale for providing additional
supply, including a curve to estimate storage requirements at
different rates of supply is discussed in Methodology Memorandum
No. 50

Table VIII~-3 shows the present worth analyeis comparing the
cost of additiomal supply {transmission capeoity) with that of
additional storage for Bangued. The ocomparison shows that it is
more eoconomiocal to provide additional storage capacity to a maximmum
of 15,5 percent of maximum~day demand and delay as long as possible
congtruotion of additional transmisaion mains.

Transmission System

The existing transmission system between Lusuao Spring and
Bangued (gee descriptiom in Chapter IV) is very old, and by 1984,
would not have sufficient capacity to serve Bangued. The capaoity
of the 2 existing transmisesion mains is estimated to be 23.3 lps;
however, with leskage dus to deteriorated pipe oconditions, the
capacity sould be muah lesa. The following table shows the required
capacity for 2 sections of the transmission main to carry maximume
day demands to Bangued. .

Soﬁtian 1 « Lusuac Spring to Pefiarrubia (Leugth = 2,940 m)
1980 - 25.7 lps
1990 ~ 45.9
2000 - 7801

Section 2 ~ Pefiarrubia to Bangued (lLength = 4,950 m)
1980 ~ 23.5 1ps
1990 - 4102
2000 ~ 69.6
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TABLE VIII=~3

PRESENT WORTH COSTS
OF ALTERNATIVE STORAGE ,AND
ADDITIONAL SUPPLY.

Alternative 1 Alternative 2 Alternative 3
(¥aximum (Intermediate (Minimum

Storage ) Storage Storage )

Storage Required (Poroent)-a-/ 15.5 7.5 3.0
(Volume, cum) 1,010 490 200
Present Worth Cost (P x E’OOO) ,
Storage r 15019/ -
Supply 34070 4,
Total * 3,220 r4,600 ?5,270

Section 1 of the transmission pipeline must be designed to carry
the maximum-day demand of Bangued to the storage tank in Bangued, plus
the peak-hour demands for Pefiarrubia. Section 1 is designed to carry
the peak-hour demande for the Pefiarrubia area because there is no
storage tank serving Pefiarrubia. The flowas to Peflarrubia are small
so that providing the capacity within the transmission main does not
affect ite overall size. Therefore, there is no benefit derived from
constructing a storage tank in Pefiarrubia.

Seotion 2 from Pefiarrubia to Bangued is designed to provide
maximum-day demand while peak-hour demands are supplied to the distri=
bution system from the existing storage tank.

The recommendationsa for transmission main improvements are
inéluded in Ckapter IX. The estimated capaoities for the tranamission
main are based on limited field data.

Alternative routes for the transmission main from Lusuac Spring
to Bangued Lave been investigated during this study. No alternmative
routes offer any advantages over the existing route for Seotion 1 of the
transmission main from Lusuac Spring to Pefiarrubia. Future trans-~
mission main improvements betwsen Busuac Spring and Peflarrubia .hould
be constructed parallel to the existing mains.

g/knalyail inoludes faocilities required up to the ysar 2000 -
Peroentage of maximum-day demand.
Includes only storage in addition to existing 440-cun storage
tnnk It is assumed the existing tank would be adsgquate iu Alternative 2,
Baaed on oonstruoting 2 additional tankst 300 oum in 1985 and

270 oum in 1993.
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An alternative to the exiasting rcute between Pefiarrubia and
Bangued has been considered, The proposed route would follow the
National Road 306 from Pefiarrubia to Bangued, passing through barrios
Riang, Agtangao, Sso~atan and Lipoan. Although the alternative
route is longer by about 2,260 meters, it could be used to serve arcas
that would require additional pipeline if the existing route is fol-
loviede Construotion along the roadway would alsoc be leas exponsive
then acrosc some of the wet areas the existing main passes through.

The 2 transmission main phases along the alternative route
would have a diameter of 200 mm in 1980 and of 250 mm in 1986, Along
the existing route, z 200 mm pipsline would be required in 1980 and
an additional 200 mm pipeline in 19688, The difference in pipeline
giges and dates for construction is due to the longer pipelins re-
quiring less headloss per meter to meet pressure requirements in the
distribution aysten.

Table VIII-4 shows the difference in the present worth oosts of
the 2 alternative routes oconeidered. :

Begsides the cost disadvantages of the alternative transmission
main route aleong National Road 306, there are alse certain hydraulio
disadvantages. The static hydraulio graedeline along the alternate
routeé would be high enough to require use of a higher olass cast iron
or asbestos cement pipe than would be required along the existing
route, The high hydraulic gradeline would also require the use of
pressure-reduoing valves for each connection off the transmission
mein.

Based on the present worth cost analysis, it is more favorable
to construot all additional transmission main capacity parallel to
the existing mains than along National Road 306,

Distributio ten

The analysis of the distribution system for Bangued generally
conforme to the oriteria set in Appendices F and K» In the First
Ten—Area Feasibility Studies, the computer analyses were conducted
only on pipslines larger than 200 mm, whioh were olassified as
distribution mains as differentiated from the internal network pipe=-
lines, In Bangued, there are no pPipelines larger than 200 mm re-
quired through the year 2000; therefors, all pipelines within the
poblacion and major pipelines to surrounding barrios have becn
included in the computer analysise.

The distribution anslysis did not inolude different alternatives
because the supply location and areas to be served were straight-
forward and there were no alternative methods of serving the area.

An alternative analysis, however, was made in oonnection with fire
protection.
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TABLE VIII-4

PRESENT WORTH COST CONPARISON OF ALTERNATIVE
TRANSHISSION MAIN ROUTES

Parallel to Existing Tranamission Mains Present Worth Cost
200-mm pipelins construoted in 1980 P 1,540,000
200-mm pipeline oconstructed in 1988 540,000

Sub~total P 2,080,000

Along National Road 306

200-mm pipeline constructed in 1980 ' P 1,640,000
250-mm pipeline constructed im 1986, 1,170,000
1980 distribution main not required ~380,000
1990 distribution main not requirodzé - 60,000

2000 distribution main not »:quired = 20,000

Sub~total  ® 2,350,000

Fire Proteotion

Pire protection does not sxist in most seotions of Bangued
because there is little or no water pressure much of the daye. To
provide fire protection, there must be adequate pressure in all pipe-
lines 24 hours a day.

In general, full fire protection to the entire munioipality has
not been provided in the immediate improvement program beoause of
the high cost of full fire protection,

As outlined in Appendix K, there are 2 standards of fire proteo-
tions one for the high-walue residential, oommercial and industrial
areasj and another for the single-family residential areas. In the
high-walue residentisal, commeroial and indusirial areas, an available
fire flow of 20 1lps at 2 adjacent fire hydrants sbould be provided;
and in the single~family residential asreas, only .0 lps at 2 adjacent
hydrants. Figure VIII-1 shows the outline of the fire mervice areas

in Bangued.

1/ hese costs inolude those distribution maine that would not be
constructed since the transmission main could provide service along
its route. '
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In 1980, after the immediate improvement program has been oom~
pleted, full fire protection can be provided along Taft Street sinoce
a new 150-m pipeline would have been installed. Along sireets more
than a block or two from Taft Street, the available fire flow would
only be about 50 percent of the required oapacity. To obtain fire
flow in 1980, the existing fire hydrants would have tc be repaired.

By 1990, the existing mains within Bangued would nearly all be
roplaced with 100 mm and 150 mm pipelines Bo that the available fire
flow would incresase substantially. The available fire flow within
the poblacion would equal the maximum requirements of the area. In
this same year, 40 to 50 percent of the required fire flow would be
available in the outlying barrics of Dangdangla, Patucannay, Calaba
and Bangbangar if the pipelines to these areas are sized for 1990
peak-hour flows. Using the computer to selsct pipsline sizes serving
the above barrios for the year 2000 peak~hour flow indiocatss that
staging would not be recommonded. If pipelines adequately sized for
year 2000 peak-hour are constructed by 1990, the available fire flow
in 1990 increases to between 75 and 90 percent of the required flow.

In order to provide the required fire flow to all areas, pipe-~
lines to barrios would have to be larger than that required for year
2000 peak-hour flow. Table VIII-5 indiocates these additional pipe~
line costs direotly attributed to providing full fire proteotion in
the year 2000,

It is recommended that the pipeline oonstructed by 1990 be sized
for the year 2000 peak~hour flow. Admittedly, the systsm would not
he oapable of providing full fire proteotion in 2000. However, it is
diffioult to prediot the aotual demands for the outlying barrios in
2000, Since adequate fire proteoction and adequate peak-hour service
would be provided in 1990 and 2000, respectively, canstruotion of the
pipalines in 1990 to meet 2000 fire flows is not recommended in view
of the cost.

Systenm ration

This seotion inocludes various operational aspsots of the alter-
native distribvtion systems. Since there are no alternative distri-
bution systems, no operation probleas can be compaped.

The BAN-WD would be a relatively simple system to operate.
Water in the transmission main would flow by gravity, so there would
be no pumping systems to control. The only contirol required in the
system would be an altitude oontrol valve located at the storage tank.
This valve would sutomatically shut off flow in the transmission main
when the storage tank ie fulle The BAN-WD would be operated directly

from the tank.
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TABLE VIIT=5

ADDITIONAL PIFELINE COSTS TO PROVIDE
FULL FIRE PROTECTION IN 2000

Size fur Partial Size for Full

ﬁt Protection Proteoction Additional

m (mm ) (mm) Cost
1,840 100 150 * 160,000
1,775 150 200 S 350,000
Sub-total 265,000
Contingenoies (15%) : 40,000
305,000
Enginsering ‘ 30,000
335,000

ternal Network

A general but complete discussion of the internal network for
distribution systems is included in Appendix K, The small size of the
BAN<WD does not affect the application of the oriteria contained in
Appendix K eince these are the minimum pipeline sizes recommended for
any urban area. The cost data in Appendix K will be multiplied by a
faoctor of 1.21 to obtain mid-1978 costs for this reporte

E, OTHER ALTERNATIVES FOR WATER
CONSERVATION AND AUGMENTATION

In areas where water is a soarce resource, there are several
alternative measures of conserviung water, Thess alternatives depend
on sophisticated technology in the case of wate. reuse and desalting
or on goverrnmental policy in the case of land management. Appendix
N, VolumeII is a discussion of these ocnservation and augmentation
alternatives,
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ALTERRATIVE ANALYSIS



ANNEX VITTI-H
SCHEDULE O PACILITIVN ROR ALTERUATIVE ANALYSTS
The cests For various supply aliternanlives arce weesenbed in
Tebles VIII~1 and VITI=2, These tables are a simplified summary of
the coiteo included in the nource wanulysis, A wore detailed schedule
of the anticijaled facilities, costs and ycar constructed follows.
TADLE VITIwB-1

COMPARATIVE PREZENT WORMIE COLTS 0F ADDITIONAL
SUFTLY ALTERITATIVED:

Present

Worth
Cost
, Conatruction (Less Sal—
Year Lost  vage Value)
Facility Constructed (I x 1000) (P x 1000)
Induced Infiltration ells on Abra
itiver
Source
Test Wells 1980 73 58
Well :nd Dual Drive Pumphouse 1984 396 198
Tower lines 1984 100 47
Well and Pumphouse 1985 265 111
Collection Iipe 1985 90 36
Well and umphouse 1992 265 39
Collection lipe 1992 125 17
Hell and Pumphouse 1998 265 7
Collection Pipe 1998 125 3
Replace Drive 1998 90 3
Sub-total 1,794 519
Transmission Mains
1984 750 333
1998 1,000 24
Sub-total 1,750 362
Distribution HMains 1984 150 68
1992 150 20
Sub-total 300 88
Operation and Maintenance 19832000 - 281
Total 3,844 1,250
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TABLE VIII=-B~1 (Continued)

Present
\lorth
Cost
Construction (Less Sal~
Year Cost vage Value)
Facility Constructed (P x 1000) (® x 1000)
Wells in Service frea
Source
Test delln 1980 213 170
Well and Pumphouse 1984 269 128
Well and Punphouse 1985 269 113
Well sand Dual Drive Pumphouse 1989 345 87
dell and Punphownse 1992 269 . 40
Well and Dual Drive Fumphouse 1994 345 37
Well and NMeiphouce 1996 269 16
Well and Pumphouse 1998 269 A
Sub=total 2,248 598
Transmission Mains
Distribution Mains
(peration and Maintenance
19832000 - . 235
Total 2,248 833
Lusuac Spring
Source
Transmission Mains
1984 1,475 664
1993 1,475 165
Sub=total 2,950 829
Distribution liains 1984 150 68
1933 120 i
Sub~total 300 85
Operation and Maintenance
1983~-2000 - 41
Total 3,250 961
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TABLE VIII=B-2

COMPARATIVE PRESENT WORTH COSTS OF ADDITIONAL SUPPLY ALTERNATIVES
(assuming One Transmiesion Main Is Abandoned by 1984)

Progent
Horth
Cost
Construction {less Sal-
Year Cost Vago Value)
Facility Constructed (P x 1000) (™ x 1000)
Wells in Service Ares '
Source
Test Wells _ 1980 213 170
Three Wells and Pumphouses 1984 807 385
Well and Dual Drive Pumphouse 1985 345 150
Well and Pumphouse 1988 269 D
Well and Pumphouse 1990 - 269 56
Well and Pumphouse . 1993 269 33
Well and Dual Drive Pumphouse 199, 345 29
Well and Pump 1997 269 12
Well and Pumphouse . 1999 269 —b
‘ Sub~total 3,055 914
Transmission Mains
DM stribution Mains
Operation and Maintenance
1983-2000 _ = 538
Lusuao Spring
Source
Transmission Main 1984 1,992 897
1993 1,413 148
Sub-Total 3,465 1,045
Distribution Mains :
1984 150 68
1993 120 —~15
Sub=total 300 83
Operation and Maintenance
1983-2000 - 40
Total 3,765 1l168
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CHAPTER IX DESCRIPTION ANL COST OF THE RISCOMMINDED PLAN
A, GINERAL

This chapter describes the immediate improvement program, and
the first and second stages of the long=term construction program.
In addition, the capital and cperation and maintenance costs of the
recommended program, concepts concerning sewerage and drainage, cone
ments resarding the mararement of water resources and a gtatement
regarding the environmental impact of this project are included,
Appendices F, G, N and 0, Volume II contain discussions of Design
Criteria, Basis of Cost Estimates, Construection Methods and Materials,
and Outline Specifications, respectively. The recommended construction
program consists of the following 5 implementation steps:

1. Immediate Improvement Progrim (1978-79)

2. Stage I Phase & of the Long-Term Construction Program
(1980-85)

3« Stage I Phase D cf the Long-Term Construction Program
(1986-90)

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

>« Stage II Phase B of the Long~Term Comstruction Program
(1996~2000)

Source
S

The current source of water supply to Bangued, Lusuac Spring,
is loocated approximately 8.0 km southec~* of the municipality and
serves the ocommunity via two existing 15G .m parallel pipelines,
The capacity of the spring is about 18,000 cumd. 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 6,500 cumd. The existing collection facilities are currently
adequate, wvut will be augmented during construction Phasge I-4, after
which addilional expansion will not be required within the design
period of thisg project.

The BAN~WD will also be required to file an application with
the Naticnal Water Regources Council to secure water rights on
Lusuac Spring.

Storage

Bangued currently has 440 cum of distribution storage located on
a hill about % km southeast of the poblacion. The existing tank is a
concrete ground level storage tank constructed in 1919.



The discussion of storage facilities in Chapter VIII indicates
that the BAN=WD should maintain as close to 15 percent of maximum-
day demand as possible, for storage to the year 2000, Based on the
expected capacity and staging of the transmigsion system from Lusuac
Spring to Bangued, only about 10 percent of the maximum~dey demand or
640 cum would actually be necessary to meet peak=hour fluctuations
in the year 2000, It is recommended to construct an additional
200 cum ground level storage tank by 1993 at the same location ss
the existing tank,

Trangmigsion System

The existing transmission system will be thoroughly tested hy
1980 to determine what portions can continue to serve Bangued. It
is estimated that regardless of the results of tests on the existing
transmission mains, an additional 200-mm transmission main will be
constructed along the existing transmission main route during
Phase I-fA. A second parallel 200-mm transmission main will not be
necessary until Phase 1I-B as long as adequate storage is provided
during Phase II-A and the water demands do not exceed the current
estimates, Delaying construction of the second tranamission main
to Phase II-B is more probable if one of the existing tranamigsion
maing can be maintained in service up to 1995. After 1995 it is
assumed that both of the existing iransmission mains will be aban—
doned.

Digtribution System

The existing distribution system of BAN-WD serves the poblaciones
of Bangued and Peflarrubia and the barrios of Lipcan and Dumayco, and
was constructed in about 1919. The existing system will be expanded
to serve the barrio of Dangdangla in 1980 and the barrios «f Bangbangar,
Calaba, Patucanngyand Riang by the year 1990 and serve Agtaigao, Palao
and Sao-—atan by the yecar 2000,

A total of about 18 km of 100 mm, 150 mm and 200 mm pipeline
Wwill be congtructed by 1990, including 15 km of pipeline to replace
thogse pipelines in the existing system that are undersized and are
in poor condition. 4An additional 10 km of 100, 150 mm and 200 mm
pipeline will be constructed by the year 2000. The above lengths of
pipelines do not include new internal network pipelines that will be
constructed in the newly served arease.

Figure IX-1 (appended) shows the overall recommended program
of construction by phases.

Administrative and Other Service Facilities

In addition to the source transmission 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 capabilities within the

water district. An administration building will be construocted during
the immediate improvement program and will iemporarily house plumbing
shop facilities. A plumbing shop, meter repair shop and laboratory will
be constructed in Phase I-A,

B, IMMEDIATE IMPROVENINT PRCGRAM

thile the findings and recommendations of this report are being
reviewed, perding their approval by the BAN-WD, LWUA and financial
agencies, certain steps may be taken to facilitate immediate improve-
ments in the BAN<WD water supply system. These "high~impact" im=
provements wili provide improved servioce to existing consumers and
provide additional service to a limited number of new connections
to the system, before implementation of the long—term construction
programe '

The existing source and transmission facilities (except for the
addition of a short length of pipeline immediately upstream of the
existing reservoir) are considered adequate for thc projected water
requirements of the BAN~WD beyond the year 1980. The present supply
to the existing service area is over 2,200 cumd, providing 330 lpcd
to an estimated 6,720 existing consumers.

‘The immediate improvement program wiil increase water supply
service primarily by the addition of distribution facilities. The
program conasists of the following:

1 The installation of about 6.1 km of 100 to 250 mm diameter
pipelines, ‘

2. The initiation of an extensive leakage detection survey
and repair program,

3. The addition of reliable disinfection equipment to provide
full-time chlorination of the distribution system,

4. The metoring of 868 existing service connections as well as
the provision of 494 new connections and repair of about
30 percent of the existing connectionse

5. The construction of new administrative building (temporarily
housing the plumbing shon) and the provision of appurtenances
such as shop tools, vehicle, office equipment and furniture,
etc. to upgrade the water district's operational capabili-
ties.

6. Repair of leaks in existing storage tank.

New distribution mains will be installed as shown in Figure
IX-2 and summarized below:

Diameter Length
Logation (mm) (ml
Agoncillo Street 100 100
Taft Street 100 180
Hashington Street 100 110
Purugganan Street 100 270



Manzanc Strset 100 190

Partelo Street 100 150
Bo. Dangdangla Road 100 1,040
Perarrubia* 100 830
Sub-~total 2,870
Periarrubia* 150 250
Taft Street 150 170
lBconomia Streot 150 115
Sub=total 1,195
Taft Street 200 520
Torrijos Road 200 860
Sub=total 1,380
From Reservoir to Torrijos Road 250 205
To Reservoir from Source 250 365
Sub-total ' 660
Total 6,105

*Iy. Poblacion of Penarrubia, not shown on Figure IX-2,

‘The provision of 200 mm pipes along Torrijos Road and Taft Street
will not only provide more capacity for additional service connece
tions but will also serve as segments of anticipated future water
mains. 7The pipeline along Taft Street will immediately provide
botter water pressure to the northwestern section of the system.
The congtruction of additional 100 mm mains will permit the conneo-
tion of additional consumers and will provide additicnal loops for
better pressure and flow distribution. One thousand eighty (1,080)
meters of 100 and 150 mm pipe will be inmstalled in Pefarrubia
municipality where the current supply is vic 25-mm piping.

The provision of better pressure throughout the BAN-WD distri-—
bution system cn a 24~hour basis will tend to aggravate the current
level of gystem leakage and wasiage. It is, therefore, essential
that an intensive programof leakage and wastage surveys and associated

system repairs be undertaken during the immediate improvement prom
£rame

Chlorination equipment, complete with a separate structure, will
be provided at the site of the existing Lusuac Spring intake facili=
ties to provide an initial dosage of 2.0 mg/l to maintain a minimum
chlorine residual of 0.1 mg/1 at all points within the distribution
syatem. In order that the existing collection chamber may be used
for ohlorination of all water flowing from the source, the existing
150-mm pipeline currently by-passing the chamber should be reconnected
through the chamber.

A check valve will also be installed between the existing intake
box and the pool to reduce possible risks of contamination in the trans-
mission system.
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The existing flat-rate service connections will be provided
with water meters; about 30 percent (260) of these connections will
be repaired or replaced. Some 454 new connections will be added,
increasing the 1980 served population to 70 percent of the total
population within the service area.

The operational capabilities of the DAN-WD will be signifi~-
cantly enhanced hy the acquisition of land and the construction of
a new 300 gogqm administrative building, complete with office space for
administration, billing and record keeping, us well as a small 1lib-
rary. This new building will be furnished with desks, filing
cabinets, typewriters, addressograph and validating machines.
Plumbing equipment will be purchased and a portion of the adminie~-
tration building will be used as & plumbing shop until permanent
plumhing ehop facilities are provided during Phase I-A.

Table IX~1 presents the breakdown of costs (at July 1978 price
levels) for the immediate improvement program. The total projeot
cost of P3.51 million consists of *1.74 million in foreign exchange
and P1.77 million in local currencys.

C. FIRST STAGE OF THE 1ONG-TERM CONSTRUCTION PROGRAM

Ap a result of alternative studies (Chapter VIII), the
recommended scheme for the construction of source and transmission
facilities has been selecteds The Lusuac Spring will contimue to
gerve the BAN-WD servioe area up to 2000, New transmission facili-
ties will be constructed along the alignment of the existing trans=—
migsion pipelines,

The first stage of the recommended constructiom program,
including sonrce development, treatment, transmission and distribu-
tion facilities, will be implemented in 2 comstruction phases
with duratior of € years and 5 years, respectively.

Existing facilities are inoorporated into the recommended
schems to the maximum extent practioals The older of the twe
exigting 150 mm trensmission pipelines may be abandoned during
the early part of the first construction stage affer a detailed
hydraulic study is performed., However, ihe second existing trans—
mission pipeline will be retained until the second stage. Similarly,
existing distribution pipelines will be replaced during the decade
1980~1990, half to be replaced during the first half of the decade,
the remainder to be replaced during the later half,
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Item

Digtribution Facilities
1« Leakage Detection and Repair
Materials and Equipment

Civil and Structural

2., Distribution System Pipelines
Materials and Equipment
Civil and Structural

3. Disinfection Facilities
Materials and Equipment
Civil and Structural

Storage Facjlities
4. Existing Storage Tank
Materials and Equipment
Civil and Structural

Service Connections

5« Installation, Conversion and Repair

of Service Connections
Materials and Equipment
Civil and Structural

f;Based on July 1978 prices.
2

22100
653,800

TABLE IX~1

COST SUMMARY
IMSEDIATE IMPROVEMENT PROG

R/

Cost in Pesos

144,400
475,600

1,700

12,500

217,900
283,900

Based on an exchange rate of US$1,00 to P7.00.

TXewb

Fbreigg%

8,000
86,000

621,000

20,600

e300
736,500

16,000

16,000

480, 400

480,400

Total

13,000
104,000

765,400
475,600

22,300
10
1,390,300

16,000

353%

398,300
764,300

Remarks

Specialist fees, travel and
equipment; miscellaneous valve
repair and replacement.

Construct 2,870 meters of 100mm,
14195 meters of 150mm, 1,380
meters of 200mm and 660 meters
of 250mm pipeline,

Construct a2 3 m x 3 m structure
and install chlorinator, booster
pump scales and accessories.

Repair cracks in fleer.

Convert 878 connections to metered,
replace 263 existing connections
and install 494 new connections,



Item

Administratiye and Miscellaneous Facilities
6. Administrative Building and Equipment

Materials and BEgquipment
Civil and Structural

Te Vehicles
Materials and Equipment
Civil and Structural

8. Miscellaneous Items
Materials and Equipment
Civil and Structural

Total Construction Cost
Materials and Eguipment
Civil and Structur°
Total
Contingencies @ 15%

Engineering @ 10%;/
Land Costs
TOTAL PROJECT COST

Sub=total

Sub=total

TABLE IX-1 (Contimued)

Cost in Pesos

————

cal Foreign Total
20,000 69,000 89,000
363,000 - 363,000
30,000 30,000 60,000
5,000 8,000 13,000
718,000 107,000 525,000
224,000 1,253,000 1,477,000
1.1 200 86,900 15231,100
1,368,200 1,339,900 2,708,100
205,200 201,000 06,2
14573,400 1,540,900 3,114,300
1 000 202,400 311,400
1,682'400 1'743’300 ’ 3’425,700
— 84,000 - 84,000

Remarks

Provide 300 sqm of floor space,
typewriters (3), addresscgraph (1),
validator (1), calculators (2),
filing cabinets (7), desks (10},
chairs (20) and plumbing tools.
Land coast included as a separate
item.

Purchase one van or piek-up type
vehicle.

Purchage chlorine residmnal analy-
zers, minor distribution system
repair items and miscellaneous
publications.

}/Consists of 65 percent foreign exchange and 35 percent local currency based on recent consulting projects,

TX~T



CONSTRUCTION PHASE I-A (1980-85)

Souroce Development

The ,resent supply of water to BAN-WD comes from Lusuac Spring.
The existing collection facilities coneist of a rock retaining em-
bankment, a conorete collection chamber and the associated connection
piping. Water flows by gravity via two possible routes into the
existing 150 mm transmission pipes. The first route consists simply
of 150 mm pipe which passes directly through the rock embankment and
transmits water directly into one of the two transmission pipes., The
gecond route involves a piping system (a single 200 mm pipe and
three 75 mm pipes, all in parallel) connecting the epring pool and
the concrete collection chamber, from which water is transmitted
to the second 150 mm transmission pipe.

During Phase I-A the spring collection facilities will be
improved and expanded to provide source capacity for the BAN-WD
up to the year 2000 (see Figure IX-3). These improvements and
additions will include the following:

1e Construction of a reinforced-concrete cut-off wall along
northern, southern and western sides of the existing spring
povl. This will eliminate the large leaks which ourrently
occur in the rock embankment,

2, Construction of a fence along the top of the proposed cute
off wall and around the remainder of the immediate spring area.

3o Construction of a new reinforced concrete collection chamber
to acoommodate expected year 2000 flows. The preliminary
design of this facility includes provision for a broad-crested
weir within the struocture for source flow measurement.

4. Provision and installation of required appurtenant piping
and valves. The preliminary design includes two 250 mm x
10 m inlets pipes, two 250 mm x 10 m outlet pipes and a
single 150 mm x 20 m drain pipe.

5« Construction of a drainage channel to conduct surface water
drainage from the area north of the existing spring pool to
the existing spring overflow stream west of the spring area.

6s Constmoction cf a metering/valve chamber along the trans-
misaion pipeline route on the upstream side of the mmnici=
pality of Pefiarrubia. This facility will include primary
source flow metering devices and pressure-reducing valves
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required for service to Peflarrubia. A4ll required valves
and piping for this equipment have been included in the
preliminary design of this facility.

Figure IX-4 shows a schematic plan of these proposed facilities
(excluding the meter/valve chamber),

Trangmisgion Facilities

The two existing 150 mm transmission pipelines will contimue to
provide service to the BAN-WD gervice area until 1984. During
Phage I-A, the older of the two pipelines (constructed in 1919) will
be abandoned and replaced by a proposed 7,890 m x 200 mm pipeline,
extending from the lLusuac Spring oollect1on facilities to the
existing 440 cum storage reservoir along the existing right-of-way.
‘The resulting parallel system of existing 150 mm and proposed 200 mm
pipelines will have sufficient capacity to provide service to the
BAN-WD until approximately 1996, The parallel system would only be
adequate to 1996 if the existing 150 mm pipeline is maintained in
service, The proposed 200 mm pipeline alone has adequate capaoity
for only 1990 flows, After 1990, a second parallel 200 mm transmission
main would need to be constructed as soon as the existing 150 mm main
is removed from service.

A1l appurtenant gate valves, specials and vacuum/air relief
valves have been included in the cost estimates, The hydraulio
grade line of the proposed transmission pipeline, under expected
1990 maximum-day flow conditions, is shown in Figure IX=5. The
general luyout of proposed transmission facilities is shown in
Figures IX-6 and IX-1 (appended).

Digtribution System

The distribution system improvements inocluded in construotion
Phase I-A will replace a portion of existing pipelines and serve
the barrios of Patucannay, Calaba, Bangbangar and Riang. Figures
IX~6, IX~7 and IX-1 (appended) and Table IX~2 show the pipelines
to be constructed during Phase I-A, The replacement pipelines are
sized in accordance with the recommended internal network sizing
since the system within the poblacion is essentially internal nete
work, Pipelines to serve the 4 s2iditional barrios are sized for
peak-hour flows expected in the year 2000, It is not cost-effective
to stage those pipelines if the required sige for the design period
ie 150 M

The final computer printout for the year 2000 peak-hour flow
is included in Annex IX-C,



TABLE 1X=2
PHASE I-A TRANSMISSION AND DISTRIBUTION PIPELINES

Pipe Pipe

Pipe Diameter Length
Number Location/Description (mm) Am)_
32 Capitulacion St, 100 65
33 Capitulacion St. 100 310
375
5 Aguinaldo St. : 150 100
9 Bowen St. 150 230
19 Rizal St. 150 90
20 Rizal St, 150 180
21 Zamora St. 150 105
34 Abra~Ilocos Norte Nat'l, Road 150 640
201 Bo. Patucannay Road 150 1,250
202 Bo. Calaba Road 150 1,000

203 Bo. Bangbangar Road 150 1,300 :
204 Bo. Riang Road 150 1,100
54995
22 Magallanes St. 200 40
23 Magallaies St. 200 70
25 Taft Ste 200 15
40 Taft St. 200 130
49 Transmissioi “ipeline to Reservoir200 4,950
51 Transmission Pipeline to Reservoir200 2,940
1205
TOTAL 14,575

Internal Network

The schedule of additions to the internal network system is
presented in detail in Annex IX-C, The existing internal network
gystem in Bangued will be improved by replacing the old 100 mm,

75 mm and smaller pipes, installing new valves, and serving areas
which are currently unserved,

IX-10
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The total area served by additional internal network is about
88 hectares. This will provide service to 100 perceni of the 1976
gervice area, 100 percent of the additional area to be served by
1980 and 55 percent of the additional area to be served hy 1990.
Areas adjacent to distribution system pipelines will receive service
directly from these pipelines and have been deducted from the total
internal network requirement. A description of internal network
systems is presented in Appendix K, Volume II.

Service Connections

During Phase I-A, a total of 605 new service connactions will
be installed, at a rate of about 120 connections per year, increasing
the mumber of service connections to 1,970 within the water district
by 1985. The schedule of service connection installations is pre-—
pented in Annex IX-C,

Fire Protection

The schedule for fire hydrant installation within the water
district is presented in Ammex IX-~C. By 1985, a total of 69 hectares
will be provided with fire protection service by the installation of
fire hydrants. This area includes 41 hectares of Bangued Poblacion,

5 hectares of Peharrubia Poblacion, and 23 hectares within the
surrounding barrios. Bangved Poblacion will receive a higher standard
of service because of its high population density and high-value
property.

Laboratory Facilities

In order to monitor and maintain water quality control of the
water provided by BAN-WD to its consumers, a 70 sqm laboratory will
be constructed during Phase I-A, It will have general laboratory
equipment and specialized equipment for routine water ochemical
analyses and bacteriological analyses. All required furniture and
fixtures will be provided. The laboratory facilitics provided
during Phase I-A will be adequatc beyond the period of the firast
construction stage and will be increased in 1994~95 (Phase IT-A),.

Plumbing Shop Facilities

Becauce of expanding water district staff and water supply
facilities, it is anticipated that the administrative building
(housing both administrative staff and plumbing facilities) will
become overcrowded during the early part of construction Phase I-h.
Therefore, a separate 370 sqm plumbing shop will be constructed
during this phase. Provision of this facility will permit expansion
of maintenance and plumbing capabilities within the water district.

IX~11



Water Meter Test/Repair Facilitieg

The provision of water meters is a critical factor in in-
creasing the overall accounted-for-water within a water supply
systems For this reason, facilities for the testing and repair of
meters will be provided during Phase I-A., These facilities will
include space in the plumbing shop (70 sqm),test benches, test
tanks, repair benches and required furniture and tools. It is
anticipated that the facilities provided during this construction
phase will be adequate until 1991-92 (Phase II-A), at which time
some additional equipment will be required.

Cost Summary — Phase I~A

The cost summary for proposed construction during Phase I-A
is presentel in Table IX-3, Based on 1978 price levels, the total
project cost for this phase is P7.25 million with a foreign exchange
component (FEC) of P3.58 million which includes direct and indirect
import items. Table IX-~3 also shows a cost breakdown based on
materials and equipment procurement and required civil and struec-
tural work, Materiuls and equipment considered in this breakdown
include pipes, valves, waier meters, hydrants and chlorinuatorse

CONSTRUCTION PHASE I-B_ (1986-90)

Mgiribution System

A11 of the diutribution system improvements included in conse
truction Phase I-B ar: to replace existing pipelines (constructed
Lefore 1978) in the BAN-WD, Figures IX-6, IX-7 and IX~-1 (appended)
and Table IX-4 show the pipelinco to be constructed during Phase I-3.

The sizes of replacement pipelinces are selected in accordance
with the recommended internal network scheme since the system with-
in the poblacion is essentially all internal network.

Internal Letwork

New internal network (54 hectares) will be provided during this
construction phase lo provide 100 percent coverage of the 1990 ser—
vice area, Internal network will be provided at an annual rate of
approximity 10.8& hectares per year, uniformly over the pcriod 1986
90 (sec Annex IX=C).

Service Connectionss

During Phase I-B a total of 606G new service connections will
be installed, at a rate of approximately 120 connections per ycur,
increasing the total service connectione to 2,570 within the water
district by 1990 (See Annex IX-C).

IX-12



COST SUMMARY FOR CUNSTRUCTION
STACE I PHASE &4 (1980-85)

Item

Source Devgiogment
Materials and Equipment

Civil and Structural

Pipelines and Valves

1100 mm x 375 mi
Materials and Bquipment
Civil and Structural

(150 mm x 5,995 m)
Materials and Equipment
Civil and Structural

(200 mm x 8,205 m)
Materials and Equipment
Civil and Structural

Laboratory Facilities
Materials and Equipment

Civil and Structural

Meter Repair Facilities
Materials and Squipment
Civil and Structural

Plumbing Shop
Materials and Equipment
Civil and Structural

Sub~-Tota 15/
Materials and Equipment
Civil and Structural

Internal Network
Materials and Equipment
Civil and Structural

A/U.S. $1.00 = P7.00.

TABLE IX-3

Construction Cost (F)
Period Local FEC- Total
1981-82
6,300 116,000
£1,300 - —
87,600 116,000 203,600
1981-82
2,800 17,800
20,900 -
144,100 562,800
461,100 -
259,300 1,017,500
618,100 -
1,566,300 1,598,100 3,164,400
198182
21,400 224,000
118,500 20,000 e, e
139,900 274,000 413,900
198182
: 4,400 55600
22,000 =
59,400 55,600 115,000
198182
63,000 -
363,000 - 363,000
438,300 1,993,700 2,432,000
1 00 50,000 1,827,900
2,216,200 2,043,700 4,259,900
198185
47,300 370,400
67,700 -
515,000 370,400 885,400

5/Contingencies and engineering calculated at 15 and 10 percent,

respectively.
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TABLE IX-3 (Continued)

Construction Cost (P)
Item Period Local FEC Total
Service Connections 198185
Materials and Equipment 14,500 293,300
Civil and Structural 198,200 -
212,700 293,300 . 506,000
Fire Hydrants 198185
Materials and Equipment 23,700 80,900
Civil and Structural 34,900 —_—
g 58,600 80,900 139,500
Vehicle 1981 ,
Materials and Lquipment 30,000 30,000
Civil and Structural - -
¢/ 30,000 30,000 60,000
Sub=Total
Materials and Equipment 115,500 774,600 890,100
Civil and Structural 00,800 - 700,800
%16,300 774,600 1,590,900
Total Consiruction Cost
Materials and Equipment 553,800 2,768,300 3,322,100
Civil and Structural 2,478,700 90,000 2,528,700
Sub-Total 3,032,500 2,818,300 5,850,800
Contingencien
@>12; 332,%00 306,600 639,000
@ 105 1,600 00 1%%.100
. Sub=Total 3,443,500 3,202,400 6,648,900
Engineering ,
@1 § 171,200 312,400 429,900
@ 5% 30,600 00 %,200
1/ Sub~Total 3,648,600 3,577,700 7,226,300
Land 19,000 - 19,000
Total Project Cost 3,667,600 3,577,700 7,245,300

§/Contingenoies and engineering are calculated at 10 and 5 percent,

respectively.

Engineering costs include 65 percent foreign exchange.

l/Includes land for meter, laboratory and plumbing shop facilities

(1,900 sqm).
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TABLE 1X~4

FHASE I-B TRANSMISSION AND DISTRIBUTICN PIPELINES

. Pipe Pipe
Pipe Diameter Length
Number ‘Loocation/Desoription (mm) (m)
1 Santiago St. 100 290
2 Pefiarrubia St. 100 60
3 Pefiarrubia St. 100 115
4 Peflarrubia St. 100 175
7 Arellano/Aguinaldo St, 100 355
10 Pefiarrubia St. ~ : 100 165
12 Washington St,. 100 90
15 Pefiarrubia St. 100 170
17 Washington St. 100 90
18 M. H. del Pilar St. 100 290
24 Between Villa Manzano and
Magallanes St, 100 75
27 Pefiarrubia St. (Extension) 100 130
28 Pratt St, 100 150
30 Partelo St. 100 230
38 Santiago St. 100 75
52 Agonocillo St. 100 100
2,560
13 Santiago Ste 150 120
14 Santiago St. 150 60
26 Magallanes St. 150 80
29 Santiago St. 150 110
31 McKinley St. 150 370
35 Abra~Kalinga Natl. Road 150 320
36 Abra~Kalinga Natl. Road 150 205
37 Rizal St. 150 160
39 Magallanes St. 150 140
41 Gonzales/Rizal St. 150 160
42 Paz/Villa Nanzano St. 150 290
43 Torrijos Ste 150 420
2,435
Total 4,995
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Fire Irotection

During Phase I-B, a total of 55 hectares will be provided with
fire protection service by the installation of fire hydrants, This
area will include 14 hectares of Bangued Poblaocion, 4 hectares of
Feliarrubia Poblacion and 37 hectares of other surrounding barrios.
By 1990, 67 percent of Bangued Poblacion, 50 percent of Pefiarrubia
roblacion and 42 percent of the total year 2000 service area will
have fire protection (see Annex IX-=C).

Cost Summary: FPhase I-B

The cost summary for proposed construction during Phase I-B
is presented in Table IX~5, Based on 1978 price levels, the total
project cost for this phase is P2,32 million with a foreign exchange
component of ®1.16 million,

D. SECOND STAGE OF THE RECOMMENDED
LOKG~-TERM CONSTRUCTION PROGRAM

The second stage of the recommended program includes provision
of additional source, storage, transmission and distribution faci-
lities and expansion of internal network, service oonnection and
fire mervice facilities. These works will be implemented in two
construction phases.

CONSTRUCTION PHASE II~A (1991-95)

Source Facilities

An additional metering element will be provided at the metering/
valve chamber upstream of Periarrubia. This will provide adequate
production metering capability beyond the year 2000,

Storage

The analysis of distribution storage in Chapter VIII indicates
that storage equivalent to 15.5 percent of maximum—day demand sliould
be provided by the yeer 2000. The rationale for this quantity is
based on the staged capacity of the proposed transmission mains,
2t the end of the planning period for this study, there is exoess
capacity in the transmission main and,y therefore, the maximum quan-
tity of storape is not required.

Based on the excess transmission main capacity, an additional
200 cum of distribution storage is required by 2000, It is recom-
mended that this required storage be provided in construction
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TABLE IX-5

COST SUMMARY FOR CONSTRUCTICN
STAGE I PHASE B (1986-90)

" . Cost (P)
Construction g/~v
Item Period Local Foreign Total
Pipelines and Valves 1986 =88
(100 mm x 2,560 m)
haterials and dquipment 15,700 111,500
Civil and 3tructural 135,100 -
(150 mm x 2,435 m)
Naterials and iquipment 66,200 256,200
Civil and Structural 198,700 -
Sub-Tota
Materials and Bguipment 81,900 367,700 449,600
Civil an? Structural 333,800 - 333,800
415,700 367,700 783,400
Internal Letwork 1986~90
laterials und Zquipment 29,000 226,900
Civil and 3tructural 286,500 -
315,500 226,900 542,400
Scrvice Connections 1986=90
Materials and Equipment 14,500 292,800
Civil and Structural 197,800 -
- 212, 300 292,000 505,100
Fire Hydrants 198690
Materials and Tquipment 16,800 57,300
Civil and Structural 24,700 -
19/ 41,500 57,4300 98,800
Sub-Total
Materials and Equipment 60,300 577,000 637,300
Civil and Structural 509,000 - —D09,000
569,300 577,000 1,146,300
Total Construction Cost
Materials and Equipment 142,200 944,700 1,086,900
Civil and Structural 842,800 - 842,800
985,000 944,700 1,929,700
Contingencies
@ 15% 62,400 55,200 117,200
@ 10% 563900 __51_,%@ 114,600
Sub-Total 1,104,300 1,057,600 2,161,900
Engineering
@ 10% 31,500 58,600 90,100
@ 5% 22,000 41,000 __ 63,000
TOTAL PROJECT COST 1,157,800 1,157,200 2,315,000

g;ﬁ.s. $1.00 = P7.00.
Contingencies and engineering calculated at 15 and 10 percent, res-
pectively. Engineering cost includes 65 percent foreign exchange.

Contingencies and engineering calculated at 10 and 5 percent, res-
pectively. Engineering cost includes 65 percent foreign exchange.

IX-17



Phase II=A. The new tank should be located at the existing sitee
The size of the tank to be constructed in Phase II=A should be re-
viewed at the time of final design of the tanke It may be advis—
able to increase the tank size based on demand projections at that
time. Studies at the time of final design may very well show that
it would be more economical to increase the siZe to serve for a
longer period.

Transmission Facilities

A second 200 mm tranamission pipeline extending from Lusuac
Spring to the existing storage reservoir site (7,890 meters) will
be constructed during Phase II-A (1993~94). This pipeline, together
Wwith the additional storage reservoir also to be constructed during
Phase II-A, will provide adeguate source/fransmission capacity to
the year 2000,

Distribution System

The majority of the distribution system improvements recommeded
for construction during Phase II-A are designed to serve the barrios
of Agtafigao, Palao and Sao-atan. The remainder of the distribution
improvements are designed to reinforce the system between the dis—
tribution storage tank and the Bangued poblacion. Table IX-6 lists
the improvements recommended for comstruction during Phase II~A and
Figures IX-6, IX-7 and IX-1 (appended) show the pipelines included
in Phase II-A,

TABLE IX=6

FPHASE IT-A TRANSMISSION AND DISTRIBUTION PIFELINES

Pipe Pipe
Pipe Diameter length
Number Location/Description (mm ) (m)
302 Bo. Agtatigao Road 100 400
303 Bo. Palao Road 100 é_o_o_
00

301 Bo. Sao-atan Road 150 300
48 Transmission Pipeline to Reservoir 200 4,950
50 Transmission Pipeline to Reservoir 200 2,940
117 From Reservoir to Torrijos St. 200 605
118 From Reservoir to Torrijos St. 200 120
119 From Reservoir to Torrijos Ste 200 175
3790

Total 9,890
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Internal Network

An additional 34 heotares of internal network will be provided
during Phase II-A. This will provide service to 50 percent of the
additional area to be served between 1990 and 2000, resulting in
service to about 85 percent of the year 2000 service areas

Service Connections

An additional 879 service connections will be installed during
Phase II-A, at an annual rate of approximately 180 conneotions per
year. By 1995, the BAN-WD will have 3,450 service connections.

Fire Protection

During Phase II-A, a total of 63 hectares will be provided with
fire protection service by the installation of fire hydrants. This
area will include 14 heotares of Bangued poblacion, 4 hectares of
Pefiarrubia poLlacion and 45 hectares of other surrounding barrios.

By 1995, 83 percent of Bangued poblacion and 75 percent of Pefiarrubia
poblacion, or 75 percent of the total year 2000 service area, will
have fire protection.

Laboratory Facilities

As the BAN-WD increases in size, the number of samplos will grow
and the laboratory may be utilized for other agencies within the
municipality. The laboratory will purchase additional equipment
inoluding some more sophisticated analytical devices during Phase

II-A (1994-95).
Water Meter Test/Repair Facilities

The number of metered connections in the BAN-WD will increase to
a point in Phase II-A that the facilities provided in 1981-82 will
not be adequate. A duplicate set of test benches, test tanks, repair
benches and tools will be purchased during Phase II=A to moet the
needs of the BAN-WD through 2000,

Cost Summary - Phagse Il=A

A cost gummary for construction during Phase II-A is presented
in Table IX-7, based on 1978 price levels. The total project cost
for this phase is P6.12 million, with a foreign exchange component
of P2,87 millione

CONSTRUCTION PHASE II-B (1996~2000)

Internal Network

Additional 51 hectares of internal network will be provided
during Phase II-B, By the year 2000, 100 percent of the year 2000
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TABLE IX-7

COST SUKMARY FUR CUKSTRUCTION
STAGE II PHA3H A (1991~95)

Item

Source Facilities
Materials and Equipment
Civil and Structural

Storage Facilities
Materials and Equipment
Civil and Structural

Pipelines and Valves

2100 mm x 800 ms
Materials and Equipment
Civil and Structural

(150 mm x 300m)
Materials und Equipment
Civil and Structural

(200 mm.x 8,790 m)
Materials and Equipment
Civil and Structural

Laboratory Facilities
Materials and Equipment
Civil and Structural

Meter Repair Facilities
Materials and Equipment
Civil and Structural

&ﬂkﬂbtallg/
Materials and Equipment
Civil and Structural

Internal Network
Materials and Equipment

Civil and Structural

y.s. $1.00 = $7.00.

Construction

Cost (P)

Period l.ocal

199192

1992-93

199495
16,800
132500
30,300
199192
.~ 4,400

10,000

144400

1,008,000
1,116,000
2,124,000

199195
18,200

180,000
198,200

Fbreiggll/' Total

30,000 33,000
229,900
226,900 1,190,800
364700
28,9%
1,119,200
1,184,800 2,300,200
65,000
50,000
115,000 145,300
55,000
55,000 69,400
1,564,700 2.522,700
0 1,166,000
T T30
142,600
142,600 340,800

lg/Contingencies and engineering calculated at 15 and 10 percent,

respectively,
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TABLE

IX~7 (Comtinued)

Construction Cost (P)
JTteni Period Local Foreian Total
Sorvice Connections 1991-95
Materials and BEquipment 21,100 425,900
Civil and Structural 287,800 - e
308,900 425,900 734,800
TMre llydrants 1991~95
Materials and Equipment 18,400 62,700
Civil and Structural 27,000 ve
13/ 25,400 62,700 108,100
Sub~Total
Materials and Equipment 57,700 631,200 688,900
Civil and Structural 494,800 - 800
552,500 631,200 1,183,700
Total Construction Cost
Materials and Bquipment 1,065,700 2,195,900 3,261,600
Civil and Structural 1,610,800 50,000 1,660,800
2,676,500 2,245,900 4,922,400
Contingencies
@ 150 318,600 242,200 560,800
@ 104 54200 63,100 118,300
o Sub-Total 3,050,300 21551,200 5,601,500
E)xgrineering_—ll‘
@ 100 150,500 219,500 430,000
@ 50 22,800 42,300 62,100
15/ Sub-Toial 3,223,600 2,873,000 6,096,600
Land: 20,000 - 20,000
Total Project Cost 3,243,600 2,873,000 6,116,600

1}/Contingenciee and engineering calculated at 10 and 5 percent,

respectively.

lﬂ/ﬂngineering costs consist of 65 percent foreign exchange

currency.

15/
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service area will have access to water supply via the internal
network system installed hy that time,

Service Connections

During Phase I1-83, a total of £60 service connections will lLe
installed, at the rate of 1°0 connections per year. By the year
2000, the BAN-WD will have a toial of 4,332 connections,

Iire Pretection

During Phase II-3, a total of 62 hectares will be provided with
fire proiection service by fire hyarant installations This area
will include 14 hcectares of Bangued poblacion, 4 hectares of Pefia-
rrubia poblacior urd 45 hectarcs of other surrcunding barrios. By
2000, [ire protection will be previd 4 to 100 percent of the poblaciones
of Bangued and Penarrubia, 50 percent of the barrios of Lipcan, Dang-
dangla, Calaba, Bangbangar; Patucannay and Riang, and 30 percent of
the barrios of Agtalbirraoc, Sao-atan, and Palao,

Cosl Summary -« Phase 1I-=D

A cost summary for conatruction during Phase II-3 is presented
in Table IX-8, DBased on 1978 price levels, the total project cost
of this phase is P1.56 million, with a fcreign exchangc component
of P0,82 million,

E. CAPITAL COST SUMMARY

The capital costs for each phase of the long~term construction
program,including the immediate improvement program, are summarized
in Table IX~9., The total project costs shown in this table include
ergineering, contingencies and land costse All construotion cost
estimates are based on 1978 price levels. The foreign exchange com-
ponent of the total project cost includes the costs of direct and
indirect import items,

F. ANKUAL CPERATION AND MAINTERANCE COSTS

Annual operation and maintenance coste include personnel, power,
chemicals, maintenance, rentals, office supplies and other miscella=-
neous expenses which are necessary to sustain the overall water
supply system. The total annual budgeted cost of the existing systen
in 1976 was P49,000. Following implementation of the proposed im=
provements and new construction program, the anmial costs will ine
orease due to the additional costs for persomnel, chemicala and
maintenance.
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COST SUMHARY FUR COLSTRUCTIUN
STAGE II PHASE B (1996~-2000)

TABLE IX-f

Cost (P)

Construction
Item Period Local

Internal Network 199(~2000
Materials and Equipment 27 4400
Civil and Structural 270,000
297 4400

Service Conncctiong 1996~-2000
Materials and BEqpuipment 21,100
Civil and Structural 287,800
308,900

Fire Hydrants 1996=2000
Materials and Equipment 18,400
Civil and Structural 2 0
45,800

Total Construction Cost

Materials and Equipment 66,900
Civil arnd Structural 85,200
Sub-Total 652,100
Continrencies @ 10% 65,200
Sub-Total 717,300
Eng ineering-m @ 5% 26,100
TOTAL PROJECT CUST 743,400

18/4is $1.00 to $7.00.

Fbreigglé/

213,900

213,900

425,300

425,900

62,700

62,700

702,500

702,500
70,300
772,800
48,400
821,200

11/%hgineering cost is assumed to be 65 percent I'iC,
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511,300

734,800

708,500

769,400

585,200

1,354,600
135,500
1,490,100
74,4500
1,564,600



The annual couts of operating and maintaining the water district
facilities are estimated to be #150,000, P290,000 and P407,000 in

1980, 1390 and 2000, respectively. The estimated breakdown

of these

cogts is shown in Table IX-10, All costs shown are based on projected

1978 price levels.
TABLE IX=Q

CAPITAL COST SUMMARY

Construction Construction Construction Projact Cost (M)
Phase Period Cost (P) Local FEC Total
Imnmediate
Improvement )
Progran 1977-179 2,708,100 1,766,400 1,743,300 3,509,700
I-A 1980-85 5,850,800 3,667,600 3,577,700 7,245,300
I-B 1986=90 1,929,700 1,157,800 1,157,200 2,315,000
IT-A 199195 4,922,400 3,243,600 2,873,000 6,116,600
11-B 1996~-2000 1,354,600 743 4400 821,200 _1,564,600
Total 16,765,600 10,578,800 10,172,400 20,751,200
TABLE IX-10

ANNUAL OPERATION AND MAINTENANC® COSTS

Annual Costs (r)lfy

Ttem 1976 1980 1950 3600
Administration and Personnel 36,300 100,200 185,900 238,600
Power and Fuel - 13,200 13,200 13,200
Chemicals 1,000 6,600 13,100 22,000
Maintenanoce T,300 24,300 63,900 97,700
I'iscellaneous 4,400 5,300 13,700 35,500

49,000 149,600 289,800 407,000

1§/Computad at 1978 price levels.
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G. SEWERAGE/DRAINAGE CONCEPTS

Exigting Drainage System

The existing drainage facilities in Bangued drain the eastern
portion of the area into Sinalang Creek, the central portion into
Sinapangan Creek and the western portion (together with the fringes
of the central portion) into surrounding low-=lying cultivated rields.

The existing facilities congist of a system of open canals
along most of the municipality's streets (see Figure IX-8). These
street drains are unline earthen ditches varying in width from 0.3
to 1.0 meter and from 0.3 to 1.5 meters deep. lost of these street
drains are interconnected at street intersections by 0.3 meter
drainage culverts,

Although the existing facilities are intended for drainage into
the available natural surface water channels, many of the street
drains overflow durin< rainy periods, with resultant overland flow
to surrounding rice fields.

" Improvements to the existins drainage gystem are impeded by
lack of sufficient municipal staff, insufficiency of allocated
funds and the absence of a long-term drainage master plan. The
existing system in the past was improved or extended acoording to
the growth patterns and road development within the community.
Although street sweepers employed by the municipal government main-
tain the street drains in the vicinity of the town plaza, the
majority of street drains are maintained by local residents. Road
intersection drainage culverts are virtually not maintnined (and are,
therefore, usually clogged and of little use during storms).

The existing drainage facilities were constructed for the
colleotion and disposal of stormwater run-off. Most of the street
canals are dry durins non--rainy periods. During rainy periods,
surface run-off, as well as some miscellaneous solid waste materials,
is carried by the street canals, with very little domestic sewage
entering the system.

Field observations of the drainage system in Bangued are as
follows:

l. The major disposal areas for stormwater run-off are the

Sinalang aid Sinapangan Creeks and surrounding cultivated
fields, for the eastern, central and western portions of
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the municipal area, respectively. The flows of the Sinalang
and Sinapangan Crecks ultiimately cnter the Abra River, 3=/ km
from the center of the rmnicipality,

2, Domestic wasiewater is discharged into septic tanks and
pit piivies, Some roof drainage is transported to these
facilities, with occasional flooding during rainy pericds.
Although direct discharge of domestic wastewater to storm
water facilities is uncommon, it is likely that an approci-
able amount of domestic wastewater travels overland during
rainy periods,

. 3¢ The public market and slaurhterhouse drain their wastewators
directly into the Sinapangan Creek,

As Althouzh nominally the responsibility of the municipality,
the limited quantity of available resources mukes drainage
system development and muintenance impractical.

e There are no existing industries producing sijmitiount
wactewnters.

Ge Approximately 30 owml of solid wastes is collected ty lhe
' minicipality, and disposed of (dumped and burnad) adjacent
to the Abra River northwest of the poblacicn,

7o Clogping of draincge conduits is caused by depogiticy of
locally eroded soils, the dumping of 50lid wastes into
drainage channels and luck of any sirnificant maintenonce,

8, No sigmificant flooding preblems have been expericnced
in Bancueds Periodic flooding doeg occur along Partelo
streot, but persists only for very short periods.

Relationship with Infrastructure and Other Ingineering und
Kconomic Factors

The provision of sewerage and drainago facilities within the
BAN-WD has a siymificant impact on water supply and other infra-
structure comporente. Economics {public's ability-to=pay) and the
status of public health directly affcct the feasibility of providing
sewerare and drainage facilities,

In view of' the current relatively minor slorm water druainage
problems being experienced in the BAN-WD area, it appeors that
drainage facilities do not warrant high priority in Bangued's list
of infrastruciure components. Beforc docisions can be made concerring
the implementution of sewerage and/or drainage programs, additional
technical and cconomic data must be collected and evaluatoed.
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Informaiion from the Department of lealth indicates that in
1975, 18 percent of Bangued hougehelds had water~borne toilet Facie
lities, GO percont had clozed-pit type toilets, 2 percent had opon-
pit toilets and 20 percent had no toilet facilities. It is unlikely
that such a low percentage of "modern" fucilities can oconomically
justify a near-futurc sewerage prosram,

The rationzle for ihe provision of wastewater facilitios has
traditicnally been based on aesthetics and public health benefits.
At prenent, there is an obvious water supply problem in the BAN~WD,
As the water supply problem is resolved, wastewater volwmes will
increuses llelated acsthetic and public health standards will ime
prove in time, inorcasing the urgency for sclution of the wagtewater
problem,

Projected Wastewater Volumes

Hastewater flows in BAR-WD have been projected for the years
1990, 2005 and 2025, These estimates are shown in Table IXw11,

The service area considered for the wastewater 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
wagstewater will be greatest,

The wastewater volume which could be collected was determined
by estimating the percentage of water supply connections (domestic
and commcrcial/industrial/institutional) with sewer connections
during the design period from 1990 to 2025, It was aasumed lhat
all water supply cennections will have sewer connections by 2025,
and that in 1990,'?0 percent of domestic and 50 percent of commore
cial/industrial/institutional water supply connections will have
sewer connections. It was assumed that no unusually large water—
consuming connections will occur during the design period, and
that 90 percemt of water consumed will, therefore, be returned to
the sewers, An allowance was made for groundwater infiltration
into the sewers, based on projected percentage of physical area
with sewers and an infiltration rate of 0.15 lps/hectare. The
resultant number of sewer connections required during the design
pericd was then checked to ensure that the annual rate of sewer
connections was realistically within the ocapabilities of the water
distriot,.

Alternatives Available

The cost of sewerare/drainage facilities for the BAK-WD arca
is expaected to be significant.

The provision of a financially self-sufficient sewerage/Uruainage
system is seldom achieved, even in dcveloped countries., It is likely
that the BAL-WD is no exception to this rule.
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Served
Area

Bangued
Poblacion

Lipecan
Pellarrubia

Poblacion

Dumayco

Total

Design

Year
L ]

1990
2005
2025

1690
2005
2025

1990
2005
2025

1950
2005
2025

1990
2005
2025

AVERASE DAILY UWASTZWATER FLOUS
3AKGUZD UATZR DISTRICT

TABLE

IX-11

Wastewater Flows {eumd)

Commercial/

Domestic Industrial/ Infiltration Total

Institutional Allowance
494 115 531 1,140
1,611 388 T€5 2,764
5,578 1,228 1,062 7,868
29 7 162 198
95 23 233 351
32 72 24 725
18 4 117 139
58 14 168 240
199 44 233 476
18 4 65 87
59 14 93 166
203 45 130 378
559 130 875 1,564
1,823 439 1,259 34521
6,309 1,389 1,743 ©1447
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Feagible alternativas for sawarnge in BANGHD arew appear to
be aa follows:

‘e individaal (septic tanks) er unificd public cellection
systenm;

2, combined or separate sewerage/drainagu systems;
3e varioug desreos of centralized community sewage treatment;

4, disposal sygtem (river or land treatment) for treated
seWage,

The question of whether the BAN-WD should censtruct a combined
or a separate sewerage/drainnge system depends on economic circumg-
tances.

fn alternative to the combined system which must bLe invesligated
in detail durin; the sewerage feasibility study is the provision of
open canals (peripheral drains).

Alternative treatment and disposal meilhods for intercepted wuste—
water may consist of:

1. Screening of gross solids, high-rate lagoons and ef{'luent
discharge into the Abra River;

ne
.

Some Torm of treatment such as conventional primary or
high-rate soecondary lreatment may be applied,

Treated wastes may be used potentially for agricultural
irrigation,

Recommendations

As socn as the first-phase of the water supply program is under—
way, a4 comprehiensive sewerage/drainnge feasibility study should be
undertaken. This study must address the issue of combined versus
separate sewers. It should zlso update the population and water
demand projections of this water supply study.

Once the decision has been made to use either the combinad
or separate system, the water district must embark as promptly
as possible on a stroet sewering and house connection pro;rids

A plumbing code should be develouped by the BANWD to coordinate
plumbing requirements for water, wastewater and surface runoff facili-
1iese This code becomes very important and menningful particularly
if a separate system of sewers is adopted,
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In the meantime, & house-to-house survey should be conducted
to inventory existing wasiewater and toilet facilities. As~built
drawings of storm draine and peripheral canals muat be compiled
and accurately recorded in preparation for the sewerage/drainage
foasibility study.

For residences and establishments that currently lack waste
dispozal facilities ana ~ve financially unable to provide the
modern flush tcilet with septic tank, the Department of Health
(Division of Environmental Saniiations has developed arn inexpensive
water—-seal toilet,

. Permanent rights—-of-way should be acquired for the main canals
that will be usged for drainage/sewerage canals,

Dumping solid wastes into waterways and canals 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,

He MANAGEMINT OF WATER RESOURCES

" In order to make the best use of water resources available for
present and future demands of the BAN-WD, certain technical and
management steps must be considered. These considerations are
primarily related to the collection of data concerning the chemical
quality and amount of water p:»duced by the distriot, and a data
storage and retrieval system which would be accessible to those
organizations dealing with the subject. These are discussed further
in Appendices M and P, Volume II of this report,

I. UPDATING THE WATER SUPPLY MASTER PLAN

To be a meaningful working document, this water supply mester
plan must be periodically updated. Changes related to technological
developments, social goals, land use concepts, unforeseen population
growth or movement, etc,, must be reviewed for possible longw-range
impact on the programs recommended in this report. An outline of
the steps required for such periodic updating is presented in
Appendix Q, Volume II.

J. ENVIRONMENTAL CONSIDERATIONS

Appendix R, Volume II discusses some of the ways the recommended
program may affect the environment of the study area. Some natural
resources affected by the program are irreplaceable, requiring due
consideration before actual comstruction.
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ANNEX IX~C
DISTRIBUTION SYSTEM GROWTH

General

It is necessary to projeoct the growth of the distribution
system in order to estimate the required expenditures for internal
network piping, service connections, and fire hydrant requirements.
The projection of distribution system growth is based on (1) an
apportionment of the served population among individual sections
within the service area, (2) the projected number of people served
by each connection, and (3) the antioipated total area of individual
served sections wit“in the service area. The details 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 community
served and respective service areas in 1976, 1980, 1990 and 2000.

Number of Pesople Per Connection

Based on the pilot area studies within the present service area,
it is anticipated that the future number of persons served by a single
servioce connection will be 8.

Total Served Area for Individual Communities

The total areas of individual served communities have been pro-
jected on the tasis of field studies and locations with potential
oconsumers of the BAN-WD water supply. These projections are presented
in Annex Table IX-(C-=2,

Area Served By Internal Network System

In order to project the net area to be served by internal net-
work, the gross served areas were reduced in proportion to the
expected percentage of population served (see Annex Table IX-C-3).

The reduced served areas were further reduced based on the
assumption that (1) some of the distribution system pipes included
in the analyses are actually internal network; and (2) some of the
proposed distribution pipelines will serve as equivalent intermal
network. It has been assumed that relevant distribution system

X=C=1



ANNEX TABLE IX-C-1

SERVED POPULATION PROJECTIONS
BANGUED WATER DISTRICT

1976 1980 1990 2000
Community Service Service Service Servioe

Served Area Area Area Area

Bangued Poblacion 6,320 8,720 14,015 20,420
Pefiarrubia Poblacion 85 312 615 1,060
Bo. Dumayco 120 318 530 870
Bo. Lipcan 195 515 900 1,395
Bo. Dangdangla - 255 390 670
Bo. Riang - - 150 395
BO. Calaba - - 745 1.455
Bo. Bangbangar - - 350 900
Bo. Patucannay - - 635 1,365
Bo, Agta.ﬁgao - - - 575
Bo. Sao-atan - - - 275
Bo. Palao - - - 640
Total Served Population 6,720 10,120 18,390 30,020

Total Service Area

Population 10,840 14,350 23,700 35,440
Percent Served 62 71 78 85

ANNEX TABLE IX=-C-2

TOTAL SERVED AREA FOR INDIVIDUAL COMMUNITIES (ha)

1976 1980 1990 1990

Commnity Service Service Servioce Service
Served _Area Area Area Area
Bangued Poblacion 82 82 82 82
Pefiarrubia Poblacion 18 18 18 18
Bo. Dumayco 10 10 24 24
Bo. Lipoan 25 25 25 32
Bo. Dangdangla - 20 20 20
Bo. Riang - - 10 10
Bo. Calaba - - 40 40
Bo. Patucannay - - 45 45
Bo. Agtaiigao - - - 30
Bo, Sao-atan - - - 18
Bo, Palao — — — 22
Total 135 155 294 374
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ANNEX TABLE IX~C-3

REDUCED AREA (HECTARES) TO RECEIVE INTERNAL NETWORK,
BY SERVICE AREA

1976 1980 1990 2000
Service Service Service Service
Area Area Area Area

Total area servedd/(ha) 135 155 294 374
Population served—/ “) 62 71 78 85
Reduced area served—/ (1) 65 75 80 90
Reduced area served (ha) 88 116 235 31

pipelines can serve an area within 50 meters on each side of the
pipeline, and that transmiseion pipelines will not provide direct
servioe to any consumers.

It has been further essumed that regions within the 1976 and
1980 service areas will not be fully served until 1985 and that the
balance of the 1990 service area will be provided with internal
network between 1990 and 2000.

The net areas to receive internal network are tabulated in
Annex Table IX-C-4, according to construction rhase.

Number of Service Connections

The number of service connections to be installed is obtained
by dividing the served population 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-5.

During the leakage survey to be conducted during the immediate
improvement program, it is expected that some existing service
connections will be identified as major sources of leakage. It has
therefore been anticipated that 30 percent of existing service
connections will require major repair or replacement by 1980,

See Annex Table IX-C~1

%;See Annex Table IX~C-2
3 Assumed

TY
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ANNEX TABLE IX-C-4
NET AREA (HECTARES) TO RECEIVE INTERNAL NETWORK
(BY CONSTRUCTION PHASL )
——Congtruction Phase ______
A I-B -4 I3

Reduced Area to Receive
Internal Network _11/
a

1976 Service Are \ 44 - - -
1930 Servioe Area 28 - - -
1990 Service Area 65 54 - -
2000 Service Area — - h1 2
Sub=-total 137 54 51 51
Allowance for (Other 49 - 17 -
Net Area to Receive Internal
Network , 88 54 34 51
Cumulative Total Area with
Equivalent Internal Network 181 235 286 337

ANNEX TABLE IX~C-5
SCHEDULE FOR SERVICY CONNECTION INSTALLATION

Irmadiate Phase I-A Phase I-B Phase II-A Phage II-B

Location Improvement _(1981-85) (1986-90) (1991-95) (1996-2000)
Bangued Poblaoion (790)% 300 33 331 400 400
Pofiarrubia Poblacion (18)# 47 38 38 40 40
Bo. Dumayco (23)# 37 19 20 32 33
Bo. Lipcan (37)% 60 36 36 47 47
Bo. Dangdangla 50 13 13 28 27
Bo. Calaba - 68 67 65 65
Bo. Bangbangar - 27 28 43 43
Bo. Patucannay - 60 60 68 69
Bo. Hiang - 13 13 21 21
Bo. Agtafigao - - - 52 53
Bo. Sao~atan - - - 26 . 25
Bo, Palao - —_ - =21 2L
Total 494 605 606 8719

T ———— ———

) ﬂ/ 50 percent of 1976 service area is servod by existing internal network.
#* Numbers in parentheses indicate existing connections in 1976.



Areas to Receive Firo Protection

Beoause of the finanoial impact of the overall construotion
program on the consumers within the servioce area, it is proposed
that only the poblaciones of Bangued and Peflarrubia and Barrio
Dumayco receive complete fire protection coverage (100 perosnt) by
the year 2000. Barrios Lipcan, Dangdangla, Calaba, Bangbangar,
Patucannay and Riang will reoceive 50 percent ooverage; barrios
Agtaiigao, Sao-atan and Palao will reoceive 30 peroent ocoverage. All
of the communities within the servioe area, exospt Bangued Poblacion,
will be provided with the normal residential type of hydrant ooverage.
Bangued Poblacion, because of higher population deneitiss and gene~
rally higher property valuss associated with commerocial areas, will
be provided with a higher level of hydrant servios. The oosts
for fire hydrant installation ars included in the ocost tables of
Chapter IX,

It should be noted that if a ocommunity does not reoceive full
fire hydrant ooverage,it st:ll has been provided with full firs-flow
piping capaocity. The pipelines have been designed to provide the
required firs flow to all communities whether the hydrants are
installed immediately or not.

ANNEX TABLE IX~C~6
SCHIDULE FOR FIRE HYDRANT INSTALLATION

Area ‘ha! Roooiv% Pire Prgtoot%en
Logticm Phase I-4A ss J-B 586 1I-A I

Bangued Poblloionj/ 32.8 13.6 13.6 13.6
Pefiarrubia Foblaocion 4.9 4.1 4.5 4.5
Bo. D\m&YOO 6.8 507 . 507 5‘7
Bo. Lipm 901 706 706 7'6
Bo. Dangdangla 2.9 2.4 2.4 2¢4
Bo. c&l&bﬂ 1.2 602 602 602
Bo. Bangbangar 0.9 4.7 4.7 4.7
Bo. Patucannay 1.4 7.0 7.0 7.0
Bo. Rian‘ 0.3 1.6 1.6 1.6
Bo. Agtafigao - 0.8 4.1 4.1
Bo. Sao-atan . 005 2.4 204
Bo. Palao - 0.7 o4 3.4

TOtB]. 600 3 540 9 63. 2 630 2

Cumulative Total 68.5 123.4 186.6 249.6

5/ It is estimated that approximately 10 percent (8.2 ha) of the
total poblacion is currently oovered by effective fire hydrant servioe.
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Computer Studies

The recommended program of pipe construction in Chapter IX
reflects the results of successive computer analyses on the BAN-WD
distribution system. The general design critoria and method of
analysis are discussed in Appendix K of Volume II and Chapter XII
of the Methodology Manual,.

The method of selecting pipeline sizes consists of analyzing
a nunber of flow requirements and operating conditions and designing
each pips for the worst set of conditions. Sinoe each oomputer
analysis is critical tv a different series of pipes there is no
single program result that can be included herein as a “design run",

The ocomputer printouts for the peak-hour and minimum-hour
oonditions are shown in Annex Tables IX~C~7 and IX-C~8 as representative
of the worst conditions for pipe design. The peak-hour condition
can, in general, be considered as the *"'design run" for the majority
of pipes. However, certain variations in operational modes,
especially in systems with well supplies, can be more oritical for
some pipelines.

The pipeline and node numbers on the computer printouts are
the Bame as those in Figures IX-6 and IX-7. In general, pipes of
series O to 99 are existing pipelines, pipes 100 to 199 are immediate
improvemente, pipes 200 {0 299 are Phase 1 improvements and pipes 300 to
399 are Phase 11 improvements. Pipes 400 %o 499 are existing pipe-
lines that would be replaoced with new pipes in Phase I,

IX=C=6



ANNEX TABIE IXw=Cw7
COMFUTER PRINTOUT (BAN-WD)
YEAR 2000 FEAK HOUR

BANGUED 2000 PEAK HOUR

INPUT AND OUTPUT IN LPS
NO OF NODES 5¢
NO OF PIPES ' 10
MAX NO 0O0F ITERATIUNS 2C
PEAKING FACTOR 1.7500C

ALLOW P-DROP FR/STATIC - PCT 50.C
STATIC HGL FOR P-DROP CALC 1uU3.5

MAX UNBAL - LPS 0,035000
MAX ALLOW VEL —MPS 3.0CC
MIN ALLOW VEL - MPS U400
MAX ALLOW HL - M/1000 M 10.00
MIN ALLOW HL - MZ1000 M L. 3C
MAX ALLOW PRESS - ATM 71.0CC
MIN ALLUW PRESS - ATM 0.700
NO OF HEADS .TQ BE READ Z
NU OF UNKNUOxN CONSUMPTIONS 2
SUM OF FIXED DEMANDS 109.81
BANDOWIDTH 5
ITER 1 UNBAL 1917.14 LPS
ITER 2 UNBAL 1034.57 LPS
ITER 3 UNBAL 474.87 LPS
ITER 4 UNBAL 216.74 LPS
ITER 5 UNBAL 97.09 LPS
ITER o6 UNBAL 39.93 LPS
ITER 7 UNBAL 11.92 LPS
ITER 8 UNBAL l.39 LpPS
ITER 9 UNBAL 0.02 LPS

SOLUTION NO, 1 REACHED IN 9 ITERATIONS
0.0197 GPM UNBALANCE
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http:HEADS.TO

PIPE
NO

401
402
403
404
405
407
408
409
410
412
413
414
415
417
418
419
420
421
422
423
424
425
426
421
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
448
449
450
451
101
162
103
104
105
106

NODES DIA
FROM=-TU MM

11 1 100
3 2 100
5 3 100
5 10 100
6 5 150
7 6 100
43 11 150
44 43 150
10 44 100
| 7 100
16 43 150
17 16 150
18 44 100
29 7 100
32 29 100
32 31 150
28 32 150
21 <8 150
23 25 200
25 27T 200
26 2% 100
24 23 200
23 22 150
Z2 16 100
19 18 100
20 17 150
16 55 100
17 15 150
15 14 100
14 12 100
12 13 150
45 38 150
37 45 150
37 20 150
21 20 100
22 21l 150
36 24 200
33 27 150
34 33 150
34 35 150
52 42 200
52 42 200
53 52 200
53 52 200
4 2 100
6 4 100
9 6 150
9 10 150
10 11 150
11 12 150

ANNEX TABLE IX~C-~7 (oontinued)

L
MTRS

290.
60.
115.
175.
100,
355.
165.
230,
165.
90.
120,
60.
170.
0.
290.
90,
180.
105.
40.
70.
154«
15.
80.
130.
150.
110.
230,
370«
65.
310,
640.
320.
205,
160.
75
140,
130.
160,
290.
420.
4950,
4950,
2940
2940,
100.
180.
170.
95.
220,
460,

H~
C

100
10¢
100
100
100
130
160
100
100
100
100
100
100
1C0
100
100
100
100
110
110
100
110
100
1¢0¢
100
100
10C
1ov
10u
1Cu
100
1geC
10¢
100
1oo
100
110
100
10y
100
110
110
110
110
100
100
100
100
100
10C

"K—=VALUE

C.125E 00
C.2f5E-01
C.455E-01
0.754E-01
C.568E-02
0.153E 00
C.G87E~-02
Co.1z8E~0i

"C.T11€-01

0.3E8E-01
0.718&~02
0.359E-02
0.732€-01
C.388€-01
C.125E 00
G.528E~02
0.1C8E-01
C.623E-02
0.494E-03
0.323E-01
CeGc6E-03
Le5€0E-01
Ce646E—-01
C.6E58E-02
DecclE-01
0.2E80E-01
0.124E 00
0.3€E3E~01
0+.161E-01
C.l23E-01
C.9ETE~02
Qe323E~Cl
Cot37g-02
Uel€ELlE-02
C.GE7E-02
(«.173€e~-Cl
0.2%1E-01
0.€11E-01
0.3¢3E-01
0.,3¢3€-01
C.421E~01
¢.7176E-01
0.102E-01
C.5£8E-02
0.132E-01
Ce275E-01

IX=C-8-

FLOW

5.07
0.73
1.37
0.62
3.15
1.50
8.33
3.80
1.47
3.71
6+84
10.44
3.10
0.68
2.80
5.78
10.71
12.39
1.80
5.44
4.08
40-05
11.56
4.89
4.06
17.28
2.04
5.53
3.99
3.91
8.03
9.83
9.83
13.04
5.08
5.71
46.17
T.67
8§.78
8.87
39.07
39.07
43.32
4332
0.04
l.44
152
11.32
9.24
B8.76

--yEL--
MPS~~CK

0.5
0.09%
0.17
0.08
C.la
0.16
0.47
0.22
0.19
Ol47
0«39
0.5%
0.39
0.09
0.36
0.33
0.61
0.70
0.06
O.17
0.52
l1.27
Q.65
0.62
0.52
0.98
0.26
0.31
0.51
0.50
0.45
D.56
0.56
0.74
0.65
0.32
le41
0.43
0.50
0.50
le24
l.24
1.38
l.38
0.01
Q.18
0.43
0.64
0.52
0.50

LO
LO
to
Lo
LO

Lo
Lo

LO
LO
LO

L0
Lo

LO
LO

Lo
LO

Lo

LO
Lo

LO

LO

LQ

Lo
Lo

HI

HI

HI

HI
HI
HI
HI
LO

~~HEAZLLSS-m
MT MT/1060 CK
2.%3 Ba.72
0.C1 D24
0.09 077
0.03 0.18
0.05 0.50
0.33 0.92
0.50 3.03
Q.16 C.71
.15 0«88
0.44  4.37
0.25 2el1l
0,28 4460
0.60 3.51
Q02 » C.21
0.84 2.90
0.14 1.54
0.87 4.83
0.66 6.32
0.G0 0.04
0.C2 0.28
0.44 5.81
0.86 11.4¢6
0.44% .58
1.C06 8.13
.0.87 5.78
1.29 11,71
0.27 l.61
0.53 le42
0.36 5459
l. &7 5.39
1. €1 2.83
1.32 4,12
0.85 4.12
l.11 €95
0.66 B.75
0.21 1.51
le94 14,92
0.42 2460
DeS7 .34
le43 3.41
54,20 10.95
54.20 10.95
38.68 13.26
38.98 13.26
0.CO C.00C
0.1% 0.85
0.43 Ze51
0.51 5635
0.81 3.68
les53 3.33



PIPE
NO

107
108
109
110
111
112
113
il4

115.

116
117
118
119
201
202
<03
204
301
302
303

NODES DIA
FROM-TGC MM

8 g 200
23 8 200
29 30 100
31 30 100
26 33 100
24 26 100
55 14 100
36 37 200
36 34 200
38 39 100
42 41 300
40 36 300
41 40 300
38 46 150
13 47 150

1 48 150
52 54 150
35 49 150
49 50 100
49 51 100

L
MTRS

110.
410.
110.
270.
150.
40
150.
530.
330,
1040,
605.
120,
175,
1250.
1000,
1300.
1100.
300.
400.
400

ANNEX TABLE IX~C~7 (continued)

H-W K-VALUE

C

110
110
1060
1Cv
100
1oo
100
110
110
1006
110
110
110
100
100
l1od
100
100
100
100

CelZoE~-G2
C.5C6E-02
Coe24E-01
C.lleE OQ
0.€406E~01

Ve l1T7¢E-01

0.6406E-01
0.€£4E-02
Le448E OO
0.1C4E~-02
Ce3C0E~-C3
Ce748E-01
C.717E-C1
0.6£8E-01
C.179E-01
C.172¢8 00
C.112E 00

IX=C=9

FLOW

19.66
25.08
0.26
2065
0.77
5.65
2«04
27.35
23.72
1«63
78.14
101.31
101.31
3434
5632
2.20
le43
5.46
2.10
234

~—VEL--
MPS-—CK

0.63
0.80
0.03
0.34
0.10
0.72
0.26
0.87
0.76
0.21
1.11
l.43
1.43
0.14
0.30
0.12
0.08
0.31
0.27
0.306

LC
LO
Lo

Lo

LO

LO
LO
Lo
L0
LO
LO
LO

LO

LD
HI

LO
LQ

~-HEADLCS S=~--
MT MT/1000 CK
0.34 3.07
1.98 4,82
0.C0 0.04
0.71 2.61
0.04 0.26
0.43 10.63
0.24 1.61
3.00 5.66
1.43 4,35
1.10 1.06
3.32 5.46
l1.C6 8.87
1.55 §.87
0.70 - 0,56
1.32 1.32
0.324 Le26
0.13 0.12
0.42 1.39
0.68 1.70
0.84 2.09



NODE

Do~NOUMS WN -

GROUND
ELEV

4.0
42.0
42.0
“l.0
42.0
41.0
40,0
4l.0
4l.0
42.0
43.0
4640
46.0
46.0
46.0
45.0

45.0

43.0
4440
45.0
45.0
44.0
43,0
43.0
42.0
43.0
42.0
40.0
40.0
40.0
40.0
40.0
41.0
42.0
38.0
45.0
46.0
65.0
50.0
60.0
103.5
60.0
%4.0
43.0
47.0
715.0
5040
36.0
65.0
55.0

FLOW

-2-87
-0, 77
"0065
‘.10‘00
~-1l.15
_4.43
‘2-89
‘1.71
-0.82
"'1022
-3.74
"4.64 '

-2. 71 ’

"'2- 12
-l.54
"l. 56
'1-31
-0.96
-0.82
"'0084
-0.63
"0.96
-1061
-0.47
~0e 44
-0.80
—0- 72
"lo 68
-1.85
"‘2090
-3. 13
~2e 13
-1.87
-6,07
"3041
"10006
~h.48
-i1e 86
"1'63
0.0
23.17U
0.0
-2031
"0. 77
0.0
—3.34
"5032
—2420
"'1001
=2 10

ANNEX TABLE IX~C-7 {continued)

HGL
ELEV

91.62U
95.16U
95.21U
95.1%U
95,250
Y5.34U
95.67U
S6.11L
95,7170
5, 2¢cU
944450
G9ie5cy
91,11V
94.6C0L
94,560
Y5.21U
G5.48U
G5.71U
Ye.58U
Gé. Ty
97.43U
Y1.84U
98.08U
9b.94L
Yb.0bU
98.52U
98, 06U
97.4CU
G5.66U
9h.6SU
YeeIGY
9¢.53L
Sb. 48U
954450
98.02U
100.€8U
97.88U
95.72U
94,462y
10L.95U
103.5C
106.82U
94,96U
95.12U
97.04U
95.02U
86. 76y
Sl. 59U
97.60U
G6.92U

HEAD
MTRS

49.5%2
53.19
53.21
54.19
530 29
54434
55.67
55.11
54.77
53.26
51.45
46.92
45.11
48460
48.96
5C.21
50.48
52.71
52.58
51.717
52443
53.64
55,08
55.694%
56.08
55.52
56.06
57.40
55,69
55.69
56439
56653
57.48
57.45
60,02
55.E8
5leb8
30.72
44,62
41.95
0.0
46,82
50,96
52612
50.04%
20,02
39,79
55 39
3. a0
41.92

IX~C=10

e s e o e ot

ATM~=-C

4,83
5.15
5.15
5.25
5.16
5.26
5.39
5.33
5.30
5.16
4,98
4.54
4.37
4.70
4.T4
4486
4.89
5.10
5,09
5.01
5.08
5.19
5.33
5442
5.43
5.37
5443
5.56
5.39
5.39
5.46
5.47 -
5.56
5.56
5481
5.41
5.02
2.97
4432
4.06
0.0
4.53

. 4493
5.05
4.84
1.94
3.85
5.38
3.16
4.06

PRESSURE~=~=m~-
K PCT DRCP=---C

18.82
13.51
13.49
13.2¢
13.34
13.08
12.33
11.€3
12.37
13.3¢
14.95
18.39
21.55
15,49
14.85
14.18
13.70
12.87
1163
11.50
10.38
9.85
8.95
753
Be81
- 8.23
8.84
9.61
12.30
12.31
11.20
10.96
8.03
6.56
8.37
4.47
9.77
20.21
16.61
3.57
LG 100,00
"7 003
14.36
13.85
1l .44
29.75
25.63
17.65
15.32
13.57

K

HI



ANNEX TABLE IX~C~7 (continued)

NODE GROUND FLOW HGL HEAD ~———wme FRESSURE-~—~—- =

ELEV ELEV MTRS ATM---CK PCT DRCP-~-CK
51 60.0 ~2.34 96.77U 3¢€.77 3.56 15,48
52 85.0 ~-7.07 lelavcu 16.02 71.36 HI -310.92
53 200.0 86.65U 200.0C -0.00 -0.00 LC 100.20 Hl
54 75.0 ~1.43 160. 85U 85.89 8.31 HI -201.37
55 46,0 0.0 94.84U 48 b4 4.73 15.C7
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ANNTX TABLE IX-C-8
COMPUTER PRINTOUT (BAN=WD)
YEAR 2000 MINIMUM FLOW

BANGUEN 2793Y MINTMUM FLOW
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CHAPTER X FINANCIAL FEASIBILITY ANALYSIS
A. GENERAL

The financial feasibility analysis herein establishes a detailed
sot of guidelines that the water district management may use in making
crucial decisions during the next few years., The technical aspects
and project cost of the recommended plan have been presented in
Chapter IX. Its economic justification follows in Chapter XI. In
this chapter, a plan is developed to indicate how and when funds will
be used to operate and maintain the system, implement the program,
establish reserve funds, and retire indebtedness.

Hater rates have been developed on the basis that the system
will be financially self-supporting. Capital funds for the recom-
mended plan will be derived by borrowing from international lending
agencies and LWUA. The water rates that have been developed appear
to be within the ability-to-pay of the average houssholder in the
water district.

The financial analyses includes only those revenues and dig-
bursements for the proposed construction program from 197¢ to 1990
(Immediate Improvements, Phase I-A and Fhase I-B)s All revenues
and disbursements shown between 1990 and 2000 are those directly
attributable to continued service and expenses occurring from faci-
lities constructed between 1978 and 1990,

B, THE EXISTING SYSTEM

Personnel

Prior to the formation of a water distriot, the waterworks system
of Bangued was managed and operated by the municipal government. As
of July 1976, the BAN-WD consisted of 11 personnel. Recent develop-
ments included the expansion of ite present staff and the adoption of

LWUA guidelines in the area of personnel management.

Water Rates

The present system has a total of 868 flat.rate connections. As
of October 1976, the water rates were as follows:

a; P 4.00 per month for the Bangued town proper.

b) P 8.00 per month for commercial establishments in Bangued.
c) P10.00 per month for Pefiarrubia (residential and commercial).

Financial Statements

BAN-WD relies solely on its collections from water sales to keep
the system operating. Average monthly collection is approximately
#3,500. From the available financial statements'it appears that income
exceeds operating expenses only by a small margin and will result in
deficit if allowance were to be made for depreciation. )

X=1



listoric financial records have not been based on organized basic
aocounting systems. Therefore, data on the past finanoes of the present
system are inadequate to form sound basis for future projections. It
is therefore necessary to make certain assumptions for the financial
feasibility analysis. These are discussed later in this chapter.
Validity of these acsumptions will be tested as the rroject is implemented.

C. DEVELOPMENT COSTS
The cost estimates of the facilities needed to improve and expund
water services of the water district over the development planning
poried are presented in Chapter IX. Cost estimates of the facilities
are based on the projected July 1978 prices.

Project Costs

Project costs of facilities recommended for implementation in
Phase T are summarized on an annual basis in Annex Table X-C~l. En-
gineering services for design and construction supervision are broken
down. It has been assumed that 70 percent of the engineering services
applies to surveys and design and 30 percent to oconstruction supervision.
Design costs are shown in the year preceding oconstruction. Cont‘ngen-
cies (15/10 percent) are distributed uniformly during the construction
period. Foreign exchange component of total project cost includes oost
of direct and indireot import items, as well as a portion of the en-
gineering costs.

Escalation of Costs

To account f'or the effects of inflation, capital cost cstimates
are escalated. This has been done year by year on an item~by-item
basis using escaiation factors computed from assumed inflationar:
trends and applied to the basic current cost data as shown in Anncx
Table X-C~2. The escalation factors used are based on an average
annual rate of inflation of 10 percent per year from 1978 through
1980, 8 percent from 1981 to 1985 nd 6 percent per year thereafter.
On the other hand, annual operation and maintenance costs and fe..ily
income are escalated at a rate of 8 percent all throughov: the 23~year
study period. These escalation factors have been assumed to apply
equally to the local and foreign exchanze costis.

D, OPERATING AND MAINTENANCE COS5TS

This cbst category covers cash expenses required to keep the
system operating and adequately maintained. It assures the continued
maintenance of the water district's revenue-producing oapacity and
protection of its investment. Included in this cost category are:
personnel, power, chemicals, maintenance, rental, and other miscel-



laneous expenses which are necessary to run the overall water system.
Most items increase in aocordance 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 costs of the existing and future systems are
presented in Chapter IX,

E. FINANCING POLICIES COVERING LOCAL
WATER DISTRICT DEVELOPMENT

The following are the major _stential sources of funds which
can be utilized by the SAN-WD:

Operating Source

To the extent that revenues from the operations of the local
water district exoceed annual cash requirements for all other purposes,
funds can be devoted to financing development cosis. As a practical
matter, it is highly desirable to finance a significant proportion
of development cogts in this manner in order to reduce the amount
that must be borrowed and the associated debt service costs.

Non~-Operating Sources

Non-opesating sources of funds for development inolude 3 basic
groups:

le Loans -~ funds may be borrowed by the water distriot 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 sourne of funds. LWUA borrows both foreign
currencies and pesc.. & ‘rarying terms and relends needed
funds to water disirict according to the composite terms
needed to support +.- ::and of debt mervice terms LWUA itself
must meet. At presc. ., LWUA's terms inolude:

Imnediate Improvements Loan Phase I-A and I~-B loan

Interest - 9 peroent per annum to be 9 percent per annum toc be
computed at 2 percent per computed monthly at $ percent
monthe Interest due on the 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.



Immediate Improvements Loan

Total loan outstanding at
the end of construotion

period earns another full
Year interest before re—

payment.

Phase J-A and I~B Loan

Duration - 30-year loan, disbursement 30-year loan from the date
agssumed made at mid-year, of initial disbursement.
thus will earn interest for
6 months.

Principal -~ amortized equally for 30 No principal payments due

yeers to start one year
after construction.

during construction periods
(Construction periods of

Stage I- Phases A and B are
explained in Chapter IX).
Principal repayment period

is 30 years less the duration
of the disbursement period.

2. Charges and Assessments -~ oonsist of payments made by new
oustomers and benefiting property owners for the costs of
specific portions of the facilities being developed. Typically,
such charges are made for the ocosts of new comstruction and
water meters and for all or a portion of the costs of new
distribution system extensions. LWUA poliay requires new
ocustomers to pay for connections and water meters, but ourrently
does not include an assessment for distribution system costs.
These sources are referred to as "contributions in aid of con-
struction" 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 necessary to provide
financing assistance. Present practice is to allow such
payments to be made at a flat monthly rate of P5,00 over a
period of 10 years,

3+ (GOrants or Credits ~ LWUA has acoess to loan funds on con-
oesgionary terms and is thus able to relend funds at rates
that are below market rates. This in itself is a 'oredit!
available to the looal water distriot borrower. In some
countries, the national government makes outright grants to
local water districts in recognition of the overall national
benefit of having safe and reliable water systems. Another
approach is for the govornment to advance a portion of the
funds needed during the early years of development at little
or no interest to assist the loocal utility in building its



financial capacity. This is another form of 'credit' as
referred to above. Later, as the reveaue base expands and
development exper.’’ ‘ures decline, the local utility funds
such advances 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 assistanoce other than the LWUA loanse.

Reserve Requirements

Sinoce reserve requirements are tied directly to obtaining develop-
ment loans from LWUA, 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 finanoing polioies
outlined, funds required to cover development costs are then determined.
The modt important document in this regard is the breakdown of projeot
costs as escalated and shown in Annex Table X-C-2.

Depreciable Aasetq/bqpreoiation Expenses

Capital asgets acquired each year become subject to depreciation
in their first full year of service. Thus & 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 be retired in the 51st year,
The cost of large facilities that require several years to construct is
carried as "work-inm—process" until completed.

Annex Table X-F-l shows the water distriot®s assets and depreciable
value forecasts, the initial purpose of whioh is to show the appropriate
"depreciable" values for use in calculating replacement costs and annual
depreciation expenses, At the same time, year-enc book values of assets
are shown as well as the value of work-in-process.

Based on the schedule of assets, annual depreciation expenses were
calecnlavsd and are shown in Annex Table X~F=2,

Revolving Fund for Connections

To assist new customers in financing service connection charges,
it is necessary to provide working capital for a revolving fund. It
is proposed that LWUA's present poliay which provides for the costs to



be payable at P5.00/month over a 10~year period be increased to P6.83
by 1978 to cover the increased unit price of meters. Net inflow funds
will be required over & period of 10 years to build sufficient income
to support the annual costs of connections. At some future point,
income exceeds annual expencitures and the revolving fund can be used
to refund the earlier advances of working capital.

Annex Table Y-F-3 indicates the work.ng ocapital requirements,
In this table, the two key assumptions are:

l. The monthly installment payments are based on actual
costs of constructing service commections and meters;
thus, the monthly payments by customers connected %o
the system in 1981 would be greater than those who
wonld be connected to the system in 1978 to aocount
for the escalation of construction costs.

2. Sixty (60) percent of all new ocustomers would utilize
the installment method of financing connection charges.

Revenue Unit Forecast

The present LWUA rate policy incorporates the use of "ravenue
units" (RU) in determining the basio cost per cubic meter of water to
domestic consumers. Commercial and industrial customers are charged
twioce the unit prioe for domestic use and wholesale water distributors
are charged thrice the basic price. As defined, a "revenue unit" is
an arbitrary unit of measure into which disocharges from pipes of various
sizes are reduced to a 3/8-inch conneoction hy the use of conversion
factors,

Thus, the disoharge of a 3/8-inch oconnection (actually a 3-inch
connection, but regulated by a water meter to give the discharge of
& 3/8-inch conneotion) is multiplied ly 1.0; that of a A-inch by 2.5;
that of a $=inch by 4; that of a l-inoh by 8; and so forth, to get the
total RUs delivered.

Two charges 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 oonsumed
after the first 10 cums The unit prioce is uniform for every size and
type of connection,

Annex Tables X~F-4a and X-F—4b give the revenue unit forecast.



G. ANALYSIS OF WATER RATES

Ability~To—Pay Issue

Presidential Decree No. 198 stipulates that water distriots must
be financially self-sufficient. In the past, most water systems have
not been able to gencrate sufficient revenues to cover even the
operation and maintanance expenses due to various factors including
poor pricing schemes, defeotive collection system and inadequate con—
sumer promotion. The major reason for insufficient revenues, however,
is that oertain consumers being served hy the water district have suoch
low incomes and hence, are not in a financial position to pay
the full costs of the system. Tkherefore, before a water system is
improved and expanded, the ability-to-pay of the population targeted
to be served, must be ascertained first,

Since water districts are not expected *o be extended government
subsidy, the analysis of the factors affectirg ability-to-pay has been
significantly simplified, The factors that affeoct ability-to~pay are
the annual income of families covered by the water distrioct and the
percentage of the their income allocated to water supply.

In March 1975, an informal survey was conducted among Water
Distriot 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 manugers of the 15 water districts

are summarized as follows:

1) Though 10 of the water districts were revenue~producing prior
to the change in management of the water distriot, 13 imposed
increased water rates upon takeover.

2) Water conswners generally accepted the inorease after some

explanations justifying it. Only five received formsl com-

plaints about the increased rates while eight received formal
complaints about the poor quality of water supplye.

Ten had difficulty in the collection of water bills primarily

due to dissatisfaotion of consumers to the water service.

4) Assuming that oapitel and service improvements were made,
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.



A formal survey was conducted in April and May, 1975 in the city
of Lipa and the Municipality of Tanauan. These pilot areas were
selected because (a) they are at present experiencing water supply
problems, (b) the income leve! of their families is similar to that
of the national income figure, and (o) they are near 1. nila, only
about 2 hours awny by bus.

The survey covered 556 families, classified into 4 income groups.
Approximately 28 percent came from the low-income class (velow ?220/
month);. 55 percent from the middle—income (P751-P1,500); and 5 percent
from the high~-inoome group (above P1,500). ‘

The table below presents the highlights and pertinent findings
of the surveys

ESTIMATED ABILITY~TO-FAY BY INCOME GROUPING

Weighted Average

Income Group P220  P221-750 P751-1,500 P1,500
¢ Distribution 28 55% 12% 5¢

Probable Ability-
to~Pay on Basis
of Improved

Servioce P13.50 P24,50 »37.00 P67.50 P254,00/mo
Estimated Ave-

rage Income P220 PG60 P1,000 $2,700 P680/household
Ability-to=Pay

Divided hy Ave-

rage Income 6e1% 3¢7% 3% 2.5% 379

The foregoing table indicates that the low~income group may be
able to pay a maximum of ?13.50 a month for water (about 6.1 percent
of their average income)s 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 per-
cent of their average income). This disparity in the percentage of
income allooated to water by the 2 inoome groups may well be the best
argument of those advocating a socialized prioce structure.

The probable maximum abilityatoi?ay of the pilot area average
household is about P25.00 per month.

E/Thin fizure inoludes 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.

Y



Family Income

In the Survey of Households Bulletin Series No. ), published
July 1973 by the NCSO, Manila, (page 3, Table 5), the following data
are given:

Manila Other
Total Total and Urban
Families Urbax Suburbs Areags Rural

Median Family Annual

Income, Pesos P2,454 3,972 P5,202 93;650 P1,954
Size of Sample,
Families 6,347 1,913 525 1,388 4,44

The above data are for the 12-month period May 1970 to April 1971,
more or less. The figure for "other urban areas", #3,650 median family
annual income, may approximate, or may be a little less, than the median
family inoome at the areas served with piped water. As the figures
cited above show, in general, people in urban areas tend to be finan-
oially ‘better off than people in rural areas. The term "urban areas"
includes all urban areas in the country, in general, most urban area
of the city or municipality. The inhabitants of the central urban
area are expected to be somewhat wealthier than the other areas of the
oity or munioipality.

By July 1976, the annual income for "other urban areas" cited
above, esonlated at 10 percent per year, would be about P6,260/years

The report, "The Filipino Family, Community, and Nation" by
Emma Forio, Frank Lynch and Mary R. Hollnsteiner published hy the
Institute of Philippine Culture of Ateneo de Manila University in
April 1975, cites in Table A9, page 99 ithe results of a survey in
April 1974. The families surveyed were distributed among 15 urban
areas, and included 373 families in Metro Manila, Exoluding the fami-
lies in Metro Manila, mean monthly income of the remaining 1,599
families was P572, or P6,864 per year. Escalating this income at an
annual rate of 10. percent, by 1 July 1976, it would be an income of
about P8,640 per year, These 14 urban areas are among the more urbanized
in the oountry., They included, for instance, only 3 munioipalities,
the other eleven being classified as oities. The median population of
the 14 urban areas in the 1970 census was about 70,000

Based on these data, the mean family income of the people residiag
in the water service areas of the communities whose water systems are
proposed to be improved might be, by 1 July 1976, somewhere between the



P6,260 per year (developed from the 1970/71 data of the NCSO) and the
P8,640 per year (developed from the data of Forio, Lynch and Hollnsteiner).
For lack of other data, the average water-using family may have an income
of about P7,900 during 1576 (or PE60 per month, which is close to the

Lipa househald 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
practice for the water district to adjust prices every 3 years or 80,
instead of annually.

Based on the trials made, the water rates established at 3-year
interval are as follows:

Period Water Rate (P/RU)
1978-1980 r0,70
1981~-1983 1.20
1984-1966 1.60
1987-1989 1,80
1990-1992# 1.90
1993~1995+ 2.10
1996-2000* 2.20

The first step of P0.T70/RU was selected as an intermediate rate,
in anticipation of the smecond step (P1.20/RU) which is indicative of
the required cost to makc the system financially viable. The rate of
Pl.ZO/RU in 1982 cost levels is equivalent to P0.82 in 1978 prices
(based on 10 percent discount rate). Likewise ?1.60/RU in 1985 is
equivalent to P0.82 in 1978 prices.

I'easibility of Charges

The question of feasiovility 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 rsliable
water services., Inasmuch as the proposed water rates represent the
"mean", determination has been made for that group of households
whose income (®700/mo) also represents the "mean". Probable use of

#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 BAN-WD ocontinued to
construct rulditionnl facilities from 1990 to 2000.
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water by this grcup was calculated at 24 cum per month.g/ For presgent
purposes, the study oovers consumers with 4-inch connections inasmuch
as they comprise the bulk of the domestic government consumers.
Working back, the 1979 rate of P0.70 per revenue unit will yield a
monthly service charge of ®17.50, The commodity charge for a 24-cum
consumption is P9.80 (P0.70 x 14). For newly conneoted oustomers

who avail of the lO-year installment plan, monthly expenditure for
water will increase by P6.85 to account for the servioe conneotiom
charge. Since both water and household incomes inorease each year,
the impact of the installment charge on the expenditure pattern of the
household will decline over the lO-year period of payment., The esti-
mated impaot of the increased rates and conmection charges on house-
hold patterns is shown below for the mid-point of each rate block.

1979 1982 1985 1988 1991 1994 1997

Escalated income of

household earning

P700/mo in 1976

(8% per year) 880 1,110 1,400 1,800 2,220 2,800 3,520

Expenditure for 24-cum
water consumption-

service charge
(first 10 oum) 17.50 30,00 40.00 45.00 47.50 52.50 55.00

Commodity charge .
(Rate/RU x 14 oum) 9.80 16,80 22.40 25.20 2¢.60 29,40 30.80

Income allocation to
water for existing
consumera (%) 31 402 44 3.9 33 2.9 2.4

Connection charge for

new customers

Income allocation
to water for new

customaers 3.9 5.1 5e¢3 4,7 4.1 3.7 3.1

Sinoce the mid-point of the period was selected for comparison, it should
be noted that the proportions shown would be 8lightly higher in the ;ear
preceding the mid-point and lower in the sucoceeding year of each rate
blook.

g/Prohzscble uae of water by income groups:

Inoome Below Upper Heighted
Grouping Average Average Middle Upper Mean
Probable Water

Use ocum/mo 16 24 32 44 23.7

X=11



In the example shown atove, the pronortioms of the household
inoome required for water survioces (except in 1982 and 1985 which are
the oruocial years) are considered within the upper range limit of the
ability-to-pay studies dene ir. Lipa City where willingness to pay fees
for improved services was found to be about 3.7 percent of the houge-
hold income.

In the final analysis, if any signifioant improvement is to be
achieved in the scope 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 realistioc. Sinée water is a prime
commodity both for the poor and the rich, the socialized rate may
be determined such that a greater finanoial burden is carried by
those wgo can afford (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 same time,fall
within the average consumer's ability-to-pay. Under this mcheme, the
cost for the first 10 cum consuned is P17.50 and the subsequent con-
sumption, ®0.70/cum. Thus, the monthly rates for the following water
consumption will be:

Usage (cum/mo) Cost/month (®)#
16 21.70
18 23.10
20 24.50
22 25.90
24 2730
30 31.50
32 32.90
44 41.30

The estimated impaot on the average income household (assumed to
have a monthly 1976 ingome of P§60) and the below average income
household (assumed to have an adjusted monthly 1976 income of ®300)
ig as follows:

# For #winch connection,domestic classificatian.

Xel12



Projected 1979 HMonthly Usage Cost of Percent of Income

Income Level  Monthly Tncome _ of Waler Water/mo Allocated to Water
Below Average *380 16 cum P21.70 57
Average 330 24 oum 27.30 303

The preocsding table shows that the financial burden to the below
averagze income group 1s 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 P0.80/cum
from 17-24 cum/mo at P1.70/cum
from 25 or more cum/mo at P2.30/0um

The resulting monthly rates for the various water usages will he: -

Usage {oum) Cost/month (P)

16 12.80
18 ' 16.20
20 19.60
22 23.00
24 26.40
30 40.20
32 44.80
44 72.40

The corresponding impact on the various income levels is as
follows:

Projected 1979 Monthly Usage Cost of TPeroent of Income

Income level Honthly Income of Watoer Water/mo Alloocated to Water
Below Average * 380 16 oum F2,80 3.4
Average 830 24 cum 26440 3.2
Upper Middle 1,260 32 oum 44.80 346
High 2,910 44 oum 72,40 25

The preceding table shows,that across the income profile of the
commnity, the monthly costs range from 2,5-3.6 percent of household
income.

Revenue lorecasts

Estimated future lavels of income from water sales are shown in
Annex Table X-(-1,

x=13



He FINANCIAL BSUMMARY

Several trials have been conducted in developing the forecasts
oy financial statemsnts of the BAN-WD. These statements are besed
on the following major assumptionas:

1. Reserve Iund: 3 percent of sales for 1978-1990; 6 percent
for 1991-1995; and 10 percent for 1996~2000,

2. Uncollectibles: 2 percent of gross revenue requirements
for the first year of a new rate application, and 1 percent
tor the second and third years.

3. Accounts Receivable: squivalent to 3 months of sales.

4. Accounts Payable: eguivalent to 2 months of operating
exXpenses.

External Borrowing Required

Annex Table X-H-1 shows a summary of the external borrowing
recuired and the annual debt servicing of the loans. Two separate
analysee were made for the immediate improvement locan and the
Fhases I-A and I~B loans to comply with prevailing LWUA terma.

Borrowing will start in 1978 and continue through 1990. The
immediate improvement loan (1978-1981) will amount to P4.207 million,
The Phase I~A loan will cover the 5-year period 1980-85 inclusive
and will amount to 9,834 million. The Phase I-B loan will cover
the S-year period 1986-90 inclusive and will be about ®3.888 million.

The immediate improvement loan of P4.207 million consists of
P3,63€ million in escalated capital expenditures (see Table X~C-2)
and P0.569 capitalized interest. The Phase 1 loans of ®9.834
million in 1978 and P3.888 million in 1986 include escalated capital
expenditures (see Table X~C~2) less revenuss from the servioce con-
nection revolving fund (see Table X~F-3).

Projections of Financial Statements

Annex Table X-H-2 shows the net income (loss) on a ysarly basis.
Net loss is forecasted in 1982 through 1986. Net income ocumulative
would show positive values in fifteen of the 23-year study period,

Other related data such as water production, water sales, un-
accounted-for-water and rate of return based on not fixed asset in
operation arc also presented in the table.

Cash Flow Statemenis

The cash flow statement provides an indication of the adequacy
of working capital. It is naot generally sufficient to cover cash
outlays with revenues because of the itendency of cash receipts to
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lag behind cash outlays. In general, an expanding organization with
an active capital development program and increasing level of acti-
vities will require similarly increasing quantities of working
papital. .

Annex Table X-H-3 presents the annual "Projected Souroces and
Applications of Funds". Potential net deoreases are expected in 1982
through 1984, 1986, 1994 and 1998. By 2000, positive net cumulative
cash balance will be P4.482 million even if "cash at the beginning of
1978" has been assumed equal to gero.

Other Financial Statements

Appendix Table X-H-4 presents the "Projected Balance Sheet"
which shows the projected fixed and current assets, liabilities and
equity of the water distrioct from 1978 to 2000.

Rate of Return

Discount rate of return on total investments (Annex Table X-H-5)
measures the true efficienoy of mobilizing investments on the project
from a broader perspective. Taken from a different perspective, it
measures the effective utilization of total investments employed in
the projeot. It shows what the compounded growth of investment within
the project cycle would be bagsed on the interplay of oash outflows
and the resulting inflows from such investment. ‘

Net asset salvage value of P2.617 million is added to net cash
inflow in the year 2000. This is done based on the assumption that
the project will terminate in the last projection year. Henoe,
assets are to be liquidated and all liabilities are to be paid from
the proceeds of the assets.

Several irials were made in finding the rate of interest that
equated the present value of the cash inflows to the unrecovered
investments. In the BAN-WD, the rate of reiurn, with the assumptions
made, is estimated to be T7.59 percent.

I, FINANCIAL RECOMMENDATIONS
l., The water district should establish a revolving fund to aesist
new customers in financing servioce connecotion charges.

2. The proposed water rates (for domestic consumers) to effect
self-gufficiency are as follows:

X=15



Period Water Rate P/RU

1978-1980 P0.70
1981-~1983 1.20
1987-1989 1.80
1990-1992» . 1.90
1993-1995# 2.10
1996-2000# 2.20

It is recommended, however, that in the implementation of these
rates, the water distriot follow the socialized pricing approach
which will generate the same amount of income to meet its require-
ments,

3. The recommended plan for the first conetruction phase (Phase I-A)
of BAN-WD is financially feasible., Borrowing for that period
would be P9.834 million.

‘ External borrowing would still be necessary for the
Phase I-B period.

*This rate is recommended to cover expenses incurred by imple-
menting and operating facilitles included in immediate improvement
program and Fhase I only.
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ANNEX X=C
DEVELOPMENT COSTS



AVLEX TiBLE X=C~1

PROJECTED COST OP RECOXYENIED PROGRAM
BANGUED WATZR DISTRICT
(WITEOUT BSCALATION)

(r x 1000)
Itom 1978 1979 1980 181 1982 1983 1984 1985 1986 1987 1388 1989 1990  Total
Source Dovelopment 16 121 121 258
Distribution Facilitiss 255 1,874 1814 = - 63 186 186 186 186 184 4,934
tarnal Network 34 198 198 198 198 218 121 121 12i 121 129 1,649
Servics Connection .; Pipes 14 8 82 8 82 9% 8 &2 8 8 81 847
b) Meters 6 31 31 31 31 31 31 31 3 k3| 3 322
Fire Rydrants 5 31 31 31 31 3 22 2 2 22 22 2715
Laborstory Pacilities a) Equipment 20 145 445 310
b) Struoture 16 99 98 213
Neter Rspair Facilities a) Equirment S 36 K 3 76
d) Structure 4 3 32 69
Plumbing Shop 29 2;3 215 429
Vehioles 9
Fesaibility Studtes? 96 \ 96
Inaediate Inprovements a) Distribution Racilities 1. Iquijnent 28 ' 28
2. Structure 1,731 19731
b) Administration Building 1. Zquipment 113 113
. 2e Structure 459 459
o) Storage Pacllities 36 36
4d) Servioce Connections 1e Pipes 214 1718 179 571
. 2., MNeters 148 123 124 395
s) Vehicles 76 16
£) Xisoellanecus Itexs 16 16
g) Peasidility Studies 35 " 18
Sub-rota1?/ 2,856 3¢1 803 2,934 13,097
Land 8 = 19 « o - 103
Total Project Costd ' 2,50 301 822 2,934 2862 M2 342 450 442 442 442 442 439 13,200

y c;xted at appraximately 1€ of total project coste

Inoludes design (first year of each major se;ment of dsvelopmant 5 su,ervision of constructicn and contingencies spread uniforuly during the

prtog/of construction,

Does not inoluds interest during oconstruction, For caloulated interest see Table X~-8-1.
X~C=1



Ites

Esocalation Faotor
Source Develommont
Distribution Feollities
Internal letwork

Service Connsotion ag
. -]
Fire Hydrants
laboratory Pacilities a
b
Noter Repair Pacilities »
b
Plumbing Shop
Vokicles

Feasibility Studies
Iznediate Iasprovexent

b) Adminigtration Building

]
d

.
4

4
Suo~Total
Lund

Total ProJjesot Cont

z
%

Pipes

Yaters

Equi pment
Struocture

Equiment
Struocture

a) Distribution Pacilities

1. wp‘nt
2+ Structure

1e Equirment

2, Struoture
Storage Facilities
Servioe Connections

1e Pipes

2. Meters
Vohicles
niscellansous Itexs
Peasidbility Studies

AILEX TABLE X=C-2

FROJECTZD COST OF RECO!ZENDED PROGRAN
BANGUED WATCR DISTRICT

(mcu.mg
(r x 1000
FZC
{2) 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1969 1990 Tytal
1s000 1,100 1210 1,307 1,412 1.525 1647 1779 1886 1.999 2.119 2,246 2.381
58 19 158 m : . 348
52 309 2,449 2,846 112 351 372 394 418 438 7,489
44 41 259 280 302 326 388 228 242 256 272 288 2,882
50 17 107 116 125 135 171 155 164 174 184 193 1,541
83 7 41 44 47 51 66 58 62 66 70 74 586
59 6 41 44 47 51 64 41 44 47 49 52 486
89 24 190 205 419
33 19 128 338 285
90 - 6 46 49 101
6 5 42 45 R
6 35 281 304 620
51 90 90
116 116
90 28 28
S3 1,131 1,731
T B
455
90 36 36
50 214 196 217 627
83 148 135 150 433
51 76 - 76
62 16 16
55 35 = k]
2,656 331 971 3,832 4,062 521 563 801 833 834 937 993 1,045 18,609
&4 — 23 = = = - = = = = = = 107
<.340  33% 934 3,832 4,062 S21 563 801 833 884 937 993 1,045 18,716
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AWNEX X-F
FUNDS FOR CAPITAL DEVELOPMERT



ATIEX TABLE X-P=1
ASTU? LD TEPRICIABLE VALZ® )OROCAST

BISCTD YASTR DISTRICT
(* x 1000)

Z. VORE-IB-FROCESS

Sexroe Develepmewt 19 177 M8
laderetary Faeilitiss o) Bruipment U 2w 49
%) Nresture 19 14T 285
Ieter Rrpair Pacilities a) Ryuipment 6 52 109
) Nrewtuwre : s 47 w°
Plmbing Do)y 3 316 &0
Total Veri=in-Precees 108 953 1865
I, ASSETS A°°FD 5T TIAR XXD
Pstridvutisa Pacilities 309 2249 2626 112 351 372 394 418 4)8
© I-termal Fetwork 41 259 200 3R 326 2388 228 242 256 212 288
Service Coansotions ) Pipes 17 107 16 125 135 1Tt 155 164 174 184 193
b) loters 7 41 &« 41 SY 65 58 62 6 ‘10 14
Pire Rytrasts 6 41 & &1 St 6 21 &4 &1 49 S
Tebicles 90 )
Peasidility Siudies 116
Imnediste laprevesents a) Distributioa Pacilisies
e Equipmest 28
2, trooture 1731
b) AMdsinistretion Bullding
1o Iquipsent 113
2+ Struoture 459
o) Berege Paoilities 3
4) Servioe Cennsctiens
1, Pipes 214 196 217
2, Yeters ®“8 115 1%
e) Venioles . 76
f) Riscellansous Items 16
8) Peasidilisy Studies 5
Xeplacensate a) Netere 310 392 419 11t 118 125 132
%) laderetory Pucilities = Equipmest 1100
o) Neter Repair Pacilities - Equipment 269
d) Distridution Pascilities = “quipoert 78
o) Adainistrative and Niecellaneous
Pocilities - Iquipment 316
£) Vehinles 134 150 213 20
g) Xisce.lansous Iteas LS
Tetal Aseets idded Dy Year-Znd 2856 131 883 2981 3130 S21.. 563 - 801 967 884 937 1143 OS5 1722 392 419 351 1287 125 132

IO, EFTCUSLE TALLES

As 350 Yeare Service Life
Txietirg Pecilitiss
Soxros Develetment
Storage Taolilitien
2istribmiion Pacilities = Jtruoture
Ioternal Yetwork
Fire Sydrants

2041 2041 2021 2041 2041 2041 2041 2041 2047 2041 2041 2047 2041 2041 POLY 2041 2041 2041 2C41 2040
-~ = X8 M8 M8 38 148 348 323 348 348 348 K8 U8 K3 M8 48 38 w3 8

8 36 26 36 36 38 36 36 36 3 36 3¢ 36 I I 3 36 ¥ 3 35 36
1731 1731 2020 &£55 T35 TIN5 Til; TM7 TS5 7970 0364 782 9220 $R20 920 R20 R20 20 R0 R20 220 R0
- = 41 300 525 822 1208 1596 1924 2056 2322 25w 2882 2882 2882 2832 2882 2882 2882 2832 2882 2322
- - 6 27 97 1387 189 253 29§ 338 395 434 4B6 4B6 486 486 4B6 486 486 4B6  ak6 286

X~F=l
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ANRIX TABIE X-F-1 (CORTISUZD)
ASSE? AXD LEPRECIABLE VALUR PORZCAST

BANGUED WATER DISTRICT
(*» = 1000)

Jmmzmm&w&&&mlﬂmmmrmmmmwmzmmm

Servioce Conneotion = Pipss = 214 410 644 T51 867 9% 1127 1298 1453 1617 17191 1975 2168 2168 2168 2168 2168 2168 2168 2168 2166 2168
Laborstory Pacilities = Structure - - - - -~ 285 285 285 2c5 235 285 285 285 285 285 85 285 28 285 2 285 285 28%
Neter Repair Facilities « Structure - - - - - b b 92 x % k- R R o o 92 9 9 9 R 9 xR
Flumbing Shop - - - - - 620 620 £20 620 620 620 620 620 620 620 620 620 620 620 820 &0 620 620
Adpinistration Building ~ Structure =39 _459 459 459 459 459 459 239 259 429 539 459 459 459 459 439 499 459 459 259 459 459
Total 50 Years Servioe Life. 2041 4481 46T7 5267 8163 12554 1,028 13540 14275 15050 13872 16743 17666 18537 1862T 18637 18637 18637 18637 18637 18637 18637 18637
30 Years Service Life
Feasibility Studies - 35 35 151 151 151 151 151 151 151 151 151 191 151 151 151 151 151 151 151 151 157 1594 .

Total 30 Years Sexrvios Life 3 35 151 151 15t 151 151 151 151 151 151 151 151 451 151 151 151 151 151 151 151 151

15 Years Servioe Lifs

Keters

Laboratery Facilities = Equipsent
¥ater Repair Facilities = Egquipment
Distribution Pacilities = Equipnsnt
Adnimistration Building — Equipment
Misoellansou~ Items

Total 15 Yeass Servioe Life:

148 283 440 481 525 572 623 639 747 809 8BTS 945 1019 1019 1019 871 1106 1341 1719 1786 1857 1931
- - - = 419 413 419 419 £19 419 419 419 419 419 419 419 419 419 419 - 1100 1100
- - - - 101 101 101 101 01 101 101 101 101 101 101 10t 301 101 10 - 269 269
28 8 28 28 28 25 28 28 28 28 23 28 23 28 28 - 78 ™ T8 78 78 T8
113 113 113 113 113 113 113 113 193 113 113 113 113 113 113 = 316 316 316 316 316 316
16 16 16 16 16 1€ 16 16 16 16 16 16 16 16 16 = 45 . 45 45 45 45 45

305 440 59T 638 1202 1249 1300 1366 12424 1486 1552 1622 1696 1696 1696 1391 2065 2300 2678 2225 3665 3739

T Yoars Service Life .
Vahicles =676 76 366 166 165 166 90 224 226 13 284 206 284 284 950 361 361 213 4S3 4s3 . 4ea
Total 7 Years Service Lifa . - 76 716 76 166 166 166 166 90 224 224 134 284 284 284 284 150 363 363 23 453 453 453 .
TOTAL IEPRECIABLE VALIES - 2041 4897 5228 6091 9078 14073 14534 15157 15882 168429 17733 18580 19723 20768 20768 20768 20329 21216 21451 21679 21466 22906 22580
BOOK VALIE OF ASSETS OTHIR THAN LAND 4897 5228 6199 10031 14073 14554 15157 15955 16349 17733 18670 19723 20768 20768 20748 20768 21315 21608 21870 22030 22953 23031 23112
L4XD g g Jo7 __J07 107 307 107 107 107 107 107 107 107 07 107 107 10T 107 107 107 107 107 107
TOTAL BOOK VALUE OF ALL GPITAL ASSETS . 4981 5312 6306 10138 14180 14701 15264 16065 16956 17840 18777 19830 20875 20875 20875 20875 21438 21715 21977 22137 23060 23138 23219~



Year

1976
1977
1978
1979
1980

1984
1982
1983
1984
1985

1986
1987
1988
1989
1990

1991
1992
1993
1994
1995

1996
1997
1998
1399
2000

Service Life Category
59 Years 30 Years 15 Years 7 Years . Expenses _ Year

41
90
94

105
162
251
261
271

286
301
317
335
353

373
373
373
373
373

373
373
373
373
373

Ui sty sl Liuaiuiuniuvl e e |

20
29

40
43

83

91
95
99
103
108

113
113
113

93
138

153
179
148

249

Total Apcumulated
Annval Depreciatien -

ANNEX TABLE X~F-2

SCHEDULE OF DEFRECIATION EXPENSES
BANGUED WATER DISTRICT
(® = 1000)

Depreciation Prior

41
122

135

161
234
360
373
367

395
433
453
462
507

528
532
532
492
568

583
587
591
687
692

933
974
1,096

1,231
1,392
14626
1,986
2,359

2,746
3,065
3,498
3,951
44323

4,830
59358
5,890
64422
64475
6,908
Te334
T+730
T,757
8,397

S=F-3

Book Value of Assets

Retired During The TYear

Net
Acoumulated

Depreciation
Year

20 Years 30 Yearp 15 Years 7 Years Total _End

305
135

157
-4

47
51

76

90

134

150

76

90

518
135

157
191

47
51

974
1,096
1,231

. 1,392
1,626
1,986
2,359
2,746

3,065
3,498
3,951
44323
4,830

5,358
5,890
6,422
64475
£.908

7,334
7,730
74757
8,397
9,038



ANTEX TASLE X-F=3

WORKTNG CAPITAL REQUIRENENTS
FOR REVOLVING FUND FOR NZ CONNECTIOKS
BANGUED WATZR DISTRICT

P x 1000
Total Paying Noathly Cagh Recaipts i
Number of HNumber of Number of Konthly Installment Lump Sun., Installment Annual Yorking Cumulative

New Installoent Imstallment Installment Plan Incre Inaremen Paymant Paymerts Total Conetrugtdon Capital Capital
Year Connections Plan Added _Plan Paid_ (Cumula® :ivn) (Escalatec Added7 Deducted< (Escalated) !Omnlat:wo! Payments Cost Required Requirements
1978 161 97 o 97 6.83~ 8 o 41 4 45 102 57 57
1979 161 97 194 Te51 9 45 15 58 112 54 - 111
1980 162 97 291 8.26 10 50 22 T2 124 52 163
1981 121 73 364 8.92 8 40 a1 71 100 29 192
1982 121 73 437 9.63 8 44 39 83 109 26 218
1683 121 73 510 10.40 9 ) 47 48 95 . 117 22 240
1934 121 73 583 1l.23 10 5 57 108 127 19 259
1985 121 13 656 ©12.13 11 55 - 68 123 137 14 - 213
1586 i21 73 : 729 12.86 11 4 58 79 137 145 : 8 281
1657 121 73 e 802 13,63 12 [~ 62 90 152 154 2 283
1553 121 73 49 826 14.45 13 4 65 .99 164 163 ( 1) 282
1539 121 3 97 802 <15.31 13 9 6 _ 103 172 173 1 283
1920 122 3 o7 718 16.23 14 10 73 y 106 179 . 183 4 287
1591 &5 693 17.20 Q9 9 o 104 104 ) 104 183
1902 73 620 - 18.23 8 96 96 96 87
L T3 Ka7 19.30. a &8 88 [ 88 1
1e0n] 73 3P 20.48 9 79 79 : 79 8o
vy 73 401 21.71 11 68 . 58 68 148
1598 73 328 23.01 11 57 57 57 205
1597 . T3 255 24.39 12 ) 45 45 45 250
1698 73 1€2 25.85 13 f 32 32 32 282
1659 13 169 27+40 v 13 v 19 19 19 301
2800 73 36 29.04 ) 14 ] 5 5 ] 5 306

é/ hLoounulated Installment payments are calculated on the basis of 100 percent incrementzl additions during previous years and
50 percent of the last year.

4/ Szsed on the assumption that installment plan will be paid back in ten Years.
assumd to be 40 perceant of construction cost.

1/ Amcunt to be shouldered by the customers which iss 2/3 of pipes + meters.

X=Fd



1978
1979
1985
1990

2,173
2,848
4,113
5’3%

-h

1

/

: 843
waltiply grand total by 120 (derived from 10 ¢
[Dozestic consumption = (120 x mumber of domestio connec

Domsstio/Institutional Cormercial/Industrial
Year 1727 an 10 SubTotal 1:22"‘"'_52{'—'1{
1978 869 31 9 915 9% - 2
1580 1,139 48 12 1,199 122 26 15
1985 1,645 69 17 15732 177 38 21
1990 2,158 91 23 2,264 232 49 28

TABLE X=F=4b
REVENUE WNIT mnr.cm@/
Cormercial/Industrial -

omestic/Covernment

D
1 2 [} 3 4" 1 ”
2. Sub-Total

STRATIFICATION OF SERVICE CONNECTIONS

ANNEX TABLE X=Pw=da -

BANGUED WATER DISTRICT

.o !8.0 !
148 T2
192 9%
276 136
& 184

2,393
3,136
44525
59343

465

610
885
1,160

3{4" :
8.0 (16.0)
160

1"

- 176
208 240
304 336
392 448

meath,

Grand Sexvicy ., ___
Sub=Total Total-a/ Char@-‘ng/ Domestic

801
1,058
1,525
2,000

tions)] x use factors

3,134
44194
6,050
74943

mputation of revenus wnits based on UUA zuicelines on structurirg water ratege

and total of mumber of commecticns multiplied by their respoctive conversion factors
m:,/ the minimm amount covered by the service char

Use factor for domesti

[Commercial consumption = (120 x rumber of cormercial connsotions)]x use factors

X=F=5

383,280
503,280

726,000

953,160

Total

Sub=Tota) Connections

124
163
. 236
309

1,039
1,262
1,968
2,513

Estimated Consumption

(owm)

156,950
350,400
512,825
738,760

19,710 47,150 9,660
44,165 206,520 45,210
64,605 304,985 T2,570

100,740 467,080 127,320

for coaputing revenus wnits (in HUa).

.12 months/year) in RUa.
institutional olassification is 1,

Use factor for commercial olassification is 2.

comoa:ﬁ Lharge (RUs) = Total
Cormercial ZDonmestioid/ Commerci 1/ “RUs

440,090
759,010
1,103,555
1,547,560



ANNEX X~G

ANALYSIS OF WATER RATES



Rate;Ru

Year

1978 0.70
1979 0.70
1980 0.70
1981 120
1982 1420
1983 1.20
1984 1,60
1985 1,60
1986  1.60
1987 1.80
1988 1.80
1989 1.80
1990 1.90
1991 10,90
1992 1.90
1993 2.10
1994 2.10
1995 2,10
1996 2,20
1997 2,20
1998 2,20
1999 2,20
2000 2420

13/, Other inoome (derived from meter replacement oharges,

BANGUED WATER DISTRICT

ANNEX TABLE X~0-1

REVENUE FORECASTS

Estimated
Number
of P x 1000
R.U.s Thoome " Total
(Yearly from Bad Other Net
in 1000's) sales Debt !noome-]}/ Inoome
440 308 6 6 308
600 420 4 8 424
159 531 5 1 537
828 994 20 20 994
897 1,076 11 .22 1,087
966 1,159 12 23 1,170
1,035 1,656 33 33 1,656
1,104 1,766 18 3B 1,783
1,193 1,909 19 38 1,928
1,281 2,306 46 46 2,306
1,370 2,466 24 49 2,491
1,459 2,626 26 53 2,653
1,548 2,941 59 59 2,941
2,941 29 59 2,971
2,941 29 59 2,971
3,251 €5 65 3,251
3,251 33 65 3,283
3,251 33 65 3,283
3,406 68 68 3,406
3,406 M 68 3,440
3,406 34 68 3,440
v 3,406 34 68 3,440
1,548 35406 34 68 3:440

oontingency fees of new comnsctions, service fees, eto.) is about
2% of sales,

X-G-1



ANNEX X~H
FINANCIAL SUMMARY



Outstanding loan

DEBT SZRVICE

AIYZX TAELE X-E-1

=
3
BAIG

CHEXXLE CF TOTal PROJECT LOAN
UED WATER DISTRICT
(P x 1000)

End of Year c Total
Immediate Prase I-A Immediate Phase J-A Immediate Phase I-2& Debi

Year Imorovement ard I-B Total Improvement anc I-B Total Improvement arl I=B Total Service
1978 3,002 - 3,002 - - - 70 - 70 7
1979 3,472 - 3,47 - - - 145 - 14€ 146
1280 4,010 555 4,565 - - - 15€ - 15¢ 158
1281 4,207 4,316 £,523 - - - 164 50 214 214
19€2 44177 8,275 12,452 30 - 3C 37Q 288 757 T
1283 4,144 &,701 12,84 33 - 33 376 745 1,121 1,154
1584 44108 9,156 134264 36 - 35 373 783 1,156 1,132
1395 4,069 5,834 13,803 35 - 32 370 824 1,124 1,23
1986 4,026 10,456 14,482 43 K 117 366 £8g 1,251 1,36¢
1287 3,279 11,114 15,293 7 74 121 362 §41 1,302 1,224
162€ 3,528 11,813 15,741 51 T4 125 358 1,003 1,358 1,483
1289 3,873 12,523 16,396 55 111 166 354 1,383 1,417 1,52
1990 3,813 13,278 17,091 60 111 174 345 1,127 1,276 1,847
1891 39747 13,138 16,88 €6 140 206 343 1,193 1,538 1,744
1092 2,676 12,924 14,600 71 214 295 338 1,1°2 1,520 1,°°8
1593 3,582 12,710 1€,308 78 214 2gz 331 19143 1,434 1,79
1294 3,513 12,408 15,921 85 302 397 324 19144 1,568 1,955
1225 2,420 12,106 15,524 93 302 325 214 1,147 1,43 1,828
1536 3,319 11,730 15,043 101 376 477 308 1,080 1,388 1,275
1997 3922¢% 11,223 144534 110 405 515 23 1,038 1,355 1,873
1998 3,080 10,020 14,008 120 405 52 289 1,010 14308 1,831
1899 2,958 10,486 13,444 121 434 565 278 98 1,261 1,726
2000 2,215 $,278 12,793 143 508 651 255 244 1,210 1,851

-y
el
.



Water Preductisn per Year (1,000 x cuz)

¥azsr Sales par Year {1,000 x cuz)

Tnacoyunted-for=ister (=)

Tonnections - Metared

Zonsumption (1pcd)
OTTRATIIS REVENTE |

Water Sales

legs: Thcollestibdles
Cther Reverue

Tctal Revenue

OFS3ATING EXFINSES

Ad-inistration and rersorzel
Powar and Tuel
mexizals
Kainrterarce
Kiscellarezus
Depreciation

Tete) Cperatirg Expanses
Operating Incone
Plus: - Interest on Feserves
et Incope SeTore Interes:
Interest Cn Dedt

Xet Incone (loss)
Cumuiative Net Incore (Loes)

Aypropriation to Reserves
Average Net Firxed issets in Operation

Eate cf Return )

ANERY 2518 X-B-2

PROJECTED INCONE STATDRENY
BASGED WATSR DISTRICT

(» x 1000)
ﬂmlﬁﬂlﬁﬁilﬁlﬁilﬂlﬂlﬂmﬂﬂ1.2_.12&1.12%1%13321921193_122?}3’3
251 1e0e 2373 320 P
288 1081 1582 2308 2307
59-—_ Incrsas-40 ..—— Increasing to —p 34 — Increasing to — 28 o 3 Inscreasisg to 5 e
1039 "3 ¥ 1362 1968 2573 3573
T2 107 116 125 125
103 220 531 9%4 1076 1159 1656 1766 1909 2306 2466 2626 2941 2341 2341 3251 3251 3251 3406 3406 3405 3406 3406
[ 4 5 20 1 12 33 18 19 46 24 26 59 29 29 65 33 33 68 3 KV} 3 M4
6 8 1 20 22 23 33 35 38 46 49 53 53S9 59 65 &5 5 £3 £3 €3 62 &3
303 224 537 994 1087 1170 1656 1783 1528 2306 2491 2653 2941 2971 2971 3251 3283 3283 306 3250 3AL0 4L L0
63 BT 117 215 232 251 272 292 323 349 377 406 468 505 546 530 637 6838 743 302 866 926 1010
13 & 15 17 18 19 21 23 23 26 29 34 33 36 38 42 45 48 52 57 61 (13 ral
2 3 8 10 12 13 14 17 20 23 25 29 33 36 38 4 25 48 52 57 61 66 T3
1 18 28 39 50 64 79 9 106 117 130 143 161 174 183 203 219 237 255 276 2% 122 348
4 5 6 1 8 10 12 15 17 21 24 29 35 41 44 48 51 56 60 65 70 76
41 122 135 161 224 360 373 387 395 433 453 462 507 528 232 512 492 568 583 587 591 657 €G?
134 250 309 449 534 T17 Tt 829 885 953 1038 1101 1237 1317 1383 1453 1486 1640 1741 1533 1322 2147 2263
174 174 228 545 533 453 885 954 1043 1337 1453 1552 1704 1634 1588 1798 1797 1643 1665 1501 1293 1293 1172
1 2 4 1 11 16 22 29 37 46 56 67 79 98 123 149 176 203 241 289 337 335 433
175 116 232 552 544 469 90] 993 1050 1383 1503 1619 1783 1752 1711 1347 1913 1846 1905 1830 1835 1678 1605
70 146 355 214 767 1121 1156 1194 1251 1303 1358 14:7 1476 1533 1320 1494 1468 1433 1393 1355 1308 1261 1210
105 30 74 338 (223) gszg 249) ,2113 }171 Bo_ 151 262 307 214 191 453 505 413 508 535 527 417 395
105 135 209 547 324 8} (577) (788) (959) (873) (728) {526} (219) (S) 188 639 1144 1557 2065 2600 1127 13544 3339
9 13 16 30 23 3 50 33 57 63 14 79 88 76 176 195 135 195 344 344 M4 34 34
3055 4243 4878 6551 9210 12271 13379 13681 14174 14683 15153 15736 16345 16250 15820 15288 15287 15464 15294 15094 15424 15531 15030
5.7 4e1 4.7 8.0 5.4 3.7 6.6 740 Ted  9e1 96 949 10.4 10,7 10.0 31.8 11.8 10.6 10,9 10.6 9.7 8.3 7.8

X=H=2



ANNEX TABIE X=5=3)

PROJECTED SOURCES AND LFFLICATIONS & 7oNS
BALGUED WATER DISTRICT

(* x 1c00)
1278 1979 1980 31981 1982 198) 1984 1955 NS .37 1928 1389 190 1991 1992 1993 1934 1995 1996 1997 1998 1999 2000
SOURCES OP FUNDS .
Yot Inooxe Before Intereat 175 176 232 552 S44 469, 907 983 1080 133 1509 1619 1783 1752 1711 1927 1973 1846 1906 1890 1835 1678 1605
2dd: Depreciation 21 122 135 161 234 360 373 387 395 433 . £°3  z€2 507 523 32  S32 492 568 553 §B87 S91 687 692
Total Internal Cash Gensration ° 216 298 367 T13 778 829 1280 1370 1475 1816 1962 2031 2230 2.S0 2243 2479 £465 2414 2489 24TT 2426 2365 2297
Long-Ters Borrowing 3002 470 1093 3958 3959 426 455 678 €96 132 TI3 821 366
Capital Contributions 45 .58 . 72 71 83 95 108 123 137 152 1€L 172 179 16 95 28 19 68 ST 45 32 19 5
Total External Cash Generation 3047 528 1965 4029 4042 521 563 Bo1 833 824 937 993 1¥5 104 9 8 19 68 ST 45 IR 19 s
Total Sources ef Punds 3263 826 1532 4742 4820 1350 1843 2171 2303 -2700 2899 3074 3335 2384 2339 2567 2544 2482 2546 2522 2458 2384 2302
APPLICATICIS OF FUNDS
Capital Expenditurss 2940 331 934 3832 4042 521 563 801 833 884 937 993 145
Capitalized Interest & 139 111 197
Dobt Sarvice: Interest 70 146 155 214 76T 1121 1156 1194 1251 1303 1358 1217 1475 1533 1520 1495 1468 1433 1398 1355 1308 1261 1210
Prinoipal 3033 36 39 117 121 125 166 171 206 285 292 38] 3195 477 519 525 G655 651
Sub=total 70 146 158 214 797 1154 1132 1233 1368 1424 1463 1583 1647 1744 1805 1786 1855 1828 1875 1870 1833 1826 1861
Heplacements 134 150 1022 iR 419 351 1487 129 132
Inoresse in Working Capital 148 39 4 i 54 20 120 (*2) 30 37 _ £3 133 4 - (56) (9} 8 120 (3) 26 (123} 11 (13) {(18)
Total Applicatioms of Punds 3220 655 1364 4244 4893 1695 1875 2022 2365 2445 2463 2765 2696 1633 1796 1844 2997 2216 2320 2098 3331 1938 1979
INCREASE (LZCREASE) IN CASH BALANCE 42 171 168 498 (73) (345) (32) 149 (57) 255 436 309 639 696 543 723 (453) 266 226 424 (B73) 446 323
CASH BALANCE ESCINNING OF YEAR 43 214 382 8B0 807 462°-430 579 522 TTT 1213 1522 2161 2857 3400 4123 3670 3936 4162 4586 3713 4159
CASH BALANCE END OF TRAR 43 214 382 BBO 807 462 430 579 522 TIT 1213 1522 2161 2857 MO0 4123 3670 3936 4162 4586 3IT13 4159 4482
DEBTWSERVICE RATIO 3,08 2,08 2032 3423 0058 0oT2 1.07 Te11 1408 1428 132 1o31 1,39 Te3T 1628 1039 1033 1032 1433 1432 1,32 1,30 1,23
RATIO OP INTERNAL CASH CENZERATION LRSS
IEBT-SERVICE 70 CAPTTAL RIFEEDITURE (£) 4486 32,34 18,0 12439 15462 17,10

X=-H-3

12485 44434 51612 50,15 61,53



ASSETS

Fized Asaetss

Gross Vilus of Fixed Assets
less: Aocoumulated Deprecistioa
Kot Value of Fixed Assets

Work in Proocess

Total Pixed Aswets
Current Asseist
Cash
Accounts Receivable

Provision for Bad Debis
Invenitorise

Total Current Assels
Total Assets

EQUITY AND LIABILITIES

Current Liabilities:
Aocounts Payable

Current Maturities of leng-Term Debt

Total Current lisbilities.

ANTX TAIE I-B=
PROJECTED BALANCGZ SEZZ2

BANGIZD WATZR JISTRICT
(P x 1000)

1978 1912 1980 1981 1982 1983 1984 1983 198G 1957 3982 1339 1990 1991 192 1933 1994 1995 1996 1997 1998 1999 2000

‘5043 5513 6570 9754 12834 15270 15833 16634 17525 18409 19386 20397 21424 21244 21224 2122 22027 22284 22546 22706 23629 23707 23788

974 1096 1231 1392 1626 1986 2359 2746 3065 3223 3261 23133 2230 KB3ITE £E3) £s22 6475 6508 T3W4  T730 7757 8397 2018
4063 44171 5333 8362 1 Léza 13255 13474 13088 14460 14913 15278 16375 12514 16625 55355 15022 15552 15378 15212 14978 1568712 15310 14350
- -~ 1 953 1865 - - - - ~ - - - - - - - - - - - - -

4069 4417 5447 9315 13123 13284 13474 13888 14460 14511 15375 16076 16614 16656 15554 15022 15552 15376 15212 14976 15872 15310 4750

43 214 382 880 807 462 430 573 522 771 1213 1522 2161 2857 3400 4123 3670 13936 4162 4586 3713 4159 4482
6 98 133 249 269 290 414 442 47T 57T 637 657 135 T35 7135 813 813 813 852 852 - 852 852 852
1 1 1 5 3 3 8 4 5 12 3 6 15 7 7 16 8 8 17 9 9 9 9
j01__f11 125 33 70 76 83 47 S1 102 103 116 66 12 13 14 138 147 157 42 69 72 19
207 422 639 1157 114} 825 919 1064 1045 1444 1932 2289 2947 3597 4141 4934 4613 4888 5154 5471 4625 5076 5404

4276 4839 6086 10472 14266 14109 14393 14952 15905 16355 37327 18365 195€3 19683 1969¢ 19995 20165 20264 20366 20447 20497 20386 20154

16 21 29 48 53 (2] 66 T4 82 89 93 107 122 132 142 34 166 179 193 209 22% 243 262
- - - 30 3 3 29 117 121 125 156 171 206 283 292 3By 395 477 515 525 865 651 €%

16 21 29 78 BS 95 105 191 203 214 263 278 328 41T 434 S4% 561 656 T08 T34 790 834 954

LongTern Debt (iesss Current Nsturities)3002 3472 4565 8493 12419 12809 13225 13786 14361 14968 15575 16225 16385 16600 16308 15521 15526 15049 14534 14009 13444 12793 12101

Equity.

Governaent Contridbution

Capital Contribution

Regerves

Unappropriated Retained Barnings

Total Equity

Total Equity and Liabilitise

< 11C3 1108 1108 1108 1108 1108 1108 1106 11056 1103 113 1108 1103 1108 1108 1108 1103 1108 1108 1108 1108 1108 1108

45 103 175 246 329 424 532 655 TR S44 1163 1220 1459 1563 31659 1747 1826 1894 1931 1996 228 2047 2052
9 22 38 &8 100 125 185 238 2% 364 435 517 €05 781 95T 1152 1T 1542 1686 2230 2574 2918 3222

1 171 22 62} (102 125_;](125=,2(116-31§1‘='}} (€22) (726) (771) (513) (203) 15 179370 553 626 671

1256 1346 14%2 1901 1761 1204 1063 975 941 1173 1428 1302 2348 2666 2953 3454 4O0TB 4559 $124 S704 6263 6699 1099
4276 4839 6086 10472 14266 14109 14393 14952 15505 16355 3727 1525 19€6¢ 15631 15695 19756 20165 20264 203166 20447 20497 20386 20154




ANNEX TABLE X=H-5

RATE OF RETURN ON TOTAL INVESTMENT
(DISCOUNTED CASH FLOW METHOD)
BANGUED WATER DISTRICT

(P x 1000)
Net Total Net © 1st Trial 2nd Trial
Debt Increase Cash Cash Present Values10% Present Value:5%
Year Service In Cash Inflow Investments Inflow Factor Value Factor Value
1978 70 43 113 3,002  {2,889) 1.000 (2,889 1.0 (2,889
1979 146 171 37 470 5153 2909 5139 <952 %146
1980 158 168 326 1,165 839 o826 693 «907 761
1981 214 . 498 712 4,029 23.3173 751 22.491) 864 (2.866;
1982 797 (73 124 4,042 3,318 «683 (2,266) 823 (2,731
1983 1,154 (345 809 521 288 o621 179 <784 226
1984 1,192 (32 1,160 563 597 <564 337 746 445
1985 1,233 149 1,382 801 581 «513 298 71 413
1986 1,368 (57) 1,311 967 U4 o461 161 677 233
1987 1,424 255 1,679 884 195 o424 337 «645 513
1988 1,483 436 1,919 937 982 «386 379 614 603
1989 1,583 309 1,892 993 899 350 315 585 526
1990 1,647 639 2,286 1,045 1,241 «319 396 557 691
1991 1,744 = 696 2,440 - 2,440 «290 708 «530 1,293
1992 1,805 543 2,348 - 2,348 263 618 +505 1,186
1993 1,786 723 2,509 - 2,509 «239 600 «481 1,207
1994 1,855 (453) 1,402 1,022 380 «218 83 +458 174
- 1995 1,828 266 2,094 392 1,702 »198 337 «436 142
1996 1,875 226 2,101 419 1,682 «180 303 o416 700
1997 1,870 424 2,294 351 1,943 <164 319 «396 769
1998 1,833  (873) 960 1,487 (527) .9 (1) 371 199
1999 1,826 446 2,272 125 2,147 «135 290 «359 m
2000 1,861 323 2,184 132 4,669 o123 574 342 1,597+

-2,323 42,497

Rate of Return = 7,%9%

#*Includes net asset value of 2,617

Total Assets - P 20,154
Total Liabilities - 213,055;
Net Aspet Velue - P 2,617

L)

A=H=5



CHAPTER XI ECONOMIC FEASIBILITY ANALYSIS
A. UWATER AND THE ECONOMY

Introduction

Water is a basic requirement in any country's economic develop~
ment and no economic activity can take place without it. However,
this basic function diminishes in relative impartance as a higher
level of economic development is attained by a country. In most
instances, the availability of water alone will not spur economic
growth for there are other significant factors that influence deve-
lopment, such as peace and order, political stability, rate of
taxation and availability of infrastructure facilities, Hence, a
water supply project must be considered as only one purt of a re-
gional development program. It nust be viewed within the context
of the overall government program.

Considering that the Philippines is still a developing country,
water supply plays a fairly important role in the national or ro—
gional economy. Traditionally, water has been made available to the
consuming public at very nominal rates. There is a tendency for the
consumers tc use water wastefully. As a consequence, the regard
given to it is far below its true importance.

To the water consumer, the value of water is peasured by its
contribution to the satisfaction of the family group which uses the
water. His perspective includes himself and his household and all
the health, well being and productivity aspects of family life. To
the businessman, water is valued for all it does to improve business.
From the national viewpoint, the benefits to the water user, both
householder and businessman, are only a part of the total.

Yajor Uses of Water Supply

Domestic. Water for dumestic use is usually given top priority
because water is essential to life and, up to a point, essential to
gencral well-being. Estimation of the beneficial value of water for
domestic purposes is best viewed in terms of average willin:mess to
pay for water rather than do without it. It will be noted that the
willingness to pay is higher than the price charged insofar as most
users are concerned.

Industrial Use. Water is uged 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

X1-1



cost of alternative industrial processes which produce the same pro~
duct but use less water. This is not, however, always possible and
may be unduly laborious.

Other Uses. Crop irrigation is one of the major uses of water.
The value of water used for irrigation purposes ocan be estimated by
an elaborate calculation of "with" and "without" project conditions.
All other costs are assumed to be paid and water becomes the residual
cla!mant under "without" and "with" project conditions. Detailed
analysis of the area to be irrigated is required.

Another important use is hydropower generation. Water used for
this purpose may be valued by comparison with the lowest~cost alter—
native of providing electric power. Lastly, bodies of water serve a
basic role in many recreational activities. Ordinarily, water qua~
lity is not adversely affected by recreational use. Water value
in this case depends on a number of factors such as accessibility,
setting, beauty and quality.

In the Philippines, the National Water Resources Counocil
establishes the water pricrities, in pursuance of the policies laid
dovm by its charter, Presidential Decree No. 424. In general, the
system of priorities for the development, conservation and utiliza~
tion of the country's water resources reflects the current usage of
water and is responsive to the changing demand for water. Another
presidential decree (Presidential Decree No. 198) has declared that
the creation, operation, maintenance and expansion of water supply
and wastewater disposal systems are a national policy of high
priority.

B. METHODOLOGY

Recommended and Next-Dest System

One approach in determining the economic feasibility of a water
supply project involves a comparison of the bhenefits and costs of
the recommended system and those of the next best systems 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
comparison will show which of the alternative systems will generate
the same level of benefits at less cost.

Benefit—~Cost Ratio

A second approach in determining the economic feasibility of
water supply project involves the following steps:
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1« The identification of the economic benefits and costs that
can be attributed to the-establishment, operation and
maintenance of an improved water supply system;

2. 'The determination of the possible bases for 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 costs.

The results of the economic analysis are then expressed as a
single ratio called the benefit-cost ratio. The project is considered
feasible if the ratio is equal to or greater than 1:1.

..

Internal Rate of Réturn

Another method involves the calculation of the economic internal
rate of return of the proposed project. The total anount of the
benefits as well as of the costs is determined throughout the pro-
Jection period. _By trial and error, 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 acoeptable in such projects, which is usually the
opportunity cost of capital. '

Method(s) Adopted

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 cage, 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 Benefit and Cost Streams

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. This is because the benefits from the
facilities to be constructed up to 1990 would continue to accrue
beyond their construction period.

The construotion costs included in the analysis are those which
will be 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 faocilities will have to be
undertaken regularly for as long as benefits are desired to be realized
from the system.
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Estimates of benefits and costs were bascd on 1978 prices. In
recognition of inflationary pressures, all benei'its were escalated
by 10 percent from 1978 to 1980, by 8 percent from 1981 to 1985 and
by 6 percent from 1986 to 1990. All project coste were also eacala-
ted in the same manner, with the exception of operation and mainte-
nance costs which werc éscalated uniformly by 8 percent all throughout
the study period. In both cases, however, the escalation factor for
1990 was held constant up to 2000. This is because only Stage I of
the proposed project is beiny considered in the economic analysis;
hence, only partial inflation has been adopted.

C. QUANTIFIABLE BENEFITS

The economic benefits that will be derived from the proposed
water supply improvement program for the water district may be
classified into quantifiable and non-quantifiable., Quantifiable
benefits are those which can be expressed in monegtary terms. On the
other hand, non—quantifiable benefits are intangible but real, and
are extremely difficult to express in monetary terms.

Benefits resultin.; from the proposed project were evaluated on
an incremental basis, i.e., on a "with" or "without" principle.
Hence, the benefit figures reflect only those that will accrue to
the service area as a result of the improvement of the water supply
systeme They exclude the benefits arising from the present system.

The quantifiable benefits that are discussed in the following
sections are: increase in land values, improved health conditions,
reduction in fire damaze, and benefiocia) value.

" Increase in lapnd Values

The implementation of the water supply project will result in
‘an increase in the land values of the service area. However, it must
be pointed out that the increase in land values cannot be attributed
solely to the water supply project. Any difference between the ac~
quisition cost and the present market value of a piece of land evolves
from a series of market and public forces which exist whether or not
the water supply project is undertaken. Such forces .anclude the
general pace of industrialization, construction activity, inf'lation,
land speculation, taxation, public land acquisition and selling.
More particularly, such a difference could be the result of a general
estimation of productivity due to infrastructure investments which
include 4 water supply project.

The rortion of land values attributable to the provision of an

improved public water supply system was estimated in the household
survey in Lipa City (May 1975) to be about 22.6 percent of the
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market value of a piece of land. It is reasonable to assume that
this figure represents the incremental value of a piece of land,
given access to water supply. In a specific instance, a residential
lot about 400 sgm has the following market values:

Without Water 400 sgm x P50 = $20,000
Hith Water 400 sqm x P65 = P26,000
Ratio = 1.3 or 30¢ increase
In this particular case, the incremental cost of P6,000 closely

represents the market value of a private well (complete with pumps,
electric controls, etc)to serve the premises,

On the basis of this information, it may be conservative to
assume that 20 percent of the value of land served by the water
distribution system conld be attributed to the water supply project.

Assumptions made for this analysis are explained in Annex XI~C.
Annex Table XI~C-1 shows the computations of this benefit, which
amounts to a present worth of P6.3 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 following:

l. A Bignificant reduction in the incidence of water-bhorne
diseases such as cholera, dysentery, gastro—enteritis,
and typhoid/paratyphoid. As a result, there will be a
decrease in the amount of time lost by income sarners
who are afflicted with such diseases.

2. A subsequent reduction in premature deaths due to the
lower incidence of water-borne diseases.

3+ A corresponding reduction in medical expenses for the
same reason.

Caloulation for the health benefits and associated agsumptions

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 P262,811.
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Reduction in Fire Damage

With the installation of suitable ~Tire hydrants especially in
the high-vulue as well as the residential districts in the gervioe-
area as part of the proposed project, savings due to reduced fire
damages 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 in Annex Table XI-C~3. The present value of
this benefit amounts to P1.7 million. ‘

No attempt was made to quantify the inconvenience 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 gencrated by the water district
as a result of an improved water supply project. In the case of a
community which previously did not have any piped water system, the
"consumer satisfaction" benefit may be measured by the full amount
of the economic value of the accounted-for-wa.er.

For a community where the proposed project involves merely the
""engion and improvement of the existing system, this benefit may
be me..gured by the econcmic value of the incremental water production
directly resulting from the improvement of the system.

For this benefit, the concept of consumers surplus was adopted.
This concept takes into account not only what houssholds and ocommer—
cial establishments are actually paying for water but also how much
more the consumers are willing to pay for this essential ocommedity.
Calculations for the beneficial value of water are shown in Annex
XI-C and Annex Table XIeC~4. The present value of this benefit amounts
to P 7.5 milljon.

D+ NON-GUANTIFIABLE BENEFITS

The non-quantifiable benefits arising from a water supply pro-—
Ject 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 importance. No
attempt has been made to quantify or include them in the benefite—
coat calculations,

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 dependable water Supply. Without such supply,
nev industrial and commercial establishments would be forced to
develop their own supply system or reloocate elsovwhere. The overall
cost of providing separate water systems is normally large and
represente a deterrent to invest in the area ang consequently to
industrial development.

Because of the employment gensrated by the project, hired
laborers are able to apend their wages for purchasing goods at the
local stores, Hence, sach peso they spend is generated back into
the inocome stream of the local economy. In the operation and mainte-
nance of the project, the water district would find it advantageous
to purchase required supplies locally and engage local service.

E. ECONOMIC COSTS

General

The total cost of the proposed water supply system is the sum
of all expenditures required to realize project objectives and
benefits.

Costs have been divided into the following:

1. Projeot Costs

2+ Repiacement Costs

3e Operating and Maintenance Costs

In general, economic costs are easier to identify and quantify
than benefits. This is because most of the costs are inourred in
real, monetary terms to pay for either goods or services while bene—
fits are usually intangible,

Project Costa

Froject costs include the construction cost of the proposed
facilities suoh as pipes, meters and equipment, as well as, engineer-
ing services and contingenciss, land cost, administrative and legal
feess The cost of the feasibility studies has also been included,
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amex Table XI-E~1 shows the construction costs of the proposed
water supply project for the water district. They are listed by
component as to type of expenditure in 1978 prices. They are further
broken down into foreign and domestic componenta.

The cost of unskilled labor is shown separately from the do-
mestic component of the project. From the balance of the domestic
cost, 5 percent was assumed tc be in the form of hidden taxes.

Adjustment on Project Costs

In the determination of the project costs, adjustmente were
made for those items which are not properly valued by the price
mechanism. A price other than the market price (called 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 coste to project investment. The 'shadow prices‘
used in this analysis are those employed by international lending
institutions and the Planning and Project Development Office (PPDO)
of the Department of Public Works, Transportation and Communication.

One of the items where 'shadow pricing' was applied is the
price of unskilled labor (otherwise known as common labor). In a
perfectly competitive market, the price of labor is determined by
the marginal value of its product. In this case, 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 economy such as that of the Philippines where there is a surplus
of labor. USince there is widespread disguised unemployment in such
an economy, 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 effect is to
reduce the cost of unskilled lahor by 50 percent, thereby reducing
the summation of project cost.

skilled labor, on the other hand, was valued at its going rate.
It was assumed that if skilled labor were not employed in the service
area, it would probably migrate elsewhere to obtain employment or
better wape. :

Adjustments were also made with respect to cost of project
facilities which use up the limited foreign exchange reserves.
Foreign exchianyze used to import project components wus 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 componunts, on the
other hand, were priced at their actual cost. :
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Interest was likewise not included since this is considered a
‘financial instead of an economic cost.

Annex Table XI-E~1 shows the conversion of financial costs to
economic costs through shadow pricing and other adjustments. The

present value (see Table XI-E-4) of total economio project cost for
BAN-WD amounts to P12,0 million. ’

Replacement Costs

Based cn the criteria used in the financial studies, vehicles
have a life expeotancy of 7T years while meters are expected to
be replaced every 15 years. Other items which have a service life
of 15 years are the equipment of the laboratory and meter repair
facilities, the administration building as well as those of the dis~
tribution facilities, plumbing shop and misoellaneous items of the
immediate improvement program. The feasibility studics were assumed
to be good for 30 years. All other facilities in the system are
expscted to last for 50 years.

During the 23-year period from 1978 to 2000, therefore, vehicles,
meters, equipment with a service life of 15 years and the miscellaneous
items will have to be replaced. Annex Table XI-E-2 shows the replace~
ment schedule and costs of vehicles, meters, equipment and miscella=-
neous items. The present value or' total replacement costs (8ee Table
XI-E~4) for BAN-WD amounts to P444,600, '

Salvage Value

Annex Table XI-E-3 shows the salvage value in 2001 of all tha
capital equipment to be used in the project. The percentage of sal-
vage value was based on the remaining service life of the facilities
in 2001, For BAN-WD, the present worth of the salvage value (see
Table XI-E-4) is P6.9 million.

Operating and Maintenance Cost

Operating and maintenance costs refer to the costs associated
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, communication needs and office rental.
Only the operating and maintenanc: costs of the proposed project
(i.e., excluding those of the prusent system) were considered in
this study.
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Annex Table XI-E-4 presents the incremental annual recurring
costs associated with running and operating the water disirict up
to 2000. The present value of these costs amounts to P2.6 million.

Calculation for Bconomic Costs

The economic cost may be expressed as the adjusted (shadow
priced) project cost plus replacement cost plus operating/mainte—
hance cost less salvage value. Annex Table XI-f~4 sho"s the
computation of total economic costs for BAN=~WD, amounting to P13.8
million,

Fo  BENEFIT-CO3T ANALYSIS

The summary of the quantifiable economic benefits and economic
costis for BAN-WD is shown below. They are expressed in their present
values (discounted at 12 percent) after the 1976 prices have been
escalatad.

SUMMARY OF BENEFITS AND COSTS
(in million pesos)

Benefits Costs
Increase in Land Values P 6.300 Project Cost P12,023
Health .263 (+) )
Reduction in Fire Damage 1.660 Replacement Cost 445
Beneficial Value 1.522 (+)
» Operating and
15745 Maintenanoe Cost 2,573
Sub-total P15, 041
(~)
Salvage Value 1.225

?13,815

Benefit Cost Ratio = 11421

The preceding table shows that the quantifiable benefits exceed
the economic costs associated with the improvement of the water
supply system in BAN-WD. Under the principle of benefit-cost ratio,
the projeot is, therefore, considered economically feasible,

The actual benefits of the proposed projeot may be really
greater than what the benefit-cost ratio represents because the non-
guantifiable benefits have not been incorporated into the analysis
for obvious reasons.
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Ge JNTERNAL ECONOMIC RATE OF RETURN

The internal ecomomic rate of return (IERR) is the rate at which
the present value of the quantifiable benefits is equal to the present
valus of the economio costs of the proposed project, It is generally
hald that for a projeot te be feasible and desirable, its IERR should
be higher than the provailing opportunity ocost of ocapital, In this
partioular study, the opportunity cost of ocapital is 12 percent.

For BAN-WD, the IERR is 15.8 percent as shown in Annex Table XI-

G~1. On the bagis of the above stated principle of IERR, the
proposed project appears to be economically feasible and Justified.
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ANNEX XI=C
QUANTIFIABLE BENEFITS

Portion of Land Values Attributable to Water Supply Project

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 assumptions:

1l In accordance with the ntaging program of the con-
struction of facilities, the 1980 service area of
155 heotares was projsctod to increase in the follow—
ing menner: by 10 hectares from 1980 to 1981;
by 11 hectares from 1981 to 1982; by 12 hectares
annually from 1982 to 1984; by 13 hectares from 1984
to 1985; by 15 hectares from 1985 to 1986; by 19 heo=
tares from 1986 to 1987; by 12 hectares from 1987 to
1988; by 17 hectares from 1988 to 1989; and by
18 hectares from 1989 to 1990.

4

2. Land use was assumed to be 88 percent residential
and 12 percent commercial/institutional/industrial
throughout the projeotion period. This classifi-—
cation was based an the water demand projeotions in
1980 by consumer category, as shown in Chapter VI,

3+ The 1977 coste of land based on estimated market values
in Bangued are:

Residential : P 12 per sqm
Industrial/Commercial/Institutional ¢ P15 n

These costs were assumed to be constant over the pro-
jection 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, after
which the escalation factor was held constant up to 2000,

5. A discount factor of 12 percent was used to obtain the
present values of the henefits. This is believed to be
the opportunity cost of capital and is commonly used for
public investment projects like water supply development,.

For BAN-WD, the land value benefit in its present worth amounts
to P6-3 million.
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ANNEX TABLE XI-C~1

PORTION OF TNCRELSED LAND VALUES ATTRIBUTABLE TO PROJECT
BANGUED WATER DISTRICT

Lard Uss (sqm) Cost of Land (P x 1000) 2Q Percert

Commercizl/ Commercial/ Total Cost  Henefit Tu= Escalated Discount  Present Value

Institutiomal/ I.natitutiona.l/ of Land to Project Escalation Benefit Factor of Zenefit
Year  Resideptial .Industrial Residentisl Industrial {F x 1000) (> x 1000) Pactor (r x 100C) a2t 124 (» > 1000)
1930 1,364,000 186,000 P16,368.0 2,790,0 #15,158.0 * 3,831.6 1.210 P 4,636.2 +757 ?3,595.1
1981 28,000 12,000 1,056.0 180.0 1:235.0 247.2 1.307 323.3 712 230,0
1982 96,800 13,200 1,161.6 198.0 1,359.5 2719 1.412 384.C .636 244,42
1983 1€35,500 14,400 1,267.2 216.0 1,483.2 296.6 1.525 452.4 «567 25545
1934 105,600 12,400 1,267.2 216.0 1,483.2 295.6 1.647 488.6 <507 247.7
1685 114,400 15,605 1,372.8 234,0 1,606.8 3214 7,779 57147 o452 252.4
1986 132,000 18,000 1,584.0 270.0 1,854,0 370.8 1,886 589.3 404 282.5
1987 167,200 22,800 2,006.4 342.0 2,348.4 265.7 1.559 938.9 #1361 338,9
1388 105,600 14,400 1,267.2 215.0 1,483.2 29€.6 24119 62846 322 20244
125¢ 149,600 20,400 1,795.2 30,0 2,101,2 423.2 2,246 943.¢ «288 271.8
1330 158,400 21,620 1,900.8 324.0 2,224.5 445.0 2,701 1,053.4 «257 72,3

2,557,200 352,800 #31,046.4 $5,292.0 P36,338.4 P7,262.6 11,126, 1 - $5,259.8
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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 statigtics on morbidity rate were gathered from the Department
of Healths From 1964 to 1974, an average of 1,170.6 out of every
100,000 populatiorn in the province of Abra were afflicted with
primary water-borne diseases every year, regardless of age, sex,
and inocome class. The same rate was assumed for the muniocipality .
of Bangued in the absence of speoific data. The morbidity rate in
the service area was assumed to remain constant during the 2{.jyear
projeoction period.

Since not all of those afflicted with said diseases are wago=
earners, an adjustment was made accordingly. Based on the 1970
Census on Population and Housing of the National Census and Statis-—
tics Office, 35 percent of the municipality's population was econo-
mically active.)/ It was aggumed, therefore, that only 35 percent
of 1,170.6 per 100,000 who were afflicted with primary water-borme
diseases were economically active. Hence, this is the only segment
of the porulation who would suffer & reduoction in income due to said
diseages. Furthermore, these afflicted wage-earnmers were assumed
to be earning P8 a day and unable to work for 15 days on the average
because of their illness, The final figure oorresponding to the
economic cost of time lost due to water-borne diseases was therehy
arrived at by multiplying the number of people afflicted with water-
borne diseases by 35 percent, by P8 a day and then by 15 days.

Another health benefit that oould be associated with the esiabe
lishment of a safe public water supply system is the reduction of
the economic cost of the premature death of thoge afflicted with
water-borne diseases in the service area. Obviously, the reduction
of the life span of the population caused by said diseases is an
economic loss to the community.

N

Thic eoonomio loss due to premature death was determined by
mltiplying the mumber of people who die because of water-borne
digseaces (anmuming that a water eupply improvement program were
not undertaken) by 35 percent and then by $11,629. The projected
number of such deaths was based on the average of the 10-year mor—
tality rate for primary water—borne diseases in the province of
Avra, as gathered from the Department of Healthe These figures
indicated that44.4 persons died of the 1,170.6 per 100,000 who were

l/Eoonomioally active population includes those who are 10
years old and over, whether employed or unemployed, excluding re-
tired persons, students and housewives,
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afflicted with water~borne diseases. This mortality rate was
assumed to be constant over the projection period. The 35 percent
corresponds to the portion of the service area population who are
income earners. The P11,629 represents the monetary valueof each
‘death. This was derived from the estimated income to be earned
by the average wage-earner over a period of five years discounted
at 12 percent plus 20 percent associated economic costs (summation
of P200 a month x 12 months x discornt factor + 20 percent associ-
ated costs). :

. The third health benefit that can be derived from the improve-
ment of the water supply in the service area is the reduotion of the
medical expensges of persons afflicted with water~borne diseaag7.
Aocording to the Lipa City pilot survey on "Ability to Pay",~ an
afflicted person spends P113.00 annually on the average for medical
expenses, which include hospitalization, medicine and dootor's fee,
Based on this finding, the Motal medical expenses incurred due to
water-borne diseases were arrived at by multiplying P113,00 by the
number of people afflicted with such diseases in the scrvice area.

The sum of all three economic costs related to health benefits
had to undergo three final adjustments to arrive at more meaningful
figures. First, 40 percent »f the total economio loss due to Water—
borne diseases was taken as the health bensfit directly resulting
from the water supply improvement program. This reduoction was made
to account for the fact that not all water~borne~diseases are caused
by a poor water system and may also be due to less than ideal per—
sonal hygiene or lack of sewerage facilities. Second, the 40 per—
cent health benefit was escalated by 8 percent from 1980 to 1985,
by 6 percent from 1985 to 1950, after which the escelation factor
was held constant up to 2000. Third, the escalated health benefit
was discounted to its present worth at 12 percent. Annex Table XI-C~2
shows the caloulations associated with the health benefits for BAN-WD.
The total present value of said benefits after the adjustments amounts
to P262,811.

Reduction in Fire Damage

The proposed water supply improvement program will result in
increased water pressure and reliable supply for domestic as well
as for fire-fighting purposes.: At present, it is estimated that
approximately 10 percent of the total poblacion of Bangued is covered

g/Refer to Methodology Manual, Chapter 20 for "Ability to Pay"
studies,

XI-C~4



Served
Porulation

10,100
10,724
11,387
12,091
12,839
13,632
14,475
15,370
18,320
17,329

18 14“’ ve

18,400

Cost of Time ZFcoonomio lozs
lost Dus To Due to Presa~
ture Death

Illnees

9,046

-7 33,251

#18,252
19,350
20,578
21,850

i,
l

33,351

Cost of

Medicat Ernenses

13,360
14,185
15,062
15,924
1€,533
13,032
13,147
20,331
21,528
22,322

T 28,3390 .

e S n

24,339

Total Toonosio
Logsas Dis

ATEX TAILE XI-C-2

Tty wrneervrRey
SAvin sl At

BANTTD WATER DISTRICT

40 Perzent
Reduction Due
o ’\:) Project
Diteases :-_:‘Ltz

r14,631
15,535
16,496
17,515
1E,592
12,723
20,259
22,266
23,042

- 25,203
f 28,635

|
)
$
6,65

L4
66,637

XI-C~5

Escelated Present .

Raduection Discount Jalue of
Escalation Dues To Predect Factor at  Fealth

Faztor (Benecit) 12 Posvent Bensfit
1,210 17,704 «797 * 1,110
1.3C7 20,305 «712 14,457
1.212 23,292 +636 4 12,512
1.525 26,711 567 15,135
1647 30,632 +507 13,532
1.773 35,131 o457 15,879
1,286 32,527 504 15,577
1.959 44,5C3 o6 16,068
2,119 50,097 .322 16,131
2,246 54,182 - 223 16,233
2,321 63,465 «257 15,312
229 ‘4,533
-22 13,219
<105 11'514
253 10,245
i ol 9,275
: 2130 §,250
| 2125 7,352
l' «104 6,600
.02} 5,202
2.381 §3,465 -0B1 22268
1,042,425 262,811

Total Population 24,587
411 Parsons
10 Yearc ard
Cver T,2C0
Econcaically Active: .,51"
or 3,'.
Horbidity ¢ 1,i70.€
~tality : hied
1) 3):- b 17"’6 ¥ CeTe ¥ ™3
Lu,t... Sene <
» M5

2) 3Cx 424 . .
10040 -t
x ™1,629

3) %5%-7%5%: S.P. x P113
9


http:Econocam.ci

by the existing effective fire hydrant service. With the implementa~
tion of the program which will involve the installation of new fire
hydrants, the extent of fire protoction coverage will be expandede
Hence, a reduction in fire damage is expected in the service arez.

This reduction was assumed to be 0,75 percent of the combined
assessed values of all structures in the service area. For Bangued,
the aver assessed value of sach structure was assumed to be
P18,8004 , The number of structures was derived from the projected
population to be served by thz/system, assuming that each household
has an average of 5.7 members& ,

The fire protection benefit was based on the assumed overall
reduction in fire damage, but correlated with the schedule of fire
hydrant installation in the service area, Percentage of fire pro=
tection starts at 10 percent in 1980, gradually increasing to 49
percent in 19590 in accordance with the extent of the service area
to be covered by the fire hydrantse

The net reduction in fire damage was escalated by 8 percent
from 1980 to 1985, by 6 percent from 1985 to 1990, after which the
egcalation factor was held constant up to 2000, It was then dis-
counted at 12 percent. The present value of the fire protection
benefit, as shown in Annex Table XI-C-3 amounts to P1.7 million,

Beneficial Value of Water

Since water is essential to human life, all members of the
served population in the service area presumably would be willing
to obtain it in sufficient quantities at some given prices With
the proposed improvement of the system's facilities, the volume of
water production is expected to increase considerably to sexrve the
needs of the growing population. This will bring about additional
revenues to the water district, espeoclally since a price increase
of water may be justified in view of the improved services.

In general, water rates charged by the water distriot do not
reflect the true value of water, Moreover, it is recognized that
households and commercial users are really willing to pay more than
what they are actually being charged for water oconsumed. From the
economic viewpoint, thei-efore, there is a consumers' surplus, This
consumers' surplus refers to the additional amount consumers are
willing to pay over and above what they are paying for water. For

é/In the absence of assessed value records on Bangued, the

figurg on Gapan was used,
g/gased on the 1970 Census on Houeing in Abra province.

ey !

el ety



ANNEX BABLE XI-C-3

REDUCTION IN FIRE DAMAGE
BAFQUED WATER DISTRICT

Overall Reductiem  Fercentage Escalsted Pleoouns

Fumber of Total Valus iz Pire Damage Proteotion Ne3 Reductioa Esenlat Yalue o Paotor Present Yalve
Year = Structure at P18,800 e-d‘/ (,0075) {Baneris) - ia Pire Damage Pact Net Reductiem _at 128  gf JFoi Bonefit
1980 1,712 £33,313.6 $249,852 10% . P 24,985 1.210 # 30,232 #7197 P 24,09%
1981 1,882 35,381.6 265,362 13 ' 34,497 1.307 45,088 «T12 32,102
1982 1,998 37,562.4 281,718 16 : 45,074 1.412 63,644 «636 40,478
1983 2,121 39,874.8 299,061 20 59,812 1525 91,214 «567 51,718
1984 2,252 42,337.6 317,532 26 82,558 1.647 135,973 «507 68,938
1985 2,392 . 444969.6 337,272 3 111,300 1.9 196,003 452 89,497
1986 2,539 47,733.2 357,999 3% 128,8% 1,886 243,068 «404 98,199
1987 2,696 50,684.8 380,136 k] : 148,253 1,999 236,358 0361 106,985
1988 2,86) 53,8244 403,683 42 169,347 S X1 359,270 0322 115,685
1989 3,040 ‘ 57,152 428,640 45 192,868 . Re248 43),226 «2068 124,765
1990 3,228 60,686.4 455,148 49 223,023 2.381 $31,017 257 136,411
1991 ' 0229 121,603
1992 «205 108,898
1993 «183 97,176
1994 ; <163 86,556
1995 o145 77,528
1996 _ 130 69,032
1997 «118 61,598
1998 | J «104 554226
1999 v v v v ¥ 4 4 «093 49,383
2000 3,228 60,686.4 455,148 49 223,023 2,381 531,017 +08) —$41074
TOBL 199,973

5/Dor1v-d from the served ropulation projections, assuming that there are 5.7 members por howseksid socerdiig $o the 1970 Census
on Housing in ibre, .

haodathouu-udnlumomu(hmhtbm.r-mmm:-m

U:.cnm mnl;bymmutrm1978toIw,wamn&ulﬂklﬁﬂwﬁmrtQIMblm after whiek
the esoalation factor was held oconstant up te 2000, .

XI-C-7



purposes of itia gtudy, this additional value has been estimated to
be 50 percent h%gher than domestic water rates and 2g/percent higher
than commercial/industrial/institutional water ratesd .

In the devermination of this benefit, the tollowing steps were

taken:

1

3.

4e

Se

Only the incremental volume of accounted—for-water wag
considered; hence, the 1977 accounted—for-water amounting
tc 154,395 cum was deduct=d from total accounted—fore
water projections in Chapter VI. The water demand Pro-—
Jections in Chapter VI, expressed in liters per ocapita
per day, were converted to cubioc meters per year.

Classification of accounted-for—water into domestic ard
others (commercial/institutional/industrial) was based
likewise on Chapter VI,

The price per cubic meter of water was obtained from the
unescalated rate per revenue unit in Chapter X, Annex
Table X~C-l. The rates were, however, adjusted up~-
wards to reflect consumers! surplus: 50 percent higher
for doinestic water and <5 percent higher for others.

The net economic revenues were obtained by subtracting
the assumed 1977 revenues of BAN-WD of P47,7G0 from total
economic revenues. The net economic revemies may be
congidered as benefits of the proposed project since
revenues of the existing system have been duly excluded.

The net economic revenues were then escalated by 10 per—
cent from 1978 to 1980, by 8§ percent from 1980 to 1985,

by 6 percent from 1985 to 1990, after whioh the escalation
factor was held constant up to 2000. Finally, the escalated
values were discounted at 12 percent to obtain their pre-
sen’ values,

For BAN-WD, thes beneficial value of water amounts to a present
value of P43,0 million, as shown in Annex Table XI-C~4.

Y

efer to Procedures for the Economic and Financial Analysis

of Water Projects, LWUA, May 1976.
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ANNEX XI-E

JiCONOKIC COSTS



Souros Develepment
Distridution Pucilities
Ioternal Netwerk
Service Cennections

l; Pipes

») Neters

Pire Bydrante
laberatory Pacilities

a) Equipsent
b) 3tructure

Neter Repair Facilities
a) Equipsent

b) Struture
Flumbing Shop
Tahiocles
Feasidility Studies
Immediate

Isprovements
a) Distribution Pacilities

1. Equipment
2. Strooture
b) Alministation Building
1. Equipsent
2, Structure
o; Storage Pacilities
d) Service Connactions
1« Pipes
2. Neters
e} Vehioles
£) Miscellansous Iteas
g) Peaaidility Studies
Sub~Total
LenA

Tetal Preject Cost

ANTEX TABLE XI-Z-1

COSVIRSIOS OF PINASCIAL COST TO ECONONIC COST
BAYCUED WATER DISTRICT

SHADOW _PRICING

Financial! Forvign Dosestic Balance of Foreisn Exchazge (marxillsd Eoononio Eoonomic
Project IExchange  Cost  Thakilled Docestio . tares’d/ Otners Component Lador Others  Projegh, Construcsigm
Cont Componezt Cospozert Lador Component—" (5%) {95%) x 1.2 > .5 x 1,0 f:ost—-/ Co'i—-'-’
258,000 148,620 109,380 62,330 47,050 2,353 44,697 178,344 31,165 44,697 254,207 20¢,954
4,994,000 2,555,779 2,438,221 452,000 1,924,201 99,210 1,884,991 3,066,935 227,010 1,884,991 5,178,936 4,094,021
1,649,000 708,070 520,930 183,260 757,670 37,884 719,786 849,684 91,630 719,786 1,661,100 1,438,182
847,000 412,098 233,92 328,112 106,790 5,340 101,450 294,518 164,056 101,450 760,024 658,029
322,000 268,759 534281 20,168 13,073 €54 12,419 322,511 20,084 12,419 355,014 307,371
275,000 160,542 114,358 26,180 88,278 4,414 83,8¢4 192,650 13,090 83,864 289,604 250,739
310,006 2754944 34,056 18,591 15,465 ™ 14,692 331,133 9,296 14,692 355,121 280,728
213,000 70,096 142,904 78,009 64,895 3,245 61,650 84,115 39,005 61,650 184,770 146,063
76,000 68,425 T.575 3,306 4,269 213 4,056 82,110 1,653 4,056 87,819 69,422
69,000 4,111 64,853 28,319 36,570 1,829 34,741 4,933 14,160 34,741 53,834 42,557
459,000 27,134 431,866 62,560 369,306 18,465 350,841 32,561 31,286 350,841 414,682 327,812
69,000 35,145 33,855 - 33,855 1,693 32,162 42,174 - 32,162 744326 64,860
96,000 53,760 42,240 - 42,280 2,112 40,128 64,512 - 40,128 104,640 82,719
28,000 25,357 2,643 486 2,157 108 2,049 30,428 243 2,049 32,720 25,666
1,731,000  9R5,583  B05,457 147,979 657,478 32,874 624,604 1,110,652 73,989 623,604 1,809,255 1,430,233
113,000 86,003 26,997 3,681 23,316 1,166 22,150 103,204 1,841 22,180 127,195 100,549
459,000 27,134 431,866 58,. 79 372,987 18,549 354,338 32,561 29,440 354,338 416,339 329,122
36,000 20,530 15,470 7,130 8,340 417 7,923 24,636 3,565 79923 36,124 23,557
571,000 280,411 290,529 954544 195,045 9,752 185,293 . 336,493 47,772 185,293 569,558 450,243
395,000 329,179 65,821 21,641 46,180 2,209 41,971 355,015 10,821 41,971 447,807 353,993
76,000 38,920 37,020 - 37,020 1,851 35,169 46,T76 - 35,169 81,945 64,779
16,000 10,170 »£30 - 5,830 2R 5,538 12,204 - 54538 179742 14,625
35,000 19,500 18 2 O - 15,400 770 14,630 23,520 - 12,630 38,15Q 3002
13,097,000 6,551,390 6,545,610 1,620,195 4,525,415 246,273 4,679,142 7,861,663 610,100 4,679,143 13,350,912 10,790,727
103,000 - 103,000 - 103,000 ___ 5,150 97,850 -~ - 97,850 97,85@ 97,¢30
13,200,000 6,551,390 6,843,610 1,620,195 5,028,415 251,423 4,776,952 74861,669 810,100 4,776,993 13,448,762 10,823,337

13 stic o st ocemponent less wnakilled laber costs

tained by adding tegether foreign exahange cest, tnskilled lador cost and cost of ‘ether? methqhmb“nlﬁuntodmmmm

ﬁ”.‘ at 5 percent ef desestic coaponent after unskilled lador was dedmoted from ite

Derived by subtrasting ocontingencies and enginesring gervices froa ths eooromic project cost.

X1-E~-1



ANNEX TABLE XI-E-2

REPLACEMENT COST
BANGUED WATER DISTRICT

1978 PRICES
(® x 1000)
Misoellaneous

Year Vehiocles Meters Equipment _Items Total
1978

1979

1980

1981

1982

1983

1984

1985

1986 P 64.8 ) g 64.8
1987 64.4 64.4
1988

1989

1990

1991

1992

1993

1994 64.8 132,8 126.4 14,0 338.0
1995 6444 110.1 - 174.5
1996 117.3 22.5 139.8
1997 29,5 164.3 193.8
1998 29.5 163.3 192.8
1999 29.5 - 29.5
2000 29.5 - _ 29.5
Total P 258.4 P 478.2 ‘P 476.5 P 14,0 P 1,227.1

ATe]i=2



ANNEX TABLE XI-E=3

SALVAGE VALUE IN 2 1
BANGUED WATER DIST:AGE

1978 PRICES
50 Years 30 Years _15 _Years 7 Years Infinite
Repaining Remaining - i Remaining Repaining
Service Service Service : Service Service
Life &: , urég: Life ei: AT Gi: Life G.i: sal s?itu
Economio 2001 Salvage Econoxnic 2001 Salvage Eoonomioc 2001 Salvage Eoonomio 2001 Salvage Economic 2001 vage vagy
Vaiue Percent) _Value Yalue Percent) _Value Value Percent) _Value Value Percent) _Valus Yalus FPercent _Valus _m;:_e_-g‘
1,962.0 5646 1,095.8 30,2 274 8.2 80.3 100% 80,3  1,184.3
15642 58 9046 9046
420.,9 60 252.5 8,7 - 33 273 176 100 1746 29:1.4
2,115.,0 62 1,311.3 ' o 1931763
2,113.6 &4 19352.7 1435267
2647 66 17447 17447
264.7 68 158.8 158,8
352.0 T0 24644 24644
352.9 72 254,1 29+5 7% 241 25642
352.9 74 26141 2945 13 3.8 264.9
352.9 76 26852 2945 20 59 27441
35249 18 27563 2945 27 8.0 283.3
335.8 8o 26846 2945 33 9e7 278.3
27342 60 164.0 ‘648 14% 9e1 173.1
11041 67 73.8 844 29 18.7 92.5
1359.8 73 1021 102,19
193.8 80 1550 1550
29¢5 . 93 274 27-4
: 6502 100 -7 ~65.2 6542
79439645 P6,010,1 P112,9 P35.5 Pr1,151.9 . PT84.T.  P12942 1’27.8 : P9Te9 £97.9 76,956.0‘

ﬁ/ Salvage Values for each year are actually the salvage valus of the item in yoar 2001,

XI=E=3

Total Boonomio Value: P10,888.4 .
Total Salvage Value 3 P 6,956,0 : ‘



LTTEX, TABLE YI-E-4

ST OF 3¥CCrTiIC COSTS
BASTI WATT ! DISTRICT

(*x ¢ 00)
Present Present Present Present
Value Value of Velue Value
Epoalation Zacalation Escalited [PEscalated Escalated FEsoalsted Discomnt of Replace— of of

Raplacement Salvige O and X Tetal  Factor For 19/ Pactor For ../ Projoct Replacement O and M  Total  Pactor at Project ment 0 and X Totel

Prafect Cost Cost JJYaloe  _Cowts ~ Costs  Other Cos:s—</0 ant X costaY cont Cost Cos* Comts _ 12 Percemt _ Comt Cost Co—ss  _Conim
P 3,027.8 36,7 3,084.5 1,000 1,000 3,027.8 367 3,064.5 1,000 3,027.8 36.7 3,065.5
590.4 4.1 54,5 14100 1,020 649.4 69.2 71806 «893 579.9 61.8 6517
8z6.1 93.3 919.4 1,210 1,166 999.6 108.8 1,108.4 « 197 79647 8647 853.4
2,799.3 17261 2,974 14307 1,260 3,658.7 216.8 3,875.5 o712 2,605.0 15444 2,759.4
2,79601 1796  2,975.7 1412 1.360 3,948.1 24443 4,192.4 «636 2,511.0 155.4  2,566.4

N 339.8 186.9 52647 1,525 1.463 518,2 27446 792.8 «567 293.8 15547 449.5
339.8 19461 53349 1,647 1,557 559.7 303.0 867.7 -e507 283.8 150.2 220,0
45345 20,2 65547 1,773 1,714 806.8 34646 1,153.4 o252 38207 15547 521.4
459.5 64.8 208,1 732.9 1,826 1.£51 86546 122,2 38641 1,37449 4604 350.1 494 15640 55545
459.5 6404 21,7 13543 1.999 1,592 918.5 128.7 £21,2 1,47044 «361 331.6 46,5 152.8 530.9
4595 214.5 674.) 2.113 2,159 973.7 46341 1,436.8 «222 313.5 149.% L62.6
45945 2181 677.6 2.5 2,332 1,032.0 50%.6 1,540.6 #2828 297.2 146.5 423.7
438.0 2335 67145 2,381 2.518 1,042,9 55340 1,630.9 «257 268,0 151.1 £49.1
233.5 ' 588.0 «229 134.7 13247

- | 233.5 ! l 563.0 +205 120.5 120.5

233.5 ! j 5€8,0 .183 1076 107.6

338.0 571.5 : i 804.8 1,352.8 «163 131.° 95.8 227.0

174.5 208,0 : 415.5 1,003, «146 60,7  85.8 146.5

139.8 373.3 : 332.9 92049 «130 43,3 764 12.7

193.8 42743 i 46144 1,049.4 »116 535 €8.2 121.7

192,8 426.3 | 1 4591 1,047.1 o108 47.7 612 108.9

29.5 263.0 v 70.2 658.2 «093 6.5  54.7 61.2

29,5 233,% 263,0 2,381 2,518 102 _588,0 65842 - 033 5.8 48.8 _52.6

£13,448.8  £1,227,.1 £,550.4 19,226,3 19,001.1  2,865.0  9,854.0 31,721.0 12,023,1 44446 2,572.8 15,040.5
Salvege Yaloe P6,956.0 6,956,0 2,381 -16,562.2 «C74 =1,225.6
12,270.3 15,158.8 13,014.9

i_9/ProJoe& cost and replacessnt cost were escalated arnmally by 10 percest frea 1976 to 1980, by B peroent from 1580 to 1985, by € percent from 1985 +» 1990, after which the
escalrtion fastor vas held oconstant

&'Qp-nu.ne and maintenaroe oo

up to 2000,
sts were escalstel anmua'ly by 8 percent from 1978 t

XI~E~4

o 1990, after which the escalation factor was held oconstant up to 2000,



ANNEX XI-G
INTERNAL ECONOMIC RATE OF RETURN



INTERNAL ECONOMIC RATE OF RETURN

BANGUED WATER DISTRICT
(» x 1000)
Discount Present Value Discount Present Value
Egcalated Values Factor at at Percent Factor at at 20 Percent
Year Benefits Costs 15 Percent Benefits Costs: 20 Percent Benefits Costs
1978 7%.4 3,064.5 1.000 79.4  3,064.5 1.000 79.4 3,064.5
1979 171.3 71846 .870 149.0 625.2 «833 142.7 598.6
1980 4,966.1 1,108.4 +756 3,754.4 838.0 <694 3,446.5 769.2
1981 9379  3,875.5 <658 6171 2,550.1 <575 543.0 2,243.9
1982 1,086.2 4,192.4 <572 621.3 2,398.1 «482 523.5 2,020.7
1983 14263.9 792.8 <497 628.2 394.0 <402 508.1 318.7
1984 1,689.1 857.7 «432 729.7 374.8 «335 565.8 290.7
1985 1,952.8 1,153.4 «376 734.3 433.7 «279 544.8 321.8
1986 2,213.2  1,374.9 <327 723.7 449.6 «233 515.7 320.4
1537 2,787«1  1,470.4 «284 791.5 417.6 «194 540.7 285.3
1988 2'66700 1’436.8 0247 65808 35409 0162 432.1 232.8
1989 3,194.5 1,540.6 e215 686.8 331.2 «133 431.3 208.0
1990 3,648.3 1,630.9 <187 682.2 305.0 e1i2 408.6 182.7
1991 2,448.3 588.0 «163 399.1 95.8 «094 23041 553
1993 2,342.3 588.0 0123 288.1 72 3 <065 152.3 38.2
1994 2,218.1 1,392.8 «107 237.3 149.0 «054 119.8 752
1995 2,112.2 1.003.5 <093 196.4 93.3 <045 95. 1 45.2
1996 2,059.2 920.9 «080 164.7 73.7 .038 78.3 35.0
1997 1,953.3 1,049.4 «070 136.7 73.5 <031 60.6 32.5
1998 . 1,847.4 1,047.1 « 064 112.7 63.9 <026 48.0 27.2
1999 197597 658.2 «053 . 93.3 34.9 «022 38.7 14.5
2000 15653.8 658.2 <046 76.1 30.3 <018 29.8 11.8
47,375.1 12,888.5 9,716.2 ,

31,721.0 13,226.3 015 11,:38.1
Salvage Value - 16,562.2 «040 2e o e

15,158.8 12,323.% 1o,§§9.7

1.00 0.32 1.00 0.98 1.00 - 1.13
Present Value at 15% = . 244.7 IERR = +15 + +05(244.7)
Present Value at 20% = . 14518.2
1,518.2 = 15 + 0081

ANREX TABLE XI=G~1

= 15.8%
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CAMP DRESSER & McKEE INTERNATIONAL

Methodology Memorandum No, 1

To

From

L. V. Gutierrez, Jr.

A, de Vera

Date : 4 January 1977

Subject: Pilot Area Survey

A

Need

In estimating water accountability, data on the ratio of
borrowers to primary users, average persons per household, and
per capita consumption are necessary. Information on capacity
and willingness=to-pay would greatly aid financial analysis.

In all cases, 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 approachs. This is merely
surveying a representative area within the WD and projecting the
data obtained for the entire served area of the WD,

B, Methodologx

1l Choose a pilot area within the WD, Desirable requiremsuts
for the area are as followss

a. adequate line pressures, preferably with 24<hour service;

be metered connections;

Ge presence of domestic as well as commercial connections.
Ratio of commercial to domestic connections for the area
must not exceed that for the entire iDj

de representative income levels of the concessionaires.

2+ Devise a one-page questionnaire so that it

a. is easily understood by WD personnel (who will serve as
interviewers);

be. provides relevant information;

ce provides a means of cross—checking some answers given
by respondents;

de would make tabular analysis easy.

A sample questionnaire is attached,

IT11~1
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C.

3. Get aassistance from the WD personnel in the house~to-house
survey. It is suggested that they do the actual interview
because of their familiarity with local customs and dialectss
However, before allowing the WD enumerators to proceed on
their own, it is neocessary that:

a. the enumerators be given a thorough briefing on the
importance of the survey, as well as the purpose of
each item in the questionnaire.

b, the enumerators be accompanied to the first few
houses, and given additional pointers or feedback
before they proceed on their own.

4. Conduct a house-to-house survey of all households within
the pilot area. A4 map at this point indicating the exigt—
ing houses (with their code numbers) would be necessary.
The following would be helpful during the surveys

a, brief the respondents about the purpose of the survey
before asking questions. It is very important that
they be receptive to the interviewers. Otherwise data
given could be misleading.

be in asking for estimates of consumption, avoid using
technical terms, i.e., liters, gallons, etce Use
local containers like pails, drums or whatever they
use, Note the capacity of the container in the
questionnaire,

Data

The following data may be obtained from the surveys

l. Pilot area density

2. Average persons/household

3« Borrowers from cornected households and percentage of
households dependent on the WD

4., Potential concessionaires

5. Consumption estimates

6. Income levels and the respective rates showing
willingness to pay for improved service

7. Water accountability

17:1-2



L. WATER DISTRICT
PILO'" AREA QUESTIONNAIRE

P1,500 ahove

DATE
TIME
INTHRVIENEE ADDRESS
TYPI, OF DWELLING CONSTRUCTION MATmRIAL
. . NON=—4D -
WD CONCESSIONAIRE CONCESSIONAIRE FOR ALL HOUSZHOLDS
l, NO. OF OCCUPANTS: ls NO. OF OCCUPANTS: l, WD-/ATER AVAILABLE$
_ No., of hours
2+ CLASSIFICATION: 2. SOURCE OF SUPPLY: Time
[0 Domestic (DJown private well 2, "AUCETS:
[J Commercial O rainwater 01 3 a5
O Institutional Olspring 0 2 4 O
oo Db soncemmsorare |3+ 10/
3, SIS OF CONWACTION: HH Code Nos ____ - [:.12 =3 H
* CIpublic well 4. FLUSH .iATER CLOSETs
L B L  F-L (Jothers' private well 01 2 O3 (3
O P our O - 5, MANUAL WATER CLOSET:
Q1 2 O3 4
*E OF CONWECTION: 3 : m—
4« TYPE OF CONWECTION 3. CONSUMPTION 6. l:‘_'lw/septic E]w/o septic
[Ometered: meter functioning Clfree tank tank
Cmetered: meter damaged Clpaying 7. AVER
. AGE MONTHLY
[3flat rate (unmetered) vo(]i;;:e used per Consumption Billing/PYMT
5. APPURTENANCES (Connected to Paying P WD: —
' System) for eLes
: others:
Oiwith hand pump REMARKS 8
Ciwith eleotric motor pump 8. UJER:
HR3 used/day CJ w/ borrowers
Pump rated HP 0O u/o borrowers
GPM Total noe of HH
borrowers
Total nos of HH borrowers
6. OTHAR SOUACE ASIDE FROM WDt occupants
Own Other HH
Clwells O vwells 9. How-much would you be
willing to pay if
[springs O springs
. water service were
Clrainwater [J rainwater
1 0 improved?
month,
(TO B PILLED UP AT THE WD OFIFICE)
1. HOUSEHOLD CODE NO. 3« WD CONCESSIONAIRE{
- . ENUMERATOR
Clregistered
2e INGCOME: CJ unregistered
Obelow averase(P220 below FOSITION
(average P221 - 750 4o PAYUENTS:
CJupper middle (P751 - 1,500g [J up~to~date
high 1 delinquent




TANE DRISSER & MoKEE INTISNATIONAL INC.

Methodology Memorandum No. 2
To $ L. V. Gutierrez, Jr.
From ¢ A. de Vera

Date ¢ 31 January 1977

Subjeoct: Estimating Water Aocountability

A. Need

To be able to determine future water demand per capita,
need for leak detection and survey program, and the level of
development possible for reducing wastage and leakage, the
following information must first be available.

1. Ratio of acoountedwfor and unaccounted-
for-water.

2. Ratio of wastage and leakage in relation
to total production.

3+ Domestic consumption per capita.

Although there ars various methods for estimating water
acoountability, the selection of a method depends on the
purpose for which it is to be used and the level of acouracy
desired. Acoounted-for-water as used herein refers to the
revenue~producing water for the water district. It is the
sun of the billed metered consumption and inferred water con-
sunption at flat-rate conneotiontg.

B. Methodology
1. Pilot Area Survey

a. 0Objective ~ To be able to estimate total accounted-
for and unaocounted-for-water. Accuracy will depend
on the reliability of the oongumpti7n figures as
obtained in the pilot area survey.

b. Data Necessary ~ Monthly production; number of metered
and unmetered oconnections; water rate schedule; pilet
area data; and total monthly metered consumption.

l/hofer to Methodology Memorandum No. 1.

MM2-1



0. Ste ps

1) Obtain total number of households dependent on
water systems To do this, first obtain ratio
of households dependent on the system to total
households in the pilot area and apply ratio to
the whole service area. Compute for number of
primary and secondary users.

2) Compute for infarred flat-rate use per month.

3) Compute total accounted-for—wnter by adding average
monthly metered consumption and total inferred
flat-rate use per month.

4) Unaccounted-for-water is total production less
accounted—-for-water. It is also the total of
potentially billable water plus wastage, leakage
and other umes.

5) Potentially billable water is the sum of:

o Usage of borrowers from flat-rate
primary users;

0o Unbilled flat-rate use

o HWastage of flat-rate users

2. Weighted Average of First 10-City Survey

a. Objective - In a water system with all functions billed
as flat-rate, computing for water accountability is
impossible without resorting to detailed surveys. How—
ever, this method implies that the figures obtained
during the first 10-area survey (CDM ~ 1975) approximate
those of other water districts. Aoccuracy, however, is
not determined.

b. Data Necessary - Total monthly prodﬁction and figures
obtained during the First 10-Area Survey of CDM.

MM2-2
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Ce

Steps
Multiply monthly produotion bys

«31 to get accounted-for-water

«11 to get underestimated flat-rate use
«26 to get wastage

«25 to get leakage

+07 for others

Field Study Method

Be

b,

[+

Objective = To be able to determine within 5 percent
agouracy water aoccountability figures. This method,
however, is time-consuming and very expensive.

Data Neoessary - All data received shall be generated
in the field. The number of concessionaires and the
water rate schedule are basic requirements.

Steps

1) For each section of tranemission and distribution
line in the water system, appropriate measuring devioses
shall be installed in order 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 necessary to determine
water accountability.

wi2-3



CAMP DRESSER & MoKEE INTERNATIONAL

METHODOLOGY MEMORANDUN NO. 3

To

: L. Vo Gutierrez, Jr,

From : P. del Rosario

Date

Subj

A.

B.

¢ 8 February 1977
eot: Classification of Water Districts According to
Future Water Requirements
Jatroduotiop

The purpose of this methodology manual is to classify water
distriots (WD) so that ruture water requirements myy be estimated,
The factors to be considered in classifying WD's are economioc and
social development in the distriot's boundaries, probable sources
of additionel water supply and the people'’s ability=to=pay for
improved water servioce.

The group with the probable highest per capita consumption
is labelled Group I; and the group with the probable lowest
water consumption, Group V. Affluent and highly urbanized
water distriots may fall under Group I,while less developed
and small water distriotas, under Group V,

Methodology

The initial service area of the WD will most likely inoluds
the central urban area or core oity (poblacion)s To olassify it
aocording to future water demands, the WD and its central urban
area are judged according to 5 grouping criteria = 1975 urban
income, 1975 standard of living, 1975 business index, 1980 oost
of water, and served population in 1380, For each criterion, a
number of points, from O to 20, are allotted to each water
district. Tho total number of points under the 5 ariteria
determines the olassification of the WD,

Table MM 3-1 lists the 5 criteria by whioh the WD can be
classified, and the pointg allotted to rankings in each ari-
terion,

The grouping of the WD's based on the range of total
points under the 5 criteria 18 as follows:

MM3-1
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TABLE MN 3-1
WATER DISTRIOT GROUPING CRITERIA

1975 1975 . 1975 1950 1980
Urban Income Standard of Living Zusiness Index Cost of Water Served Population
Incoze Taxves % of Households % of Households ¢ of Commercial Source of Population
Paid by Urvan Points with Refrigerators Points with Flush Toileta Points Esiabliskments Points Additional FPoints Served in Points
Residents (P) 20 in Urban Area 10 in Urban Area 10 in Urban Area 20 water Supoly 20 Urban Area 20
zore than 30,000,000 20 more than 30 10 more than 60 10 more than 6.6 20 Spring, gravity 20 more than 150,000 20
type
10,000,001-30,000,000 18 25.1°= 30 9 50.1 - 60 9 4e6 ~ 606 16 ’ 100,001 = 150,000 18
5 ,000,001-10,000,000 16 20.1 = 25 8 40.1 - 50 8 3el = 4.5 11 Spring with
. booster pump 17 80,001 = 100,000 16
1,000,00i- 5,000,000 b V.1 15.1 = 20 7 30.1 = 4Q 7 1.7 =~ 3.0 7 Infiltration
with short trans—
) : mission 1jins/
well points 14 65,001 -~ 80,000 14
500,001~ 1,000,000 12 10,1 = 15° 6 20,1 = 30 6 1.0 = 1,6 4 ) 52,001 = 65,000 12
100,001~ 500,000 10 5 =10 5 10 =20 5 less than 1 2 Infiltration with
long trancmis-
aien 1ins/
wolls 1 41,001 = 52,000 10
50,001« 100,000 8 lens than 5 4 less than 10 4 31,000 - 41,000 9
20,001~ 50,000 6 Surface water
without
, reservoir 1 22,001 = 31,000 8
8,002~ 20,000 4 Surface water .
With reservoir S 15,001 - 22,000 7
4,001= 8,000 . 2 10,001 = 15,000 6
4,000 or leas 1 lesas than 10,000 S

MM3~-2



Groug Total Points

1 70 and above
IX 60 - 69
IIT 50 - 59
Iv 40 - 49
v 39 and below

In allotting points under each criterion, readily available
data are taken from the latest NCSO report (1970 or 1975 census).
These data ares total population in the oity or municipalitys
total households; number of urban households; number of commerw
cial establishments; number of industrial establishments; number
of households with refrigerators; and number of householde using
flush water-sealed toileta, The data on total income taxes paid
in the city/munioipality in 1975 were obtained from the BIR offioe.
Data on the probable sources of additional water supply were
taken from tha recent preliminary hydro-survey conducted by IMUA
and the WD,

The following is a procedure for assigning points to a WD
on the basis of the 5 criteria.

1 1975 Urban Income

Urban inoome is based on the total income taxes
paid by individuals and business entities and the pere
oentage of urban households with respect to total house-
holde in the city/municipality. If the 1975 data are not
available, the percentage of urban households is projected
to 1975 by applying an increase of 0.1 to 0.4 pesroent
per year, In projecting the percentage of urban house=
holds, growth characteristics and urban development
must be considered, The projected percentage is mul-
tiplied by 1975 total income. Table MM 3~1shows the
breakdown of the annual income with points ranging
from 1 to 20, :

2. 1975 Standard of Living
The standard of living is measured by the number
of households in the urban area with refrigerators and
those with flush water-gealed toilets,
The percentage of urban households with refriger—

ators with respect to total urban households is projeoted
to 1975, if the 1975 census is not available. An increase

MM3-3
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e

of 1 to 4 percent per annum is applier., depending upon

the recent economic and social development in the city/
municipality. The same procedure is applied to the
percentage of urban households using flush water—sealed:
toilets. Table MM 3-1 shows the percentages of households
with refrigerators and those with flush toilets with res-
pect to total urban households, with points ranging from
4 to 10.

1975 Business Index

The business index is measured by the percentage
of commercial 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
Yyear is applied, depending on the recent business activi-
ties and urban development in the city/municipality. The
humber of urban households in 1975 is obtained by multi-
plying the 1975 total households (total population +
average of 7 persons/household) by the 1975 percentage
of urban households as derived in the mathodology 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 city/municipality. Table
MM 3-1 shows the various levels of business index, with
corresponding points ranging from 2 to 20.

1980 Cost of Vater

The cost of water is inferred from the probable
source of additional water supply by 1980. The probable
souroe of additional water supply is weighted accord-
ing to its apparent economic viability. A spring source
that is located within the 1980 service area and can flow
by gravity is considered the most economical. Surfaoce
water requiring complete water treatment with impounding
reservoir is the most expensive, Infiltration galleries
with short or long transmission lines, wells, or spring

' souroe requiring booster pump, are considered to have

weights between the most and least expensive (see Table
MM 3-1). '

12434
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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 population
is determined as a portion of the service area popula~
tions In projecting the population served and the
future service areas, economic growth and urban develop-

ment, ‘availability of water supply and capability of
the water district to provide service must be oonsidered.

Expected Water Demand By Class of WD

The experience of the LWUA-CDM staff, especially during
the First Ten Urban Areas Froject in the Philippines, has been
uged to assign values of expected water demand to the 5 classes
of water districtss. These expected water demands are shown in
Table MM 32,

Example of Water District Classificution

This method of classifying a water district is illustrated,
with the Silay City Water District as an example. Available
data for Silay City are taken from the NCSO and BIR reports,
and from the preliminary hydro-survey by LAUA and the SIL~WD,
The following data were obtsined:

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 households with refrigerators - 266 (1970)

Total urban households using flush water-sealed toilets — 807 (1970)
Probable source of additional water éupply - wells (1980)

Population in the service area - 21,280 (1980)

To determine the speoifio weights of the above data for each
grouping criterion, the methodology developed is applied as followss

HE3=5



TABLE MM 3-2

WATER DEMAND OF vATER DISTRICT GROUPINGS

: Year
Classification : 1980 1990 2000
Group I
Domestic use, 1lpcd 140 155 175
Commercial/Industrial/Institutional
% of domestic 17 21 20
Equivalent, lpcd %_4_ .% - 38
Accounted-for-water, lpcd 164 1 210
Unaccounted-for-water
% of production 40 28 20
Equivalent, lpcd 109 13 52
Total production required, 1lped 273 261 262
Group II
Domestic use, lpcd 120 135 150
Commercial/Industrial/Institutional
% of domestioc 13 17 20
Equivalent, lpcd 1 2 0
accounted-for-water, lpcd 138 Ig% 160
Unacoounted-for-water
% of production 40 28 20
Equivalent, lpcd 92 62 A5
Total production required, lpcd 230 220 225
Group III
Domestic use, lpod 105 120 135
Commercial/Industrial/Institutional .
% of domestic 13 16 18
Equivalent, lpcd A4 A9 24
Accounted-for-water, lpod 119 139 159 .
Unaccounted-for-water
4 of production 40 28 20
Equivalent, lpcd 19 24 4o
Total production required, lpcd - 198 193 199
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TABLE MM 3-2 (Continued)

WATER DEMAND OF WATER DISTRICT GROUPINGS

Clagsification

Group IV

Domestic use, lpcd
Commercial/Industrial/Institutional

% of domestic

Equivalent, 1lpcd
Accounted-for-water, lpcd
Unaccounted-for-water

% of production

Equivalent, 1lpcd

Total production required, 1lpcd

Group ¥V

Domestic use, 1lpcd
Commercial,/Industrial/Institutional

% of domestic

Equivelent, lpcd
Accounted~for-water, lpcd
Unaccounted~for-water

% of production

Equivalent, lpcd

Total production required, lpcd

MM3-T

. Joar
1980 1990 _ 2000
% 110 125
12 14 16
A2 A5 _20
107 125 145
‘40 28 20
71 49 36
178 174 181
90 100 110
10 13 15
-9 13 A7
59 113 127
40 28 20
6 44 32
165 157 159



1, 1975 Urban Income

In 1970, the urban households accounted for
3348 percent of the total households in the city.
But due to recent developments in the local economy
and subdivision housing projects in the urban sector
of the city, the number of urvan households was pro-
jected to inorease to 35 percent in 1975 The product
of the total 1974-1975 income taxes and the 1975 pere
centage of urban households represents the urban in-
come taxes which amount to about ?7.017 million.
Table MM 3-1 gives this a weight of 16 points,

2 1975 Standard of Living
This is measured by:
as 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 inorease to about 12 percent in 1975.
Table MM 3~1 gives this a weight of 6 pointse

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 housing developments in the
urban area, the households with toilet facili-
ties were projected to be about 32 peroent in 1975.
Table MM 3-1 gives this & 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)s 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/housaholdg. Hence, the
business index in 1975 was 1.9 percent (commercial. estab-
lishmeuts divided by the number of urban households in
1975)s Table MM 3-1 gives this a weight of T points.

113-8



4. 1980 Cost of Water

Based on the hydro-survey of LiUA~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 15,6301/as projected from the 1975 NCSO Census
of Population and Housing, Table MM 3-1 gives this a
weight of 7 points.

Therefore, the SIL-4D has a total of 54 points under the
5 criteria, indicating that it belongs to Group 11I. The water
demands of this group from 1980 to year 2000 are listed in
Table MM 3-20

Table MM 3-3 classifies 16 water districts in the
Philippines according to the 5 grouping criteria.

l/See Chapter VI, Table VI-3, of the Silay City Feasibility
Study Report.

MM3-0



TABLE MM 3-=3

SUMMARY OF CITIES/MUNICIFALITIES SUBJECTED
TO THZ wATER DISTRICT GROUPING CRITERIA

1975 Standard of Living

Urban Urban 1980 Cost

1975 Households Households 1975 of Hater 1980

Urban with Refri- with Flush Business Source of Served

Income gerators Toilets Index Supply Population Total
City/Municipality (Points) _(Points) (Points) (Points) (Pointe) - _(Points) Points Group
Bislig, Surigao del Sur 14 6 T 11 14 7 59 3
Urdaneta, Pangasinan 6 7 9 11 11 6 50 3
Calamba, Laguna 14 9 10 7 17 6 63 2
Gapan, Nueva Eci ja- 6 8 9 1 11 6 47 4
Silay City 16 6 T T 11 7 54 3
Cebu City 20 1? 10 7 5 20 T2 1
Davao City 16 9 16 11 10 71 1
Bacolod City 20 9 9 7 11 18 14 1
Zamboanga City 14 9 9 7 7 16 62 2
Digos, Davao del Sur 12 6 9 T 11 5 50 3
Bacacay, Albay 1 5 9 11 20 5 51 3
Bangued, Abra . 1 6 8 7 20 6 48 4
Dalaguete, Cebu 1 5 8 4 11 5 34 5
Baybay, leyte 10 9 8 16 9 6 58 3
Roxas City 10 9 8 16 7 6 56 3
Cotabato City 12 9 8 11 11 7 58 3
Olongapo City 18 9 10 20 11 1
Subic 4 5 6 16 11 5 47 4
San Fernando (Pampanga) 14 6 7 20 11 7 65 2
Tarlao 12 8 8 16 11 8 63 2
Cabanatuan City 12 8 10 11 11 g 61 2
Lipa City 8 8 10 16 11 7 60 2
Lucena~Pagbilao~Tayabas 14 6 8 7 17 12 64 2
Dast 10 5 4 4 20 10 53 3
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CAMP DRESSER & McKEE INTERNATIONAL INC.

Methodology Memorandum No. 4
To t L. V. Gutierreg, Jrs

From :+ B. Jacildo

Date : 20 January 1977

Subjects Probability Analysis of Stream Flows by Gumbel

Ae Need

In evaluating the surface water sources for water surply
purposes, the analyst has to focus his interest on statistical
frequency of extreme low flows. Since the exact sequence of
streamflow for futvre years can not be predicted, he also has
to consider the probable variations in flows in order to
develop a design on the basis of caloulated riske

In 1941, E J« Cumbel devised a probability method by
which recurring flows can be computed for design requirements.
Under this method, the hydrologic data are analyzed as an
nextreme value" distribution and the sets of hydrologic data
are plotted as straight lines. Cumbel's method has been found
advantageous to use.

B. Basic Data

The hydrologic data are found in Surface Water Supply
Bulletine 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

2. Name of stream

3. Location of gaging station in latitude and longitude

4o Drainage area in square kilometers

Se HRecords available: months and year

6« Cage slevation

7. Extremes; magnitude and dates of maximum and minimum
flows

8+ Remarks

9. Revisions

10, Presentation of daily discharge for one year

M1



Ce

It should be noted that Surface Water Supplv Bulletinsg
af'ter 1997 have not been published; they are on file at the BPW
Vlater Nesources Diviaion.

Methodolozy

Below are the steps in Gumbel's probability analysis of

streamf'lows,.

Table MM4-)

1.

2e

Tabulate the monthiy flows (mean, minimum or
maximum, whatever is desired).

Take note of any changes in the yearly records as
gtated under "Remarks'" or '"Revisions'" of the
Bulletine Write them undser remarks in Table I'M4-l.

Table MM4=2

1.

Avrange all monthly flows in ascending order, ie.es,
from lowest to highest. Any flow that occurs
more than ci.ce should be listed.

2. Rank the arranged flows under 'm".

3. Take the logarithm of Q.

4. 3olve for the probability flow by the formula

- x 100

n+l

where, m is the rank of a particular flow
n is the total number of recorded flowa.
5. Solve for the return period by the fosmula

ntl

m L
Figure MM4-1

1. Flot log Q as ordinate against probability as
abscissa. Figure Mi4-1 is Cumbel's special proba=—
bility paper.

2. Draw a straight line (month lineg 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 is in month's
term. The line may be extended in order to reach
“periods not coverea by it.
3. Take the antilogarithme of the values of return

periods in months as projected on the log G scale
(ordinate). The antilogs are the recurring flows in
cubic meters per day.
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TABLE Ig~1
MEAN-DAY DISCHARGE PER MONTH

Basin: Pampanga (San Vicente) Gage Elevation: 11,050 m
Station: Pefiaranda River Units: ~ cumd x 1,000
Location: lat, 15°18'46"; long. 120°56'30"

Drainage Area: 575 sqkm

Minimum-Day
o Discharge/
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jear __ Remarks
1965 - 2,283 753 351 372 1,313 - - - 3,239 5,156 4,358
1966 - 2,915 | - - 8,941 1,595 2,682 4,215 5,425 1,413 9,801 5,370
1967 4,922 857 1,189 = 547 873 425 1,012 6,614 4,415 5,707 5,896 125
1968 66 17 120 540 96 - - - - - - 117
1969 141 32 336 689 664 301 5,203 2,394 2,248 1,175 1,78 2,190
1971¢ 1,989 814 279 17 17 3,561 2,928 1,628 9,5% 11,726 9,689 6,915

1971 3,123 642 732 294 1,499 4,567 4,021 1,824 1,377 11,161 5,229 15,007
1972 5,992 4,873 406 1,461 767 415 18,347 15,977 6,306 216 4,701 2,896

1973 697 823 82 108 9% 686 2,525 2,650 4,405 14,582 4,149 2,124
1974 1,405 1,332 2,191 4T 621 3,781 3,497 10,761 10,014 12,567 16,317 13,693
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TABLE MM4-2

MEANFLOW (PENARANDA RIVER, SAN VICENTE)
GAPAN WATER DISTRICT

Return Period

Probability (Monthe)
Q m n+
cumd x 103 Log g (Ge1 X 100) ("uTl).,

17 . 40230 0693 108,00
17 40230 1.85 54400
32 40505 - 2478 36400
66 4820 3.70 27«00
11 44886 4463 2160
82 44914 5¢56 18,00
95 44978 6448 1543
96 4.982 Te41 13450
108 50033 8033 12400
17 54068 9426 10480
120 56079 1018 9.82
125 5¢G97 11011 9,00
141 56149 12,04 8431
216 5334 12496 771
79 5446 13.89 720
294 54468 14482 675
301 50478 1574 6435
336 5526 16467 6400
351 5545 17459 568
372 56570 18452 540
406 50608 19,44 5¢%4
415 50618 20637 4491
425 5628 21.30 4470
471 50973 22022 4450
540 5eT32 23415 432
547 54738 24.07 4415
621 54793 25,00 4600
642 50808 25093 3486
664 54822 26,85 3e72
686 54836 27.78 3460
689 5.838 28,70 3448
697 54843 29.63 3038
132 50864 30656 3.27
7153 5877 31048 3418
161 54885 3241 3,08
814 5911 3333 3.00
823 56915 34426 2492
857 5933 35.18 2.84

NM4—-4



TABLE 14~2 {continued)

MEANFLOW (PENARANDA RIVER, SAN VICENTE)
GAPAN WATER DISTRICT

Return Period
_ Probability (Months)
Q o n+

n omdxiod Lk Q Gag = 1) (&l
39 873 5¢941 3611 2.77
40 1,012 64005 37404 2,70
41 1,175 6,070 37.96 2.63
42 1,189 64C, 38.889 2,57
44 1,332 6124 40,741 2445
45 1,377 6139 414667 2.40
46 14405 64148 42.592 . 2.35
47 1,413 64150 43.518 2430
48 1,461 64165 44.444 2425
49 1,499 6+176 454370 2.20
50 1,595 64203 46,296 2.16
51 1,628 64212 474222 2,12
52 1,785 64252 48,148 2.08.
53 1,824 64261 49.074 2.04
54 1,989 64299 504000 2.00
55 2,124 64327 504926 1.96
56 2,190 64340 514852 1493
57 24191 64341 524778 1.89
58 2,248 64352 534704 1.86
59 2,283 64358 544630 1.83
60 2,394 64379 556555 1.80
61 2,525 6.402 564481 1.77
62 2,650 64423 57+407 1.74
63 2,680 6.428 . 584333 1T
64 2,896 6462 594259 1.69
65 24915 64465 604185 1.66
66 2,928 6e466 61¢111 1.64
67 3,123 6+494 : 624037 1.61
68 3,203 64506 62.963 1459
69 3,209 6510 53.889 1.56
70 3,497 64544 64.815 1454
A 34561 64552 650741 1452
72 3,781 64578 664667 1450
73 4,021 6.604 674592 1448
14 4,149 6.618 68.518 1.46
75 4,215 64625 69.444 1e44
76 44358 6.639 70370 1442

1214=5



TABLE MI4-2 (continued)

MEANFLOW (PENARANDA RIVER, SAN VICENTE)
GAPAN WATER DISTRICT

Return Period
Probability (Montha)
Q m n+
oumd X 103 Log Q (;-_1 x 100) (-ml)

4,405 64644 71.296 1440
4,415 64645 724222 1,38
44567 64660 734148 1,37
4701 6e672 T4074 1435
4'873 60688 75.000 1033
5,156 6e712 764852 1.30
59229 6718 77778 1428
54380 64731 78,704 127
5’425 60734 790630 1.26
5,896 6.770 81.481 123
59992 6.778 82,407 1.21
6,614 6.820 84.259 1.19
' 6,915 6.840 854185 117
8'941 6.951 864111 1416
9,590 6.982 87,037 115
9,689 6.986 87.963 1.14
9,801 6.991 88,889 1.12
10,014 T.001 89,815 1.1
10,761 T.032 90.741 1.10
11,161 7.048 914667 1.09
11,726 7.069 92,592 1.08
12,567 T.099 93.518 1.07
13,693 74136 94.444 1.06
14,582 T.164 954370 1.05
15,007 74176 960296 1,04
15,977 T.203 97.222 1.03
18,347 Te264 99.074 1401

MM4-6
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CANIP DAESSER & MoKEE INTERNATIONAL

Methodology Memorandum No. 5

To 1 L. V. Gutierres, Jr.

From : J. B, Arbuthnot/B. R. Conklin
Date : 16 May 1977 .

Subject: Quantity of Stoféée Versus Rate of Supply

A.

B.

Jeneral

The demand for water in a water system is not uniform,
therefore, the system muat be designed to supply water at
varying rates of demand.,ﬂ

One common method of'aupplylng water at varying rates
is to provide a specifig, amount of source pumping capacity
and supply the differonce betwaen demand and pumping capas
city from a water storage facillty.

The most economical amount of pumping capacity and
storage volume is selected based on cost studies of alter-
native combinations of fapjlities that would meet a com—
munity's needs. Some of.the factors that should be considered
in these cost studies and some basic guidelines for selecting
properly sized facilitjes. qre presented in this memorandum.

Discussion

The amount of water & community needs at any particular
instant is primarily dependent on the following factors:

l. The number of peopquwithin the community

2, The number of water—conouming facilities within the
average home (faucets, toilets, showers, automatic
washing appliances, etc.)

3¢ The habits of people (what times people eat, shower,
" sleep, ete.)

MH5=1

NG,



In general, daily usage of water follows a pattern with
two peak usage periods during the day and low usage late at
night. PFigure MM5-~1 shows a typioal variation measured in a
seotion of the Cebu City distribution system,

The relationship of the peak usage on an average day can
be determined statistically for a given oommnity, The sta-
tistical peak is an average of each person's peak usage and
has two important properties:

1« The statistical peak is a funotion of the number
of people in the commnity. The fewer people, the
higher the peak may be beoause each person's peak usage
could more easily affeot the total flow.

2. The statistical peak should be recognized as & mathe=
matical average, and on some days the peak usage oould
be much higher or lower than the statistical peak.

The ocommon engineering practice for water systems is to
supply water from a source at maximim-day rates either by pumpe
ing or gravity. Maximum-day 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 ocapacity must equal maximum-day
demand tecause it would be impractical to store sufficient
water to supply maximm-day demspd rates for more than a few

days. -

The difference in demand between the peak-hour demands and
the supply (which is equal to maximum~day demands) oocours during
a period of short duration where demand exceeds supply. Stored
“water is used to meet this short period of excess demand and is
called operational storage. It should be noted at this time that

there are three categories of gtorage:

1e Operational s!orage = used to meet hourly fluctuations
in dorand. '

2, BEmergency storage - used fo meet demands in oase of
breakdowns in source facilities; typically equal to
& full day's demand,.

3+ Fire storage — used to meet the required volume of
water used to extinguish the worst fire expected in
the community.

NH5~2
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Storuge requirements for the last two catejories heve been
larmely neslected in these studies becaunse of the excessive cost
involved to provide the siorage.

Fethodolory

The engineer must determine the :waount of storacse and source
capacily to meet the demunds in a specific conmunity. 4 set of
curves that relate the peak hourly usayge to the numbep of people
in a comm:aity has been developed by CDM and others. Practice
has shown that a volume of about 15 to 20 percent off the maximum=—
day usage is required ws operational storage if source facilities
can suvpply maximum~day demands. Combining the "peuhiny curves" with
the operational storaze requirement, a second set of curves relating
the quantily of storage to the number of people, at diff'erent rates
of source supply, has been developed (see IFi;ure MH5=2).

Up to this point, the only option that has bheen discussed is
to supply peak-~hour demands from stormfe facilities. In many cases,
the cost of atorase facilities is so high that it may be more eco—
nomical to provide additional source capacity und 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 I'irure Mi5-2 have been
used in this study to determine the requirencnts for storage at
various supply rates in order to prepare cost comparisons of alter-
nntive supply and storaze combinations.

}/ASCE Manual of Practice No..37.

Fh5=3
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CAMIP DREBSIM & MNMoKEE INTERNATIONAL

Methodology Memorandum No. 6

To

¢ L. V. Gutierrez, Jr.

From ¢ J. Arbuthnot; B. Conklin

Date 1 22 March 1977

Subjeot: Economical Sizing of Pumped Waterlines

A.

General

This memorandum develops an expression for the most eco-
nomic size of a pipsline for pumped water systems based on two
cost factors: oost of pipe-in-place and cost of pumping
(enmergy). The larger the pipe the greater the cost of cone
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 construotion.

In most situations, the above cost faotors are the most
important factors in determining the economiocal size of trans—
mission mairs. Even when these are not the only important
faotors, it is still advantageous to know what is the most
economic size of pipe with regard to these two factors.

Bs General Relationship

The tutal annual cost of a pipe line is equal to the sum of
its construotion cost (expressed on an amortized annual basis)
plus its annual pumping cost.

Ct-C -i-c}/

To determine the most economic pipe diameter both the fao-
tors on the right hand side of the equation were expressed in
terms of the diameter of the pipe. The equation was then
differentiated with respect to the diameter, and solved for
the dé eter for which the resulting expressiou was equal to
ZOeYOe

l/Total Annual Cost = Annual Construction Cost + Annual
Pumping Cost.

2/ d(ct) a(cc) a(cp) = 0, where X = pipe diameter
- +
dx dx dx

}116=1

INC.,



Ce Annual Construction Cost

The oconstruction cost of the pipe was taken from Table G-
of Appendix G, Basis of Cost Estimates, in Volume II of the final
report. Costs were adjusted by adding a value for necessary
valves and by esmcalating these by 10 percent per year for 2 years
to 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.

1292 _ _ - _ Equation 1

C = 2845 (Dia.)
C is the installed cost of pipe in pesos per meter, and Dia, the
diameter of the pipe in meters.

The amortized annual cost of construction is the cost of con-
gtruction 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 = CRF x 2845(1)13..)1'292

=~ = = = Equation 2
where CRF is the capital recovery factor; for n = 50 years, dis-
count rate = 124, CRF is equal to 0.12042,

D, Annual Pumping Cost

The annual cost of pumping energy may be expressed in terms
of the amount of water pumped, the energy required to overcome
the frictional loss in the pipe, the price of electrical energy
and the efficiency of the pumping machinery. The general equation
may be written as:

Mass/Year x s x Hf x P
Annual Cost of Pumping Energy = efficiency X 3.6 X 10

= = ~ = Equation 3

where masa/?bar is the amount of water pumped in kilograms; g, the
gravitational constant; Hf, the energy lost by friction of flow

in the pipe expressed in meters; P/kwh, the cost of energy in pesos
per kilowatt hour; and 3.6 x MJ6,the number of newton-meters per

kilowatt hour.
The friction loss of energy in the pipe may be expressed in
terms of the diameter utilizing the Hazen-Williams (HAW) equation,

I x mpt+852
361,27 CL052 48T

Hf = = = = = Equation 4

where L is the length of pipe in meter .; MLD, the flow of water in
million liters per day; C, the Hazen & Williams roughness coeffi-
eiont; and Dia, the diameter of the pipe in meters.

1162



‘e Minimum Cost Diameter

_ The expression for minimum cost diameter may be obtained hy
inserting the expression for Hf in the equation for the cost of
pumping energy, oombining this with the expression for the annual
cost of construction, differentiating, setting the resulting
expression eqnnl_ to sero and solving for the diameter:

Minimun Cost | MDO*4%2° » (penonioum)0+ 1623
Diameter 2.391 (offioten og)0* 1623 (0s3005 (47 " n)o.1€§3'

using & C value of 120 and a oapital reoovery factor of 0.12042,
the following equation is obtaineds

Minimum Cost _ m°°4628(gesosjk\'h)o’1623 = = = = Equation 5
Diametar 70149 (effioioncy)o'1623

The above equation is expressed graphiocally in Figure MM 6-1,

e Limitations of the Analysis

How reliable is the preceding relationship (Bquation 5)y
between water oarried and economic pipe diameter? The derivation
is rigorous but the relation is no more exact than are the simpli-
fying assumptions upon which the derivation was baseds:

i1o Construotion Cost Relationship

The construction cost relation (Equation 1) has a stand=
ard deviation of just under 10 percents This means that ttwo-
thirds of the time the formula will represent the adjusted
ocsts tabulated, within 10 peroent. The largest difference
observed was 20 percent. FEven 8o, eoonomic conditions and the
cost of pipe may change in time. Probably, a new table
of pipe costis has to be made every 2 or 3 years, and the
formulas, along with Figure MM 6-1, adjusted accordinglye

20 Other Assumptions

Other assumptions ares

C = 120 (Hagen & Williams coefficient)
i = 124 (Discount rate) :
n = 50 years (Economical life of pipe)

The derivation also assumes that for the changes in
pumping head, using various pipe sizes for a design flow, the
total construotion oost of the pumping station remains oonstant.
This assumption is reasonable sinoe the difference in oost

MM6-3



G.

between one pump selection and another for different heads
at the same flow would not alter the cost of the complete
station by significant amount. Generally, the installed
motor horsepower would also be the same since the motors
come in standard sizes and one size may be used for a
number of different pump smelections at a gi~en flowe.

The relative rate of inflation for pipeline construction
is assumed equal to that of power ocosts.

3. Flow Quantities are Based on Constant Mlow

The derivation of the most economic pipe diameter is
based on a constant rate of flow within the pipe. This is
probably the most general and therefore the least accurate
of any of the assumptions.

Normally a pipeline is designed for a specific flow
condition; even under design conditions that flow may oocur
only part of the time. The flow in a transmission main
could be expected to nearly equal the design flow for long
period of time. However, in a distribution main, sized for
peak-hour flows, the 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 applied to
adjust the most eoonomioc pipe diameter determined from Pigure
MM 6~1. This so~called "energy variability ractor" is dis-
cusged in the following section.

Inergy Variability Factor

Figure MM 6~1 is based on selecting a pipeline where the flow
will be constant throughout the year. In most cases, pipeline
sizes are selected on a maximum expected rate of flow. If the
flow through the pipeline is less than the desizn flow, the pump-
ing head (which directly affects energy costs) would decrease
according to the 2.852 power of the flow (Q)s 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 caloulated by comparing the costs of pumping at a constant
flow rate with the cost of pumping at the expeoted flow variation.
This value is the so—called "energy variability factor" (EVF).

The design flow for the pipe is used as the base flow and the
actual flow to the design flcw over the day is expressed as a
percent.

M6~
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I.

Jo

The mothod used is to raise the difference between actual flow
and the base flow (expressed as & percentage) to the 2.852 power,
The ratio of the sum for the day of the actual flow Lo the design
flow each raised to the 2.852 power is equal to the EVF, Figures
MM 6=2 and Table MM 6-1 present two possible flow variations and
the ocalculated energy variability faotor for each.

The two flow patterns selected for Figure MM 6~2 are not
commonly used design ocurves. Pattern 1 was selected to show that
if a higher rate of flow than the design flow is pumped through
the pipeline during a portion of the day,the EVF is greater than
1.0. Pattern 2 shows that if the actual flow rate is nearly equal
to the design flow, the EVF would be nearly equal to 1004

An EVF of less than 1.0 would be a more common occurrence
since the majority of pipelines are designed for some maximum future
flow. The suggested EVI® in a following section is an example of
an EVI less than 1.0.

Application of EVF

The EVF can be used with Figure MM 6-1 in calculating the
minimum cost pipe diameters The EVF is inserted into the annual
energy cost equation (equation 3) and then included in the dif=-
ferentiation, resulting in a revised equation as follows:

: 2
Minimum Cost EVFQ‘1623 MLD0.4628 (Pesos/kwh)o'16“3

. ~ =~ BEquation 6
Diameter 74149 (efficiency)o'1623

The application of EVF requires 2 steps: first, design a
minimum economio pipeline for some flow using Figure MM 6-1; and
second, calculate the EVF for the actual flow variation and
multiply the pipe size calculated in Step 1 by the EVF raised to
the 0.1623 power.

Suggested EVE

The feasibility report on the Second Ten Provincial Urban
Areas deals mainly with distribution pipelines; therefcore, a
suggested EVF that is apylicable to distribution systems is pre—
sented hereine

The ocalculation of an EVF depends entirely on the flow data
or assumed flow within a specific pipeline. The only accurate
data produced during the “easibility studies are the diurnal
flow vuriations measured in a portion of Cebu. The peak flow in

the Cebu data was 2,06 which is greater than the design flows
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TABLE MM 6 =1

SANFLE "EVF" FOR DIFFERENT FLOW PATTERNS

Flow Pattern No. 1
Perocent of Average Energy

Day Demand

EVPyq

32
36
39
33
46
95
193
206
198
156
169
129
123
95
99
96
107
133
130
a7
64
54
42
38

%:_?m?-e, - 1.83

Variation

0,039
0,054
0,068
0.042
0.109
06864
66522
74855
7.016
3¢554
44466
2,067
14805
0.864
0,972
0,890
1.212
24255
2.113
0,672
0.280
0172
0.084

0,063
44.038

M16=6

Flow Pattern Nec. 2
ercent of Average Ener

Doy Demsnd JVaristion
48 06123
48 00123
48 06123
100 1,000
100 1,000
100 1,000
120 14682
120 1.682
120 10682
120 1,682
120 1,682
120 1,682
120 14682
120 14682
120 14682
120 1,682
120 1.682
120 10682
120 ' 1,682
100 1.000
100 1000
100 1,000
48 0.123
48 0,123

28,481

mry S088 w119
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used for thik study. PFigwre MM G.3 presents &n edjusted graph of
diursal Flor aaing tos ahaps of dlhe Celm curws Wil & wuXxiinbm

peak of §.75. Thae EVF for this cvvve 12 equal tu Ca32 {aee Table
7 . . , - - .
Wh feg)  and when vained 50 the Ca1623 power, equale 0.83.

In prectice, the F¥E woed fov distribution systemy in this
atudy is only sigaificant whon the pipeline size is greater than
300 mm (nigpificent mesns that FVE changes the reocmmended pipe
pize by & Jargs incromental sis).

Problem: Select an accnomical distribution pipe sige to oon-
vey & peal-hour flow of 20 MLD. The cowt of power is 489 centavoes
per kilowatt hous, the pump efficiency is 81 psrcent,and the
motor efficisncy ia ecual to 50 percente

dolutions

o—v—

Fagou/kowh «49
BRI 5o = o672 may W8T

Frcm Figure ¥¥ 6-1 using the Tlow of 20 MLD and Pesos/kwh/
Bff = 675 salect & pipe size of 500 mme

For a Tlow variatior in a distribution main, the EVF is equal
to 0032 and the EVF raised to the 0.1623 power is equal {o 0.82.
The moot sconomical pipe size for the actual flow variation is
equal to 0.83 x 500 m or 415 nmj 8o chooss 400 mmu pipe slize.

TH6-T
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TABLE MM 62
"EVF" FOR DISTRIBUTION SYSTEM

Percent of Average Percent of /Design Energy
Bour Day Demand Plowd/ Yariationd
1 35 20 0,010
2 40 23 04015
3 39 22 0,013
4 37 21 0.012
5 73 V] 0,084
6 134 17 06475
7 164 94 0,838
8 175 100 1,000
9 174 99 0,972
10 163 93 0.813
11 162 93 0.813
12 134 11 0475
13 118 67 04317
14 94 ' 54 0,172
15 94 54 0,172
16 94 54 0,172
17 105 60 04233
18 129 74 0.424
19 123 70 04362
20 96 55 0,182
21 T2 41 0,079
22 8 33 0,042
73 47 27 00024
24 40 23 04010
7.716
Te716 0.1623 _ o,
EVF = 5 4000 032 EVP 0.83

2—4001:13 175 percent of average day as base flow for pipe design.
Equals Peroent Design Flow raised to the 2,852 powers
* Energy variation at oonstant flow

MM6-8
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