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FOREWRD 

This feasibility study presents the recommended plan for +he
 
upgrading and expansion of the water supply system of the Bangued 
Water District (BAL-WD). This study was made by the Lo;al liater 
Utilities Administration (LWUA),with the technical assistanAce of 
Camp Dresser and McKee Interiational Inc. This study is -'he result
 
of many months o work in the municipalities of Bangued and Pefiarrubia 
in Abra Province, and is supported by extensive experience with other 
water districts in the Philippines during the First Ten Provincial
 
Urban Areas Feasibility Studies.
 

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

The recommended plan is a technically and economically feasible
 
program for providing the 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 the people. However, during the final 
engineering design of the recommended facilities, changes could still 
be made. Design changes would be based on more recent field data, 
changing priorities of the water district and more economical methods 
of providing the recommended facilities. Any changes considered in 
the final design should help to further reduce the expected financial 
impact of the project.
 

While the main objective of the Second Ten Provincial Urban 
Areas Feasibility Studies was the preparation of feasibility reports, 
another important objective was the training of Filipino counterpart 
engineers in water supply project planning. The training program which 
included lectures and on-the-job training aimed to dev lop local plan
ning capability for water supply projects. The Filipino engineers 
learned by actually doing the work, with the CDM consultants providing 
the necessary expertise and guidance.
 

The following have contributed significantWv to the development
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Eiuardo Santos, Staff Engineer 
Miguel Buenavides, Junior Staff Engineer 
Mario Bermojo, Junior Staff Engineer 
Luisito Lacerna, Junior Staff Engineer 
Cesar Matig-a, Chief Draftsman
 
Ellen blaroellanal Secretary/Typist 
Meredith Marafio, Secretary/Typist 
Cesar Florendo, Printing Assistant 
Diosdado Buroa, Printing Assistant 



OrRanizations 

ADB 
BAN-WD 
LB-WD 
BAY-WD 
BIS-WD 
CAL-WD 
CDM 
COT-WD 
DCCD 

FER-WD 
GAP-WD 
IBRD 

LIUA 
JUSS 


NEDA 
NIA 
NWRC 
OLO-WD 
PAGASA 


ROX-WD 
SIIAID 
URD-WD 
USAID 

Units 

AC 

CCI 
CI 
cm 

cum 

oumd 
cumd/ha 
oum/hr/sqkm 
cumd/m 
cum/mo 
cum/sqkm/yr 
FEC 

GI 
GS 

LIST OF ABBREVIATIONS
 

Asian Development Bank 
Bangued Water District
 

.
Los Bafios Water Distxic
 
Baybay Water District
 
Bislig Water District 
Calamba Wate.- District 
Camp Dresser & McKee International Inc. 
Cotabato Ciiy Water District 
Design Consultation Construction aid 

Development Engineering Corporation
 
San Fernando Water District
 
Gapan Water District
 
International Bank for Reconstrnction
 

and De,.alopment
 
Local Water Utilities Administration
 
Metropolitan Waterworks and Sewerage
 

System (formerly National Waterworks
 
and Sewerage Authority or NWASA) 

National Economio Development Authority 
National Irrigation .Admi iistretion' 
National Water Resources Council 
Olongapo City Water District, 
Philippine Atmospherio, Geophysical and
 

Astronomical Services Administration
 
Roxas City Water District 
Silay City Water District
 
Urdaneta Water District
 
United States Agency for International
 

Development 

asbestos cement
 
centrifugally cast iron 
cast iron 
centimeter
 
cubic meter
 
oubio meter per day 
cubic meter per day per hectare 
cubic meter per hour per square kilometer 
cubic meter per day per meter 
cubic meter per month 
cubic meter per square kilometer per year 
foreign exchange component
 
galvanized iron 
galvanized steel
 



ha hectare 
HGL hydraulic grade line
 
hr hour
 
kg kilogram
 
M. kilometer 
1pod liter per capita per day 
lpd liter per day 
ips liter per second 
lpe/m liter per second per meter 
m meter 
M/h meter per heotare 
mg/i milligram per liter 
min minute 
mm millimeter 
mm/yr millimeter per year 
mo month 
M/seo meter per second 
KSL mean sea level 
% percent 
P Philippine peso 
pH logarithm (base 10) of the reciprocal of the 

hydrogen ion concentration in water, moles
 
per l!iter 

PVC polyvinyl chloride 
RU revenue unit
 
sqkm squarv kilometer
 
eqmd squar, meter per day
 
$ United States dollar
 
yr year
 



TABLE OF CONTENTS
 

CHAPTER I SIUM. Af AND RE000M1DAT IONS 

A. 	 Summary of Studies I-i 

B. 	 Recommendations 1-3
 

CHAPTER II INTROJCTION 

A. 	 First Ten Provincial Urban Areas II-1
 
B. Second Ten Provincial Urban Areas 11-2
 
CO Historical Baokground of Bangued Water District 1I-2
 

CHAPTER III DESCRIPTION OF THE WATMR DISTRICT 

A. 	 Physical Description III-1
 
B. Population 111-2
 
C, Living Conditions 111-2

D. 	 Zoonomy 111-6
 

CHAPTER IV EXISTING WATER SUPPLY FACILITIES 

A. 	 General IV-1
 
B. 	 Waterworks Facilities IT-1
 
C. 	 Water QwNlity IV-5
 
I.'.Water Use Profile 	 IV-5
 
E. 	 fydraulic Studies IV-8
 
F. 	 Computer Studies I-10
 
G. 	Deficiocies of the Existing System IT-11
 

Annex IV-E Hydraulio Studies rV-.,-1
 

CHAPTER V FEASIBILITY STUDY CRITERIA 

A. 	 General V-i 
B. 	 Planning Criteria V-1
 
C. 	 Design Criteria V-2
 
D. 	Economic and Financial Criteria V-4
 
E. 	 Basis of Cost Estimates V-4
 
F. 	 Implementation Sohedule V-5
 

CHAPTER VI POPULATION AND WATER DAND PROJECTIONS 

A. 	 General VI-1
 
B. 	 Population Projeetions VI-1
 
C. Projections for Served Population VIs-4
 
D, Water Demand Projeotions VL-4
 



CHAPTER 	 VII WATER RESOURCES 

A. 	 General VII-1
 
B. 	 Groundwater Resources VII-I 
C. 	Surface Wa;ter Resouroes VII-9
 
D. 	 Water Quality of Potential Sources VII.11 

Annox Vl-B Well Data 

CHAPTER 	 VIII ANAISIS AND EVALUATION OP ALTERNATIVES 

A. 	 General VIII-I 
B. 	 Water Supply Source Alternatives TIlL-1 
C. 	 Treatment Alternatives VIII.6 
D. 	 Distribution -Alternatives VIIL-6
 
E. 	 Other Alternatives for Water Conservation
 

and Augmetation VIII-13
 
Annex VIII- Schedule of Facilities for
 

Alt ernative Analysis VIII-B-I
 

CHAPTER 	 IX DESCRIPTION AND COST OF THE REOMMEDED PLAN 

A. 	 General .:.I.,-1 
B. Immediate Improvement Program IL-3
 
C& First Stage of the Long-Term Construction Program Iy-5
 
D. 	 Second Stage of the Long-Term Construction Program IL-16
 
E. 	 Capital Cost Summary .G22 
F. 	 Annual Operation and Maintenance Costs IX.22 
G. 	 Sewerage/Drainage Conrepts M1-25 
H. 	 Management of Water Resources IX-30
 
I. 	 Updating the Water Supply Master Plan 11-30
 
J. 	 Environmental Considerations IX-30
 

Annex IX-C Distribution System Growth L-C-1
 

CHAPTER 	 X FINANCIAL FEASIBILITY ANALYSIS 

A. 	 General X-1
 
B. 	 The Existing System X-I 
C. 	 Development Costs X-2
 
D. 	 Operating and Maintenance Costs X-2
 
E. 	 Finanoing Policies Covering Local Water District
 

Development X-3
 
F. 	 Funds for Capital Development X-5
 
G. 	 Analysis of Water RIates X-7
 
H. Finanoial Suwary X-14
 
I,. Finanoial Recommendations X.-15
 

Annex X-C Deve~opment Costs 	 X, -1
 
Annex X-F Fands for Capital Development X-P-i 
Annex X-4 Analysis of Water Rates X--1 
Annex X-H Pinancial Swumary Xy-I 



CHAPTER 	 XI ECONOMIC YEASIBILITY ANALYSIS 

A. Water and the Economy 	 X1I-1
B. Methodology XI-2
 
C. Quantifiable Benefits 
 XI-4
 
D. Non-Quantfiable Benefits 
 XI-6
 
E. Economic Costs 	 M 7 
F. Benefit-ont Analysis XI-10
 
G. Internal Economic Rate of Return XI-11


Annex XI-C Qantifiable Benefits XI-C-1 
Annex XT-E Economic Costs 
 XI-,-I 
Annex XI-G Internal Economio Rate of Return XI-G-1 

MJIHODOLOG ME04ORANDA 

1. Pilot Area Survey 	 MMI-I 
2. Estimating Water Accountability 	 MX12-1 
3. 	 Classification of Water Districts According 

to Ikture Water Requirements MM3-1 
4. Probability Analysis of Stream Flows by Gumbel 
 M14-1
 
5, Quantity of Storage Versus Rate of Supply 
 MM5-1

6. Economical Sizing of' Pumped Waterlines 	 M16-1 



LIST OF TABLES 

Tabls Pa 

I-i 
1-2 
1-3 

1-4 

Summary of Proposed Water Supply Improvements 
Capital Cost Summary 
Cost Sunmuary of Immediate Improvement Program

and Construction Stage I Phase A 
Annual Operation and Maintenance Costs 

1-4 
1-7 

I-7 
1-6 

III-I 

111-2 
111-3 

111-4 

Climatological Data 

Munioipal Population Characteristios 
Classification of Households by Type of 

Faoilities 
Reported Morbidity and Mortality Due to Water-

Borne Diseases 

111-2 

111-3 

111-4 

111-5 

IV-1 
IV-2 
IV-3 
IV-4 
IV-E-1 

Summary of Existing Distribution Piping
Water Quality Test Results 
Summary of Water Accountability 
Flow Measurements 
Variation in Distribution System Pressure 

IV-4 
IV-6 
IV-8 
IV-tO 
IV-E-1 

VI-1 
VI-2 
V1-3 

Service Area Population Projections 
Served Population Projeoc ions 
Year-by-Year Served Population and Water 

Demand Projections 

VI-3 
V- 5 

V.8 

VII-1 
VII-2 

Water Well Data Summary 
Water Quality Test Results - Potential Sources 

VII.5 
VII-12 

VIII-1 

VIII-2 

Comparative Present Worth 
Supply Alternatives 

Comparative Present Worth 

Costs of Additional 

Costs of Additional 
VIII-3 

VII-3 

VII-4 

VIII-5 

VII1-B-1 

VII1..B2 

Supply Alternatives 
(Assuming One Transmission Main is Abandoned 

by 1984)
Present Worth Costs of Alternative Storage and 

Additional Supply 
Present Worth Cost Comparison of Alternative 

Transmission Main Routes 
Additional Pipeline Costs to Provide Full 

Fire Protection in 2000 
Comparative Present Worth Costs of Additiona] 

Supply Alternatives 
Comparative Present Worth Costs of Additional 

VIII.5 

VIII.9 

VIII-11 

VIII-13 

VIII-B-I 

Supply Alternatives 
(Assuming One Transmission Main is Abandoned 

by 1984) 

VII I-B-3 



IX-i 
IX-2 
IX.-3 
IX-4 
IX-5 
IX-6 
IX-7 

Cost SumvzA T - Immediate Improvement Program
Phase I-. Transmission and Distribution Pipeli'..s
Cost Summarj for Construction Stage I Phase A 
Phaoe I-B Pransmission and Distribution Pipelines
Cost Sumnary for Construction Stage I Phase B 
Phase 11-4 Transmission and Distribution Pipelines
Cost Summary for Construction Stage II Phase A 

IX..6 
IX-10 
IX-13 
IX-15 
IX-17 
IX-18 
TX-20 

Iy. 
IX-9 
IX,-iO 
Ilx-11I 
IX-_(X-1 
IX.t-2 
IX-C-3 
IX-C'- 4 

Cost 1'mmnary for Construction Stage II Phase B 
Capital Cosel Summary 
Anju:l Opertion and Maintenance Costs 
AvFitk! 0ai _y Wastewatcr Flows 
Served Pomwltiori Projections 
Total Ser-d Area for Individual Communities 
fed-ced Area to Receive Internal Network 
Not Area -.o Receive Internal Network 

IX.23 
IX_24 
IX-24 
IX-28 
IX-C-2 
IX-C2 
IX.-C-3 
IL-C-4 

I--C-5 
IX-G-6 
IX-C--7 
IX-C-.3 

Sohedule -or Service Connection Installation 
Schedule for Fire Hydrant Installation 
Corput er Printout (BAN-WDI) Year 2000 Peak Hour 
Computer Printout (BAN-WD) Year 2000 Minimum Flow 

IX-7-4 
IX-C-5 
IX-C-7 
IX-C-12 

X-C,-i 
X-C-2 
X-F-1 
X-r-2 
X-F-3 

X-FL-4a 
X-FL-4b 

Projected Cost of Recommended Program 
Projected Cost of Recommended Program (Escalated) 
Asset and Depreoiable Value Forecast 
Schedule of Depreciation Expenses
Working Capital Requirements for Revolving

Fund for New Connectio-s 
Stratification of Service Connections 
Rev.nue Unit Forecast 

X-C-1 
X-C-2 
X,-P-1 
X-FI.3 

X-F-4 
X-F-5 
X-Fl-5 

X-G-I 
X-H-1 
X-H-2 
X-.H-3 

Revenue Forecasts 
Debt Service Schedule of Total Project Loan 
Projected Income Statement 
Projected Sources and Applications of Funds 

XM-G-1 
X-H-1 
X-H-2 
X-H-3 

X-H-4 Projected Balance Sheet X-H-4 
X-41-5 Rate of Return on Total Investment X.4{ 5 

XI-C-i Portion o'kIncreased Land Values Attributable 

XI-.C-.2 
XI-C-
XI-C-4 
XI-E-I 
XI-E-2 
XI-,-3 
XI-E-4 

to Project
Health Benefits 
Reduction in Fire Damage 
Beneficial Values of Water 
Conversion of Financial Cost to Economic Cost 
Replacement Cost 
Salvage Value in 2001 
Summary of Economic Costs 

XI-C-2 
XI-C-5 
XI-C-7 
XI-Oq 
XI-F
XI-F,-2 
XI-E-3 
XI-E-4 

XI-G-1 Internal Economic Rate of Return XI-G-1 

M143-1 
MM3-2 
MM3-3 

Water District Grouping Criteria 
Water Demand of Water District Groupings 
Summary of Cities/Municipalities Subjected to 

NM3.-2 
WM3-6 

the Water District Grouping Criteria W3-10 



MM4-I 
14-2 

Mean-Day Discharge per Nonth 
Mean flow (Pefiaranda Riverr San Vioento) 

MM4-3 
MM4-4 

M16-1 
MM6-2 

Sample "EVF" for Different Flow 
"E'F"' for Distribution System 

Patterns MM6-6 
MM6-8 



LIST OF FIGURES
 

Figure Following Paz. 

II-1 Location Map-Republic of the Philippines 
 11-2
 

III-1 Location Map 
 II1-2 
111-2 Climate Map - Republic of the Philippines 111-2 

IV-1 Existing Facilities IV-2
 
IV-2 Existing Source Facilities - Sohematio IV-2 
IV-3 Plan and Profile of Existing Transmission Lines IV-2
IV-4 440-Cum Groud Storage Tank IV-41lr-5 Existing Water Distribution System IV-4 
IV-6 Flow Measurement Location 
 Iv-10 
IV-7 Existing Hydraulic Gradeline 
 IV-10
IV-E-I 24-Hr System Pressure at Fire Hydrant No. 1 IV-.E.1

IV-F,-2 24-Hr System Pressure at Fire Hldrant No. 2 IVmE'
IV.-E-3 2 4-Hr System Pressure at Fire Hydrant No. 3 IV-E.1
 
IV-F,-4 2 4-4Hr System Pressure at Fire Hydrant No. 4 IV-E-1
 
IV-E-.5 2 4-Hr System Pressure at Fire Hydrant No. 5 IV-E.
 

V-i Water Accountability - First Ten Cities V-2 
V-2 Project Implementation Schedule V-5 

VI-1 Present and Future Service Area VI-2
VL-2 Population Projection VI1 4V1-3 Projected Water Demand VI-8 

VIL-i Well Location Map VII-2 
VII-B-1 Well Data Sheet - Well CDK-6 VII-13 
VII-B-2 Well Data Sheet Well CDY4.J- VII-13 
VII-B-3 Well Data Sheet - Well CD1-12 
 VII-13

VII-B-4 Well Data Sheet - Well CDM-17 VII-13
 
VII-B-5 Well Data Sheet -
Well CDM-19 
 VII-13
 
VII-B-6 
 Well Data Sheet - Well CDM--2 VII1-13VIL-B-7 Well Data Sheet - Well CDM-4 VII-13 
VII-B-8 Well Data Sheet - Well CJDM-5 VII-13
VII-& 9 'Vell Data Sheet - Well CDM-10 VII-13
 
VII.-B-iO General Design - Natural Development Well
 

Percussion Drilled 
 VII-13
VII-B-1i General Design - Gravel Packed Well Rotary Drilled VII-13 

VIII-1 Fire Protection Areas VIIL-12 

IL-1 Existing and Recommended Facilities Appended
L.2 Immedi..Azte Improvements IX.-4
IX-3 Projected Water Demand and Supply IX-8
IL--4 Proposed Source Facilities - Schematic IX-1O

IX-5 Hydraulic Gradeline for Transmission System - 1990 IX-1O
 
IX-6 Schematic Plan of Distribution System IX-10
 
IX-7 Sohemitic Plan of Distribution System (Poblaoion) IX-10

IX-8 Existing Sewerage/Drainage Facilities IX-26 



MM4-1 
MM5-1 

Monthly Mean flow (Pefiaranda River, 
Daily Usage Pattern 

Fan Vicente) MM4-6 
MM5-2 

MM5-2 
MM6-1 
MM6-2 
M1M6-3 

Storage Required to Meet Daily Peak Water Demarid 
Most Eoonomic Water Transmission 
Sample Flow Patterns 
Typical Flow Variation for Distribution Mains 

-MM5- 3 
MM6-4 
mM6-6 
N4M6-8 



CHAPTER I "MARY AND REOMENDATIONS 

A. Summary of Studies 

Description 

The Bangued Water District (BAN-WD).was formed on 29 December 
1975 by virtue of Resolution No. 293 passed by the municipal council
 
of Bangued. 
The BAN-WD includes portions of the neighboring muni
cipalities of Bangued, the capital of Abra Province, and PNfarrubia. 
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 situated inare 
the northwestern portion of the Abra Province on the island of Luzon
 
about 409 Ian north of Manila. Including their poblaciones, Bangued 
consists of 24 barrios with a total lar i area of 11,310 hectares;
 
and Pefiarrubia, 7 barrios with a total area of 3l660 hectares.
 

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

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

Ezistim 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 oonvey the water to 
two transmission mains constructed between the spring and the
 
poblacion of Bangued. 
The minimum measured overflow of Lusuao 
Spring was 18,000 oured on 25 March 1977. Until 1953, hypochlorite 
was applied for water treatment at the spring site; at present,
 
the spring water does not receive tredtment.
 

There are two parallel transmission mains between Lusuac Spring

and Bangued, a distance of about 8 km. The majority of both pipe
lines are 150 mm in diameter, with some short sections of 200 mm 
pipe. The first transmission main was constructed in 1919 and por
tions were repaired or replaced in 1953 when the second pipeline 
was constructed,, 

The storage facilities for B3IA-WD consist of one 440-cum 
concrete storage tank located on Cassamata Hill south of the pob
lacion. The tank has some cracks and leaks. 
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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 13AN-WIJ covers only the pob
laciones, 
 and Barrio Lipcan in Bangued and Barrio Dumayco in

Pefiarrubia. The service area through the 
year 2000 will extend tothe barrios of Dangdangla, Calaba, Bangbangar, Patucannay, Agtangaol

Sao-atan and Palao in Bangued; and barrio Riang 
in Pejiarrubia. 

The population in the BAN-WD in 1975 was 
18,443 and is pro
jeoted 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 the RAN-WD is expected to increase 
from 6,720 to 30,020. 

The per capita consumption of water is expected to be 178 Ipcd

in 19Po with a total average drily usage of 1,800 ctmd. The per

capita usage is projected todecreaoeto 174 lpod in 1990 due to

improved water accountability and then increase to 181 lpcd 
 in 2000.
The total average daily water usage is estimated to be 3,200 clund
 
in 1990 and 5,430 cumd in 2030.
 

Eater Resources
 

Three potential sources of water, besides the Abva River, were

identified 
 for BAh-WD. Two sources 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 Recent alluvium 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 th. 
Abra River and the hills surrounding Bangued. This aquifer

is generally less porous than the Recent alluvium arid probably does not

have adequate recharge to be able to support high-4roduction wells. 

Lusuac Spring emerges from a limestone formation, and from geologec
studies of the area, the spring appears to be a result of solution
channels in a large limestone formation. The formation would require
massive amounts of recharge to maintain the spring flow; the dry
and wet season fluctuations in flow would be significant. There is
apparently sufficient flow at the present time to supply the water
requirements of B3A-WD; however, careful monitoring of the spring dis
charge will be required to more accurately determine the minimum flow 
that may be expected. 
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Alternalibe 8tudieg 

Studies or alternative sources of water supply for BAI-WD indioate 
that continued use of Lusuac Spring would be the most economical over 
the project planning period. Surfaoe water supplies from the Abra 
River and groundwater supplies were found not cost effective for BAN-D. 

The requirements for the distribution system were analysed with 
the aid of a computer and the reculting system in included in detail
 
in Chapter IX, Based on the analysis of the pressure requirements 
of the system, two preassie vervice areas should be provided for
 
BAN-WD. Peoiarrubia and the adjacent barrios would be served directly 
from the transmission main through a pressum-reduoing valve. The 
remainder of the BAN-WD would operate off the hydraulic grade line
 
maintained by the storage tank, 

Alternate transmission main routes were studied and all future
 
transmission mains should follow the existing route for cost and
 
hydraulic considerations.
 

B. RE0M0EDATIONS
 

A water supply system utiliuing Lasuao Spring as the source of 
water through the yoar 2000 is recommended for BAN-lD. Improvements 
at the spring site in combination with new transmission. distribution 
and administrative faoilities will be constructed during an immediate
 
improvement program and a long-term construction program divided into
 
four phases. The tain features of the reommeanded longi-term project 
for BAN-D are summarized on Table I-1 and shown on Figure IL-1
 
(appended).
 

Lurano Spring uill supply maxiu3m-day demands of 69500 cuad to 
BAN-MD in the yevr 2000o. Tho existing facilities will be upgraded 
during Pha3o I-A to provide batter collection and chlorination faoili
ties. Phe ur-rcded faoilities will not require my other expansion 
during tho project poriodo however, chlorination capacity will be 
added as demend inoises. 

The BAK-0)will nlso be required to file an application with the 
National Water Rescaroes Council to neoure water rights at losuac 
Spring. 

The tranamicsion system between Lusuao Spring and Bangued will 
be improved in two phanes. One 200-emi transmission pipeline will be 
oonntruoted dnring Phace I-A, cnd a 2:eoond identical pipeline construo
ted in Phase II-B. 
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P,&PC Z,__D 1iT? SUPL I' ZTS 
BANGMJ WATER DISTRICT 

Immediate 
Imprvement Construction Phase 
Progran I-A I-B I-A II-B 

Construction Period 197F-1979 1980-1985 1986-.190 1991-1995 1996-2000 

Total Project Cost (r x 1000) 3,510 7,245 2,315 6,117 1,565 

Foreign Exchare Component (P x I000 / 1,743 3,578 1,157 2,873 821 

Source Development Obtain legal water Construct new - New meter -
rights, add chlori- intake facili
nation equipment ties 

Transmission Leakage survey and New 200 mm New 200 mm 
repair pipeline  pipeline 

7.9 km 7.9 kin 
Distribution Leakage survey and See Table IX,2 See Table IX-4 See Table IX-6 

repair,(See Page 100 mm-0.4 km 100 nm-2.6 km 100 mm-o.8km 
IL--3)100 a=-2.9 km 150 mm-6.0 km 150 mm-2.4 km 150 mm-0.3 km 
150 mm-1.2 km 
200 mm-1.4 km 

200 mm-.3km 200 mm-2).9 km 

250 mm-0,6 km 

Storage 2epair existing - - New 200 cum -
440 cum tank tank 

Internal Network Leakage survey and 88 ha 54 ha 34 ha 51 ha 
repair 

Service Connections Repair 260 Add 605 Add 606 Add 879 Add 880 
Add 234 



TABLE I-i (Continued)
 

Immediate 
Improvement on struct ion Phase 
Program I-A I-B II-A 11-B 

Hydrants Repair existing 60 ha 55 ha 63 ha 63 ha 
hydrants 

Miscellantous 	 Administrative Plumbing Shop 
facilities and with meter test/ 
equipment, plumb- repair
 
ing shop space,
 
vehicles
 

'/All foreign exchange figures used in this report were synthesized from data based on actual costs in
 
U.S. dollars. To be consistent with previous studies, these foreign exchange costs were converted to RP pesos
 
at a rate of U.6.$I.0 = RP 117.O. To obtain correct current foreign exchange costs, multiply those precented
in this report by the ratio of the current exchange rate and 7.0. The actual local component of costs (in 
pesos) is as presented herein. 
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The distribution system will be reinforcod and expanded by construo
ting 26 km .f pipelines with sizes from 100 to 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 BLAN-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 BAN4-WD through Phase I-3. 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 to the year 2000. 

Capital Cost Summary 

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

Annual Operation and Maintenapce Costs 

Annual operation and maintenance costs are expenses incurred for 
personniel, power, chemicals, maintenance and miscellaneous expenses.

Estimates of the annual operation and maintenance costs of the water 
district (based on July 1978 price levels) are given in Table 1-4. 

Financial Feasibility 

The financial feasibility analysis made for the study establishes 
a detailed set of guidelines that the water district management may use 
in making orucial decisions during the next few years. A plan has been 
developed to indicate the manner and time funds will be used to operate
and maintain the system; implement the program; establish reseive funds;
 
and retire the indebtedness. Water ratus have been developed on the

basis that the system will be financially self-supp~rting. These rates 
appear to be within the ability-to-pay of the average BAN-0D houreholder. 

The water rates by revenue unit in three-year increments are as 
follows:
 

1978-1980 P-.70 
1981-1983 1.20 
1984--1986 1.60 
1987-1989 1.80 

1990 1.90 
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TABLE [-2 

CAPITAL CO;T SUMINIARY 

Construction 
Phase 

Construction 
Period 

Construction 
Cost (r) Local 

Project Cost 
1,FEC 

(r) 
Total 

Immediate 
Improvement 
Program 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,?15,000 

II-A 1991-95 4,922,400 3,243,600 2,873,000 6,116,600 
I-B 1996-2000 -1354,600 143,400 _ 8_21200 1,564,600 

Total 16,765,600 10,578,800 10,172,400 20,751,200 

TABLE 1-3
 

COST SUMMARY OF IMED!IATN Im'ROVEmT 
PROGRAM AND CONSTRUCTION
 

STAGE I PHASE A
 
Cost (F x 1000)
 

Item Local Foreign* Total 

Immediate Improvement Program
 

Distribution Faoilities
 
Leakage Detection and Repair 23,000 94,000 117,000
 
Distribution System Pipelines 620,000 621,000 1,241,000
 
Disinfection Facilities lO,8O0 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
 

*1J9 $1.00 w ?7.00 
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TABI,' 1-3 (continued) 

Local ]F0ore ign Total 

Administrative and !:isoellaneoup.
 
Adininistrative Buildin; and
 
Equipment Yh3,000 69,000 
 452,OOO

Vehi cle s 30,000 30,000 60,O00
 
1,'iscel1aneou. 5.000 
 8,000 13,000
 

Total Construction Cost ],368,200 1,339,900 
 2,708,100
 

Contingencies 205,200 201,000 406,200
 

Engine or ing 109,000 202,400 311,400 

Land Costs _ R4,O00 -

TOTAL FH0J2CT C0NT 1,766,400 1,743,300 3,509,1700 

Stage 1 Phase A Construction 

Source Development 87,600 116,000 203,600
 
Pilines and Valves 1,566,300 1,598,1OO 3,164,400
Laboratory Facilities 139,900 274,000 413,900

Peter Repair Facilities 59,400 55,600 115,000 
Plumbing Shop 363,000  363,000
 
Interna] Networ k 515,000 370,400 885,400
 
jervice Connections 212,700 293,300 506,000
 
Fire Hydrants 
 58,6oo 80,900 339,500
 
Lehicle 30,000 30,000 60,000
 

Total Construction Cost 3,032,500 2,818,300 
 5,850,500
 

Contingencies 414,000 384,130 798,100
 

Engineering- 202,100 375,300 577,400
 

Land Costs 19,OO0 19,000
 

TOTAL PROJECT CO3T 3,667,600 3,577,700 7,245,300
 

TABLE 1-4
 

ANNUAL OP,,,AT'TOl AN.3I,IAINTINANCE COJIS (r) 

Item 1976 198 A222o 2000 

Administration and Personnel 36,300 100,200 185,900 238,6OO
 
Power and IFuel - 13,200 13,200 13,200
 
Chemicals 
 1,100 6,600 13,100 22,000

Maintenance 7,300 24,300 63,900 97,700
 
Miscellaneous 4,400 30 
 13,70 35,500
 

Total 49,000 149,600 289,0800 407,000
 



It is recommended that the iwplementation of these rates follow 
a socialized pricing policy to make the financial burden on the con
sumers proportionate to thoir ability-to-pay. A sample socialized 
rate structure for 1971'-19,,0 that would ,eiierato sufficient revenue 
is as follows:
 

Usage Cost 

_(per month) cum) 

first 36 cum ro.85 

from 17 to 24 oum 1.70
 

(greater than 24 curn 2.70 

Borrowing requirements will include 14.207 million from 1978 to 
1981 for the immediate improvement pro,;r.m; p9.834 mil]ion from 1980 
to 1985 for Phase I-A improvements; and r3.8 million from 1985 to 
1990 for Phase I-B improvements.
 

Economic Feasibility 

The reoommended improvements to the BAN-WI) water supply system 
will brin about numerous economic, benefits to the study area. Eco
nomic feasibility studies show that the benefits will exceed the costs 
aseociated with th, development and operation of the water aystem. 

Two approaches were adopted to determine economnic feasibility:
the benefit-copt ratio and internal economic rate of return (IERR). 
In both approaches, four benej'its valued at 1978 prices were included 
and. discounted at 1.2 percent. The bunefits considered are increase 
in land valuen, he. [th, reduction in fire damage and bcneficial value 
of water. Amalysis shows a benefit-cost ratio of 1-14:1 and an IEIRR 
of 15.8 percent. 
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CHAPTER II INTRODUCTION 

A. FIRST TEN PROVINCIAL URBAN AREAS 

The Tudy contract signed by the Local Water Utilities Admin
istrationt/ (LWA) and Camp Dresser & MoKee International Inc. (CDM) 
on 14 October 1974 provided for le feasibility studies for the 
First Ten Provincial Urban Arease- (see Figure II-i). The feasibi
lity studies are part of LWUA's effort to develop basic water supply 
plans for provincial urban areas of the Philippinec. 

During the first 10-area project, training seminars for LWUA 
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 are , prefeasibility studies were made for 

-
131 cities/munioipalities As of August 1976, the feasibility
 
studies were completed and submitted to LWUA.
 

The studies for five of the first 10 areas - Cebu, Zamboanga, 
Daet, Ozamis and Butuan - have been appraised by the Asian Develop
meni Bank (ADB). On the basis of the interim reports, the ADB 
extended a $16.8 million loan to LWUA in Decemtsr 1975 to provide 
design engineering services to these 5 areas an& to implement Phase 
I-A of the recommended long-term construction ;rogram (except Cebu 
whose share of the loa, covered only engineering servioes). In 
August 1976, the United States Agency for International Development 
(USAID) signed a $10 million loan with LWUA to provide engineering 
services and funds for the implementation of the interim improve
ments of selected waterworks covered by the prefeasibility studies. 
In April 1977 the International Bank for Reconstruotion and Deve
lopment (IBRD) allocated $18.8 million towards the final design 
and initial phase implementation of the remaining five of the first 
10 areas, namely: Lipa, Lucena, Tarlac, Cabanatuan, and San Fer
nando (La Union). 

-A baokgr;.nd on LWUA is given in Volume I, Appendix D. 

?/Refer to Appendix B for summary of first 10-area feasibility 
studies. 

3/Refer to Appendix C for summary of prefeasibility studies 

on 131 cities/municipalities.
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B. SECOND TEN PROVINCIAL URBAN AREAS 

On 10 August 1976, LWUA and CDM signed an amendment to the 
original study contract, extcl.ding the feasibi ty studies to 
include the Second Ton Provincial Urban Areas.pJ These are Urdaneta, 
Gapan, Calamba, Bislig, Silay City, Bangued, Baybay, Roxas City, 
Cotabato City, San Fernando (Pampanga), Olongapo City and Los 
Bafios (see Figure 11-1). This report includes the technical, 
financial and economic studies for the improvement of the water 
supply system in Bangued Abra. 

The dollar component of the second lC-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 America through 
the USAID, Loan No. 492-T04001 dated 9 September 1976. The peso con
ponent of the studies, approximately 41 percent, has been funded by 
the Government of the Philippines. 

The sdy contract for the seccid 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 conduct of such 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 
personnel. The personnel of the respective water districts also 
assisted during the course of the studies. 

C. HISTORICAL BACKGROUND OF BANGUED WATER DISTRX ?
 

The BAN-WD was formed on 29 Deoember 1975 by virtue of Resolu
tion No. 293 passed by the Sangguniang Bayan (municipal council) of 
Bangued. The district includes portions of the no boring munici
palities of Tiangued and Pefiarrubia - the poblaoionr-and the barrios7/ 

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

5/Refer to Appendix A, Volume II for complete Terms of Reference. 
6/Town proper.
 
1/A 	barrio is a political division of a city or municipality.
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- Of~1,ipo5Zi Danefanga fIrlbar~~~'~~nly Atafaov 
Sao-w lan Palao in B1anued; &nd the poblaoion and barrios 
Dumayco and. Riang in Pearruibia. The formation of the BAN-WD was 
prompted primarily hb the need for .u~rade. water Nmpply system, 

- Limited fuinding prsven.ed aubatan'tial. npUovemnts to the Syetem, 
,oroover,	i:,i, the loo.L offiials recognized. the potential role of -the 

water distriot in providin aufficient, naefe and potable water 
supply. 

'Meexiling imter system of Bonugaed was constructed in 1919 
by the Breau of Public Works ndnmanaged. by the munieipal govern
merit. lui 1956, the National Wateriorks and Sewerage Authority
(currently the Metropolitan Vaterworke and Sewrage Systema) took 
over the system whioh, however, reverted to the munioipal govern
ment in 1963. Pollm:ing its forination, the BAN-WD acquired the 
owne ahip and iunagagment of the entire system in aeoordanoe with 
Presidential Deoree (PD) No. 198 ('The Provinoial Water Utilities 
Act of 1973). 

Thi BAN-4D was thus eptablished for the pur'poses of aooiring,
installing, improving, maintaining and operating the water supply
*ywtem, as well as the wastewater oolleotioni treatment and dis
posal facilities. To performt these funotions, the BAN-WID can obtain 
finanoial and teohnioal asiistance from LWUA. MP No. 198 provides
that the water distriot operate eventually on a finanoially self
suffioient basis. 

* B N..li-Mi) ie a quasi-pblc corporation and is politioally 
inde-pndent from the local Covernment. An oonstituted# the water 
district is subject to the provisions of PD No, 198 and the rules 
and regulations of LWIA The BAN-N) oan promulgate its own operat
ing laws through its 5--mmber board of direotoro, appointed by
the municipal mayor. The dietrio$ can only be dissolved through 
the aot of this board. 

On 24 Aiuat 1976, LWUA awarded a Conditional Cartifioate of 
Conformanoe to the BAN-WD after it had complied with the minimum 
requirements of LWUA'a crtification program. Vnin oertifioate 
entitle. "the BAN-W1 to rights and privileges authorized under 
PD No. 198. 
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CHAPTER III DESCRIPTION OF THE WATER DISTRICTY1 

A. PHYSICAL DESCRIPTION 

Location 

The neighboring municipalities of Bangued and Perrubia are 
situated in the northwestern portion of Abra province=' on the imland
 
of Luzon. Bangued, the capital of Abra, borders along the province
 
of Ilocos Sur; Pefiarrubia is an inland municipality southeast of
 
Bangued. The areas are 11,310 hectares for Bangued and 3,660
 
hectares for Pejiarrubia.
 

Including their poblaciones, Bangued has 24 barrios,,nd
 
Pefiarrubia, 7 brrios. However, the present service areas of the
 
BAN-WD covers only the poblaciones, and Barrio Lipoan in Bangued 
and Barrio Dumayco in Pefiarrubia. The service area in the year 
2000 will include the barrios of Dangdangla, Calaba, Bangbangar, 
Patuoannay, Agtafigao, Sao-atan and Palao in Bangued; and barrio 
Riang in Pefiarrubia. (See Figures III-i and VI-l). 

Physical Features 

Highlands 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 oultivation. Elevations in Bangued poblaoion 
range from 40 to 50 meters above mean sea level; in Pe~arrubia 
poblaoion, 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 flown southwestward 
through Ilocos Sur to the China Sea. Sinalang and San atias 
Rivers, both emptying into Abra River, drain the southern and 
eastern portions of Bangued.
 

!/While the BAN-WD is limited to portions of Bangued and 
Peflarrubia, the municipalitiem are aesoribed herein in their
 
entiret
 

TAbra is an inland mountainous provinoe located in the western 
side of the Cordillera mountains in the Ilooos 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.
 

-IThe service area represents sections of the water district
 
which are currently served or intended to be served by the water 
system. 
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Ba&guei and Pefiarrubia are classified under the Type 1
 
climate, with 2 pronounced seasons (Figure 111-2). The dry 
season 
extends from October to April; the rainy season occurs 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 0 C in January to 28.4°C in May, with the average at 26.900.
 
The climatologioal data are listed in Table IIl-1.
 

TABLE III-1
 

CLIM.ATOLOGICAL DATA/ 
(1960-69) 

Rainfall (muu) Temperature (00 

January 0.3 25.4 
February 
 0.4 25.7
 
March 12.0 
 26.4
 
April 22.0 
 27.9 
May 158.4 28.4 
June 454.5 27.4 
July 616.1 27.3 
August 802.9 27.0
 
September 499.2 27.0
 
October 97.0 
 27.0
 
November 25.6 
 27.4
 
December 8.7 26.1
 

Tot'al 2,697.1
 
Average 26.9
 

B. POPULATION 

The combined population of Bangued and Pefiarrubia in 1970 was 
28,542, an increase of 27 percent over the 1960 total of 22,488.
The two municipalities had a total of 4,890 householda, or an average
of 5.8 members per household. The general oharacteristics of the 
population are listed in Table 111-2. 

C. LIVING CONDITIONS 

Physical indicators showing the standard of living in Bangued
and Peflarrubia are listed in Table 111-3. 
These indicators include
 
types of dwelling units, household facilities and utilities.
 

'/Souroet PAGASA Station inVigan, Ilooos Sur 
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MICIPAL 

1, 	Total Population 


2. 	Growth Rate (1960-70) 


3. 	Density 


4. 	Urban/Rural 

5. 	 Sex Composition 

6. 	Age Composition 


7. 	Employment 

(% of those 10 years 

and over) 


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


b) By industry 
(% of labor 
force) 

8. 	Education (% of 

those 6 years 

and over) 


a) By attainment 

(% of those 25 

years and over) 

9. 	 Dialects 

10. Religion 


TABLE 111-2 

POPULATION CHARACTERISTICS/ 

Bangued 

24,587 


2.4% per annum 


2.2 	persons per 

hectare 

urban, 40-

rural, 6q% 

male, 4&,. 

female, 52% 


0-14 years, 41%; 

15-64 years, 53%; 

65 years and over, 6% 


(10 years and over, 

17,208), employed, 47%; 

unemployed, 53% 


wage and salary, 42,; 

own 	 business, 37% 
unpaid family workers, 

21% 


agriculture, forestry 

and 	fishing, 45%; 
manufacturing, 9%; 
services, 31' ; 
commerce, 6%; 
construction and 
other industries, 9% 

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

(25 	years and over, 

9,491); elementar'y 

grades, 52%; high 
school, 18; 
college..15,; no 
formal education, 15% 

Ilooano, 9%; Tagalog 
and 	others, 21% 

Catholic, 98%; others, 

2% 

(1970) 

Pefiarrubia 

3,955
 

2.4% per annum
 

1.1 persons per
 
hectare
 
totally rural
 

male, 48% 
female, 52%
 

0-14 years, 41%;
 
15-64 years, 53%;
 
65 years and above, 676
 

(10 years and over,
 
2,945); employed, 53%;
 
unemployed, 47%
 

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

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

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

(25 years and over,
 
1,593); elementary
 
grades, 57%; high
 
school, 10/
 
college, 7%; no
 
formal education, 26% 

Ilocano, 64%; Tinggian, 
35%; others, 1% 

Catholic, 88.;
 

Protestant, 3; 
others, 9% 

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

These data apply to the municipalities of Bangued and Pefarrubia as 

a whole.
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CLASSIFICATION OF HOUSEHOLDS BY TYPE OF FACILITIES6/ (1970)
 

1. 	Total Households 


2. 	Average Household Size 


3. 	Water Facilities 

(% of total households) 


4. 	 Toilet Facilities 
(% of total households) 

5-	 Solid Waste Disposal 

System 


6. 	Lighting Facilities 
(%of total households) 

7. 	Appliances 

(% of total households) 


8. 	Cooking Fuel 
(% of total households) 

9. Total Dwelling Units 


a) Type of iwelling 

unit (% of total 

units) 


b) Roofing material 

(% of total units) 


Bangued Pefiarrubia 

4,223 665 

5.8 members per 5.9 members per 
household household 

piped water, 46%; artesian well, 20%; 
artesian well, 22% pumps, 53%; open well, 
pump, 12; open well, 15%; spring, 12%
 
18%; spring, 2%,
 

flush/water sealed 

20%; closed pit, 

41%; open pit, 19%; 

public toilet, 1%; 

no facilities, 15!
 

About 30 cumd of 

solid wastc3 is 

collected by the 

municipal govern-


ment. These wastes
 
are 	dumped and buried
 
in an area near the
 
Abra River no.thwast 
of the poblaoion.
 

electricity, 23% 

kerosene, 76%,; other 
sources, 1%
 

radio, 55%; TV, 2,'; 

refrigerator, 4% 


wood, 87'; LPG, 7%; 

kerosene, 5%; 

electricity and other
 
fuel, 1%
 

4,019 


single type, 950; 

the remaining 5% 

include.s duple.: 

apartment/accessoria,
 
commercial, ttc.
 

aluminum/galvanized 
iron, 75%; cogon, 
23%; tile/concrete 
sad nipa, 1% 

flush/water sealed, 6%;
 
Olosed pit, 45"; open
 
pit, 12%; no facilities,
 
37%
 

Pefiarrubia has no solid
 
vastos collection system.
 
Households usually burn
 
the wartes in their yards.
 

kerosene, 100%
 

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

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

659
 
single type, 981;
 
barong-barong
 
(makeshift houses), 2%
 

alum irur./galvan i zed 
iron, 5; cogon, 41%; 
nipa and others, 1% 

/Source: 1970 Census of Population and Housing, NCSO 

These data apply to the municipalities of Bngued -nd Poeiarrubia as 
a whole. 
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Health 

Water-borne diseases occur particularly in the more densely 
populated sections of the municipality, Public health autho~ritiee 
recognize the correlation between the lack of safe water supply 
and sewerage facilities and the incidence of water-borne diseases. 
Table 111-4 shows the recorded morbidity and mortality rates per 
100,tQO population due to water-borne diseases in the provinoe of 
Abra/ from 1964 to 1974. During this period, the average morbidity 
of 1,170.6 in this province was 1.75 times the national average of 
666.51 the average mortality of 44.3 was lower than the national
 
average of 48.1.
 

TABLE 111-4
 

REPORTED MORBlIDIT ANDh M0~.LITY
 
DUE TO 	 WATE..-BORNE DISFlSM (1964-74)

(per 100,000 population) 

Year 
Abra 

Morbidity Mortality 
Phili 

oridity 
ineq 
Mortality 

1964 2,o94.8 65i4 846.3 60.2 
1965 1,166.4 33.6 715.8 51.6 
1966 1,104.9 58.4 .±61.9 
1967 1,023.1 35.4 572.1 47.6 
1968 898.0 38.7 564.8 46.5 
1969 1,209.6 28.7 706.9 46.0 
1970 1,472.7 28.1 612.8 39.0 
1971 1,192.7 25.8 422.5 35.8 
1972 1,O19.1 67.5 743.4 49.4 
1973 848.0 59.5 768.4 50.4 
1974 847.1 46.1 663.8 40.4 

Total 
Average 

12,876.4 
1,170.6 

487.2 
44.3 

7,331.9 
666.5 

528,8 
48.1 

!/The only records available are for the provinoe. The morbidity
and mortality trends in Banaued and Pefiarrubia are assumed from these 
records (i.ee Chapter XI). 

-§Souroei Disease Intelligence Center, Department of Health. 

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

Family Incomei0!
 

In 1971, the province of Abra was estimated to include 28,300

families, with a combined annual income of r83 million. 
The average

family income of ?2,933 was lower than the country's average of
13,736. About 85 percent of the families belonged to the low income 
(less than P500-?2,999) bracket. 
 The middle income (3,000-45,999)

group constituted 13 percent. The remaining 2 percent received
 
annual income of r6,000 and over.
 

Municipal Income 

Based on its annual income, Bangued is classified as a third
class municipality. 
In fiscal year 1974-75, the total municipal

income was about P670,000, over 50 percent of which was derived
 
from government operations. hater 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 tranf3,rtLttion is available in Bangued. As of Septem
ber 1976, the number or public vehiclon included 81 jeepneys, RO buses 
284 tricycles and 17 trucks. 

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

O/Only provincial data on family income are available at 
the
 
NCSO.
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Communication facilities coisist of a telephone system, 2 tele
graph stations and a post office. 

The pewer requpirements of Ban,-ued and other neighboring municipalities are supplied by the Abra Electric Cooperative Incorporated
(ABRJCO) which is under the supervision of the ational Electrification
Administration. ABRECO has a study that includes projection of power
supply requirements to 1983. It currently obtains electric supply
from the National Power Corporation (NT'C) with a maxi,,um transporting
capacity of 20 mega voltc-ampere (11VA). However, present consumption 
only requires 5 DIVA. 

Coniswnors arc classified into domestic, commercial, industrialand public buildings. Power rates vary in each category according
to the nwuifler of kilowatt-hours consumed plus the cost of fuel ad
justment based on NFPC's billing to AJ3RC0. In this study, the water
district is classif'idl as a commercial user chargud ?.33/kwh used.However, the rate of 0.41/cwh has been used in the comparative

analysis of costs with the difference attributed to the cost of
 
fuel adjustment.
 

"'.-7
 



CHAPTER IV EXISTING WATR 6tr'PLY FACILITIES 

A. GENERAL 

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

B. WATERWORKS FACILITIES 

Source Facilities
 

The only source of water for BAN-4D is Lusuac Spring, about8 km southeast of Bangued. It is located uphill in Barrio Lusuac,
PeFiarrubia at an elevation of about 200 meters above seamean

level. Source facilities include a spring impoundment and a tra
pezoidal intake box.
 

§pring Impoundment. 
 The spring emerges from an artificial

pool impounded by numerous porous rocks sealed with mud or conorate.
The 30 0-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 Bangaed 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 Box. The existing intake box has areaan of 9.28 sqm
and an average height of 0.92 meter. It is a concrete trapezoidal
box with an overflow elevation of about 0.72 motor above the ground
supplying a valveless 150-mm pipe to a nearby swimming pool. This
 
connection allows the backflow of water from the swimming pool, when
the water icvel 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 second
 
transmission line was installed, bypassing the intake chamber.
 
At present, the supply is not disinfected. 
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Transmission Mains 

The first tranmission main laid in 1919 consists of a oom
bination of a 320-meter long, 200-mi CCI pipe and a 7,570-meter
long, 150-mm CCI pipe. This line, which extends from the intake 
box to the storage tank, serves Bangued. In 1953, the 200 mm 
pipe was extended by 400 meters, replacing a portion of the ori
ginal 150 mm pipe. In the same year, other portions of the 150 mm 
pipe were replaced with AC &-d GI 150-mm pipes but whose length and 
location are not known. Also in 1953, a second transmission main 
was laid, bypassing 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 pipe leading to the storage tank and near the
 
Bangued Poblaoion, at an elevation of 55 meters above mean sea
 
level. 
 A CCI pipe is connected to the second transmission main
 
before the junction of the 2 transmission mains. This pipe, 570
 
meters long and 100 mm in diameter, bypasses the storage tank and
 
directly feeds the distribution system.
 

The total length of the transmission pipelines in 16.4 km.
 
They are mostly made of centrifugally cast iron. Over 90 percent

of the pipelines are 150 mm in diameter. A description of the
 
transmission system by size, material and age is given as follows:
 

Length of Pipe (m) 
se T 1953-Present Total 

100 CCI 570 570
 
150 CCI, GI, AC 7,570 7,525 15,095
 
200 CCI 1 720
 

Total 7,890 8,495 16,385 

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

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

Storage 

The only storage facility of BAN-WD was constructed in 1919 
as part of the original system. It is located at Cassamata Hill 
south of the poblaoion 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 

DIAMETER TYPE 
LENGTH (M)OF PIPE
BY EAR INSTALLED REMARKS 

(MM) ___ __ - 1919 1953 

100 CCI 570 BY-PASS THE RESERVOIR 

150 ACCCI,GI 7570 7525 SPRING TO RESERVOIR 

200 CCI 320 400 SPRING TO RESERVOIR 

TOTAL 7890 j 8495 

DISTRIBUTION SYSTEM 

DIAMETER 
(MM) TYPE 

LENGTH (M)OF PIPE BY 
YEAR INSTALLEDTOTAL 
1 1951 - 1976 TOTAL_____ 

25 GI 350 1260 1610 ELEV 40M ABOVE MSL 

50 GI 1565 1565 

75 GI 5160 5160 

1O0 CCI 640 2480 3120 
DISTRIBUTION RESERVOIR 0919) 

150 CCI 240 240 o REINFORCED CONCRETE TRAPEZOIZA.." 

TOTAL 6390 5305 11,695 * 
GROUND RESERVOIR, COVERE:, 
CAPACITY:440 CUM 

e OVERFLOW ELEVATION :101 6 M AO'bF ", 

APPURTENANCES TREATMENT 

SIZE NUMBER REMARKS NONE 

VALVES 75,100,150MM 1 
SOME ARE LOST, 
OTHERS INOPERABLE 

HYDRANTS FAEBTRIMAY ED 31 SEVERAL ARE LEAKING 

PUBLIC FAUCET 12 MM I LOCATED IN THE PLAZA 

SERVICE CONNECTION ? SEPTEMBER 1976 

TYPE FLAT-RATE 

DOMESTIC 825 

COMMERCIAL 32 

INSTITUTIONAL II 

TOTAL 868 

F U"ILlry STUoD PCI wATE 
UPPaL OF SECOND TEN URDANARIAS 

I tWUA-CDM 
L 
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"':' .... 

:-'G33ME 

• -:'. ,AND E 

INTAKE BOX (1919) 

•REINFORCED CONCRETE TRAPEZOIDALINTAKE BOX. 

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

•A 150 MM PIPE TRANSMISSION MAIN 
BY-PASSES THE INTAKE BOX.• 

SYSTEM PRESSURE 
•MANY PARTS OF THE CITY HAVE VERY LOW/NO 

PRESSURE DURING DAYTIME ESPECIALLY IN 
EXTREMITIES OF THE DISTRIBUTION NETWORK, 

LUBUAC SPRING

9 /ELEVATION OF 202 M ABOVE MSL.
UTILIZED CAPACITY OF 2600
CUMO (VISUAL)
 

e-WATER IS IMPOUNDED BY ROCKS SEALED 
WITH MUD AND CONCRETIE OPEN ON TOP 
AND FENrEPT 

WITH BARRED WIRE. 
MEASURED MINIMUM CAPACITY IS 18,000 CUMIL 

SERVICE AREA OPERATION 
* WATER FROM LUSUAC SPRING FLOWS
 

INTO THE DISTRIBUTION NETWORK DURING
 
AN 18 HOUR PERIOD.
 

& WATER IS FED TO THE DISTRIBUTION LINES 
FROM THE RESERVOIR FROM 0400 To 0600 
HOURS SIMULTANEOUSLY WITH THE SUPPLY 
COMING DIRECTLY FROM THE TRANSMISSION 
MAIN . 

o 	THE RESERVOIR IS FILLED FROM 2100 
TO 0300 HOURS. 

FIGURE ML 
EXISTING FACILITIES 
BANGUED WATER DISTRICT
 



HY POCHLORINATOR 
STRUCTURE
 

/ 

EXISTING COLLECTION - .=

CHAMBER SWIMMING 

LOCATION OF STAFF GAGE','. ,t 

-TO IRRIGATION 
BROAD CRESTED WEIR----- AND WASTE TOIRRIGATION 

FIGURE "I'-2 

EXISTING SOURCE FACILITIES 
FEASIBILITY STUDY FOR WATER S C H E M A T I C
SUPPLY OP SECOND TEN URBN AREAS LWUA-CDM BANGUED WATER DISTRICT 
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EXISTING 440 CUM RESERVOIR-
200-XISTING INTAKE BOX STA. 74.890, TOP ELEV. 103.5 

50\. E 

fCAWA CREEK
 

z 100 I-,
 
SSAN MATIAS RIVER

> 50 [. 
-J
 
Il 1-WYE JUNCTION 

04000 14-000 24-000 34000 44000 54000 6-1-000 74- 000 8+000 

PROFILE N 

SCALE VERT. 1 4)000
HOR I 40,000 

- LANGUED- ISTING INTAKE BOX 
rSTA. 0+000 POLACiON 

ELEV. 202.0 M __ 150 .Co 

.1o
 
r f 

.XISTING 440 CUM RESERVOIRSTA. 7 +890, TOP ELEV. 103.5 M 

PLAN
 
SCALE I -40,000
 

FIGURE ]V-3 

PLAN AND PROFILE 
FEASIBILITY STUDY FOR WATER OF EXISTING TRANSMISSION LINES 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM BANGUED WATER DISTRICT 



above : omen " nzuaily ouprated, frm springas Ao water the 

flcrws by plravity into the reservoir for about 6 hours each day
 
(1? midnr!ht TO , , This wnter supplied to the
is distribu
tion s b)r -;,'-rin,7 the outlet valve of the storage tank from
 
4 a,!n. to 6jm r'z f the srrinr. water bypjas-'eo the storage 
tank thru7ugh lJCO r,,im C pipe ard flows continuously into tht, dis
tribut*ion o1vitA-sL, 11,iV r-.iervoir leaks badly when its water level
 
reaches 1.8 7!ter-a. The oact location of these laake has not been
 
ascertained U ter leak]in? f'om the reservoir and falling into the
 
valve chambe, a-.u,, to 69 cumid
o i 'sared be (water level receded inside
 
the Lank wher. the outlet valve was closed) on 7 October 1976. Silt
 
(0.02 deep.;, is evident inside the reservoir. Two 50 mm subdrain
 
pipe.i continuously dischar,'e water into the valve chamber when the
 
water level inside the storage tank is at a height of 1.8 meters*
 
The ,'atoide wall of the tank also leaks. A schematic plan of the
 
stor-.e tank is shown in Figure IV-4.
 

Distribation "'t e0m 

'Ph exirt-ing distribution system oovers part of Barrio Lipoan
 
and the pobl.cion in Bangued and Barrio Dumayco and the poblacion
 
in FeJ"Iarrubia. Thie-system was first constructed in 1919 
 and was
 
expanded by obout 60 per,:ent, mainly in 1951, with the addition of
 
50 and 100 mm pipes. About 70 percent of the pipes are made of
 
galvanized iron (0]); the remaining 30 peroent, of cast iron 
(CI); Figure 
IV-5 shows the existing distribution system. 

iend Le The e .tribution piping has a total 
length of Il.'7 km, including 350 metors of 25 mm pipes directly
connocted to the second tranamiseiom main and extending to Pefar
rubia. Ninely-eight (98) percent of the pipes Lre 100 mm and 
smaller; the iemaining 2 percent are 150 mm in diameter. A des
oription of the pipes by length, size, material and age is given 
in Table IV-1. 

S stem Fie2surae. In Areas very near the storage tank, 0:%
is generally available 24 hours; but pressures axe low. Many parts
of the Ban,,od service area have very low or no pressure at all 
dur:ing the daftiMe, esljcially at the extremti*3 of the distribu
tion network Proesures are usually high in Peii.arubia and in 
arcas where pipe co.onections are made directly to the transmission 
mains
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TABLE IV-1 

SUMIDIA OF EXISTING DISTRIBUION PIPING 

LeAh of eipe Ms) 

Pi~e Diamgee (m)i Mterial = 

25 GI 
 350 1,260 1,610
 
50 01 1,565 1,565 
75 01 5,160 - 5,160 
100 CI 640 2,480 3,120
 
150 CI - 2
 

6,390 5,305 11,695
 

Valye . Tdrants 
 The fA9D system has 13 valves an 31
fire hydrw'ts, Most valves are laid under paved roads to a depth of
2 meters* 
Some of the valves have been lost and non-operational,

The fire hydrants are looally made and have 75 me GI risers* 
Onu4
about 20 peroent of the hydrants are operating, The remaining 80 per
cent leak and do not have sufficient water for fire-fihtinC pur
poses. 

elblic FaMoet The only public faucet, of 12 = si, is
located at the municipal plaxa of Banpued and isprimarily used
for watering plants, washing fire trucks, and general Gleaning
work,
 

ServQe Connections, As of 20 October 1976, there were 868registered service connections in the water district, all unmetai.ed. KWW illegal connections are easpeeted to exist but the lack ofauthority makes investation of these omnections diffioult.
registered conneotioneaare classified by oonaumer oateeor7 ir 

The 
o

825 domestic, 32 commerial, and 11 institutional. 

Operation andMain.er-__o. 

The BAR-WD operates and maintains the water sourog storage 
tank, and transmission and distribution systems. Present operation
 

- /The breakdown of onnections by area isas follows: 
 758 in
ths B&Wped Poblacion, 69"in Barrio Lipoan, 23 inBorrio Dumq7oo,

and 18 in Pefarrabia Poblacion.
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ROOF DRAIN -50 MM AIR VENT 

OVERFLOW PIPE- W--t 

IOOMM WASTERIPE 

TO STORAGE TANK INFLO-OUT FLOW 

SELEVATION-
103.5M ABOVE MSL 

16 .0-

0.56M, (22")C.I. MANHOLE---, . i 

i 
PPIPING 

_MM 
15 mm 0 
DIAGRAM 

" 

.....-...... .. 

/ , 'i ~~-BOTTOM ELEVATION 99.0 hi/ . /, / 

SECTION -

\-2-50 MM SUBDRAIN PIPE 

FIGURE ]IV-4 

FEASIBILITY STUDY FOR WATER 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM 

440 CUM GROUND STORAGE TANK 
SCH E MAT I C

BANGUED WATER DISTRICT 



CAPITULACION ST. -IO D 0 

SCALE 

LEGEND: 

100 

IN 

20C 

METERS 

3C 

EXISTING PiPEL .JE 

~STORAGETANK 
T. 

1? FIRE HYDRANT 

PUBLIC FAUCET 

-i DEAD END 

Is "J- GATE VALVE 

1 1919 O- GROUND STORAGE TANK 

•h-r PIPE CONTINUES 

-- PILOT AREA BOUNDARY 

cASI SLiTY STUDY FOR WATER LWEXISTING FIGURE ffr- 5WATER DISTRIBUTION SYSTEM 
SUPPLY -OF SECOND TEN URAN RES BANGUED WATER D!STRiCT 
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and maintenance staff includes: 
 I section head, I valve operator,
 
I 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 service
 
pipes, disconnecting and reconnecting service connections, and
 
maintaining the source.
 

C. WATER QUALITY 

Water samples 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. Except for the excessive calcium
 
in the second sample of the springwater, other chemical elements
 
are within the permissible limits. 

D. WATER USE PROFILE 

The water consumption in the BAI-WD has been 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 been quantified 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 verification.
 

Pilot Area Survey 

The pilot area, about 1.1 hectares, is located in the southern 
portion of the present service area. It consists of 26 households
 
with a total population of 208, or an average of 8 persons per

household. Interviews show the following: 14 households are re
gistered concessionaires; 3 households are "borrowers" from regis
tered concessionaires; and 9 households obtain their water supply
 
from private wells. These data have been used to derive the number
 
of consumers of the BAN-WD water supply.
 

Population Served
 

Water users can be olassified as primary users (registered conces
sionaires) and secondary users (borrowers). The total of 868
 
registered service connections in the present service area would
 
represent the number of households who are primary users. There
 
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 WALITT TEST RESULTS 

BANGUED WATER DISTRICT 

Permissible 


Z21t ~L Lii -
Physical


Color APIA 15 
Turbidity "U 5 
Total Di. olve u /d 

Solida-
Conduct ivity Niorouhos/ 

500 


am 

Chemical
PH 
 7-8.5 
Total Alkalinity 


m5/3
 

Phenolpkthalein C 3 -
Alkalinity C&C03 " 

Total Hardness 39/l
 

CaTo 400*Calcium 
 m 75agnesium 50 
Total Iron /03 

Fluoride 
 mgi1.5

Chloride mj/i 200 
Sulfate mail 200 
Nitrate 
 mg1i8 

Manganese 
 0i
01 


Lamme Iagluso 
Spring Spring
 

5ze -Jr7 

0 0 
2 2
 

299 318
460 490 

8.3 7.3 

280 270 

20 0 

260 270
29.2 100**
 
44.8 5 
0 002 
0 0.5
2 5 
0 0 

11.1 
0 0
 

?.]Comp .d as 65 percent of conductivity.
 

aLimit infczr,,d 
 from limits of iadividual metals cavainC 
hardness, 

**Ezoeds the peraisible limits set by the Philippine National 
Standards for Driuirin Water. 
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pilot area average of 8 persons per household to the water distriot t
total users of the BAN-WD water supply are estimated to be 8,424, of 
which 6,944 are primary users andl,480 are secondary users. The 
average number of persons per household is less than eight in most 
barrios so that the actual served population (primary users) is 
only about 6,720 (see Chapter VI). 

Unit Consumption 

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

The unit consumption is estimated to be 61 lpod for primary
 
users; 40 lpcd 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, iistitutional 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 users and
 
not necessar ly revenue-producing water. The revenue-producing
 
water cannot be determined because 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 storag4 tank in October 1976. Using the
 
unit consumption of 61 ipod, the total consumption among the primary
 
users is 423 oimd. Acoounted-for-water, therefore, represents only
 
16.3 percent of total water production. This percentage is lower 
than the average accounted-for-water of 21 percent 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 (underesti, abed 
flat-rate use), illegal connections, and other uies. The total 
unaccounted-for-water in the BAN-WD is 2,177 cum& or 83.7 peroant
of water production. It is difficult to estimate the volume 2 
water in each category of unaccounted-for-water because of insuf
ficient data. 
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Although actually constunedy borrowers usage has been considered 
part of unaccounted-for--water because it is not revenue-producing 
since borrowers are not duly registered concessionaires. Borrowers' 
usage is about t5 cwmd or 2.5 percent of total water production. 
Wastage, leakawe and other uses comprise 81.2 percent of total pro
duction, including leakage in the reservoir of 2.5 percent. 

Summary of Water Accountability 

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 cured or 16.3 percent of 
total water production. The unaccoiuted-for-water includes wastage 
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 

SUT1FIARY OF WATER ACCOUNTABILITY 

Amount of Water Percent of Production
 
Cateory 	 (curd) 

1. 	Accounted-for-wrter 
a) Flat-rate use 1_1 

Sub-total 423 	 16.3
 

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

b) 
from concessionaires 
Wastage, leakage and 
other uses 

65 

2L112 

2.5 

81.2 

Sub-total 2,177 83.7 

3. Total Production 2,600 100.0 

E. 	 HYDRAULIC STUDIES 

A hydraulic survey of BANI-Va) 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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Pipe Carrying Capacities. Hydraulic tests were made on the
 
transmission pipelines from the Lusuac Spring to Pefiarrubia and
 
to the wye-junction on the two parallel pipelines (see Figure IV-6).
 
Tests were conducted to determine the carrying capacities, measured
 
as the Hazen-Williams "C" value, of the transmission lines that
 
were constructed more than half a century ago. The old GI pipeline
 
laid in 1919 has a "2" value varying 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 Peiarrubia is 
attributed to extensive leakage in the transmission line. Normally,
 
an AC pipeline retains a high "C" value for many years. Table IV-4
 
shows the tabulated "C" value of both pipelines including lengths and 
elevations.
 

System Pressures. 'Nocontinuously 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-E1-I and Annex Figures 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 hydra1t
 
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 meters at Pefiarrubia and
 
61 meters at the wye-junction, Pressures on the AC pipeline were
 
0.1 meters at the source, 33 meters at Peiarrubia, and 61 meters at
 
the wye-junction. Pressures at the by-pass line to the storage taik
 
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 schematic 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 Pe~arrubia 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 cured is lost
 
which is 30 percent of the flow recorded at Peflarrubia.
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Between the spring and Pefiarrubia, there is a 770 cured reduction 
in flow in the GI pipeline. From Pefiarrubia to the wye junction, 
130 curd of water is lost which is only 6.5 percent of the water in 
the line at Pefiarrubia. The water lost in these two pipelines includes 
the flow to Pelarrubia, however, it is not possible to determine the 
exact imount used in PeMiarrubia and how much was leakage. 

Water flowing into the 1r0-mm CI by-pass line was measured 
to be 200 cumd; thus, -the flow into the reservoir was estimated to be 
2,260 cwund. 

TABLE IV-4 

FLOW EASIMRE.M TS 

A. 150-am GI Transmission Line 

Discharge Velocity Pressure Elevation Length
Location ~ ~ (m)d "C" Value 

Lusuac 2,760 .98 
 .5 200 3,230 124
 
Peiiarr ia 1,990 1.36 
 60 98 4,130 128
 
Bacsilzy 1,860 1.25 61 53
 

B. 150--mm AC Transmission Line 

Lusuac 11900 1.22 .1 
 200
 
Peiarr~ia 860 . 54 33 88 3,250 34-/
Bacsilz_ 600 .4 61 
 53 4,110 110 

-By-PassV 200 0.29 59 53 - -

I. COMPUTER STUDIES 

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 possible to evaluate the impact of improvements
 
on the existing system.
 

3-/Abnormally low "C" value for this type of pipe due to excessive 
leakage in this section. 

A/Location of the wye-junction 

E/100-mm CI by-pass to the storage tank.
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In order to provide field data for computer studies, there must 
be a significant positive pressure over the entire distributim 
system during field tests. There were very little field data 
gathered in Bangued for the existing system that could be used for 
computer modeling, therefore, computer studies on the existing 
system wore not conducted.
 

Portions of the existlrng system that could be utilized in the 
future were retained and included in computer studies on the future
 
system. The data for these facilities were based on visual inspeo
tion of existing facilities.
 

G. DEFICIENCIES OF THE EXISTING SYSTBMI
 

Only 16.3 percent of the water produced by the BAN-WD is 
accounted forl more than 80 percent of the water is lost through 
leakage and waatage. Despite an adequate production of 2,600 oumd 
for the present number of service connections, a water shortage 
prevails in Bangued. Most consumers at the western fringes of 
the service area have water service for only 3-4 hours daily. 
Leakage and wastage are major reasons for the water shortage. 
Moreover, service is intermittent and pressures are usually low 
in Bangued. Some concessionaires have requested disconnection 
from the water 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 subject to potential sources of contami
nation. Contamination of water at the .intake box is possible 
because its overflow pipe is valveless; this may allow baokflow 
of water from the swimming pool to the intake box. The spring 
impoundment is not covered, exposing it to airborne contamination. 
The spring dite is often visited by excursionist; adding to the 
hazard of possible contamination. The water supply is not dis
infected. The water district has no routine sampling and testing 
program. 

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

The reservoir is seldom cleaned - once every 3 years. Silt 
deposited inside to. reservoir measures 0.02 meter deep. The 
reservoir leaks badly; the leaks, however, have not been located. 
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When the stored watez 
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 protection.
 

Many illegal connections are suspected to exist in the
 
system. 
 (For instance, an illegal 25 mm line has been discoveredparallel to a 75 mm pipe installed along Pefiarrubia Street). At
present, the existing distribution system oonsists 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 cannotprovide sufficient water for fire-fighting. Locations of most
valves are unknown; several of them are also inoperative. 

There are numerous potential cross-connections between water
pipes and polluted water. Many pipes are laid in drains under
polluted water. The pipes are subjeot daily to low (sometimes
negative) pressures, inoreasing the danger of oontamination. 

The BAN-WD lacks the basic tools, equipment and materialstocks for propoe repair and maintenance of the system. Partsneeded for pipeline improvement are taken from existing parts ofthe system. There are no transportation, meters, plumbing shop
or administration facilities. Plans of the existing system are 
incomplete and inaccurate. 
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HYDRAULIC STUDIES
 



ANNEX TABLE IV-E-1 

VARIATION IN 	 DISTRIBUTION SYSTEM PESSURE (m) 
(Dominant Pressure) 1/ 

Location 
Date 

April 1977 

Reservoir 
Filling 

(10:OOES,-4:OOAM) 

Reservoir 
Emptying 

(4$OOAM-8:30AM) 

1. Pefiarrubia 
corner Par-
telo St. 

26-27 1.06 - 4.70 
(1.06) 

1.80 - 4.95 
(3.30) 

2. Arellano 
corner Eco-
nomia St. 

27-28 0.70 - 2.82 
(0.70) 

2.05 - 3.55 
(2.85) 

3. M.H. del Pi-
lar corner 
Benedito St 

27-28 0.75 - 2.85 
(0.75) 

2.10  3.95 
(3.00) 

4. Santiago oor-
nor Magalla-
nes St. 

28-29 1.30 - 2.70 
(1.30) 

1.30  3.75 
(3.02) 

5. Borbon oor-
ner Rizal St. 

29-30 0.80 - 2.90 
(0.80) 

0. - 4.95 
(352 

!/Dominant pressures during the period indicated.
 

Reservoir
 
Empty
 

(8:30A14-1000]m) 

1.06 - 2.60 
(2.11)
 

1.03 - 2.82
 
(1.76)
 

(1.65 - 2.85)
 
,(1.80) 

1.5 - 2.70 
(2.,46)
 

1.25- 2.90
 
(1.50)
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CHAPTER V FEASIBILITY STUDY CRITERIA
 

A. GERAL 

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 Ten Provinoial Urban Areas Feasibility Studies.
 
These criteria, together with the developed basis of cost estimates,
 
have been iitilized to evaluate and compare the various alternatives
 
identified in the course of the study.
 

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

B. PLANNING CRITERIA
 

This water supply feasibility study has been guided by the
 

following planning criteria (not listed in order of importance):
 

1. Areawide Approach: Planning of facilities has been done
 
on a regional or areawide basis, taking into account the
 
present district 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 economical than
 
conventionally treated surface water.
 

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

4. 	 C6nservation: In the selection among alternative planet 
water, power, chemicals and foreign exchange are considered 
valuable resources which must be conserved to the greatest 
bxtent possible. 

5-	 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
 
year:
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Start Construction Target 

StAgs I Calendar Year Desig Ye 

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

6. 	 Alternative Plan Soreening and Seleotion: From an array 
of identified plan alternatives, the recomended plan has 
been selected on the basis of least (present worth) cost 
and other non-economic parameters. The selected plan has 
been tested for eoonomi/finanoial feasibility. 

7. 	 Skilled Manpower Shortare: The recommended plan has re
cognized, in the short term, the apparent shortage in 
skilled, technical and managerial expertise. Emphasis 
has been given on the need for district personnel training 
and certification. 

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

9. Soial Soundness: The successful completion of any pro
jeot must take into account the social acceptability of 
its recommended programs (Appendix Sp 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 oii
teri. are basically similar to those utilixed in the First Two 
Provinoial Urban Areas Feasibility Studies. Minor improvements/ 
modifications have been made as indicated in the Methodology Memo
randar attached herein in Volume I. 

Water Accountability 

As much as possible, water aoountability has been determined
 

through field testing and measurement prooedurol, augmmted ty data 

gathered in the pilot area study ourveys (see Methodology Memoranda 
No. 1 and 2). Where field data were not available and the pilot 
area study survey results were not conclusive, the weighted average 
of the water accountability results in the First Ten Pvvinoial 
Areas was used (see Figure V-i). 
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The breakdown of the water accountability is as follows$ 

Percent of Water Production 

Metered Billing 
Flat-Rate Billing 
Underestimated Flat-Rate Use 

14.5 
16.8 
10.2 

Wastage 
Leakage 
Others 

27.1 
24.5 

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 wat - demand requirements per capita -uhrough 
the period 1980-2000 are as follows: 

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

The above values include domestic water needs; allowances for nominal 
commercial, industrial and institutional use; and a decreasing per
oentage 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 has been assumed that "borrowers" would even
tually become metered consumers. Per capita domestic use has been
 
increased each year to account for economic growth within the com
munity. Institutional and commercial water demands have been esti
mated as a percentage of domestic demand (see Methodology Memorandum 
No. 3). 

Demand Variation 

Maximum daily and peak hourly demands have been estimated from 
field data and available records. For the basic analysis of the 
water supply facilities, the following ratios have been used: 
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maxiumw-day to avarage-day ratio - 1.2:1 

peak-hour to average-day ratio - 1.51 - 1.75:1 

D. ECONOMIC AND FINAICIAL CRITERIA 

Discount Rate 

The opportunity cost of capitar ir discount rate used in this 
feasibility study is 12 percent. Tha discount rate has been used 

for economic screening of the technically viable alternatives (see 

Chapter IX, Methodology Manual on Water Supply Feasibility Studies, 

Volume I). 

nflationary Tred 

The national econon. of the Philippines is discussed in 
Appendi-x E, Volume II. 

Projections made in this feasibility study assume a general 

cost escalation rate of 10 percent for ths period 1978 through 1980; 
1981-19851 and 6 percent thereafter. The8 percent for the period 

cost of maintenance and operation is assumed to escalate at 8 per
cent per annum. 

Economic Justification 

The economic feasibility of this water supply project is based 

on 2 parameters: benefit-cost ratio (B/C and the internal economic 

rate of return (IERR). Theme parameters are discussed in Chapter XI. 

Financial Criteria
 

The financial justification of this project is based on the
 

district customers' ability-to-pay, a financial feasibility analysis 
so(see Chapters XX and XXI, Methodology Manual) and a suggested 

cialized pricing scheme, based on increasing unit cost of water 

vith increasing consumption (see Chapter X). 

E. BASIS OF COST ESTIMATES 

in-placeConstruction cost curves have been developed for 
costs of pipelines, deep wells, water treatment plants, pVp
 

stations, and storage reservoirs. These cost curves have been
 

used for estimating the relative cost magnitudes of altertmatii r 

water supply plans. Escalation factors used in calculatilg the 

capital cost of recommended improvements in July 1978 prixis, as 
well as the above unit costs, are presented in Appendix G, Volume II. 
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F. IMPLEI ENTATION 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
 
recommended 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 Construction: 

a) Source Early 1981 
b) Distribution Early 1982 

) Internal Network Late 1985 
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CHAPTER VI POPULATION AND WATER DEMAND PROJECTIONS 

A. GERAL 

A necessary step in developing the preliminary design of a 
water system is the projection of future population and water 
demand for the delineated service area. These projections mate
rially affect facility layouts and sizes, construction staging and 
the cost of the project. These projections are developed for the 
BAN-WD in this chapter. 

B. POPULATION PROJECTIONS
 

The historical population growth rates in the municipalities 
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 period. In the 2 municipa
lities, this decline ih the population growth rates (Pefarrubia had 
a marked decline in population between 1970-1975) in attributed to 
an absence of industrial and commercial development and problems 
of peace and order prior to martial law declaration in 1972. These 
factors prevented real development in both municipalities. The 
populations and respective growth rates for Bangued, Peffarrubia, 
Abra Province, and the Philippines are as follows: 

Population Annual Growth () 
Tear 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 3,737 0.81 -1.1 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 new industries 
and commercial establishments; and (2) the improved peace and 
order situation. 

Based on field inspection and.disoussions with local and water
 
district officials, by the year 2000, the water district is expected 
to serve the poblaciones of Bangued and Pefiarrubia and the principal 

portions of barrios Dangdangla, Riang, Calaba, Patucannay, Bangbangar, 
Palao, Agtaffgao, Lipoan, Sao-atan and Dumayco. Figure VI-l indicates 
the present, immediate and projected 1990 and year 2000 service areas 
of the BAN-WD, 
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Population projections have been made for the expected water 
service areas. Data such as past population trends of the municipality, 
land use and development plan, physical limits of urban areas, and 
existing and proposed futiue facilitiesqwhich were gathered bF field 
inspection in the study area, have influenced these projeotions, More 
rapid growth is projected frr the service area than that in the past 
or projected by NEDA-POPCOIW, The municipalities are primarily rural 
and it is believed that a much higher growth rate will be experienced 
by the urban area served by the BAN-WD than by the entire municipality. 

Projected populations are listed in Table VI-1 and summarized 
below:
 

Average
 
Density 

Overall Population in Service 
Total Annual in Servioe Area 

Year Poulation ' Growth Rate Area Area (ha) (Drsonua) 

1975 
(Present) 18,443 - 10t840 135 80 
1980 21,040(1975-1980) 14,350(Immediate) 21,040 2.67% 155 93 

1990 29,050 328% 23,700 294 81(1980-199o) 
2000 37,200 2.5o% 359440 374 95 

(1990-2000) 

The analysis shows that the population in the service area (see 
Figure VI-2) will increase from 10,840 in 1975 to 35,440 in the year 
2000. The growth will mostly occur in the present service areal the 
growth in the future service area extension will gradually increase 
from 1980 to 2000. Likewise growth in the present and future service 
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 hectare from 1975 to 2000. The total population of the 
areas to be served by the BAH-WD will double from 18,443 in 1975 to 
37,200 in 2000. Overall annual growth rates in these areas will 
fluctuate from 2.67 percent in 1975 to 1980 to 3.28 percent in 1980 
to 1990and 2.50peroent in 1990 to 2000. 

1/NEDA-FOPCOM assumes 1.68-2.67 percent growth rates from 1975 
to 1990. However, future growth rates are expected to exceed these 
assumptions. (Appendix H, Volume II). 

f(/Of poblaoiones (Bangued and Poiarrubia) and other barrios in 
the served area. 
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!ABI VI-I 

mIRVIz ARE& POPULATICK PROJEcTzOcS 
MNMM WATR DSTRICT 

Popdlation 
197 

Present Service Arma 
population

In Service 
Service Area Density 

Area (ha) (Persone/Ela) 

Ismem iate Service Area 
Populatlnrp

In Servloe 
Service Aea Density 

Area (ba) (fermc2aZ) 

aion 
In 

Service 
Area. 

Service 
Are, 
(h&) 

A 

Density 
(Persons/gse 

WQQO Sewio2M s ice 
Pppla{oZI 

n S o 
S c 

Area (hI&).. 

A= 

Density 
(Persons/ha-) 

Poblazion 
Lipean 
Dangdangla 
Coalba 
Bangbaigar 
Patucanny 
ArtafSt 
Sao-Stan 
Pala" 

10,135 
797 
658 

1,253 
938 
854 
815 
409 
90 

10,135 
319 
-
-
-
-
-
-

82 
25 
-
-
-
-
-
-

124 
13 
-
-
-
-
-
-

11,98 
740 
378 
-
-
-
-
-
----

82 
25 
20 
-
-
-
-
-

149 
30 
19 
-
-

-
-

16,880 
1,120 

520 
1,490 

585 
1,065 

82 
25 
20 
40 
30 
45 

206 
45 
26 
37 
20 
24 

22,688 
1,637 

835 
2,081 
1,122 
1,703 

453 
,64 

82 
32 
20 
4D 
30 
45 
3 
18 
25 

277 
51 
42 
52 
37 
38 
32 
25 
43 

Pemaz. abia 
Poblaoia. 
DinMaOO 

659 
615 

264 
122 

18 
10 

15 
12 

694 
570 

18 
10 

39 
57 

1,035 
75 

18 
24 

58 
31 

1,325 
1,083 

18 
24 

74 
45 

liang -i - I-- 25-02142 1 

Yatal 18,443 10,840 135 so 4.350 155 93 23,700 "294 81 35,440 374 

3.,3 



C. PROJECTIONS FOR SERVED POPULATION 

Served popultition in the BAN-40 has been projected to increase 
significantly in the next two decades. The increase will be a result 
of: 

a) the intense oamrpvign of the BAN-WD to connect and reconnect 
as 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 increase in population in predominantly urban areas as 
well as in the geographical ooverage of the BAN-WD. 

Table VI-2 shows the detailed breakdown of the projected served 
population for the poblaoiones of Bangued and Peaarrubia and the 
barrios within the future service area. Pigure VI-2 shows the served 
population will triple from 1980 to 2000. The present service area 
will have a more rapid growth in served population than the future 
service area extension. Generally, the increase 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 Percent 

Year Eoulatim Service 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 DEMAND PROJECTIONS 

The water demand of the BAN-WD is projected to increase sig
nificantly as a result of continued growth in served population. 
Per capita domestic water use, comeroial/industrial//institutrinal 
use, as well as unacoounted-for-water (expressed as percent of pro
duction), have been estimated for the years 1980, 1990 and 2000 
for the service area. Based on analyses (see Methodology Memorandum 
No. 3)9 BAN-WD has been olassified'under Group IV, with the 
following water use parameters: 
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TABLE VI-2 

SERVED POPULATION PROJECTIONS
 
BANGUED WATER DISTRICT
 

I. Bangu6d, (Poblaoion)
 
A. Population in Service Area 

B. Number of Service Connections 

C. Connected Population 

D. % Connected 

II. Lipoan
 
A* Population in Service Area 

B. Number of Service Connections 

C. Connected Population 

D. % Connected 

II. Pefiarrubia (Poblacion)
 
A. Population in Service Area 

B. Number of Service Connections 

C. Connected Population 

D. %Connected 

IV. Dumayco
 
A. Population in Service Area 

B. Number of Service Connections 

C. Connected Population 
D. % Connected 

V. Dngdangla 
A. Population in Service Area 
B. Number ef Service Connections 

C. Connected Population 
Do %Connected 

VI. Riang
 
A. Population in Service Area 

B. Number of Service Connections 
C. Conneoted Population 
D. % Connected 

VII. Calaba
 
A. Population in Service Area 
B. Number of Service Connections 

C. Connected Population 
D. %Connected 

Prement 

Service 

Area 


109135 

790 


6,320 

62% 

319 

37 


195 

61% 


264 

18 

85 


33% 


122 

23 


120 

98% 

-
-

-67%7580
 

-
-

-

-
-
-
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(1980) 
Immediate 

Service 

A ,g 


11,968 

1,090 

8,720 


73% 

740 

97 


515 

7o 


694 

65 


312 

45%65 


570 

60 


318 

56% 


378 

50 

255 


-
-

-
-

-
-

-

1990 2000
 
Servioe Service
 

Area Area
 

16,880 22,688 
1,752 2,552 

14,015 20,420 
83% 90% 

1,120 1,637
 
169 263
 
900 1,395
 
80% 85%
 

1,035 1,325
 
141 221
 
675 19060
 

0 

755 1,083
 
99 164
 

530 870
 
70% 80%
 

520 835
 
76 131
 
390 670
 

250 492
 
26 68
 
150 395
 
60%80%
 

1,490 2,081
 
135 265
 
745 1,455 

506A 7O% 



TABL VI-2 (Ccntinued) 

Present 
Service 

Area 

(1980) 
Iumediate 
Servioe 

Area 

1990 2000 
Service Servine 
, L.h_Are* 

VIII. Bangbangaw 
A. Population in Service Area 
B. Nupl.*r of Sewtice Cotmections 
C. Connected Population 
D. % Connected 

-
-
-
-

-
-
-
-

585 
55 

350 
60% 

1,122 
141 
900 

8oW 

IX. Patucannay 
A. Population in Service Area 
B. Number of Servioe Connections 
C. Conneoted Population 
Do %Conneoted 

-
-
-

-

-

-60% 

1,065 
120 
635 

1,703 
257 

1,365 
8% 

X. Agtafigao 
A. Population in Service Area 
B. Number of Service Connections 
C. Connected Population 
D. % Connected 

-
-
-

-
-
-
.60 

-
-
-

957 
105 
575 

XI. Sao-Stan 
A. Population in Service Area 
B. Nmber of Service Connections 
C. Conneoted Population 
Do % Connected 

-

-
-
. 

-

-
-
-

-

-
-
-

453 
51 

275 
61% 

XII. Palao 
A. Population in Service Area 
B. Number of Servioe Connections 
C. Conneoted Population 
D. % Connected 

-

_ 
_ 

-
-

. 

. 

-
-
-
-

1,064 
114 
640 

60 

Total Number of Connections 868 1,362 2,573 4,332 

Total Population 

Total Population Served 

%Served Population 

10,840 

6,720 

14,350 

10,120 

72If, 

23,700 

18,390 

78% 

35,440 

30,020 

85% 
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Dowstio use#pod 
Ceamercial/industrial,/insti

tutionalI lpod 
Aoaountd.-for-va*tor lpoi 
Poroontage of unaoounted

for-water, ipod 
tlnwoooit ed-for-water, ipad 

Tetal Water Demand, ipoad 

95 110 125 

12 1 20 
107 17 T 

(40) (28) (20) 
-Uf4l_. 

178 174 181 

Present im counte for-4ter of the BAWD (83.5 peroent of 
total water produotion) is proeoted to be reduoed to 40 peroent b~y 
1980. The fawtors that will oentributa to the doolins in unaooountod
for-water ares (1) initiation of an extensive leakage detection 
surve and repair; (2) metering of all existing oonneotiones and 
(3) replaoement of existing leaking oonneotions. 

Based on the abov, water demand parameters and the projeoted 
earved populations, the water demands for the design years 1980, 1990 
and 2000 ae as follows (see Table 

Water demand, lpod 
Served population 

Average daiy water demand, 

osras/ 

Xarxum-dqr water demand/, 

-o*d 
Peak-iour water domAan If 

otai 

VI-3 and Figure V-3)$ 

178 
10,100 

174 
18,400 

181 
30,000 

1,800 
18 
0,2,160 

3,200 

3,84O 

5,430 

6,520 

3,150 5,6oo 9,5OO 

-e Lon 1.2 times average dai y demand. 
Based on 1.75 times average daily demands 
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TABLE VI-3 

YEAR-BY-YEAR SERVED POPULATION AND WATER DEMAND PROJECTIONS 
BANGUED WATER DISTRICT 

Total Average-Day Maximum-Day Peak-Hour 
Population Demand Demand Demand 

Year Served cumdnmd) .(ound) 

1978 8,590 1,990 2,390 3,480 
1979 9,320 1,820 2,180 3,190 
1980 10,120 1,800 2,160 3,150 
1981 10,740 1,910 2,290 3,340 
1982 11,400 2,020 2,420 3,540 
1983 12,100 2,140 2,570 3,750 
1984 12,850 2,270 2,720 3,970 
1985 13,640 2,400 2,880 4,200 
1986 14,480 2,540 3,050 4,450 
1987 15,370 2,690 3,230 4,710 
1988 16,300 2,850 3,420- 4,990 
1989 17,320 3,020 3,620 5,290 
1990 18,390 3,200 3,840 5,600 
1991 19,310 3,370 4,o4o 5,90o 
1992 20,280 3,560 4,270 6,230 
1993 21,300 3,750 4,500 6,560 
1994 22,370 3,950 4,740 6,910 
1995 23,490 4,170 5,000 7,300 
1996 24,670 4,400 5,280 7,700 
1997 25,910 4,630 5,560 8,100 
1998 27,210 4,890 5,870 8,560 
1999 28,590 5,150 6,180 9,000 
2000 30,020 5,430 6,520 9,500 
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CHAPTER VII WATER RESOURCES 

A. GENERAL 

The BA-WD currently obtains all of its water from Lusuao 
Spring in the mountains to the southeast. The possible sources of 
water for further municipal supply are springs, wells, and surface 
water from the Abra River. 

B. GPOUNDWATER 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. Lusuao Spring supplies the water district by gravity 
flow. The existing water distribution system is insufficient for 
the needs of the served comunities and is supplemented by numerous t 
small-capacity private wells and by use of local surface water. 

Lusuao 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 study period. 

Geolog 

The hills flanking the Abra River in the Bangued area are 
composed of late Tertiary mar ue sediments, tuffaeous elastic 
rocks and limestones. Judging from outcrops to the east, the 
underlying basement rocks are metamorphased volcanios of Cretaceous 
or Early Tertiary age intruded by Tertiary andesitio rocks. The 
broad floodplain of the Abra River is filled with Recent alluvium; 
gravels, sandeosilts and olay. The thickness of the alluvium is 
unknown, the deepest local wells penetrating it to about 50 meters. 

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

Aauifer
 

There are two obvious aquife. systems in the area. The Recent 
alluvium occupying the Abra River valley forms the better aquifer 
system. Based on limited well log data and surface examination, it 
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consists of uncemented, intricately interbedded clays, silts, sands 
and gravels with great lateral variation over short distances. 
Local wells producing from this alluvium have poor specific capaci
ties and are of low productivity but this is believed to result from 
poor well design and construction. This aquifer should have a high 
tranimissivity 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 Abra River to replace 
any water pumped by BAN-WD. 

The other aquifer system is that of the older eadiments beneath
 
and in the hills surrounding Bangued. These same 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 fracture porosity and are responsfile 
for numerous large springs in the region. Rechtrge to the aquifer 
system by infiltration of rainfall is inhibited by surface clays in 
many areas. 

Springs 

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

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

Lusuac Spring occurs at a break in slope on the northwest face
 
of a Large ridge. The spring emerges from a limestone formation into
 
an artificial pool built by the previous Bangued Water Department.
 
Other smaller springs or seepages occur in the area, soe obviously 
leaking from the built-up collection pool and others separate but 
probably coming from the same source ted. There is a very old
 
earthen dam that is overgrown with large trees and pon-de water 
several hundred meters from Lusuao Spring, indicating that the source
 
area has been in use for a long time. The existing spring facilities
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are used by a small swimming pool at the spring site, for limited 
local irbeigation, and as the BAN-WD souroe of supply. Most of the 
spring discharge flows to waste over a broad-crested weir. 

A staff gage was installed at the weir and routine readings 
have been made of spring discharge with the irrigation diversion 
pipes plugged. The figures include some water from local seeps 
rather than from Lusuao Spring (approximately 2,600 oumd) and do 
not include the BAN-WD diversicus (approximately 31000 cumd rate). 
Thus, the figures probably reprt:sent 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 199000 
24 Sept 1976 20oo0 
28 Sept 1976 20,000 

1 Oct 1976 22,000 
8 Oct 1976 25,000 

15 Oct 1976 25,000 
22 Oct 1976 25,000 
29 Oat 1976 25,000 

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

The flow is expected to decrease further in April but not signifi
oantly, considering the limited requirements of BAN-WD. 

The total annual spring flow of Lusuao Spring alone appears to 
be about 7 million cubic meters. Most of the recharge from a very 
large area of hills above 200 meters altitude must be channelled to 
Lusuao Spring to sustain this flow. The topographic maps indicate a 
large sinkhole on the top of the ridge a kilometer south of the 
spring. The combined evidence of the sinkhole (karat topography), 
the large spring flow and the limestone outcrop at the spring implies 
that the large spring (p~ad probably the other springs in the are:.) 
results from solution channels in a limestone formation. It further 
implies that the massive recharge necessary to sustain the Frings 
results (at least in part) from infiltration and drainage into solu
tion cavities in such a limestone. If the recharge area and storage 
volume supplying Lusuao Spring is in cavernous limestone, it is 
very likely that wet to dry season fluctuations of flow will be 
large because such limestones frequently release stored water very -

rapidly (high permeability and rapid drainage effect). Careful 
monitoring of spring flow throughout several years studied in 
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conjunction with long-term precipitation records will be neoessa' y
 
to make a reasonable estimate of minimum flow. The minimum spring
 
flow, however, appears to be much greater than the year 2000 require
ments of BAN-VD. 

Wells
 

There are numerous shallow, small-oapaoity handpump wells in
 
Bangued poblaoion that supplement the BAY-WD supply of dometic 
water. Numerous other 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 BTueau of Public Works (BPW). 
The 	pertinent data of these wells are giveL. in Table VII-1 and the
 
locations of most wells are shlown in Figure VII-l. Stratigraphio log. 
are 	shown in Annex Figures VII-B-l through VII-a-9. Unfortunately, the 
stratigraphie descriptions in the loge are too generalised for
 
detailed study. In many oases t they do not even differentiate
 
clearly those wells drilled in the Recent alluvium from those drilled
 
in the older marine sediments (although adobe and limestone are oon
sidered to indicate the older rooks).
 

The following statistical data derived from the wells listed in
 
Table VII-l are pertinentt 

1. 	Maximum test yield, 1.26 lpe.
 
2. 	Average specific oapaoity, 0.26 lps/m, indicating generally
 

poor wells iuoapable of large production.
 
3. 	 Naximum speoific capacity, 1.02 lpe/m, however, the referenced 

well (CDM-l7) was tested at such a sall production rate 
(0.32 lps) that the figure is not particularI7 m6azIngful.
 
The next lower specific capacity is 0.83 lps/m and th6 next 
two in order are both only 0.41 lpa/m. 

4. 	 Maximum dep-,%h, 166.2 mters. 
5. 	 Average depth, 55.2 meters, '-4*h 4 wells over 100 motors. 

Average aeoific oapacity c.6 , over the average depth is 
0.16 lps/m, and of wells u < T'e average depth in 0.30 lps/m,
probably indicating that Wt 'e drilled deep only in poorer 
aquifers.
 

6. 	 Casing diameter varies from 37 to 150 mm, with no significant 
correlations with specific capacity. 

An interpretation of existing well data must take into account
 
that the wells are almost always poorly designed and constructed. 
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 enoiqh water for 
intended use from the bottom of the hole, and no attempt is made to 
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TABLE VII-1
 

WATER WELL DATA SUMMRY 

Depth From Ground 
Surface In Metere 

CDM BPW Nominal Static Pumping Test Specific 
Well Well Diameter Water Water Yield Capacity Year 

Number Number Location (m) Total Cased Level Level (ips) (ips/-) Completed 

1 4825 Agtaiigao, Bangued 100 65.6 61.0 3.66 7.32 1.26 0.34 1949 
2 4766 Pao, Ban-ued 100 105.2"5 31.44r%. 7 9.76 11.59 0.63 0.34 1948 

3 4875 Dangdangla, Bangued 100 105.8 44.8 3.05 12.89 0.63 0.07 1949 
4 4931 Cosili, Bangued 100 166.2 62.8 15.24 3354 0.63 0.03 1949 

5 
6 

11284 
8378 

Patucannay, Bangue. 
Bangbangar, Banoued 

75 
150 
150 

60.4 
27.4 

99-4 
54.6 
20.4 

12.20 
7.62 

24.40 
11.28 

0.63 
1.26 

0.05 
0.34 

1956 
1955 

7 
8 

11285 
11283 

Macray, Bangued 
Patuoannay, Bangued 

150 
150 

54.9 
82.6 

49.7 
62.3 

10.67 
18.29 

24.39 
24.39 

0.63 
0.63 

0.05 
0.10 

1956 
1956 

9 
10 

11282 
9946 

Santa'Rosa, Bangued 
Palao. Bangued 

150 
150 

25.3 
30.5 

25.1 
18.0 

10.67 
13.72 15.24 

0.95 
0.63 0.41 

1956 
1956 

11 
12 

9947 
9945 

Lipoan, Bangued 
Calaba North, Bangued 

150 
150 

39.9 
49.7 

24.7 
30.0 

12.20 
12.20 

15.24 
15.24 

0.63 
0.76 

0.21 
0.25 

1956 
1956 

13 16222 Sappaas, Bangued 112 13.7 
100 51.9 23.8 3.66 3.96 0.63 0.19 1962 

14 19542 YMoay, Bangued 100 30.8 30.8 12.20 15.24 0.63 0.21 1957 
15 1606 Lingtaw, amRnued 100 47.3 40.9 12.57 16.77 0.05 0.01 1960 
16 16011 Saguib Lubong, Baunued 100 19.5 19.2 3.05 4.57 0.63 0.41 1960 
17 20901 PC Camp, Bangled 100 41.2 35.7 10.67 10.98 0.32 1.02 1958 
18 20902 Abra Emergeny Hospital, 

Bangued 37 47.3 18.8 9.15 10.67 0.32 0.21 1958 
19 9943 Cabuluan, Bangued 150 17.7 14.6 10.67 0.76 1956 
20 9941 Sacao, Bangued 75 28.1 12.2 9.15 10.67 1.26 0.83 1955 
21 
22 

18742 
16021. 

Sapaac, Bangued 
Palicao, Baigued 

150 
100 

54.9 
25.0 

40.6 
15.2 

6.10 
10.67 

9.15 
12.50 

0.32 
0.44 

0.10 
0.24 

1958 
1960 

23 9942 Sorcok, Bangued 150 109.8 67.1 1956 
24 9948 Angad, Bangued 150 24.4 18.0 10.67 14.63 0.44 0.11 1956 
25 1621 Bacsil I, Bangued 68.8 61.0 A b a n d o ne d 1962 
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produce from aquifer zones cased off in the upper well or to explore 
deeper to find more useable aifer thickness. Thqe properties are 
acceptable (but not desirable for handpump wellsely but often result 
in uniformly poor wells (as illusrated in Table VII-l) whether the 
aquifers are very good, moderately poor or very variable. A very 
poor aquifer, of course, will support only very poor wells under 
any condition of well construction. 

Thus, an analysis of the well data from Table VII-l indicates
 
only that wells producing at least a small amount of water can be 
drilled almost anywhere in the Bangued area. It is necessary to 
analyse the limited stratigraphio evidence from geologic 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

ained sand with some silt, clay and scattered gravels. Well logs
Anex Figures VII-B-I through VII-B-5) indicate a similar 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 tested. The alluvium underlying Bangued poblaoion
 
probably is quite thin as suggested by the logs (Annex Figures
 
VII-B-l through VII-B-4). The interference 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 excellent water 
quality, probably from the alluvium, while the other two produce 
conwiderably 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 wheroi coarser sediments predominate should be 
fairly productive. Such wells are probably capable of yielding 
20 lps or more at a specific capacity of 1 lps/m or more. Recharge 
and consequent maintenanco of pumping levels will be no problem for
 
wells drilled into the Abra River alluvium because well production
 
will induce compensating additional infiltration from the river
 
into the alluvium.
 

The aquifer system comprised of the older sediments of the 
hills will not be nearly as productive, on the average, as the 
Recent alluvium. Although some good wells might be constructed in 
locally permeabls% limestones or other locally occurring permeable 
zones; the general section as showm in the well logs (Annex Figures 
VII-B-6 through VII-B-9) implies a relatively poor aquifer containing 
much tuff (udobe). Wells of good design and construotion in average 
areas probably would yield about 10 lps at a specific capacity of 
about 0.4 lps/m. Poorer wells are to be expected in many cases, and 
considerable exploratory drilling and testing will be necessary to., 

I/For further information on recommended practices for hand 
pump wells, mee Appendix L, Volume I. 
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determine aauifer paran-eters and to delineate areas overlying jood 
aquifer materials. A shortage of' recharge is not a likely problem 
as long as well production does not :,reatly exceed the year 2000 
requirements of 13AU-1,. 

Well )esin and Drilljig rro,Tam 

It is necesu'ary to develop a teneral well design and anticipated 
produ.ction parameters for wells in Ban.;ued for purposes of economic 
studieo of alternat:ive sources for -T . If wells are chosen as 
water source, the ultimate desigm and production characteristics will 
be based on test drilling proirams and may he considerably different 
from those used herein. However, the estimates herein are suitable 
for 	their purpcses. 

There are two distinctly different aquifer systems in the 
!1anmed area arid two different well desi,-ns are necessary. Iowever, 

if it is decided to exploit either aquifer system, the drilling 
program wotld be similar. imall-diameter, strativ,raphic exploration 
holes should be drilled, the first in the most co.venient place 
(within the chosen aquifer area) for luJi-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. rPT well tests will provide aquifer data for use in 
refinin-: the design of further wells. The wells can be drilled by
either percussion or rotary methods, depending on available equipment, 
anid can be eith,;r natural develojpment or gravel-packed wells depending 
on aquifer conditions encountered. 3urested screen and uasin- sizes 
are 150 io 2)0 mm diaimeter lower casing and screen and 250 mm pump
housing casing efor the first wells (ouitable for 30 lps or less pro
duction rates). The casing sizes will be adjusted as the nticipated 
production rate of each well becomes more closely defined. Annex 
I'ia ures 71-11-10 and VTL-B-11.m --
exLmples of general well desi,,;ns
 
and coristrtction su,.:;stions for 11,t.nied.
 

i"or 	cost estimating purposen, the following" desig:,ns were used. 

1. 	Induced infi Itration wells in the Recent alluvium of the 
Abra River; 

a) )eth - 37 m 
b) LDiaoter of casin,, - ;100 ;nd 2'0 mm 
c) 1'roduction rate - 19 Ips 
d) PrunpinLg water level - 16 m below ,round level 

2. 	 Deepwel 1 in the older sedimuntts;
 
a) Depth - 92 in
 
b) Diameter of casi,' - 150 and 250 mm 
c) Production rate - r.3 1ps 
d) Pumping water level - 25 m below -round level 
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It is anticipated, for purposes of cost estimation, that wells in 
Bangued poblacion will necessarily be deep wells beoause the
 
alluvium will prove to be thin.
 

Monitoring 

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

A permanent broad-crested weir already exists in the overflow
 
channel of Lusuac Spring and. a temporary staff gage has been erected
 
to mea.sure the head over thQ '%eir. The water channels in the area 
should be modified and maintained so that all the overflow, and
 
only the overflow, from the spring passes over the weir. Furthermore
 
the temporary gage should be replaced with a perma 3nt installation
 
and calibrated 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 collected
 
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 taker. 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. Water 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 location of future wells ca be adjusted
 
as necessary. For these purposes, copies of all BAN-ND well monitor
ing data should be routinely analyzed by BAN-D (if they have
 
competent staff for such 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 good quality water requiring 
no treatment chlorination. It is high enough for water to be 
delivered to the entire water district by gravity flow, minimizing 



operating expenses and maintenance problems, but it is nearly 8 km 
from Bangmed poblacion, requiring a long transmission pipeline. 
However, this pipeline also provides wallar to Pefiarrubia Poblacion, 
only 2j km from Lusuao Spring. 

Wells can also be developed to supply the year 2000 require
ments of Bangued with water requiring no treatment except 
chlorination. They would have the advantage of being closer to 
the poblaoion and other centers of major use than Lusuac Spring is, 
but would have the disadvantage of requiring multiple pumping 
stations, with consequent operating costs and mechanical complexity. 

Lusuao Spring has the additional advantage of being a certain
 
source from a known location, making planning and design simple and
 
estimated costs more accurate. The exact or even general location of 
wells to supply Bangued is currently uncertain; an elaborate explo
ration program would be necessary to positively identify the sites 
and thus permit detailed planning and design and defining costs. 

C. SURFACE WATER RESOURCES 

Bangued is oiturted in a large loop of the Abra River which 
has a reliable low flow much more than sufficient to provide all 
BAN-VD requirements beyond the year 2000. The Abra River is about 
2 km from the center of the poblaoion 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 poblaoion 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-W*. Water from both rivers would require complete treatment 
to meet Philippine National Standards for Drinking Water. 

Surface water data from rivers within the vicinity of Bangued 
have been compiled and analysed to establish the statistical 
recurrence of average an4 minimum monthly flows. BPW records of 
4 gaging stations with monthly records spanning from 11 to 17 years 
were tabulated and analysed using the (Iumbel probability method of 
establishing 10-year, 5-year, and 1-Tear reourring flows (Methodology 
Memorandum No. 4). The analysis shows the followings 
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Longtud.Yea. of D~iiq. inimum Flow (oumd/sqkm)Longitude/ years of Drainage at Return Period ofStation Latitude Record Ars I . 10 Ydw a LOM1TA 

Sinalang River 1200-390-20"
 
@ Peiarrubia 170-32'-20" 17 120 55 68 166
 

*bra River 120 -40"
 
* Bo. Bunagoat 170-37'-40" 17 2,575 362 397 561 

Abra River 1200-281-30" 
@Bamaoang 17--331-20" 16 4,813 349 369 498 

Abra River
 

Taking minimum recurring flows r the Abra River (for preliminary 
design purposes, "minimum flcw" is taken as low flow that is stati
tioally expooted to occur ono. every 10 years); the flow ra"e 
between 349 to 362 cumd/sqkh. On the basis that the drainage area 
of the Abra River in the proximity of Bangued is 4,430 sqkm, the 
theoretical minimum flow recurring onoe every 10 years will be 
1.55 million oumd. This is obviously sufficient to provide the
 
water supply requirements of BAJ-4D for the year 2000. 

The closest gaging station on the Abra River to Bangued is at 
Barrio Bumagoat, Tayum, about 10 km upstream of the Baugued poblaoion. 
At this station, the minimum recorded flow was 0.91 million oumd. 
There is an irrigation pumping station of the National Irrigation 
Administration (NIA) on the Abra River at Barrio Bagala, about 
2 km downstream of the gaging station, but this station does not 
remove enough water to infringe on the quantity required by BAN-VD. 

Sinalang River
 

Taking minimum recurring flows of the Sinalang River (iO-eax 
recurring minimum flows), the flow is statistically proacotod as 
55 oumd/sqku. On the basis that the drainage area of the Sinalang 
River in the proximity of Bangued in about 165 sqka, the theor
tioal minimum flow recurring once every 10 years will be about 
9,000 oumd, about 50 percent more Ihan the year 2000 requiremnts 
of BAN--WD. The minimus recorded flow at the gaging station at 
Barrio Lungsad, Pefarrubia, about 8 km upstream of Bangued poblaoioap 
was 6,050 aund in March 1967. 
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D. WATER QUALITY OF POTENTIAL SOURCES 

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

Lusuao Spring Water
 

Two analyses of water from Lusuao Spring are shown in Table 

IV-2. The water is of excellent chemical and physical quality and 
meets the requiroments of the Philippine National Standards for 
Drinking Water in all respects. Even the hardness is relatively 
low for spring water in limestone oountry. The L.fferenoe in the 
two analyses in regard to oalcium and magnesium is almost cer
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 surface pollution, oolor and 
turbidity or suspended solids are usually not present. For this 
reason, unless other deleterious substances (such as exoessive 
hardness, dissolyed Cases or dissolved iron) are present, treatment 
other than disinfeotion is generally not required, 

Water analyses of samples taken from existing Bangued wells 
are shown in Tble VII-2. All of the well waters analyzed fall 
below the "excessive" limits of the Philippine National Standards 
for Drinking Water, and below the "permissible" limits in all 

respeots, except for marginal hardness in one well mampled. 
However, the private well produces water of very low hardness, 
chloride content and sulfate content. This water almost certainly 

oomes from the Recent alluvium whiah was deposited in fresh water 

and is se permeable as to be contiaually flushed by fresh recharge 
water. The other two wells produce considerably harder and more 

saline water almost certainly oomiug from the older sediments 

which are less permeable and more poorly flushed out and so oontain 

either salts dissolved from the rocks or remnant t.-aces of oonnate 
salt water. 
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TABLE VII-2
 

WATER QUALITY TEST RESULTS
 
POTENTIAL SOURCES
 

BANGUD WATER DISTRICT
 

Private Well
 
Abreco Compound Public Market Purugganan St. 

Well, Bangued, Site Well, Corner Washington St. 


Permissible Abra Bangued, Abra Bangued, Abra 

Test Unit Limits 25 March 1977 25 Marsh 1977 25 March 1977 


Physical
 
Color APHA 15 2 2 2 

Turbidity FTU 5 0 2 0 

Total Dissolved
 
Solida** M/i 500 598 380 208 


- Conductivity micromhos/
 
Cm 920 585 320 


Chemical
 
pH 7-8-5 6.95 7-05 7-15 

Total mg/l
 

Alkalinity CaC03 394 176 134 

Phenolphthalein mg/i
 
Alkalinity CaC03 9 0 0 


Total Hardness mg/i
 
Ca03 400*** 414* 214 100 


Calcium mg/l 75 122* 56 25 

Magnesium m/i 50 26 18 9 

Total Iron mg/ 0.3 0.08 0.30 0.22 

Fluoride m/I 1.5 0.43 0.43 0.50 

Chloride mg/l 200 76 84 7 

Sulfate mg/1 200 27 4 0 

Nitrate g/1 0 13.5 5.8 10.6 

Manganese Mg/i 0.1 0.06 0 0 


*Exoeeds the permissible limits set by the Philippine National Standards for Drinkig Water.
 
**Computed to be 65 percent of conductivity.
 

Abra Ri-er
 
Bo. Calaba
 

Abra
 
15 Sept 17.6 

llOt 
45t 

117
 

18o
 

7.9
 

75
 

0 

64
 
24.8
 
0-48
 
0.9*
 
0
 
2.44 
19
 

8
 
0 

***Limits inferred from limits of individual metals causing hardness.

****Fifty (50) to 100 mg/l may cause infant disease according to Philippine National Standards for Drinking Water. 



The water that would be produced from new BAN-WD wells can be 
expected to be similar to one of the tested well waters depending 
on the aquifer producing the water. Such water will almost oer
tainly be acceptable for domestic use without extensive treatments 

Surface Water 

Water from surface sources is generally high in color, turbidity 
and suspended solids during periods of rainfall. Even during non
rainy periods, surface water usually requires complete treatment 
including chemical addition, mixing, coagulation, flocculation, 
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 treatment 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 aerated river water. The iron probably is parti
culate in nature and so would be readily filtered out during the 
otherwise required complete treatment. 
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ANNEX VII-B 

WELL DATA 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO.(CDM) 
(OTHER I 

LOCATION 
CITY 
PROVINCE 
CONST. BY 
DRILLER 
STARTED 
COMPLETED 
OWNER 
STATUS 

CASING DIAMETER 

CASING LENGTH 

6, 
DPW 8378 

BARRIO BANGBANGAR 
BANGUED 
ABRA 
BPW 

JUNE B, 1955 
JUNE 21, 1955 
BPW 

150 MM. (6 IN.) 
20.4 M. (67 FT.) 

DEPTH 
(M) (FT 

-" 

1., a 

C 
CASIN STRATIFICATION 

GROUND SURFACE 

BROWN CLAY 

ROLLING BOULDER 

DRILLER'S TEST DAW: 
DATE 

STATIC WATER LEVEL -7.6 M.(25 FT.) 
PUMPING WATER LEVEL- 2 0 . 4 M( 37 FT) 
TEST PUMP YIELD 20 GPM (I 3LPS) 
SPECIFIC CAPACITY O.5 LPS/M.( 1.7 GPM/FT)' 

9.1 so 

REMARKS 

- _ BLUE CLAY 

WATER BEARING STRATA 
18.3-27,4 M.(60-9OFT.) 

WATER QUALITY DATA: 18, 0so 

WATER IS FRESH a CLEAR. 20.1 

213 

67 

70 

AOOBE ROCK 

LIMESTONE 

27.4 90 

ANNEX FIGURE "T-B-I 
FEASIBILITY STUDY FOR WATER WELL DATA SHEET 

4UPPLY OF SECOND TEN URNAN AREAS LWUA-CDM WELL CDM- 6 



DESCRIPTIVE DATA ORAPHIC LOG 
DEPTH 

WELL NO.(COM) 9 
(OTHER) BPW NO. 11282 

LOCATION BARRIO STA. ROSA 
CITY BANGUED 

PROVINCE ABRA 

CONST.BY BPW 

DRILLER DOMINGO ESCUDERO 

STARTED APRIL 25 ,1956 
COMPLETED MAY 5, 1956 

OWNER _:..,__ _ _ _ _ 

STATUS 
CASING DIAMETER 150 MM. (6 IN.) SUCTION 

75 MM. (3 IN.) 

__ 

(M) 

6.1 

(FT) 

20 

CASING 

--

,_ 

, : 
..' . , 

- '. . . 

1 STRATIFICATION 

-GROUND SURFACE 

N"CLAY 

DRILLER'S TEST DATA: Wp.::y..; 

DATE _ _,._ 

STATIC WATER LEVEL - 10.7 M.(35 FT.) 
PUMPING WATER LEVEL __-._'._____-* 

TEST PUMPYIELD 0.95 LPS (15 GPM) 
SPECIFIC CAPACITY 

. 

.:: 

." 

... 

... 

$'__SAND AND GRAVEL 

REMARKS: 

WATER QUALITY DATA:
 

ANNEX FIGURE MIt-B-2 
WELL DATA SHEET.
 

FEASLITY LWUA-CDM WELL CDM- 9
AREAS

SUPPLY OF SECOND TEN URBAN 



DESCRIPTIVE DATA GRAPHIC LOG
 

DEPTH
 
(M) FT) CASING STRATIFICATION

WELLNO. (coN) 	 12 

9945(OTHER) 
-.--- GROUND SURFACELOCATION 	 CALABA NORTH 
.


BANGUED---

PRVICEABRA _- -"
 

CITY 

PROVINCE. -:-- RED CLAY 

CONSTBY - 
Z.2--'-DRILLER 	 CANDIDO SALUDARES 

CL 
APRIL 7,1956 0.2 

STARTED 

COMPLETED JUNE 13,1956 2 P. 

OWNER -_ WITH BOULDERS 
--3
STATUS 


35 - LOOSE ROCKS WITH CLAYCASING DIAMETER 	150MM (6 IN.) SUCTION: 10.7 
Be 	 YELLOW CLAY WITH BOULDERS75 MM (3 IN.) 	 12.81 42 

DRILLER'S TEST DATA: 

DATE _ ___SOLID 	
ROCK 

STATIC WATER LEVEL 	- 12.2 M (40 FT.)
 
- 15.2 M.(5OFT).
PUMPING WATER LEVEL 


TEST PUMP YIELD 0.76LPS(12 GPM) 2o. 66
 

SPECIFIC CAPACITY 0.25 LPSi/M.
 

% SAND AND GRAVEL 

REMARKS:
 

29.9) 98 

ADOBE STONE
 

36.9 121 ;..-

WATER QUALITY DATA: 

,...,.............................


SANOSTONE
 

49.7 163 ' - ' 

ANNEX FIGURE 3Z1-B-3 
WELL DATA SHEET 

FEASIBILITY STUDY FOR WATER 
SUPPLY OF SECOND TEN URBAN AREAS 

LWUA-CDM WELL CDM-12 



DESCRIPIVE Mkk 13 RAPHIC LOG
IDEPTH ,
 

WELL NQ(COM~ 7 

(oTHER) 20901 

LOCATION P.C. CAMP 
CITY - BANGUED .-

PROVINCE ARAB-
CONST.B AGAPITO GALIINAO 

DRILLER - ______ 

STARTED AUGUST 301 i958 

COMPLETED OCTOBER 10, 19E8 
OWNER 
STATUS 
CASING DIAMETER.,0 0 MM. (4 IN.) 

CASING LENGTH 35.7 M. ( 117 FT.) 

-

M______11 

all 2 

9.1 30 

--

7." 

1 

. 

-..

-..... 

7.. 

SRTIIATO 

GROUND4 SURFACE~ 
B-CLBROWN C;LAY 

CONGLOMERATE 

BOULDERS 

DRILLER'S TEST DATA: :t 

DATE _ _.__ _,,-
STATIC WATER LEVEL - 10.7 M. (35 FT.) 

PUMPING WATER LEVEL I1.C M.(35 FT 

TEST PUMP YIELD 0. 32 LPS (5 GPM) 

SPECIFIC CAPACITY.-I.0 LPS/M : 

SAND AND GRAVEL 

REMARKS: 
27.4 so 

,.' 

ADOBE CLAY 

WATER QUALITY DATA 

41.2 135-

ANNEX FIGURE 3II-B-4 
WELL DATA SHEET 

FEASIBILITY STUDY FOR WATE LWUA-CDM WELL CDM-17 
SUPPLY OF SECOND TEN URBAN AREAS 



ESCIPTIVE t.. GRAPHIC LOG 

DEPTH - CASING SrRATIFICATION 
,Vi ELL NO. ' CCml.) ' _ _).. I (FT) 

(OTHER)} 9943 

LOCATION BARRIO CABULUAN - GROUND SURFACE 
CITY BANGUED -A T 

PROVINCE ABRA BROWN CLAY WITH 8OULDtR8 

CONST BY-- -----
....
DRILLER CASTOR MENDOZA 311 II 

STARTED APRIL 1956 BOULDERS AND GRAVEL6 t 
COMPLETED APRIL 30,1956 ,1. 

6.4 BSOULDERS , SANDSTONEOWNER 
STATUS 

CASING DIAMETER 150MM. (6 IN.)7MM(31N). 

CASING LENGTH-

DRILLER'S TESI( D,,A: SANDSTONE 

DATE
 

STATIC WATER LEVEL 10.7 M. (35 FT. .
 

PUMPING WATER LEVEL '___',,__-__
 
TEST PUMP YIELD 0.76LPS (12 GPM.)
 

5_______
SPECIFIC CAPACITY_ 

SAND AND GRAVEL
17.7 51 

REMARKS;
 

WATER QUALITY DATA: 

ANNEX FIGURE EI-B-5 

WELL DATA SHEET 
SPA SEDULITUY , T, LWUA CDM WELL CDM-19
SUPPLY OF SECOND TEN URSAN ARIASlIVIM'I I ELCM1 



DESCrlPT!VE DATA DEPTH LOG 

WELL NO. (coM) - _____ - MI 

(OTHER) BPW ,-4766 ____ 

LOCATION BARRIO PAO -_ 

CITYBAN tU ED
CITY BYELLOW 
PROVINCE ABRA 4.* 

CONST BY,-

DRILLER BONIFACtO DE LA CRUZ 
STARTED OCTOBElR 5, 1948 

COMPLETED DECEMBER 1, 1948 

OWNER 

STATUS 2___ _ _ _o 

CAS!NG DIAMETER 100 MM. (4 IN.) 21.3 

NM. (-103FT) 76MM-( 3 INIOULDERS 
18.3 M.(- 6O FT.) 27.4 

DRILLER'S TEST DATA: 
DATE 
STATIC WATER LEVEL -9.0M. ( 32 FT.) 
PUMPING WATER LEVEL-. 16 A (38 FT.-
TEST PUMP YIELD -_ IOGPM (Q5 .2"LP 41.1 

SPECIFIC CAPACITY 0.5 LPSM(I.6 PMFT.) 4'. 

REMARKS: 

49,7 

53.5 

iT 

15 

70 

90 

IBILUE 

1 
'3 

163 

175 

STRATIFICATION 

-GROUND SURFACE 

CLAY 

ILUE CLAY 

CLAY 

SOFT STONE 

~ SANDY CLAY 

61.0 200 

WATER OUALITY DATA: I -

-" -B "LUE CLAY 

t~r 

105.1 345 
" 

* . 
TV 

, _ 

SAND 

_ 

ROCK 

_ 

ANNEX FIGURE I-B-6 

WELL DATA SHEET 

SUASIBLITY STUDY ORUPLY OF SECOND TEN URBAN WATERAREAS UA-CDM WELL -2/CDM-2 



DESCRIPTIVE DATA GRAPHIC LOG 
WEL N.(o)DEPTHWELL__O._____4__ (A PT) . 

I 

CASING 
II I - . . 

STRATIFICATION 

(OTHER) 

LOCATION 
CITY 
PROVINCE 

CONST.BY 
DRILLER 
STARTED 

COMPLETED 
OWNER 

SPW 4931 

BARRIO _O__ILI 

BANGUED 

ABRA 
BPW 

FEBRUARY 2 95.2 

FEBRUARY 221949 
APRIL 1391949 
BPW - 3.5 

--

0 

110 

-

-GROUND SURFACE 

YELLOW CLAY 

BLUE ACOl9 

SAND ROCK 

STATUS 

CASING DIAMETER IOMM (4 IN.)-62.8 M.(206 FT) 
76MM(3 IN.) -36.6M.(120 FT.) 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL- 15. 2 M. ( 50 FT.) 
PUMPING WATER LEVEL -33.5 M.( I10 FT.) 

TESTPUMPYIELD IOGPM(O.6 LPS) 

SPECIFIC CAPACITY 0.03 LPS/M(O.2 GPM/FT) 
_LUE ADO0B 

REMARKS: 99.4 as$ 

158.4 510 
WATER QUALITY DATA. [ SAND ROC 

ANNEX FIGURE MII-B-7
WELL DATA SHEETWEUA
CDH
rEASIBILITY STUDY FOR WATER 

SUPPLY OF SECOND TER URBAN AREAS LWUA-CDM WELL CDM-4 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO (CDM) 5 

(OTHER) BPW 11284 
LOCATION BARRIO PATUCANNAY 

CITY BANGUED 

PROVINCE ABRA 

CONSTBY BPW 
DRILLER _________________ 

STARTED MAY 199 1956 

COMPLETED MAY 279 1956 

OWNER BPW 

STATUS 
CASING DIAMETER 150 MM.( 6 IN.) 

CASING LENGTH 54.5 M. ( 179 FT.) , 

,(M) 

4.-

I6.6 

(PT 

..-

55 
65 

CASING 

-

-

-

STRATIFICATION 

__..-GROUND SURFACE 

B--ROWN CLAY 

ADOBE CLAY 
A 

DRILLER'S TEST DATA: 

DATE ___ 

STATIC WATER LEVEL - 12.2 M. ( 4OFT) 
PUMPING WATER LEVEL -24.4 M, 80 FT.) 

TEST PUMP YIELD IOGPM (0.6 LPS) 
SPECIFIC CAPACITY - .05 LPS/M (0.25 GPM/FT) 

REMARKS;-
ADOBE ROCK 

WATER 
55-198 

BEARING STRATUM AT 
FT. ( 16.8 -60. 4 M.) 

WATER QUALITY DATA: 

54 ITO" 

WATER IS CLEAR, 60.4 O - , 

ANNEX FIGURE )Mt-8-8
WELL DATA SHEET
W WL

FEASIB YSTUDY FOR WATER LWUA-CDM 
SUPPLY OF SECOND TIN URBANN AfAs WELL CDM-5 



DESCRIPTIVE DATA GRAPHIC LOB 
WELLNO. (CM) 0 EPTH CASING STRATIFICATION 

WELL___NO.__________0 (M) (F)- C 7iN
 
(OTHER) 9946
 

_ ____GROUNDSURFACE
LOCATION PALAO 
CITY BANGUED_- -

PROVINCE_ ABRA 

CONST BY _ BROWN CLAY 
)RILLER CANDIDO GONZALES 
STARTED JUNE 4, 1956
 

4.6 Is___COMPLETED JUNE 27,1956 

BROWN CLAY WITHOWNER 

STATUS ---- LOOSE ROCKS 

CASING DIAMETER 150 MM (6 N.) 
18 M, (59 FT) 4.2 27CASING LENGTH 

'
 
DEAD ROCK
 

DRILLER'S TEST DATA; 

DEAD ROCKWWITH
 

DATE QUICK SAND
 
- 13 7 M
STATIC WATER LEVEL . ( 45 FT.) 14.0 46 

15 "2PUMPING WATER LEVEL M.( 50 FT.) SAND AND GRAVEL 

TEST PUMP YIELD IOGPM(0,63LPS) 15.2 . 

18 HOURS
DURATIONOF TEST 
LIMESTONE
SPECIFIC CAIC1TY 0.42 LpS/M(26PM/FT., 

10.3 go SBAND AND GRAVEL 

iREMARKS IS. SOULE P
REMARS 109 02BOULDERS 

20.4 67 -

SANDSTONE
 

77..,. ... O SAND AND GRAVEL 

24.4 0 0,9:O 
LIMESTONE WITH 
SAD ND GRAVEL2583 :1 

•o., SAND AND $1RAVEL 

WATER QUALITY DATA; 
s0.5 100 - " 

LOCAL DRILLERS NON STANDARD TERMINOLOGY
 

ANNMX FIGURE M-B-9 
WELL DATA SHEET
 

FEASIBILITY STUDY FOR WATER LWUA-CDM
 CDM-0 
SUPPLY OF SECOND TEN URBAN AREAS LWELL 



NOTE:
 
PROVIDE OPENING FOR WELL SOUNDING IN
 
PUMP DISCHARGE HEAD OR SURFACE PLATE 7
 

CONCrETE PUMP BASE 

V%A 

HOLE AT LEAST 150 MM. LARGER THAN 
,PPER CASING (SURFACE CASING USED 
IN DRILLING MUST BE WITHDRAWN AS 
GROUT IS PLACED.) 

GROUT SEAL 

15 M. MINIMUM DEPTH 

~-	 STEEL UPPER CASING 

(200 TO 400 MM IN DIAMETER 
DEPENDING ON ANTICIPATED 
PRODUCTION RATE.) 

-.; PACKER
 

DRIVE SHOE 
STEEL LOWER CASINGdo 

-CORROSION RESISTANT STEEL SCREEN 
PLACED OPPOSITE PERMEABLE ZONES. 
(150 MM. TO 250 MM. IN DIAMETER 
DEPENDNIG ON ANTICIPATED 
PRODUCTION RATE) 

STEEL BLANK CASING B
 
(2 M.MINIMUM LENGTH)
 

rANNEX FIGURE Ml1-B-O 
GENERAL DESIGN 

NATURAL DEVELOPMENT WELL 
-PERCUSSION DRILLED 

FEASIBILITY STUDY FOR WATER 	 BANGUED WATER DISTRICT 
SUPPLY Of SECOND TIN URIAN AREA$ lWUA-CDM 



SUPPLEMENT TO ANNEX FIGURE VII-B-10 

GENERAL CONSTRUCTION SUGGESTIONS 

Natural Development Well - Peroussion Drilled 

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

2. 	Drive and rill upper caning to depth neoessary
 
to produce satisfactory well based on sample
 
examination and knowledge of nearby wells. Collect
 
careful samplks and use no olay in drilling.
 

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

4-	 Place a string of lower casing and soreen sections 
on bottom cf hole with screen sections opposite 
permeable zca)s. 

5-	 Pull back upper casing to expose screen. 

6. 	Develop and test well.
 

7. 	 Design pump. 
8. 	 Construct well head facilities. 

9. 	Install pump.
 



NOTE; 
PROVIDE OPENING FOR WELL SOUNDING IN 
PUMP DISCHARGE HEAD OR SURFACE PLATE -PROIDE 008M. GRAVEL-FILL PIPE 

SIF DESIRED 

0CASING HANGER 

CONCRETE PUMP BASE 

- STEEL SURFACE CASING - 500 MM 
DIAMETER 

.---.
GRUTSEAL
 

I5 M. MINIMUM DEPTH-----

*GRAVEL PACK
 

STEEL PUMP HOUSING CASING 
(200 MM.T0400 MM,DIAMETER
 
U.D.'ENDING ON ANTICIPATED

PRODUCTION RATE.) . ....HOLE REAMED TO DIAMETER 200MM,

LARGER THAN PUMP HOUSING CASING 
w 

@9 

'--"REDUCING CONE.....-


STEEL BLACK CASING 

-,.--CONTINUOUS WIRE-WRAPPED 
too CORROSION RESISTANT STEEL SCREEN 

u PLACED OPPOSITE PERMEABLE ZONES 
to*.5MM SLOT, 50 MM TO 250MM
 

DIAMETER DEPENDING ON ANTICIPATED 
PRODUCTION RATE ) 

CENTRALLIZERS 
i I1| II
 

I I .... I
I~ lll iip - II II . .. . .. 


STEEL ~~ ~~ o OVERDRILL( BAO KFILL IFEXCESSIVE)BAKASN....i 


° ''' '
 '
STEEMMINU CASNGH '" 
(2MM MLEIN G H ANNEX FIGURE MI- B-II 

PILOT HOLE 1- 1GENERAL DESIGN 
GRAVEL PACKED WELL 

RTR RLE 
Y STUDY FOR WATERFEASBLtI 

Lu.. V o,SECO TEN URBAN AREAS LWUA'CDM BANGUED WAIlER DISTRICT 



SUPPLEMENT TO ANNEX FIGURE VII-13-11 

GENERAL CONSTRUCTION SUGGESTIONS 

Gravel PacJced Well - Rotary Drilled 

1. Drill oversized hole to 15-meter minimum depth 
(more if conditions require), set and grout 
surface easing. 

2. 	Drill pilot hole inside surface casing to
 

antioipated maximum total, depth. 

3. 	Run eleotric log.
 

4. 	 Examine samples and eaeotrio log to locate
 
suitable permeable zones. Abandon site if
 
suffioient permeable material is not found.
 

5. 	 Enlarge pilot hole diameter by reaming to a 
depth about 5 meters below lowest permeable 
zone. Diameter of reamed hole to be such that 
suffioient clearance is provided between bore
hole and pump housing casing for easy placement 
of gravel, but such that diameter of reamed hole 
is not more than 200 mm or 250 mm greater than 
diameter of well screen. If necessary, ream 
hole to 2 different diameters, the larger 
opposite the pump housing oasLng and the smaller 
opposite the screen.
 

6. Install string of casing and screen in reamed 
hole with screen opposite permeable sones. 

7. 	 Place gravel. 

8. 	 Develop and test well. 

9. 	 Design pump. 

10. Construct well head facilities.
 

11. Install pump* 



CHAPTER VIII ANALYSIS AND EVALUATION OF ALTERNATIVES 

A. GENERAL
 

This chapter identifies and evaluates the alternatives avail
able for source developmentt transmission and treatment facilities
 
and d'.stribution system. Other water conservation and augmentation 
alternatives are also included. 

B. WATER SUPPLY SOURCE ALTERNATIVES 

Surface Water Sburoea 

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 oZ Bangued to the year 
2000. The monthly mean flow is less than a million oumd only about 
once in 7 years at Barrio 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 therefor, 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 second set of high-lift pumps to pump treated 
water to the distribution system. About the same volume of water 
could probably be obtained from induced infiltration wells at the 
same 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 banks of the Abra River near Bangued has 
found conditions reasrnrLly 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 wells are 
tabulated on page VII-7. 

Although there are no large-capaoity 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 sufficiently 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 
wells in this area will be moderately sucoessful, the cost of 
supplying the BAN-WD servioe area with deep well water has been 
calculated for comparison with other alternative sources. The para
meters suggested for cost analysis of deep wells are tabulated on 
page VII-7. 

Spring
 

Since 1919, Bangued has been supplied with water piped from
 
Lusuac Spring, 8 km away from the poblacion. The quality of the 
spring water is favorable for water supply (refer to Table IV-2). 
The flow from the spring has been measured several times weekly 
since September 1976 and has never been lese than 3 times the 
eati -ated maximum-day water requirement of the BAN-WD in the year 
2000 (see page VII-3). Lusuac Spring is therefore adequate for 
future supply.
 

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

Comparison of Alternatives 

The economic comparison of the 3 soure alternatives - induced 
infiltration wells, deep wells and Lusuao Spring - 'orthe BAN-WI)
 
to the year 2000 conforms to the economic cost criteria in Appendix 
F. The cost of electric energy used is PO.41/kvh. The facilities 
for these alternatives would be constructed in stages. All 3 alter
natives can meet the projected water demands shown in Figure VI-3. 
In the initial comparison, the present transmission lines from 
Lusuac Spring have been 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 from the comparison. 

Comparative present worth costs of the 3 alternatives, under 
the above stated assumptions$ are given in Table VIII-1, The com
parative analysis of the present worth costs for supplying water 
to BAN-WD until the year 2000 indicates that the supply available 
from wells in the service area is the least costly of the 3 sources 
considered (about 13 perent 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
 

COMPARATIVE PRESENT WORTH COSTS19F
 
ADDITIONAL SUPPLY ALTERNATIVESVI
 

Construction Present yorth 
Cost Cost -! 
x 1000) x 1000) 

Induced Infiltration Wells on
 
Abra River 

Wells and Pumphouses P,794
1 519
 
Distribution Pipelines-/ 300 88
 
Transmission Pipelines 1,750 362
 
Operation and Maintenance  281
 

Total Present Worth Cost P1t250 

Wells in Service Area 
Wells and Pumphouses ?2,517 P 598
 
Distribution Pipelinesy-/ - 5 
Transmission Pipelines -
Operation and Maintenance 235 

Total Present Worth Cost Y 833 

Lusuac Spring 
Wells and Pumphouses / -_ 
Distribution Pipelinesy P 300 r 85 
Transmission Pipelines 
 2,950 829 
Operation and Maintenance - 47 

Total Present Worth Cost P 961 

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

?/]Includes salvage values and replacement costs.
 

-/Cost for distribution pipelines only include those costs
 
in excess of distribution costs of other alternatives.
 

VII-3
 



the wells would still have the least present worth cost but only

7 percent less costly than that for Lusuao Spring. These differ
ences are or least near,
within, at the expected range of accuracy
 
for such estimates.
 

A troundwater 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 th&,t would not favor the ground water alter
native. The quantity of -. round water assumed available may not,

in fact, be available. Moreover, it may not be economical to use
 
the kroundwater even if availablo. Water wells
from appears to be
 
less costly when renuired in small quantities to supplement the
 
existing water 
 systen. If a lare:. quatity of water is required
from the well system at an 
early date due to failure of one of the
 
existing transmission mains, the Lusuac Spring alternativu would
 
end up less costly. 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 !3ourcea
 

The first comparative analysis (Table VIII-l) 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 ia feasible, and (2) the 2 existing

transmission mains Lusuac could
from Spring operate until about 
the year 2000.
 

'Te second comparative analysis (Table VIII-2) shows that 
water from Lusuac Spring is less costly than groundwater wells if 
one of the existing 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
transmission main!.,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. 
 In either analysis, the deep well alternative is 
extremely dependent on the cost of power (maintenance and operation).
Any future increases in fossil fuel costs would definitely favor 
the spring (G,,ravity) alternative. Therefore, it recommendedis that 
Lusuac Spring be utilized in the future as BAN-WD source of supply. 

If at sometime in the future the spring supply is inadequate 
or the quality deteriorates, then it would be advisable to investi
gate utilizing wells for supply. 
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TABLE VIII-2 

CO.]PARATIV' .]  101"VIIIIN o[CSSVP 
Ak I'1TIO'I AA, I1 PT,Y A]/P :!?r]fPI'L 

(Assuming one trarismission main i s ,u aidonwd by 1984)
 

Construction Present th
Coat C sts 

-(r x 10o) (P x oo0) 

Wells in Service Area 
Wells aid Fumphouses 6/ P3,055 P 914 
Distribution Pipelines_ - _ 
Transmission Pipelines -
Operation and Maintenance -

Total Present Worth Cost P1,452
 

Lusuac 3prin-

Wells and Purphoues 6- -
Distribution Pipelinesy P 300 P 83 
Transmission Pipelines 3,465 1,045 
Operation and Maintenance -

Total Present Worth Cost P1,168 

4/These alternatives &re based on an estimated staging
 
program. 6ee Annex VIII-B for details.
 

-/Includes 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. TREATMENT ALMh1?NAPIVES 

The Lusuac Spring analysis (Table IV-2) shows that, except for 
total hardness and aremagnesium content, all chemical constituents 
within the acceptable limits of the Philippine National 6tandards for 
Drinking Water. Hardness in domestic water supply is an economic 
problem since it results in waste of soap and encrustation of uten-
Oils. It is also undesirable for certain industrial processes such 
as carbonated beverages, metal finishing, food processing, textile 
industries and pull and paper process. H'owever, hardness has no
 
demonstrable harmful 
 effects on the health of consumers. T4anesiumn 
is considered relatively non-toxic to man and is not a public health 
hazard. At high concentrations, however, magnesium salts 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 Standards 
for Drinking Water. 

Therefore, water from Lusuac Spring and deep wells within the
 
BAN-WD (the best and near best alternatives), if properly desitned
 
and constructed, would not require any treatment. 
 However, in order 
to preserve the good quality of water throuhout 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 rasons 
(availability of the equipment, supply and application, and lasting

effectiveness), chlorination is the recommended process Ior dis
infect ion.
 

D. I)THtIBITION ALTEIJRATIVES 

General
 

This section presents the various distribution alternatives
 
considered for the BAN-11D. 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 K have been largely developed for the First 
Ten Provincial Urban Areas and are applicable to moderate-size 
communities. The Seccnd Ten Provincial Urban Areas are generally 
much smaller and tho parameters presented in Appendices F and K 
must be applied with discretion.
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Particular attention is given to the requirements of fire flow 
for the BAN-WD. In general, fire flow is applied at various locations 
in a system coincidentally with maximum-day demands, and the pipe
lines are sized to convey the required flow at specified head losses. 
In large communities, the total peak-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 flow. In the 
smaller communities, especially the small barrios some distance from 
the central poblaoion, the fire flow alone can be 3 or 4 times the 
total peak-hour demand. 

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

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

1980 9 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 demand, cud 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 service area of the BAN-4D 
to the year 2000 varies from a low of 38 meters just north of the 
poblaoion to a high of 85 meters in Pefiarrubia. The poblacion of 
Bangued is largely situated at an elevation of 40 meters. 

There are essentially 2 pressure service areas in the existing 
Bangued water system. The pressures in Bangued are regulated by the 
water elevation in the existing storage tank, while the pressures 
in Pefarrubia are controlled by th4 hydraulic gradeline within the 
transmission mains from Lusuac Spring to Banguod. 

The existing stol-age tank is not high enough to serve the 
Peffarrubia area effectively. In the future, Pefiarrubia and the 
adjacent barrios of Dwm yoo and Riang should continue to be served 
directly from the trantmission mains. 

The hydraulic gradeline in the transmission mains between 
Lusuac Spring and Bangued is expected to be higher than necessary to 
serve the Paearrubia area and adjacent barrios. The Pefiarrubia area 
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should therefore be served through a pressure-reducing valve from
 
the transmission mains 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
 
Pefarrubia.
 

The overflow elevation of the existing storage tank (101.6
 
meters) is sufficient to serve the poblaoion of Bangued and the
 
adjacent barrios expected to be served by the year 2000.
 

Storaee 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 source of supply is capable of supplying
 
water at a rate equal to the maximum-day demands, then a volume
 
equal to 15 - 20 percent of the maximum-day demand is usually
 
sufficient to meet the hourly fluctuations in demand*
 

An alternative to supplying the above storage capacity is to 
provide additional supply capacity. In Bangued, additional supply 
capacity would mean providing more transmission main capacity from 
Lusuac Spring to Bangued. The rationale for providing additional 
supply, including a curve to estimate storage requirements at 
different rates of suppl3 is discussed in Methodolog Memorandum
 
No. 5.
 

Table VIII-3 shows the present worth analysis comparing the
 
cost of additional supply (transmission capacity) with that of
 
additional storage for Bangued. The comparison shows that it is
 
more economical to provide additional storage capacity to a maximum 
of 15.5 percent of maximum-day demand and delay as long as possible
 
construction of additional transmission mains.
 

Transmission System
 

The existing transmission system between Lusuao Spring and
 
Bangued (see description in Chapter IV) is very old, and by 1984,
 
would not have sufficient capacity to serve Bangued. The capacity
 
of the 2 existing transmission mains is estimated to be 23.3 IPs;
 
however, with leakage due to deteriorated pipe conditions, the
 
capacity would be much less. The following table shows the required
 
capacity for 2 sections of the transmission main to carry maximum
day demands to Bangued.
 

Section I - Lusuao Spring to Pefiarrubia (Length - 2,940 m) 
1980 - 25.7 ips 
1990 - 45.9 
2000 - 78.1 

Section 2 - Pefiarrubia to Bangued (Length - 4,950 m)
 
1980 - 23.5 lps
 
1990 - 41.2
 
2000 - 69.6
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TABLE VIII-3 

PRESENT WORTH COSTS
 
OF ALTERNATIVE STORA AND
 

ADDITIONAL SUPPLY2/
 

Alternative I Alternative 2 Alternative 3 
(Maximum (Intermediate (Minimum 
St orag) Storg -Storage) 

Storage Required (Peroent)/ 15.5 7.5 3.0 
(Volume, cum) 1,010 490 200
 

Present Worth Coat (I ")10/
 
Storage r 1-' _p
 
supply 4600. 5220 

Total P 3,220 P4,600 P5,270 

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 Peijarrubia. Section 1 is designed to carry 
the peak-hour demands for the Peffarrubia area because there is no 
storage tank serving Pefiarrubia. The flows to Peffarrubia are small 
so that providing the capacity within the transmission main does not 
affect its overall size. Therefore, there is no benefit derived from 
constructing a storage tank in Pefiarrubia. 

Section 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 recommendations for transmission main improvements are 
ineluded in CLapter IX. The estimated capaoities for the transmission 
main are based on limited field data. 

Alternative routes for the transmission main from Lusuac Spring 
to Bangued have been investigated during this study. No alternative 
routes offer any advantages over the existing route for Section 1 of the 
transmission main from Lusuao Spring to Pefiarrubia. Future trans
mission main improvements between husuao Spring and Peflarrubia should 
be constructed parallel to the existing mains. 

i 'A alysia includes facilities required up to the year 2000. 
roentage of maximum-day demand. 

Includes only storage in addition to existing 440-cum storage 
tank 01It is assumed the existing tank would be adequate in Alternative 2.
 

-. Based on oonstructing 2 additional tanks$ 300 0= in 1985 and 
270 c= in 1993.
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An alternative to the existing route between Pefiarrubia and 
Bangued has been considered. The proposed route would follow the 
National Road 306 from Foearrubia to Bangued, passing through barrios 
Riang, &Agangao, Sao-atan and Lipoan. Although the alternative 
route is longer by about 2,260 meters, it could be used to serve areas 
that would require additional pipeline if the existing route is fol
lov;ed. Construction along the roadway would also be lees expensive 
then across 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 2M in 1986. Along 
the existing route, a 200 mm pipeline would be required in 1980 and 
an additional 200 mm pipeline in 1988. The difference in pipeline 
sizes and dates for construction is due to the longer pipeline re
quirine less headloss per meter to meet pressure requirements in the 
distribution system. 

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

Besides the cost disadvantages of the alternative transmission 
main route along National Road 306, there are also certain hydraulic 
disadvantages. The static hydraulic gradoline along the alternate 
route would be high enough to require use of a higher class ost 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 
main. 

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

Distribution Sstem 

The analysis of the distribution system for Bangied generally 
conforms to the criteria set in Appendices F and Ke In the First 
Ten-Area Feasibility Studies, the compirter analyses were conducted 
only on pipelines larger than 200 mm, which were classified as 
distribution mains as differentiated from the internal network pipe
lines. In Bangued, there are no pipelines larger than 200 mm re
quired through the year 2000; therefore, all pipelines within the 
poblacion and major pipelines to surrounding barrios have bevu 
included in the computer analysis. 

The distribution analysis did not include 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 connection with fire 
protection.
 

VIII-lO
 



TABLE VIII-4 

PREWNT WORTH COST COMPARISON OF ALTERNATIVE 
TRANSMISSION MAIN ROUTES 

Parallel to Existin franemission Mans Present Worth Cost 

200.4= pipeline constructed in 1980 P 1,540,000
 
200-m pipeline constructed in 1988 5408000
 

Sub-total P 2,080,000
 

Along National Road 306 

200-mm pipeline constructed in 1980 P 1,640,000
 
250-m pipeline constructed in 1986., ,170000
 
1980 distribution main not required, -3809000
 
1990 distribution main not requiredw/ - 60,000
 
2000 distribution main not r-quired 20,000
 

Sub-total P 2,350,000
 

Fire Proteotion
 

Fire protection does not exist in most sections of Danued 
because there is little or no water pressure much of the day. Te 
provide fire protection, there must be adequate pressure in all pipe
lines 24 hours a dwy. 

In general, full fire protection to the entire muniolpality has 
not been provided in the immediate improvement program because of 
the high cost of full fire proteotion; 

As outlined in Appendix K, there are 2 standards of fire proteo
tion: one for tho high-value residential, oommroial and industrial 
areas; and another for the singie-family residential areas. In the 
high-value residential, commercial and industrial areas, an available 
fire flow of 20 lps at 2 adjacent fire hydrants sbould be provided;
 
and in the single-family residential areas, only 0 lpu at 2 adjacent 
hydrants. Figure VIII-1 shows the outline of the fire service areas 
in Bazguedo 

:1k/These costs include those distribution mains 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 pro&Tam has been com
pleted, full fire protection can be provided along Taft Street since 
a new 150-m pipeline would have been installed. Along streets more 
than a block or two from Taft Street, the available fire flow would 
only be about 50 percent of the required capacity. To obtain fire 
flow in 1980, the existing fire hydrants would have to be repaired. 

By 1990, the existing mains within Bangued would nearly all be 
replaced with 100 mm and 150 mm pipelines so that the available fire 
flow would increase substantially. The available fire flow within 
the poblaoion 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 barrios of Dangdangla, Patucannay, Calaba 
and Bangbangar if the pipelines to these areas are sized for 1990 
peak-hour flows. Using the computer to select pipeline sizes serving
the above barrios for the year 2000 peak-hour flow indicates that 
staging would not be recommended. 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 indicates these additional pipe
line costs directly attributed to providing full fire protection in 
the year 2000. 

It is recommended that the pipeline constructed by 1990 be sized 
for the year 2000 peak-hour flow. Admittedly, the system would not 
be capable of providing full fire protection in 2000. However, it is 
difficult to predict the actual demands for the outlying barrios in 
2000. Since adequate fire protection and adequate peak-hour service 
would be provided in 1990 and 2000, respectively, construction of the 
pipelines in 1990 to meet 2000 fire flows is not recommended in view 
of the cost.
 

System Operation 

This section inoludes various operational aspects of the alter
native distribution systems. Since there are no alternative distri
bution systems, no operation problems can be compared. 

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 control required in the 
system would be an altitude control valve located at the storage tank. 
This valve would automatically shut off flow in the transmission mAin 
when the storage tank in full. The BAN-WD would be operated directly 
from the tank. 
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TABLE VIII-5 

ADDITIONAL PIPELIlE COSTS TO PROVIDE 
FULL FIRE PROTECTION IN 2000 

Size frjr Partial Size for Pull 
Protect,ion Protection Additional 
(MI MM" 	 mm)Cost 

1,840 100 150 P 160,000 
1,775 150 200 150 0 

Sub-total 265,000 
Contingencies (15%) 400 

305,000 
Engineering 

Internal Network 

*Ageneral but complete discussion of the internal network for 
small size of thedistribution systems is included in Appendix K. The 

BAN-WD does not affect the application of the criteria contained in 
Appendix K since these are the minimum pipeline sizes recommended for 
any urban area. The cost data in Appendix K will be multiplied by a 
faotor of 1.21 to obtain mid-1978 costs for this report* 

E* 	OTHER AIIERNATIVES FOR WATER 
CONSERVATION AND AUUMENTATION 

In areas where water is a soaroe resource, there are several 
alternative measures of conserving water. These alternatives depend 
on sophisticated teohnology in the case of wate- reuse and desalting 
or on governmental policy in the case of land managemento Appendix 
M, VolumeII is a discussion of these conservation and aunentation 
alternatives* 
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AIRX VII I-11 

,-CHi'!IJL, 010 PACIITI, , .:!R- AI,'PEr!ITim ITAUX To 

The cost,, jor \:,iU'Oi Sp ;ly 1101'YnOdtive.i arc .resT teed in 
Tables VIII1 izid. VITI-- .. The'e t:ibIe:; are a simplified ouinmary of 
the cot iricIu,.ed in the ,SouPce ;-Ij:,.-,;i:;. A morte detailed schedulo 
of the anticijald fa,:ititie:3, cos.t:; anId year corstnctcd follows. 

TPABLE2 VIII-1,-1 

C0VIIA~T IVI-'N, ,ori'19T ':;T'3, O1" ADDITIONAL, 
SUPPLY ALTLhVRAVIVE,.., 

Present 
iiorth 
Cost 

Construction (Le'-ss Sal-
Year Cost vase Value) 

F,°ilit' Const - ted . x 1000) (rx 1000) 

Induced Infilt'ation 'Je!lls on Abra 
River 

Source 
Test Jells 1980 73 58 
Well and bual Drive Plunphouse 1984 396 198 
Power Lines 
;lol ;and Funphouse 

1984 
1985 

100 
265 

47
111 

Collection lipe 1985 90 36 
Well and Frlimphouse 1992 265 39 
Collection Pipe 1992 125 17 
Well and Pumphouse 1998 265 7 
Collection Pipe 1998 125 3 
Replace )rive 1998 ___.3, 

Sub-total 1,794 519 

Transmission Mains 

1984 750 338 
1998 1,000 

Sub-total 1,750 362 

Distribution Mains 1984 150 68 
1992 150 20 

Sub-total 300 88 

Operation and Maintenance 1983-.u00 - 281 
Total 3j844 1,250 
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TABLE VIII-B-1 (Continued)
 

Present
 
Worth 
Cost
 

Construction (Less Sal-


Facilit 
Year 

Constructed 
Cost 

-O x 1000) 
vage Value)
( x 1000) 

Wells in Service Area 
Source 

'Pe,;t Jells 1980 213 170 
We]ci ,,ad Pumptho;i se
Well and lNuniphouse 

19&I
1985 

269 
269 

128 
113 

hell 
Well 
toll 

ind D't,.1 Drive Pumphoiise 
:rnd I'xmphollse 
aid lr. il Drive b:rnphouse 

198q 
1992 
1994 

345 
269 
345 

87 
40 
37 

W,eli nd ThUIpho1:7e 1996 269 16 
Well arnl hu ,phouse 1998 269 7 

:;ub-total 2,248 598 

Trxismission flains 

Di ut ribut ion plains 

Operation and Maintenance
 

1983-2-000 - 25 

Total 2,248 833
 
" 
Lusuac 4rin
 

Source
 

Tr-nsmi:ssion Mains
 

1984 1,475 664
 
1993 L
 

Oub-total 2,950 829 

Distribution Mains 1984 150 68 
1993 150 17 

Sub-total 300 85 

Operation and Maintenance
 
1983-2000 -

Total 3,250 961
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COMPARATIVE PRESENT WORTH COSTS OF ADDITIONAL SUPPLY ALTERNATIVES 
(Assuming One Transmission Main Is Abandoned by 1984) 

Facility 

Wells in ,Service Area 
Source 

Test Wells 
Three Wells and Pumphouses 
Well and Dual Drive Pumphouse 
Well and Pumphouse 
Well and Pumphouse 
Well and Pumphouse 
Well and Dual Drive Pumphouse 
Well and Pump 
Well and Pumphouse 

Transmission Mains
 

Distribution Mains 

Operation and Maintenance 

lasuao Spring 
Source 

Transmission Main 


Distribution Mains 

Operation and Maintenanoe 

Year 

Constructed 


1980 

1984 

1985 

1988 

1990 

1993 

1995 

1997 

1999 


Sub-total 

Total 

1984 

1993 


Sub-Total 

1984

1993 


Sub-total 

1983-2000 


Total 


Present 
Worth 

Cost
 
Construction (Iss Sal-


Cost Vago Value)
 
(~ x 1000) (P x 1000)
 

213 170
 
807 385
 
345 150
 
269 75
 
269 56
 
269 33
 
345 29
 
269 12
 
269
 

3,055 914
 

-P 

3,055 1,452 

1,992 897
 
1,411
 
3,465 1,045 

150 68
 
1
 

300 83
 

40
 

3,765 1,168 
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CHAPT,91 IX DE2CHIPTION AND COST OP THE RiOD ED PLAN 

A. 	 0GiREIAL 

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, conm
ments re,-arding the mana,,gement of water resources arid a statement 
regarding the environmental impact of this project are included. 
Appendices F, G, NJand 0, Volume II contain discussions of Design
Criteria, Bazis of Cost Estimates, Construction Methods and Materials, 
and Outline Specifications, respectively. The recommended construction 
program consists of the following 5 implementation steps: 

1. 	Immediate Improvement Program (1978-79) 
2. 	Stage I Phase A of the Long-Term Construction Program
 

(1980-85)
3. 	 Stage I Phase B cf the Long-Term Construction Program 

(1986-90)
 
4. Stage II Phase A of the Long-Term Construction Program 

(1991-95)

5. 	 Stage II Phase B of the Long-Term Construction Program 

(1996-2000) 

Source
 

The current source of water supply to Bangued, Lusuac Spring,

is located approximately 8.0 km southew.* of the municipality and
 
serves the community via two existing 15U,..imparallel pipelines.
 
The capacity of the spring is about 18,000 oumd. 
The spring will
 
be utilized as 
a water supply source for the water district and
 
will be adequate to provide projected maximum-day demand well past

the year 2000, at which time maximum-day demand is expected to be
 
about 6,500 cumd. The existing collection facilities are currently
 
adequate, but will be augmented during construction Phase I-A, after
 
which addiLional expanoion will not be required within the design
 
period of this project.
 

The BAN-14D will also be required to file an application with
 
the National Water Resources Council to secure water rights on
 
Lusuac Spring.
 

Storag~e 

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. 
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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 transmission system from Lusuac 
Spring to Bangued, only about 10 percent of the maximum-day 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 as 
the existing tank. 

TransmissionSystem 

The existing transmission system will be thoroughly tested by 
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-A. A second parallel 200-mm transmission main will not be 
necessary until Phase I-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 transmission main
 
to Phase II-B is more probable if one of the existing transmission 
mains can be maintained in service up to 1995. After 1995 it is
 
assumed that both of the existing transmission mains will be aban
doned.
 

Distribution System
 

The existing distribution system of BAN-WD serves the poblaciones 
of i angued and Pefiarrubia 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 of Bangbangar, 
Ca]aba, Patucannayand Riang by the year 1990 and serve Agtafigao, Palao 
and Sao-atan by the year 2000. 

A total of about 18 km of 100 mm, 150 mm and 200 mm pipeline 
will be constructed by 1990, including 15 km of pipeline to replace
 
those pipelines in the existing system that are undersized and are
 
in poor condition. An 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 areas. 

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,
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operation, maintenance and quality control capabilities within the 
water diutrict. An administration building will be constructed during 

the immediate improvement program and will temporarily house plumbing 
shop facilities. A plumbing shop, meter repair shop and laboratory will 
be constructed in Phase I-A. 

B. IMM1DIATE IMPROVI0 I1T PRCGIAM 

hile the findings and recommendations of this report are being 
reviewed, pending their approval by the BAN-WD, LWUA and financial 
agencies, certain steps may be taken to facilitate immediate improve
ments in the BAN-WID water supply system. These "high-impact" im
provements will provide improved service to existing consumers and
 

provide additional service to a limited number of new connections
 
to the system, before implementation of the long6-term construction
 

program. 

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 the projected water 
requirements of the BAN-4WD beyond the year 1980. The present supply 
to the existing service area is over 2,200 cured, providing 330 Ipcd 
to an estimated 6t720 existing consumers. 

The immediate improvement program w!il increase water supply 

service primarily by the addition of' distribution facilities. The 
program consists 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 

f'ull-time chlorination of the distribution system. 
4. 	The metering of 868 existing service connections as well as 

the provision of 494 new connections and repair of about 
30 percent of' the existing connections. 

5. 	The construction of new administrative building (temporarily
 

housing the plumbing shop) and te 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 
Location () 

Agoncillo Street 	 100 100
 

Taft Street 100 180
 
Washington Street 100 110
 
Purugganan Street 100 270
 

IX-3
 



Manzano Street 100 190
 
Partelo Street 100 150
 
Bo. Dangdanjgla Road 100 1,040
 
Peiarrubia* 100
 

Sub-total 2,870 
PeFiarrubia* 150 250 
Taft Street 150 170
 
Economia Street 150
 

Sub-total 1,195
 
'raft Street 200 520
 
Torrijos Road 200 860
 

Sub-total 1,380
 
From Reservoir to Torrijos Road 250 295
 

To Reservoir from Source 250 365
 

Sub-total 660
 

Total 6,105
 

*Irr Poblacion of Pearrubia, 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 connec
tions but will also serve as segments of anticipated future water 
mains. The pipeline along Taft Street will immediately provide 

better water pressure to the northwestern section of the system. 
The construction of additional 100 mm mains will permit the conneo
tion of additional consumers and will provide additional loops for 
better pressure and flow distribution. One thousand eighty (1,080) 
meters of 100 and 150 in pipe will be installed in Pefiarrubia 
municipality where the current supply is via 25-m piping. 

The provision of better pressure throughout the BAN-WD distri
bution system on a 24-hour basis will tend to aggravate the current 
level of system leakage and wastage. It is, therefore, essential 
that an intensive programofleakage and wastage surveys and associated 
system repairs be undertak n during the immediate improvement prom 
gram.
 

Chlorination equipment, complete with a separate structure, will
 
be provided at the site of the existing Lusuac Spring intake faoili
ties to provide an initial dosage of 2.0 mg/l to maintain a minimum
 
chlorine residual of 0.1 mg/l at all points within the distribution
 
system. In order that the existing collection chamber may be used
 
for ohlorination of all water flowing from the source, the existing
 
150-mam 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 494 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 BAN-WD will be signifi
cantly enhrnced lr the acquisition of land and the construction of 
a new 300 .iqn administrative building, complete with office space for 
administrati:Lon, billing and record keeping, as well as a small lib
rary. This new building will be iPurnished with desks, filing 
cabinets, typewriters, addressograph and validating machines. 
Plumbing equipment will be purchased and a portion of the adminis
tration building will be used as a plumbing shop until permanent
 
plu,mbing shop facilities are provided during Phase I-A. 

Table IX-1 presents the breakdown of costs (at July 1978 price 
levels) for the imrediate improvement program. The total project 
cost of P3.51 million consists of ?1.74 million in foreign exchange 
and PI.77 million in local currency. 

C. FIRiST STAGE OF THE IONG-TERM CONSTRUCTION PROGRAM 

As a result of alternative studies (Chapter VIII), the
 

recommended scheme for the construction of source and transmission
 
facilities has been selected. The Lusuac Spring will continue to 
serve the BAN-WID service area up to 2000. New transmission facili
ties will be constructed along the alignment of the existing trans
mission pipelines.
 

The first stage of the recommended constructiom program,
 

including source development, treatment, transmission and distribu
tion facilities, will be implemented in 2 construction phases
 
with duration of 6 years and 5 years, respectively.
 

Existing facilities are incorporated into the recommended
 

scheme to the maximum extent practical. The older of the two 
existing 150 mm transmission pipelines may be abandoned during 
the early part of the first construction stage after a detailed 
hydraulic study is performed. However, the 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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TABLE 	 IXZ-1 

COST SUMMARY 
IW02DIATE IMPROV4WT PROGRAI 

Cost in Pesos 

Item 	 Local _e Total Remarks 

Distribution Facilities
 
1. 	Leakage Detection and Repair


Materials and Equipment 5,000 8tO00 13,000 Specialist fees, travel and

Civil and Structural 	 18,000 86,000 104,000 equipment; miscellaneous valve 

repair 	and replacement. 

2. 	 Distribution System Pipelines
 
Materials and Equipment 
 144t40 621,000 765,400 Construct 2,870 meters of 100mm,
Civil and Structural 475,600 - 475,600 1,195 meters of 150mm, 1,380 

meters of 200nm and 660 meters 
of 2 50mm pipeline. 

3. 	 Disinfection Facilities 
Materials and Equipment 
 19700 20,600 22,300 Construct a 3 m x 3 m structure 
Civil and Structural 9.100 - 900 10sO and install chlorinator, booster 

653t800 736,500 1,390,300 pump scales and accessories. 

Storage Facilities 
4e Misting Storage Tank 

Materials and Equipment - 16,000 16,000 Repair cracks in fleer. 
Civil and Structural 12.500 -

12,500 16,0OO 28,500 

Service Connect ions 
5. 	 Installation, Conversion and Repair
 

of Service Connections
 
Materials and Equipment 17,900 480,400 498,300 Convert 878 connections to metered, 
Civil and Structural 266,000 - 26.000 replace 263 existing connections 

283,900 40,400 764,300 and install 494 	new connections. 

'/Based on July 1978 prices.
 

-/Based on an exchange rate of US$I.00 to ?7.00. 
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TABLE IL-I (Continued) 

Cost in Pesos
 
Item Local For eign Total Remarkg 

Administrative and Miscellaneous Facilities 
6. Administrative Building and Equipment 

Materials and Equipment 20,000 69,000 89,000 Provide 300 sqm of floor space, 
Civil and Structural 363,000 - 363,000 typewriters (3), addressograph (1), 

validator (1), calculators (2), 
filing cabinets (7), desks (10), 
chairs (20) and plumbing tools. 
Land cost included as a separate 
item. 

7. Vehicles 
Materials and Equipment 30,000 30,000 60,000 Purchase one van or piek-up type 
Civi] and Structural - - - vehicle. 

8. Miscellaneous Items 
Materials and Equipment 5,000 8,000 13,000 Purchase chlorine residual anal.-
Civil and Structural - -- zers, minor distribution system 

418,000 107,000 525,000 repair items and miscellaneous 
publications. 

Total Construction Cost 
Materials and Equipment 224,000 1,253,000 1,477,000 
Civil and Structur- 1,144,200 86,900 1,231,100 

Total 1,368,200 1,339,900 2,708,100 
Contingencies @ 15% 205.200 201,000 406,2Q2 

1Sub-total1573,400 1,540,900 3,114,300 
Engineering @ 1109000 202,400 311.40 

Sub-total 1,682,400 1,743,300 3,425,700 
Land Costs 84,000 -84,0 

TOTAL PROJXT COST 1,766,400 1,743,300 3,509,700 

4Consists of 65 percent foreign exchange and 35 percent local currency based on recent consulting projects. 
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CONSTRUCTION PHASE I-A (1980-85) 

SourcDeveoet 

The vresent supply of water to BAN-WD comes from Lusuac Spring. 
The existing collection facilities consist of a rook retaining em
bankment, a concrete 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 rook embankment and
 
transmits water directly into one of the two transmission pipes. The
 
second route involves a piping system (a single 200 mm pipe and
 
three 75 mm pipes, all in parallel) connecting the spring 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: 

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

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

3. 	 Construction of a new reinforced concrete collection chamber 
to accommodate expected year 2000 flows. The preliminary 
design of this facility includes provision for a broad-crested
 
weir within the structure 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. 

6. 	 Construction of a metering/valve chamber along the trans
mission pipeline route on the upstream side of the munici
pality of Pefiarrubia. This facility will include primary
 
source flow metering devices and pressure-reducing valves 
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required for service to Pefiarrubia. All required valves
 
and piping for this equipment have been included in the
 
preliminary design of this facility.
 

Figure IY-4 shows a schematic plan of these proposed facilities
 

(excluding the meter/valve chamber).
 

Transmission Facilities
 

The two existing 150 mm transmission pipelines will continue to 
provide service to the BAN-WD service area until 1984. During 
Phase 1-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 Lusuac Spring collection facilities to the
 
existing 440 cur 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 oapaoity 
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.
 

All appurtenant gate valves, specials and vacuum/air relief 
valves have been included in the cost estimates. The hydraulic 
grade line of the proposed transmission pipeline, under expected 
1990 maximun-day flow conditions, is shown in Figare IX-5. The 
general Liyout of proposed transmission facilities is shown in 
Figures IX-6 and Il-1 (appended). 

Distribution System 

The distribution system improvements included in construction 
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 IL-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 net
work. Pipelines to serve the 4 vdditional barrios are sized for
 
peak-hour flows expected in the year 2000. It is not cost-effective 
to stage those pipelines if the required size for the design period
 
is 150 mm, 

The final computer printout for the year 2000 peak-hour flow 
is included in Annex IX-C. 
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TABLE IX-2 

PHASE I-A TRANSMISSION AND DISTRIBUTION PIPELINES 

Pipe Pipe
 
Pipe Diameter Length 

Number Location/Deoription (mm-) (m) 

32 Capitulacion St. 100 65 
33 Capitulacion St. 100 

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-Ilooos 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 11100 

5,995 
22 Magallanes St. 200 40 
23 Magallaiies St. 200 70 
25 Taft St. 200 75 
40 Taft St, 200 130 
49 Transmiesio%, 'peline to Reservoir200 4,950 
51 Transmission Pipeline to Reservoir200 

TOTAL 14,575 

Xnternal Network
 

The schedule of additions to the internal network system is 
presented in detail in Annex IX-C. The existing internal network 
system 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. 
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The total area served by additional internal network is about
 

88 hectares. This will provide service to 100 percenL of the 1976
 
service area, 100 percent of the additional area to be served by 
1980 and 55 percent of the additional area to be served by 1990. 
Areas adjacent to distrihtion 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 Y, Volume I. 

Service Connections
 

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

Fire Protection
 

The schedule for fire hydrant installation within the water 
district is presented in Annex 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 Pefarrubia Poblacion, and 23 hectares within the
 
surrounding barrios. Bangued Poblacion will receive a higher standard
 
of service because of its high population density and high-value
 
property.
 

Laborator Fcilities 

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 chemical
 
analyses and bacteriological analyses. All required furniture and
 
fixtures will be provided. The laboratory facilities provided
 

during Phase I-A will be adequate beyond the period of the first
 
construction stage and will be increased in 1994-95 (Phase II-A).
 

Plumbing Shop Facilities
 

Because of expanding water district staff and water supply 
facilities, iJ is anticipated that the administrative building 
(housing both administrative staff and plumbing facilities) will
 

become overcrowded during the early part of construction Phase I-A. 
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.
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Water Meter Test/Repair Facilities
 

The provision of water meters is a critical factor in in-. 
creasing the overall accounted-for-water within a water supply 
system. 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 Uurm arv - Phase I-A 

The cost summary for proposed construction during Phase I-A 
is presentetl in Table IX-3. Based on 1978 price levels, the total 
project cost for t.his phase is !7.25 million with a foreign exchange
 
component (tIEC) 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 struc
tural work. Materials and equipment considered in this breakdown 
inclu(de pipes, valves, water rmlters, hydrants and chlorinators. 

CONSTRUCTION PHASE I-B (1986-9O) 

.Pistribi'Li on System 

All of the di:otribution rystcm improvements included in cons
truction Phase I-B ar to replace existing pipelines (constructed 
beforc 1978) in the BAN-WD. Figures IX-6, IX-7 and IX-1 (appendxl) 
and Table IX-4 show the pipelines to be construoted during Phare I-3. 

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

Internal Eetwork 

New internal network (54 hectares) will be provided during this 
construction phase to provide 100 percent coverage of the 1990 ser
vice area. Internal network will be providod at an annual rate of 
approximity 10.8 hectares per year, uniformly over the period 1986-. 
90 (see Annex IX-C). 

Service Connectionss
 

During Phase I-B a total of 606 new service connections wilJ 
be installed, at a rate of approximately 120 connections per year, 
increasing the total servico connectionc to 2,570 within the water
 
district by 1990 (See Annex IX-C).
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TABLE IX-3
 

COST SUMMARY FOR CONSTIUCTION 
STAGE I PHASE A (1980-85)
 

cost4
Construction 

Item Period Local FEWT 

Source Deveiopment 1981-82 
Materials and Equipment 6,300 116,000 
Civil and Structural 130a -g 

87,600 116,000 203,600 
Pipelines and Valves 1981-82 
(100 mm x 375 m) 

Materials and Equipment 2,800 17t800 
Civil and Structural 20,900 -

(150 mmx 5,995 m) 
Materials and Equipment 144,100 562,800 
Civil and Structural 461,100 

(200 mm x 8,205 m) 
Materials and Equipment 259,300 1,017,500 
Civil and Structural 678,100 -

1,566,300 1,598,100 3,14,400 
Laboratory Facilities 1981-82 

Materials and Equipment 21,400 224,000 
Civil and Stxctural 118,500 

139,900 
50,000 
274,000 413,00 

Meter Repair Facilities 1981-82 
Materials and Equipment 4,400 55,600 
Civil and Structural 55 0 

59,400 55,600 115,000 
Plumbing Shop 1981-82 

Materials and Equipment - -

Civil and Structural 36. 000.__ -

Sub-Total5/ 
33,0 - 363,000 

Materials and Equipment 
Civil and Structural 

438,300 
1.777.900 

1,993,700 
.50,000 

2,432,000 
1.827.900 

2,216,200 2,043,700 4,259,900 
Internal Network 1981-85 

Materials and Equipment 47,300 370,400 
Civil and Structural 467,700 _ 

515,OOO 370,400 885,400 

/u.s. $1.00 - P7.00. 

/Contingencies and engineering calculated at 15 and 10 percent,
 
respectively. Engineering costs include 65 percent foreign exchange.
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TABLE IX-3 (Continued)
 

Item 

Service Connections 
Materials and Equipment 

Civil and Structural 


Fire lbrdrants 

Materials and Equipment 

Civil and Structural 


Vehicle 

Materials and Equipment 

Civil and Structural 


Sub-Total/ 

Materials and Equipment 

Civil and Structural 


Total Construction 
Cost
 

Materials and Equipment 


Construction Cost ( ) 
Period Local FEC Total 

1981-85 
14,500 293,300 

1981-85 

198.200
212,700 

-
293,300 ,506,000 

23,700 80,900 
-4900 

58,600 80,900 139,500 
1981 

30,000 30,000 
-

30,000 30,000 60'000 

115,500 774,600 890,100 
700.800
816,300 774,600 

7OO,800
1,590,900 

553,800 2,768,300 3,322,100 
Civil and Structural 2.478,700 50,000 2,528,700 

@ 15j 
@IO, 


Ena-ineering 

0,-,
I0/ 
@ 5%30.600 

Land,/ 


Total Project Cost 


Sub-Total 3,032,500 2,818,300 5,850,800
 

332,400 306,600 639,000
 
81.600 77500 159100 

Sub-Total 3,4469500 3t202,400 6,648,900 

171,500 318,400 489,900
 
56.900 87.500
 

Sub-Total 3,648,600 3,577,700 7,226,300
 
19,000 - 19,000 

3,667,600 3,577,700 7,245,300
 

6-/Contingenoies and engineering are calculated at 10 and 5 percent,
 
respectively. Engineering costs include 65 percent foreign exchange.
 

7/Includes land for meter, laboratory and plumbing shop facilities 
(1,900 sqm). 
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TABLE IX-4 

PHASE I-B TRANSMISSION AND DISTRIBUTION PIPELINES 

Pipe Pipe 
Pipe Diameter Length 

Number Looat ion/besoript ion (mm)_ 

1 Santiago St. 100 290 
2 Pefiarrubia St. 100 60 
3 Pefiarrubia St. 100 115 
4 Pefiarrubia St. 100 175 
7 

10 
Arellano/Aguinaldo 
Pefiarrubia St. 

St. 100 
100 

355 
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 
52 

Santiago St. 
Agonoillo St. 

100 
100 

75 
100 

13 Seatiago St. 150 120 
14 Santiago St. 150 60 

26 
29 

Magallanes St. 
Santiago St. 

150 
150 

80 
110 

31 
35 

McKinley St. 
Abra-Kalinga Natl. Road 

150 
150 

370 
320 

36 
37 

Abra-Kalinga Natl. Road 
Rizal St. 

150 
150 

205 
160 

39 
41 
42 

Magallanes St. 
Gonzales/Rizal St. 
Paz/Villa Manzano St. 

150 
150 
150 

140 
160 
290 

43 Torrijoe St. 150 
2,435 

Total 4,995 
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Fire Protection 

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 Poblaoion, 4 hectares of 
Pefiarrubia Poblacion and 37 hectares of other surrounding barrios.
 
By 1990, 67 percent of Bangued Poblacion, 50 percent of Pefiarrubia 
ioblacion and 42 percent of the total year 2000 service area will 
have fire protection (see Annex IX-C). 

Cost Summary: Phase 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 RECOM1.0DED 
LO G%-TERN 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 connection and 
fire service 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 Pefiarrubia. This will provide adequate
 
production metering capability beyond the year 2000.
 

St orage
 

The analysis of distribution storage in Chapter VIII indicates
 
that storage equivalent to 15.5 percent of maximum-day demand should
 
be provided by the year 2000. The rationale for this quantity is 
based on the staged capacity of the proposed transmission mains. 
At the end of the planning period for this study, there is excess 
capacity in the transmission main and, therefore, the maximum quan
tity of storage 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 SUIVIARY ill CONSTRUCTION
 
STAGE I PHASE B (1986-90)
 

Cost (P)Construction 
- /  It em Period Local Forei Total 

Pipelines and Valves 1986-88 
(100 mm x 2,560 m) 

t,;aterials 
Civil and 

and !'uipment 
Structural 

15,700 
135,100 

111,500 
-

(150 mm x 2,435 w)
T;aterials and ;!qu.ipwen. 
Civil anji. Structural 

66,200 
198,700 

256,200 
-

Sub-Total2/
Materials and &uipment 
Civil an(! Structural 

Internal Ietwork 1986-90 

81,900 
3338800 
415,700 

367,700 

367,700 

449,600 
33800 
783,400 

Materials nd lquipment 
Civil and Structural

S315v5oo 
29,000 

286,5oo 
226,900 

-22Zt9 ' 542940 
Service Connections 1986-90 

Materials and Equipment 
Civil and Structural 

14,500 
197,800 

292,800 
-

212,300 292,800 505,100 
Fire _Hydrants 1986-90 

Materials and Equipment 16,800 57,300 
Civil and Structural 24,700 -

SubTota l / 41,500 57,300 98,80o 

Materials and Equipment 
Civil and Structural 

60,300 
509,000 

577,000 637,300 
50900 

569,300 577,o0 1,146,300 
Total Construction Cost 

Materials 
Civil and 

and Equipment 
Structural 

"142,200 
842-800 

944,70o 1,086,900 
842,800 

985,ooo 944,700 1,929,700 
@ 15% 62,400 55,200 117,600 
@ 10' 56,900 . 57.700 114.600 

Engineerinw@ 10, 
Sub-Total 1,104,300 

31,500 
i,057,600 

58,600 
2,161,900 

90,100 

@ 5 -22.000 41.000 63.000 
TOTAL PROJECT COST 1157,800 1,157,200 2,315,000 

ZY, s $1.00 -?7.00. 
2/contingencies and engineering calculated at 15 and 10 percent, res

pectively. Engineering cost includes 65 percent foreign exchange. 

jJo'Contingencies and engineering calculated at 10 and 5 percent, res
pectively. Engineering cost includes 65 percent foreign exchange. 
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Phase II-A. The new tank should be located at the existing site.
 
The size of the tank to be constructed in Phase II-A should be re

viewed at the time of final design of the tank. 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 transmission 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 
with the additional storage reservoir also to be constructed during 
Phase II-A, will provide adequate source/transmission 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 construction 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 

PHASE II-A TRANSMISSION AND DISTRIBUTION PIPELINES
 

Pipe Pipe 

Pipe Diameter Length 

Number Location/bescript ion (ram)- W 

302 Bo. Agtafigao Road 100 400
 
303 Bo. Palao Road 100
 

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 St. 200 175 

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 area. 

Service Connections 

An additional 879 service connections will be installed during 

Phase II-A, at an annual rate of approximately 180 connections per 
year. By 1995, the BAN-JAD 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 hectares of Bangued poblacion, 4 hectares of 
Pefiarrubia poblacion and 45 heotares of other surrounding barrios.
 
By 1995, 83 percent of Bangued poblacion and 75 percent of Peflarrubia
 
poblacion, or 75 percent of the total year 2000 service area, will
 
have fire protection.
 

Laborator 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 
including 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 tanks3 repair 
benches and tools will be purchased during Phase II-A to meet the 

needs of the BAN-WD through 2000. 

Cost Summary - Phase II-A 

A cost summary 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 million.
 

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 LX-7 
COST SUMDARY Mill ONWSTRUCTION 
STAGE II PHAS.E A (1991-95) 

Item 
Construction

Period Local 
- Cost(. 

For Tota 

Source Facilities 
Materials and Equipment 
Civil and Structural 

Storage Facilities 
Materials and Equipment 
Civil and Structural 

Pipelines and Valves 
(100 mm x B0 M)

Materials and Eqfuipment 
Civil and Structural 

(150 mm x 300m)
Materials and &quipment
Civil and Structural 

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

1991-92 

1992-93 

1991-92 

-
3__00.-

U00 

689,300 
271,600 
960,900 

5,300 
44,100 

7,500 
22,800 

284,700 
751,000 

1,115,400 

30,000 

30,000 

229,900 
-

229,900 

36,700 
-

28,900 

1,119,200 
,- , 

1,184,800 

33,000 

,,90,900 

2,300,200 

Laboratory Facilities 
Materials and Equipment 
Civil and Structural 

Meter Repair Facilities 
Materials and Equipment 
Civil and Structural 

SubTota112/ 

1994-95 

1991-92 

16,800 
13,500 
30,300 

4,400 
10.000 
14,400 

65,000 
50,000 
115,000 

55,OOO 

559000 

145,300 

69,400 

Materials and Equipment 
Civil and Structural 

Internal Network 
Materials and Equipment 
Civil and Structural 

1991-95 

1,008,000 
11116,000 
2,124,000 

18,200 
180,000 
198,200 

1,564,700 
5 

1,614,700 

142,600 
-

142,600 

2,572,700 
1,166.0OW 
3,738,700 

340,800 

/u.s. .$1.00= P7.00. 

12/Contingencies and engineering calculated at 15 and 10 percent,
 
respect ively. 
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Construct ion Cost (P)
Iten- Period Local To-.reig
Total
 

Service Connections 
Materials and Equipment 
Civil and Structural 

Fire I~ydr'antls 

Materials and Ecuipment 
Civil and Structural 


Sub-Totall1_/ 
Materials and Equipment 
Civil and Structural 

Total Construction Cost
 

Materials and Equipment 
Civil and Structural 


o 4cencies 
5e 

@1 

ieerin 1e/. Sub-Total 
@ 10'. 
@ 

15/ Sub-Total 

Total Project Cost 


1991-95
 

199 1-95 

21,100 

287.800 

308,900 


18,400 
27, OWOO 

45,400 

57,700 

494,800
552,500 

1,065,700 

1,610.800 

2,676,500 


318,600 

55,200 

3,050,300 

150,500 


22,800 

3,223,600 


20,000 


3,243,600 


425,900 
-

425000 734,800 

62,700 

27 108,100 

631,200 

63,0 
688,900 
4.800'1,18i,?oo 

2,195,900 
50,000 

2,245,900 

3,261,6OO 
1,660,800 
4,922,400 

242,200 

2,551,200 
279,500 

560,800 
863,10000 

5,601,500 
430,000 

42.300 
2,073,000 

-

65.1oo 
6,096,600 

20,000 

2,873,000 6,116,600 

1-3/Contingencies and engineering calculated at 
10 and 5 percent,
 
respectively.
 

1-/Engineering costs consist of 65 percent foreign exchangc
 
currency,
 

- /Includes land for storage tank (400 sqrn).
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service area will have access to water supply via the internal
 

network system installed Irj that time, 

Service Connections 

Rutrin, Phane 11-5, a total of PPO service cornections will be 
installed, at the rate of IV'0 connectionz per year. By the year 
2000, the BAI-tID will have a total of 4,332 connections. 

Fire Protection 

During Ph.ze 11-3, a total of 62, hectares will be providedI with 
fire protection service by fire hyarzant intallation. This area 
will, include 14 hectares of Iarnguid poblacio), 4 hectares of Pefa
riubia poblacior: r ,hectares of otlier surr'ounding barrios. By 
2000, fire protection will be provid !Ito 100 percent of the poblaciones 
of Bangued and Pejarrubia, 50 percent )I'the barrios of Lipcan, Dang
dangla, Calaba, Dangbangar Patucannay and Riang, and 30 percent of 
the barrios of A,taiigao, Sao-atan, and PaJao. 

Cost Summar. _-Phase II-D 

A cost sunmary for construction during Phase I-13 is presented
 
in Table IX-8. Based on 1978 price levels, the total project cost
 
of this phase is P1.56 million, with a foreign exchange component
 
of PO.82 million.
 

E. CAPITAL COST SUM4APLY
 

The capital cost3 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
 
engineering, contingencies and land costs. All construotion cost 
estimates are based on 1978 prioe levels. The foreign exchange com
ponent of the total project cost includes the costs of direct and
 
indirect import items.
 

F. ANIMAL OPEIIATION AM)D MAINTI1ANCE COSTS 

Annual operation and maintenance costs include personnel, power
t
 
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 ?49,000- Following implementation of the proposed. im
provements and new construction prorram, the annual costs will in
orease due to the additional costs for personnel, chemicals and
 
maintenance.
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TABLE IX-l 

CUST SU1,1ARUY Rr COILSTiRUCTION 
STAG& II PiU.0 f, B (199(- 2000) 

Consitrctaion Cost (P) 

It em 

Interna.l Fetwork 


atcrialas and Ip ipnmit 
Civil an;i Structural 

Service Cormoctions 

Materials and &piipmomt 
Civil and Structural 

Fire IL[drants 


Materials and Eqipment 
Civil and Structural 


Total Construction Cost
 

Naterials and Equipment 

Civil and Structural 


Sub-Total 


Period Local Foreigm- Total 

19 6-2000 

27,400 213,900 
270,000 -

297,400 213,900 511,300 
1996-2000 

21,100 425,900 
2P7,800 -

308,900 425,900 734,800 

1996-2000 

18,400 62,700 
27 _400 
45,800 62,700 109,500 

66,900 702,500 769,400 
5 - 585,200 
652,100 702,500 1,354,600
 

Contingencies @ 1o"J 65,200 70,300 135,500
 

Sub-Total 717,300 772,800 109000
 

Unineering1 (/@ 5 26,100 48,400 74,500
 

TOTAL PROJECT COST 743,400 821,200 1,564,600
 

-US $1.00 to P7.00.
 

-/ngineering cost is assumed to be 65 percent F."]C.
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The annual costs of operating and maintaining the water district 
facilities are estimated to be P15Ot000, 2290,000 and ?407,000 in 
1980, 1990 and 2000, respectively, The estimated breakdown of these 
costs is shown in Table IX-IO, All costs shown are based on projected 
1978 price levels.
 

TABLE IX-9 

CAPITAL COST SUI4ARY 

Construction Construction Construction Project Cost (r) 
Phase Period Cost (P) Local FEC Total 

Immediate 
Improvement 
Program 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 

II-A 1991-95 4,922,400 3,243,600 2,873,000 6,116,600 
II-B 1996-2000 1,354,6OO 743,400 821,200 ,1,564,600 

Total 16,765,600 10,578,800 10,172,400 20,751,200
 

TABLE IX-10
 

ANNUAL OPERATION AND MAINTENANCe.COSTS
 

Annual Costs (p)18 

Item 1976 1980 90 2000 

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
 
Maintenance 7,300 24,300 63,900 97,700
 
P.isce llaneous .4,400 .5,300 ,7 

49,000 149,600 289,800 407,00
 

iU/Computed at 1978 price levels. 
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0. SEWERAGE/DRAIAGE CONCEPTS 

Existing 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 fields.
 

The existing facilities consist 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. Most 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 existing drainage system 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 accordin, 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 maintained (and are, 
therefore, usually cloggIed and of little use during storms).
 

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

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

1. 	The major disposal areas for stormwater rum-off are the 
Sinalang Peid 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 Creeks ultimately enter the Abra River, 3-4 km 
from the center of the ruicipality. 

2. 	 Domestic wabtewater is dil3oharged into septic tanks and 
pit pi-ivies. Some roof drainage is transported to these 
facilities, ith occasional flooding during rainy periods.
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. 

Tho public market and Slat,,whterhouse drain their wastowators 
directly into the Sinapangan Creek. 

1. 	 A]thou,-h nominally the responsibility of the municipality, 
the limitedI quantity of available resources mnakes drainage 
system development and maintenance impractical. 

5-	 There are no existinzf industries producing si ,nifi;,Lnt 

wast ewat ers. 

6. Approximately' 30 curl t;r solid wastes is collcoted 1:5Ih 
mnicipality, an? disposed of (dump ed and burn -d) adjacent 
to the Abra River northwest or the poblaoion. 

7. 	Clo:, iijof ,Irainage conduits is caused by depocitic:- of 
locally eroded, soils, the dumpiw;, of r;olid wastes into 
drainage chanels a:l lack of any significant rilainftenoirle. 

8 . Ifo significant floodinig problems have been experienced 
in llantzed. Periodic floodinT loes occur along Partelo 
Street, but persists only for very short periods. 

Relationshi,[ with Infrastructure a9d Ot her Ingineorinr: and 
.'conomic Factors 

The provision of sewerage and drainage facilities within the 
BA;-W1D has a significant impact on water supply and other inrra
structure compoiients. Economics (public's ability-o-py) and the 
status of public health directly affect the feasibility of providing 
sewerage and drainage facilities. 

In view of the current relatively minor storm water draizage
problems being experienced in the BAfIl .D area, it appears that 
drainage facilities do not warrant high priority in flan,-,acd' list 
of infrastructure components. Before decisions can be made concerting
the implementation of sewerage and/or drainage programs, additional 
technical and economic data must be collected and evaluated.
 

IX-26 



.0 ,100 
IA, 

0 100, 200 300 
SCALE IN METERS 

400 

RIC f 

,.ELS 

FIELDS 

LEGEND, 
0.90 0M. 

ADIMNAGE 

.. EARTHEN 

FICU 

N.C. 

PIPE 

CANALS 

RICE FIELDS 
&I PBLICMARKETRP E IC E FIL S 1 Cl 

p"-PROVINCIAL HALL 

EEAE--WD OFFICE 

BARRIO 

DANGDANGL IE 

SLAUGHTER'Y 
HOUSL 

S 

F IGURE 3TX-8 
EXISTING 

SEWERAGE/ DRAINAGE FACILITIES 
FEASIBILITY STUDY FOR WATER LWACMSCHEMATIC 
SUPPLY OF SECOND TEN URBAN AREAS W A-D BANGUED WATER DISTRICT 



Information from the Department of IRealth indicates that in
1975, 18 perucent of Ban ued houscholds had water-borrne toilet faci
lities, 60 percent had cloed-pit type toilets, 2 percent had open.
pit toilets and 20 percent had no toilet facilitics. It is unlikely 
that such a low percentaLge of "modern" facilities car, economically 
justify a near-future sewerage program. 

The rationale for the provision of wastewater facilities has 
traditionally been based on aesthetics and public health benefits. 
At prenent, there is at obvious water supply problem in the BAIT-WD. 
As the water supply problem is re~solvud, wastewater volumes will 
increase. Related austhetic and public health standards will im
prove in time, increasing the urgency for solution of the wastewater 
probl cm. 

Projected Wastewater Volumes 

Wastewater flows in BiAI-WD have been projected for the years
 
1990, 2005 and 2025. These estimates are shown in Table IX-11.
 

The service area considered for the wastewater projections
 
was the core area to receive water supply by 1980. This area is 
the most densely populate! area in the water district, and is the 
area where public health and nuisance problems associated with 
wastewater will be greatest.
 

The wastewater vo~lune which could be collected was determined 
by estimating the percentage of water supply connections (domestic 
and commercial/industrial/institutional) with sewer connections
 
during the design period from 1990 to 2025. It was assumed that 
all water supply connections will have sewer connections by 2025, 
and that in 1990, 30 percent of domestic and 50 percent of commer
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 percent of water consumed will, thereforet be returned to
 
the sewers. An allowance was made for groundwater infiltration
 
into the sewersI' based on projected percentage of physical area
 
with sewers and an iifiltration rate of 0.15 lps/heotare. The
 
resultant number of sewer connections required during the design 
period was then checked to ensure that the annual rate of sewer
 
connections was realistically within the capabilities of the water
 
district. 

Alternatives Available 

The cost of sewerage/drainage facilities for the J3A'-1D area 
is expected to be significant. 

The provision of a financially self-sufficient sewerage/Jrainage 
system is seldom achieved, even in developed countries. It is likely 
that the BAI,-WD is no exception to this rule. 
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Served Design 
Area Year 

1990 
Bangued 2005 
Poblacion 2025 

1990 
Lipcan 2005 

2025 

1990 
Pe-arrubia 2005 
Poblacion 2025 

1990 
Durnayco 2005 

2025 

1990 
Total 2005 

2025 

TABLE IX-11
 

AVEFUGE DAILY ASTrAT FO'WS
 
BAIGUELf UAT--, DISTRICT
 

Wastewater Flows (cumd)_
 

Domestic 


494 

1,611 

5,578 


29 

95 


329 


18 

58 

199 


18 

59 

203 


559 

1,823 

6,309 


Commerial/ 
Industrial/ 
Irt intut ional 

115 

388 


1,228 


7 

23 

72 


4 

14 

44 


4 

14 

45 


130 

439 


1,389 
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Infiltrat ion Total
 
Allowance 

531 1,140 
765 2,764
 

1,062 7,868
 

162 198
 
233 351
 
324 725
 

117 139
 
168 240
 
233 476
 

65 87
 
93 166
 
130 378
 

375 I,564
 
1,259 3,521
 
1,749 9,447
 



Feasible alter ativrio for sew.rage in BAN-.WID ara appear to 
be as follows:
 

1. 	 individual (sptic tanlks) er unified public collection 
systen; 

2. 	 combined or s;eparate suweraig/rainago systems; 

3. 	 various (egreos of centralized conmmunity sewage tre[ttmcxt; 

4a 	 disposal sysLem (river or land treatment) for treated 
sewage. 

The que,:;tion of whether the 13Ai-D should construct a combined 
or a sep)arate sewerage/drainge system depends on economic circume-. 
tances.
 

An alteriiative to the combined system which must be investigated 
in detail during the sewerage feasibility study is the provision of 
open canals (peripheral drains).
 

Alternative treatment and disposal methods for intercepted w ste
water may consist of: 

1. 	Screening of gross solids, high-rate lagoons and effluent
 
dischar,-e into the Abra River;
 

2. 	 Some form of treatment such as conventional primary or 
high-rate secondary treatment may be applied. 

Treated wastes may be used potentially for agiicultural
 
irrigation.
 

Reoommendations
 

As soon as the first-phase of the water supply program is under
way, a comprehensive sewerage/drainrage feasibility study ehould be 
undertaken. This study must address the issue of combino3 ver.us 
separate sewers. It should also update the population and water 
demand projections of this water supply study. 

Once the decision has been made to use either the combinal 
or separate system, the water district must embark as promptly 
as possible on a street sewering and house connection pro,-irjn,, 

A plumbing code should be developed by the BAT-W!D to cor(dinate 
plumbing requirements for water, wastewater and surface runoff raoi]i-
Lies. This code becomes very important and mcaningful particularly 
if a separate system of sewers is adoielped. 
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In the mea'itime, a house-to-house survey should be conducted 
to inventory exj.sting wastewater and toilet facilities. As-built 
drawings of storm d4ains ard peripheral canals must be compiled
and accurately recorded in preparation for the sewerage/drainage 
foasibility study. 

For residences and establishments that currently lack waste
 
dispoaal facilities an :,-e financially unable to provide the
 
modern flush toilet with septic tank the Department of Health
 
(Division of Environnental SanitationS has developed an inexpensive 
water-seal toilet.
 

Permanent rights-of-way should be acpuired for the main canals 
that will be used for drainage/sewer.aga 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. 

H, IANAGE1NT 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-iduced by the district, 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 master
 
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 long-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. ENVIRON14ENTAL ONSIDERATIONS 

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 
oonsideration before actual construction.
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ANNEX IX-C 

DISTRIBUTION SYSTEM GROWTH
 

General
 

It is necessary to project 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 bamed 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 anticipated total area of individual
 
served sections wi+ iin 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 comumity
 
served and respective service areas in 1976, 1980, 1990 and 2000.
 

Number of People 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
 
service connection will be 8.
 

Total Served Area for Individual Communities
 

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

Area Served By Intornal 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 internal
 
network. It has been assumed that relevant distribution system
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ANNEX TADLE IX-C-1 

SERVED POPULATION PROJECTIONS 
BANGUED WATER DISTRICT 

1976 1980 1990 2000 
Community Service Service Service Service 
Served Area Area Area Area 

Bangued Poblacion 6,320 8,720 14,015 20,420 
Pefiarrubia Poblacion 85 312 675 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. Patucannasy 
Bo. Agtaigao 

-
-

-
-

635 
-

1,365
575 

Bo. Sao-atan - - - 275 
Bo. Palao - -

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 COMUNITIES (ha) 

1976 1980 1990 1990 
Cormnity Service Service Service Service 
Served Area Area Area Area 

Bangued Poblaoion 82 82 82 82 
Pefiarrubia Poblacion 18 18 18 18 
Bo. Duma.yco 10 10 24 24 
Bo. Lipoan 25 25 25 32 
Bo. Iangdangla - 20 20 20 
Bo. Riang - - 10 10 
Bo. Calaba - - 40 40 
Bo. 
Bo. 

Bangbangr 
Patucannay 

-
-

-
-

30 
45 

30 
45 

Bo. Agtazigao - - - 30 
Bo. Sao-atan - - - 18 
Bo. Palao 25 

Total 135 155 294 374 
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ANNEX TABILE IX-O-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 served!6 (ha) 
Population served-/2 ) 
Reduced area servedI()
Reduced area served (ha) 

135 
62 
65 
88 

155 
71 
75 
116 

294 
78 
80 
235 

374 
85 
90 

337 

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

It has been fu'Lrther assumed 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 phase.
 

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.
 

l/see Annex Table IX-C-2 
/,See Annex Table IX-C-l 
3Assumed
 



ANNEX TABLE IX-C-4 

NET AREA (H1mCTARES) TO RECEIVE INTERIiAL NETWORK 
(BY CONSTRUCTION PHASE) 

Construction Phase
 
I-A I-B II-A II-B 

Reduced Area to Receive 
Internal Network 

1976 Service AreaA/ 44 - 
1980 Servioce Area 28 - 
1990 Service Area 65 54 -

-


2000 Service Area -51 ..L 

Sub-total 137 54 51 51
 

Allowance for Other 49 17 -

Net Area to Receive Internal
 
Network 
 88 54 34 51
 

Cumulative Tot,-l Area with 
Equivalent Internal Network 181 235 286 337
 

ANNEX TABLE IX-C-5 

SCHEDULE IYOR SERVICE CONNECTION INSTALLATION 

.fj-mo-iate Phase I-A Phase I-B Phase II-A Phase II-BLocation Improvement (1981-85) (1986-90) (1991-95) (1996-2000) 

Bzungued Poblaoion (790)* 300 331 331 400 400
Pefiarrubia Poblacion (18)* 47 38 38 40 40

Bo. Dumayco (23)* 37 19 32
20 33
 
Bo. Lipcan (37)* 60 36 
 36 47 47
 
3o. Dangdangla 50 13 28
13 27
Bo. Calaba - 68 67 65 65
 

Bo. Bangbangar - 27 28 43 43
Bo. Patuoannay 60- 60 68 69
Bo. Riang - 13 13 21 21
Bo. tafigao 
 - - - 52 53 
Boo Sao-atan 
 - 26 25
Bo. Palao - - -5.
-


Total 494 605 606 879
 

4/50 percent of 1976 service area is served by existing internal network.
 
Numbers in parentheses indicate existing connections in 1976.
 



Area to Reoeive Fire Protegton 

Beoause of the finanoial impact of the overall construotion 
program on the consumers within the service area, it is proposed 
that only the poblaciones of Banwud and Pefiarrubia and Barrio 
Dumayoo receive complete fire protection coverage (100 percent) by 
the year 2000. Barrios Lipoan, Dangdangla, Calaba, Bangbangar,
Patucannay and Riang will receive 50 percent coverage; barrios 
Atafto, Sao-atan and Palao will receive 30 peroent coverage. All 
of the communities within the service area, except Bangued Poblacion, 
will be provided with the normal residential type of hydrant coverage.
Bangued Poblacion, because of higher population densities and gene
rally higher property values associated with commercial areast will 
be provided with a higher level of hydrant service. The oosts 
for fire hydrant installation are included in the cost tables of 
Chapter IX. 

It should be noted that if a community does not receive full 
fire hydrant ooverage, it tll has been provided with full fire-flow 
piping capacity. The pipelines have been designed to provide the 
required fire flow to all communities whether the hydrants are 
installed immediately or not. 

ANNEX TABLE IX--6 

SCDULE FOR FIRE HYDRANT INVPALLATION 

Potection
Lo Area (h)foijg Pir 
ooation Phase I-A h se I-B Phase II-A _i1-3 

Bansuad Poblaoion/ 32.8 13.6 13.6 13.6
Pefarrubia Poblaoion 4.9 4.1 4.5 4.5 
Bo. Dutayoo 6.8 5.7 5.7 5.7 
Bo. Lipoan 9.1 7.6 7.6 7.6
Bo. Dangdangla 2.9 2.4 2.4 2.4 
Bo. Calaba 1.2 6.2 6.2 6.2
Bo. Bangbangar 0.9 4.7 4.7 4.7 
Bo. Patuoannay 1.4 7.0 7.0 7.0
 
Bo. Riang 0.3 1.6 1.6 1.6
Bo. Agtolgo - 0.8 4.1 4.1 
Bo. Sao-tan - 0.5 2.4 2.4Bo. Palao - 0* -.1A 

Total 60.3 54.9 63.2 63.2 
Cumulative Total 68.5 123.4 186.6 249.8 

V/It isestimated that approximately 10 percent (8.2 ha) of the 

total poblacion is currently covered b7 effective fire hydrant service. 
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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-WI 
distribution system. The general design criteria 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 number of flow requirements and operating conditions and designing 
each pipe for the worst set of conditions. Since each computer 
analysis is critical to a different series of pipes there is no 
single program result that can be included herein as a "design run". 

The computer printouts for the peak-hour and minimum-hour 
conditions 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 critical for 
some pipelines. 

The pipeline and node numbers on the computer printouts are 
the same as those in Figures IX-6 and IX-7. In general, pipes of 
series 0 to 99 are existing pipelines, pipes 100 to 199 are immediate 
improvements, pipes 200 to 299 are Phase 1 improvements and pipes 300 to 
399 are Phase II improvements. Pipes 400 to 499 are existing pipe
lines that would be replaced with new pipes in Phase I. 
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AMNEX TABIE IX-C-7
 
COMPUTER FRIT-OUT (BAM-WD)
 

YEAR 2000 PEAK HOUR
 

BANGUED 2000 PEAK HOUR 

INPUT AND OUTPUT IN LPS
 
NO OF NODES 55
 
NO OF PIPES 70
 
MAX N) Oi ITERATIONS 20 
PEAKING FACTOR 1.7500C 
ALLOW P-DROP FR/STA[IC- PCT 30.C 
STATIC HGL FOR P-DROP CALC 1)3.5 
MAX UNBAL - LPS 0.0000 
MAX ALLOW VEL -MPS i.O. 
MIN ALLOW VEL - MPS U.400 
MAX ALLOW HL - MIO00 M 10.00 
MIN ALLOW HL - M/1o0 M L.3C 
MAX ALLOW PRESS - ATM 7.0OC 
MIN ALLto PRESS - ATM 0.700 

NO OF HEADS.TO BE READ 2 
NO OF uNKNJN CONSUMPTIONS 2 
SUM OF FIXED DEMANDS I0.81 
BANDWIDTH 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 6 UNBAL 39.93 LPS 
ITER 7 UNBAL 11.92 LPS 
ITER 8 UNBAL 1.39 LPS 
ITER 9 UNOAL 0.02 LPS 

SOLUTION NO. I REACHED IN 9 ITERAIIONS
 
0,01S7 GPM UNBALANCE
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ANNEX TABLE IX-C-7 (continued) 

PIPE 
NO 

NODES 
FROM-Tu 

DIA 
MM 

L 
MTRS 

H-h 
C 

'K-VALUE FLOW -- VkL--MPS--CK -HEArLCSS----MT MIlOGO CK 

401 11 1 100 290. 100 C.125E 00 5.07 0.65 2.53 8.72 
402 3 2 100 60. IOU C.2!E-01 0.73 0.09 LO 0,01 0.24 LO 
403 5 3 100 115. 100 C.495E-01 1.37 0.17 LO 0.09 0.77 
404 5 10 100 175. 100 0.754E-01 0.62 0.08 LO 0.03 0.18 LO 
405 6 5 150 100. 100 C.5S8E-02 3.15 0.1 LO 0.05 0.50 
407 7 6 100 355. 1 0 0.153E 00 1.50 0.19 LU 0.33 0.92 
408 43 11 150 165. 100 0.Y87E-02 8.33 0.47 0.50 3.03 
409 44 43 150 230. 100 C,138E-Oi 3.80 0.22 LO 0.16 0.71 
410 10 44 100 165. lOU C.711E-01 1.47 0.19 LO 0.15 0.88 
412 8 7 100 90. 100 0.3E8E-01 3.71 0.47 0.44 4.37 
413 lb 43 150 120. I00 0.718E-02 6-84 0.39 LO 0.25 2.11 
414 17 16 150 60. 100 0.359E-02 10.44 0.59 0.28 4.60 
415 18 44 100 170. 100 0.732E-01 3.10 0.39 LO 0.60 3.51 
417 29 7 100 90. 100 C.388E-01 0.68 0.09 LO 0.02 C.21 LO 
418 32 29 100 290. 100 C.125E 00 2.80 0.36 LO 0.84 2.90 
419 32 31 150 90, 100 0.538E-02 5.78 0.33 LO 0.14 1.54 
420 28 32 150 180. 100 0.108E-01 10.71 0.61 0.87 4.83 
421 27 z8 150 105. 100 C.628E-02 12.39 0.70 0.66 6.32 
422 23 25 200 40. 110 0.4S4E-03 1.80 0.06 LO 0.00 0.04 LO 
423 25 27 200 70. 110 C. 64E-03 5.44 0,17 LU 0.C2 0.28 LO 
424 26 25 100 75- 100 0.323E-01 4.08 0.52 0.44 5.81 
425 24 23 200 75. 110 C.26E-03 40.05 1.27 O.e6 11.46 HI 
426 23 22 150 80. 100 0.478E-02 11.56 0.65 0.44 5.56 
427 2 .19 100 130. 106 L.5oE-01 4.89 0.62 1.06 8.13 
428 19 18 100 150. 100 C.646E-01 4.06 0.52 0.87 5.78 
429 20 17 150 110. 100 C.658E-02 17.28 0.98 1.29 11.71 HI 
430 16 55 100 230. 10C C.SS1E-O1 2.04 0.26 LO 0,37 1.61 
431 17 15 150 370. lOU 0.i21E-01 5.53 0,31 LO 0.53 1.42 
432 15 14 100 65. 10 0.2EOE-01 3.99 0.51 0.36 .5.59 
433 14 12 100 310. 100 O.1_U4E 00 3.91 0.50 1.67 5.39 
434 12 13 150 640. IOU 0.33E-01 8.03 0.45 1.E 2.83 
435 45 38 150 320. 100 O.191lE-0 9.83 0.56 1.32 4.12 
436 37 45 150 205. 10 C.123E-01 9.83 0.56 0.e5 4.12 
437 37 20 150 160. 100 C,9v7E-02 13.04 0.74 1.11 C,95 
438 21 20 100 75. 100 0.323E-01 5.08 0.65 0.66 8.75 
439 22 21 150 140. 100 C.t37E- 0 2 5.71 0.32 LO 0.21 1.51 
440 36 24 200 130. 110 0.161E-02 46.17 1.47 1.94 14.92 HI 
441 33 27 150 160. 100 GC.97E-02 7.67 0.43 0.42 2.60 
442 34 33 150 290. 100 C.173E-CO 8.78 0.50 0.S7 3.34 
443 34 35 150 420, 100 0.2=1E-01 8.87 0.50 1.43 3.41 
448 52 42 200 4950. 110 0.611E-01 39.07 1.24 54.20 10.95 HI 
449 52 4Z 200 4950. 110 0.611E-0l 39.07 1.24 54.20 10.95 HI 
450 53 52 200 2940. 110 0.363E-01 43.32 1.38 38.98 13.26 HI 
451 53 52 200 2940, 110 0.363E-01 43.32 1.38 38.9b 13.26 HI 
101 4 2 100 10O. 100 L.A,1E-O1 0.04 0.01 LO 0.00 0.00 LO 
102 6 4 100 180. 100 C.716E-01 1.44 0.18 LO 0.15 0.85 
103 9 6 150 170. 100 0,102E-01 7,52 0.43 0.43 2.51 
104 9 1o 150 95. 100 C.548E-02 11.32 0.64 0.51 5.35 
105 10 11 150 220, 100 0.132E-01 9.24 0.52 0.81 3.68 
106 IL 12 150 460. 100 0.275E-01 8.76 0.50 1.53 3.33 

IX-o-8.
 



ANX TABLE IX-.-7 (continued) 

PIPE NODES DIA L H--W K-VALUE FLO6I -- VEL-- -- HEADLCSS---
NO FROM-TO MM MTRS C MPS--CK MT Mi/lO00 CK 

107 8 9 200 110. 110 C.13E-02 19.66 0.63 0.34 3.07 
108 23 8 200 410. 110 0.5C6E-02 25.08 0.80 1.98 4.82 
109 29 30 100 110. 100 C.ql4E-01 0.26 0.03 L OCO 0.04 LO 
110 31 30 100 270. lO C.1tE 00 2.65 0.34 LO 0.71 2.61 
111 26 33 100 150. 100 0.t46E-01 0.77 0.10 10 0.04 0.26 L0 
112 24 26 100 40. 100 0.172E-01 5.65 0.72 0.43 10.63 HI 
113 55 14 100 150. 1OU 0.646E-01 2.04 0.26 LO 0.24 1.61 
114 36 37 200 530. 110 0.654E-02 27.35 0.67 3.00 5.66 
115. 36 34 200 330. 110 0.407E-02 23.72 0.76 1.43 4.35 
116 38 39 100 1040, 100 L.448E 00 1.63 0.21 LO 1.10 1.06 
117 42 41 300 605. 110 0.104E-02 78.14 1.11 3.-2 5.49 
118 40 36 300 120. 110 0.2C 6 F-03 101.31 1.43 1.C6 8.87 
119 41 40 300 175. llb C.3COE-03 101.31 1.43 1.55 8.87 
201 38 46 150 1250. 100 C.7481-01 3.34 0.19S LO 0.70 0.56 
202 13 47 150 1000. 100 0.5S81-01 5.32 0.30 LO 1.32 1.32 
203 1 4b 150 1300. 10C 1.177E-01 2.20 0.12 1O 0.34 L.26 LO 
204 52 54 150 II00. I00 0.658E-01 1.43 0.08 LO 0.13 0.12 LO 
301 35 49 150 300. 100 0.179E-01 5.46 0.31 LO 0.42 1.39 
302 49 50 100 400. LOO 0.172E 00 2.10 0.27 LO 0.68 1.70 
303 49 51 100 400. loo 0.172E 00 2.34 0.30 1O 0.84 2.09 
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ANNEX TABLE IX-C-7 (continued) 

NODE GROUND FLOW HGL HEAD ------- PRESSURE-------
ELEV ELEV MTRS ATM---CK PCT DRCP---CK 

1 42.0 -2.87 91.92U 49.92 4.83 18.82 
2 
3 

42.0 
42.0 

-0.77 
-0.65 

95. IcU 
95.21U 

53.19 
53.21 

5.15 
5.15 

13.51 
13.49 

4 
5 

41.0 
42.0 

-. 1.40 
-1.15 

95.19U 
95.29U 

54.19 
53.29 

5.25 
5.16 

13.29 
13.34 

6 41.0 -4.43 95.34U 54.34 5.26 13.05 
7 
8 

40.0 
41.0 

-2.89 
-1.71 

95.67U 
96.11b 

55.67 
55.11 

5.39 
5.33 

i2.33 
11.83 

9 41.0 -0.82 95.77U 54.77 5.30 12.37 
10 
11 

42.0 
43.0 

-1.22 
-3.74 

S-.2tU 
94.45U 

53.26 
51.45 

5.16 
4.98 

13.31; 
14.95 

12 
13 

46.0 
46.0 

-4.64' 
-2.71 

9 2.92U 
91.11U 

46.92 
45.11 

4.54 
4.37 

18.39 
21.55 

14 
15 
16 

46.0 
46.0 
45.0 

-2.12 
-1.54 
-1.56 

94.6CU 
94,ogU 
95.21U 

'8.60 
48.96 
50.21 

4.70 
4.74 
4.86 

15.49 
14.85 
14.16 

17 
18 

45.0 
43.0 

-1.31 
-0.96 

95.4bU 
95.71U 

50.48 
52.71 

4.89 
5.10 

13.70 
12.87 

19 
20 

44.0 
45.0 

-0.82 
-0.84 

96.5bU 
9 6.77U 

52.58 
51.77 

5.09 
5.01 

11.63 
11.50 

21 45.0 -0.63 97.43U 52.43 5.08 10.38 
22 44.0 -0.96 197.64U 53.64 5.19 9.85 
23 
24 
25 
26 

43.0 
43.0 
42.0 
43.0 

-1.61 
-0.47 
-0.44 
-0.80 

98.Oeu 
9b.94b 
Ib.ObU 
98.52U 

55.08 
55.94 
56.08 
55.52 

5.33 
5.42 
5.43 
5.37 

8.95 
7.53 
8.81 
8.23 

27 42.0 -0.72 98.06U 56.06 5.43 8.84 
28 
29 

40.0 
40.0 

-1.68 
-1.85 

S7.4CU 
95.6SU 

57.40 
55.69 

5.56 
5.39 

9.61 
12.30 

30 
31 
32 
33 

40.0 
40.0 
40,0 
41.0 

-2.90 
-3.13 
-2.13 
-1.87 

96.b9U 
Vc. 39u 
9L.53U 
9b.e8U 

55.69 
56.39 
56.53 
57.48 

5.39 
5.46 
5.47 
5.56 

12.31 
11.20 
10.96 
8.03 

34 
35 

42.0 
38.0 

-6.07 
-3.41 

9t5.45b 
'98.02U 

57.45 
60.02 

5.56 
5.81 

6.5S 
8.37 

36 
37 
38 

45.o 
46.0 
65.0 

-4.06 
-4.48 
-'. 86 

100.E8U 
9788U 
95.72U 

55.88 
51.88 
30.72 

5.41 
5.02 
2.97 

4.47 
9.77 

20.21 
39 
40 
41 

50.0 
60.0 

103.5 

-1.63 
0.0 

23.1l7U 

94.62U 
i0L.95U 
103,.5C 

44.62 
41.95 

0.0 

4.32 
4.06 
0.0 LO 

16.61 
3.57 

100.00 HI 
42 
43 

60.0 
44.0 

0.0 
-2.31 

106.82U 
94.960U 

46.82 
50.96 

4.53 
4.93 

-7.63 
14.36 

44 
45 
46 

43.o 
47.0 
75.0 

-0.77 
0.0 

-3.34 

95.12U 
97.04U 
95.C2U 

52.12 
50.04 
20.02 

5.05 
4.84 
1.94 

13.85 
11.44 
29.75 

47 
48 
49 

50.0 
36.0 
65.0 

-5.32 
-2.20 
-1.01 

8',.79U 
91.5 ;U 
97.60U 

39.79 
55 IS 
3. O 

3.85 
5.38 
3.16 

25.63 
17.65 
15.32 

50 55.0 -2.10 96.92U 41.92 4.06 13.57 
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ANNEX TABLE IX-C-7 (continued) 

NODE GROUND FLOW HGL HEAD-R-------PESSURE -------
ELEV ELEV MTRS ATM---CK PCT DRCP---CK 

51 60.0 -2.34 96.77U 36.77 3.56 15.48 
52 85.0 -7.07 161.o2U 76.02 7.36 HI -310.92 
53 200.0 86.65U 200.OC -0.00 -0.00 LC 100.)o0 HI 
54 75.0 -1.43 160.617U 85.89 8.31 HI -201.37 
55 46.0 0.0 94.84U 48.b4 4.73 15.C7 

ix-0-'1
 



AIEX TABLE IX-C-8
 
COMPUTER PRINTOUT (BAN--WD)
 
YEAR 2000 MINIDNM FLOW
 

3ANGUEfn 20) M!N!MUM FLOW 

INPUT AND OUTPUT IN LPS
 
, 55
NO rF NOOFe

NO nc pjpFS 70
 
MAX No nF. ITrPtTVONg 27
 
DrAK ING FArT1O oO
 

ALtnW P-rOpr)P fI/STATrr - PCT 3f,% 
STATT(r t-CL rnp P-)POP CALC iN3.5
 
MAX UN PA L - LoS A..rtrnn 
MAX ALL nW V;L -'A4S . rn
 
4TN ILLW VrL MOS r.4() 
*4AX ALLfw HL - M/i'~n M In. 

%IIN P-LLOW HL - M/1.nV M A 
MAX ALLOW PQrSS - ATM 7.rCo 
14TN ALLOW POCSS - ATM C. 7Cn 
Nn OF HFA()S Tt' P.c PFAD 2 

c
NO n UNKtY'WN k"'NSj)MPTT'-Ik 2 
SUM flF FXrn PF4&NPqS 18. e2 
BANnW InT 5 
TTFP 1 UNFAL -qSM. P2 LPS 

o
ITF ? UNPAL 4630. 14 Lp. 
ITFR 3 UNRAL 2 '3.71 LPF 
ITTFQ 4 IJNRAL 91 .'%4 Lf)c 

-
rI g UNRAL 45,44 Lp c 
IT 0 6 UNSAL .f"4 LD 
ITrP 7 UNP4L 91.66 LP C 
ITF Po t INB L -17. r f LO 

1n
ITF! 9 UNRAL . r2 LPF 
ITCI 1 ) UNg3AL 1.0q LPF 
ITFR 11 UNR4L M.1 LPF 

SOLIITTfN NO. I RrCHFn T' 11 IY.RATIONS 
0,01?3 GPM UNFALAN(c 
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AMMX TABLE IX-G-8 (continued)
 

'TPF NOoFS n IA L H-W K-VA LUF FLOW --VEt-- -- HF 0 fIS ---

NO FPnM-TI mM MTPS r MPS--CK MT MT/!)-,) CK 

401 11 1 In 2 7C. IC 0.125E 10 ".87 '.11 10 0.1m ".33 
4r?) 2 3 6r. ' "I' 0.259E-01. 0.12 ).,2 LO %. '1 L1 
4,3 5 3 !r !IF. 3f.C 0.495F-01 0.24 0.03 LO 0.0 '.'3 LO 
404 1" r%rr 175. ! r 0.754F-01 0.11 1.'A1 LO 1.*1.XI L 
4A 6 5 15 !% f . I r0 0.598E-02 0.54 n.0 tO1.r 1.n2 LO 
4n7 7 6 Zni 3 I5.Irt 1.153F 00 0..6 0.03 10 n 1 -.13 L
418 43 !1 15) 165. 1C0 O.qq7-02 1.43 3.18 LO 0.)2 n.12 10 
4')9
41A 

44 
li 

4? 
44 

'5^ 
m"1 

?'. 
f 

' An 
. I'"0 

0.138F-01 
0.711F-D1 

0.65 
11.25 

1.04 LO 
1.13 10L 

'.*0 
.OI 

9.03 Li 
9.3 L0 

412 
413 

p 
16 

7 
43 

100 
157 

qr. 
12r. 

I09 
i rn 

0.388E-01 
n.718F-02 

0.64 
1.17 

9.0 Lo 
.07 LO 

0.0? 
1.11 

9.i9 L 
0.18 t0 

414 1.7 16 !.-0 60. 1i9 0.359E-02 1.79 .in O101.0! N.1 Lf 
415 is 44 1 1 17r . I3' 0.732F-01 0.53 0.07 1O 0.0' 1.13 Li 
417. ?) 7 1" cr. IM1 1.388F-01 0.. .. 1 1 0 1. LO 0." tO 
41R 
4!0 

?2 
32 

29 
31 

1f 
1S" 

29r. 
. 

10r .125E 00 
ln.53SE-D2 

0.48 
0.99 

i0.06 LO 9.0-
L.0610 0.01 

.1 L0 
0.,6 L3 

421 28 3? 15 18r'. 1AO 0.lI8E-I 1.84 1.19 LO n .,A ".18 LO 
42 ?7 28R 10 1) . 1naI .628F-02 2.12 -.12 LO q.13 '.24 LO 
422 23 25 2.0 4r. 11" n.494E-03 0.31 .1 1.O 0.00 0.00 tO 
42? 25 27 2nV 71. 11 1.864E-03 0.93 1.13 L0 . ".) L0 
424 26 25 1" 7 . .I 0.323E-01 0.7) 1.19 L0 0.02 1.22 Li 
425 24 23 21" 75. 110 'X926E-03 6.87 0.22 L0 0.03 0.44 
426 23 22 150 8#. 301 f).478E-02 1.98 .11 1LO n0.2 0N.21 L3 
427 '2 -O I C. 560E-01 0.84 0.11 LO 0.r4 I.31 
428 I 18 IP 15r. Irn 0.646E-01 0.70 1.09 1O 3.039.?2 Lt 
429 20 17 lrZ 110. !C') 0.658F-02 2.q6 1.17 1O "'.' 5 0.45 
4-A 1.6 55 rI 23r. 1 0 0.991E-01 0.35 1.04 L 0.'1 0.16 10 
431 17 1; Ir'0 7. I) 1.221 F-01 0.9q I.05 LO .02 .05 L0 
432 15 14 109 65. 10 0.280E-01 C.68 0.09 1O 0.0 1 .1 L0 
433 14 1' 11- 31e, 1n9 0.134E 00 0.67 0.99 1O 0.06 . nU' 
434 12 13 15% (4' . 1 - 0.383F-01 i.398 8 LO1 .7 0.11. 10 
435 45 '8 1rn 32. IC) 0.Iql-01 1.69 0.10 LO 1.05 0.16 LO 
416 37 45 1 .1 215. r)1 n.1?E-01 1.69 0.1 LO 1.03 1.16 L0 
437 "7 2 01 1 16". Ir"I .957F-02 2.24 0.13 O 1.04 n.27 L 
438 21 2P 1P 79. iCf) 0.323E-01 0.97 0.11 1O 0.03 9.33 
439 22 211 5" 14". 1 ' .837F-02 0.9 -3.06 LO I.01e.06 L 
44% 36 24 2n9n 3. 11) 0.161E-02 7.91 0.25 L0 I.n7 0.57 
441 ?3 27 1 1,36r. Irl 0.997E-02 1.32 0.07 LC 9.02 0.1 Li 
442 34 33 15 2 . 1 n.173E-01 1.51 0.09 If 'e."4 *.!3 Li 
44 " 34 -5 1r, 42r . I."- .251E-01 1.52 0.-9 1O I.'9 ".I? L3 
448 52 42 200 4gF5". I1l ^.611E-01 40.38 1.29 57.61 11.64 HT 
449 52 42 ? 4C'5-".f 1!1 0.611 E-01 40.38 1.29 57.61 11.64 HI 
45n 53 52 I"n ?C4". 1I 0.363F-01 4.1.11 1.31 35.37 12.)3 HI 
451 3 % 2 2'?94r. 110 0.363E-01 41.11 1.31 35.37 12.3 HT 
101 4 2 100 1or,. !.00 .0.431E-91 0.1 .00 LO %P1 "'.) LI 
107 6 4 7f9 o.p I 0.776S-01 0.25 0.03 L0 I.'I 9.*3 Ll 
113 9 f 151 171. 1"C 0.10-E-01 1.29 1f.)7 1O 0.02 n.' L0 
104 9 10 1 " C9. CO 0.563F-32 1.9 '.11 1O 1.2 1.2^ L9 
105 iC !1 Isr.9 220. l00 0.132E-01 1.58 0.09 L( 9.03 .14 10 
16 ii 12 15 46". 111 0.275E-01 1.51 0.08 10 1.06 .13 LI 

IX-G-13
 



A!ThEX TABLE lX-C,-8 (ooitinued) 

! OF NOncS n I L H-W K-VOLUE PLOW -- VFL-- -- HAflfl SS---
N) FM-T1 MM MTP r MPS--CK MT MT/1111 rK 

107 8 9 2 ' 1i". .11 NO.136E-02 3.37 1.11 LO 1 ".12 LO 
I08i
Ing 

?
29 

8
-A 

U)'
Ia 

4' . 
IIP . 

111 0.56--)2
I r ' (.474E-01 

4.3)
O.n4 

.14. )1.(8 L.!R
0 .) ItO 

LO 
D.n.09 tO 

iI1 
'1' 

31 
.?.6 

30
3? 

110
101) 

27C. 
'5. 

.in
!0 

n.11SE DO
0.646E-01 

0.45 
0.13 

1.16 LO 
1.0)2 LO n.,0 

"3 L3n t)
n.Al LD 

112 
il3 

24 
55 

26 1r) 
14 1f) 

4,. 
I~ n . 

0, , 
I.CO 

n. 172.F-01 
0.545F-Di 

0.97 
0.35 

'.12 LO 
0.D4 LO 

2.n 
1."1 

n.41 
.16 L3 

114 36 ?7 P1)" 5" n . 111 0.654F-02 4.69 9.15 O . 1 0.22 LO 
i15 36 -4 ?n 33. 111 0.407F-02 4.17 1.13 O !.n5 n.17 LO 
I16 38 o 10I '040. 100 0.448F 00 0.28 0.04 LO I.74 I.64 Ln 
!17 42 41 3nV'An 6r5. O.104E-02 80.75 1.14 3.53 5.83 
118 
119 
2ni 

41) 
41 
-38 

36 
40 
46 

3M 
301I 
15" 

'2'. le) n.216F-13 
t75. 111) 0.300E-03 

1.5'. !"f.748E-01 

17.37 
17.37 
0.57 

0.25 
0.29 
0.03 

LO 
LO 
LO 

n.(4 
0.06 
1.)! 

0.34 
1.34 

1 .02 tn 
2A2 13 47 1q" I' . 11l 0.598E-01 0.91 05 LO 0.n5 .A5 LO 
2m- 1 4P 10 1A 0,. !r) 0.777E-01 0.38 0.02 IO 0.01 1.11 L 
2"4 
3"ll 

52 
35 

54
49 

1 " 
15 

IIr.
3 . 

Ir)
I0 

0.658F-01
M.179E-)1 

0.25
0.94 

0 ol
0.05 

LO
10 

1.00
0.% 

1.19 L1
0.15 L0 

3P2 49 5M 11 4r. 1n n 0o.172E 00 0.36 3.05 1O 0.03 0o06 LO 
.3 49 51 !r 4'r,. len -".172F PC 0.41 ,'.5 L1 . C..08 LO 
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NODE GRrIjh FLrw HGL HEAD -PRFSSUQ-
ELrV FLEV MTRS ATM---CK PCT npFocP---CK 

1 4?.0 -0.4 c. !"1. "6U 61.16 5.91 '.72 
48-r.!7 Y 8U 61.18 5.92 ?. 

3 42.n -r.1] 1"93.18U 61.18 5.92 5! 
4 41.0 -0.24 'rIA.1811 62.18 6.r2 7.5! 
5 42.P -. p Iel1.9U 61.19 5.92 .5 
6 41.1 -P.76 I13.19U 62.19 6.12 .1.rl 
7 40 .0 -0.4q 1C3.20U 63.20 6.12 0.47 
8 41." -'... - '3.?2U 62.22 6.12 1.45 
C) 41. n -'.1' V"3.20U 62.20 6.02 A.47 

10 42.0 -. 1 103. 1 U 61.19 5.92 1.51 
1i
12 

4.
46. r 

-r.64 
-. .7c 

113.15U
1P3 .1(U 

60.15
57.11 

5.82
5.53 1.57

(1.71 
13 46.' -).46 n3on3U 57.03 5.52 0.97 
14 46.P -r.36 103.16U 57.16 5.53 '1.5q 
15 45 -n.26 Ir3.17U 57.17 5.53 0.57 
IA 45. -'.27 P)3.18U 58.18 5.63 0.54 
17 45." -. 2 l3.19U 58.19 5.63 ..52 
18 "4 -' 6 1.r? .2nU 60.20 5.83 FI.49 
ig 44 -r-.14 ! 3.24U 59.24 5.73 0.44 
20 49. f -n. 14 103.24U 58.24 5.64 n.44 
21 45. -!.' I,3.277 58.27 5.64 1.41 
22 44.r -^.IF I3.28U 59.28 5.74 1.38 
23 43.0 -?.. F l3.29U 60.29 5.84 .34 
? 4 41. r- - . "p I 3.43U 60.33 5.84 1.?q 
25 47.? -no ;7 1.'3.2qU 61.29 S.93 1.34 
26 43.) -r.14 103431U 60.31 5.84 1.31 
27 
28 

420.' 
41.m 

.o 
_1'. 

1.2 
9c 

1"'3. ?9U 
I "3. 'TU 

61.29 
63.27 

5.93 
6.1? 

1.'4 
.3 

29 41. -0.?2 ICA.20U 63.20 6.12 1.47 
3" 4).r -' *rS5 '3.21U 63.20 6.12 f).47 

4'.n 1.73.23U 63.23 6.12 1.43 
32 4-. -n.37 in3.23U 63.23 6.12 0.42 
33 41.p -P.'2 im3.31U 62.31 6.3 ".31 
34 42.n -1.14 1C3.35U 61.35 5.94 '.2; 
35 38." -'.5p 1r3.29U 65,29 6.32 0.32 
36 45."' -".7 P!3.4OU 58.40 5.65 n.117 
A7 46." -r.77 103.29U 57.29 5.55 '137 
38 65." -. P? l"3.2^U 38.20 3.7" "1.77 
..9 51.n -0.28 !"'. 16U 53.16 5.15 0.63 
4) 6).n f."I n13.44U 43.44 4.21 .1.4 
41 113.5 -t3.39U 1C3.50 0.0 0.0 LO IOOn HI 
42 61.0 0. 1C7. C3U 47.03 4.*5 -8.11 
43 44.r -r'.4f 103.7U 59.17 5.73 0.55 
44 43." -".1? 1'3.181J 60.18 5.83 .53 
45 47.0 1. 1 103.25U 56.25 5.45 '1.44 
46 75 -^.57 I'Al.18U 28.18 2.73 1.14 
47 5).f. -".91 1(2. '.8U 52.98 5.13 n.9q 
4A 36.0 -0.38 103.05U 67.05 6.4q 0.67 
49 65.- -' 1 7 1",.27U 38.27 3.71 n.59 

55." -'. 1-.25U 48.25 4.67 9. ? 
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.MEX TABLE IX-C-8 (oontinued) 
Njon r I.3ND F:LW HGL HEAD PQFSSURF-------

EL rV FLEV MTRS ATM---CK PCT DROP---CK 

51 60 -0.40 !C3A.24U 43.24 4.19 ".59 
5 8 .) -1.? i'4.f3U 79.63 7.7! HI -231.45 
53 2v.f 82.21U 2 r). 0 -D.00 -9 .' LO l"'.nn) HT 
54 7T.0 -0. ?F 164. f3ti 89.63 8.68 HI -214.48 
55 46. " '.0 '.17U 57.17 5.53 n.58 
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CHAPTER X FINANCIAL FEASIBILITY ANALYSIS 

A. GENEAL
 

The financial feasibility analysis herein establishes a detailed 
set 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 props.,
 
establish reserve funds, and retire indebtedness.
 

-Water 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 householder in the
 
water district.
 

The financial analyses includes only those revenues and dis
bursements for the proposed construction program from 197u to 1990 
(Immediate Improvements, Phase I-A and Phase I-B). 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. TWE EXISTING SYSTEM 

Personnel 

Prior to the formation of a water district, the waterworks system

of Bangued was managed and operated by the municipal government. As 
of July 1976, the BAN-44D consisted of 11 personnel. Recent develop
ments included the expansion of its present staff and the adoption of 
LWIIA 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) F 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 Pe~iarrubia (residential and commercial). 

Financial Statements
 

BAN-WI relies solely on its collections from water sales to keep 
the system operating. Average monthly collection is approximately 
P3,500. Prom 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. 
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Historic financial records have not been based on organized basic 
accounting systems. Therefore, data on the past finances 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 assumptions will be tested as the project is implemented.
 

C. DEVELOPMENT COSTS 

The cost estimates of the facilities needed to improve and expand
 
water services of the water district over the development planning
 
period 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 I are summarized on an annual basis in Annex Table X-C-I. 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 oonstruction supervision.
 
Design costs are shown in the year preceding construction. Cont-ngen
cies'(15/lO percent) are distributed uniformly during the construction
 
period. Foreign exchange component of total project cost includes cost
 
of direct and indirect import items, as well as a portion of the en
gineering costs.
 

Escalation of Costs
 

To account for the effects of inflation, capital cost estimates
 
are escalated. This has been done year by year on an item-by-item
 
basis using escalation factors computed from assumed inflationarl.
 
trends and applied to the basic current e'oat data as shown in Annc' 
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 :und 6 percent per year thereafter. 
On the other hand, annual operation and maintenance costs and f,-.ily 
income are escalated at a rate of 8 percent all throughou-: the 23-year
 
study period. These escalation factork have been assumed to apply
 
equally to the local and foreign exchanre costs.
 

D. OPERATING AND MAINTENANCE COSTS 

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 capacity 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 accordance 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 COTVEIN(1 LOCAL 
WATER DISTRICT DEVELOPMT 

The following are the major _itential sources of funds which 

can be 	utilized by the bAN-WD: 

Operating Source
 

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

No n-Operating Sources 

Non-ope:ating sources of funds for development include 3 basic 
groups: 

1. 	Lo~ns - funds may be borrowed by the water district for 
development. One of LVAI's primary functions is lending 
funds for development to water districts. From the water 
diietriot's point of view, LWUA is the primary, if not the 
only realistic source of funds. LWUA borrows both foreign
 
currencies and pesc,.. ' -rarying terms and relends needed 
funds to water dis-.=' ccording to the composite terms 
needed to support - .:nd of debt service terms LWUA itself 
must meet. At pres ..', LWUA's terms include: 

Immediate Improvements Loan Phase I-A and I-B Loan 

Interest - 9 percent per annum to be 9 percent per annum to be
 
computed at - percent per computed monthly at - percent 
month. 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 Phase I-A and I-B Loan
 

Total loan outstanding at 
the end of construction 
period earns another full 
year interest before re
payment. 

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

Principal - amortized equally for 0 No principal payments due 
years to start one year
after oonstruotion. 

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 - consist of payments made by new
 
customers and benefiting property owners for the costs of
 
specific portions of the facilities being developed. Typically,

such charges are made for the costs of new construction and
 
water meters and for all or a portion of the costs of new
 
distribution system extensions. LWUA policy requires new 
customers to pay for connections and water meters, but currently
does not include an assessment for distribution system costs. 
These sources are referred to as "contributions in aid of con
struotion" 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. 	 Grants or Credits - LWUA has access to loan funds on con
oessionary terms and is thus able to relend funds at rates 
that are below market rates. This in itself is a 'credit'
 
available to the local water district borrower, In some
 
countries, the national government makes outright grants to
 
local water districts in recognition of the overall national
 
benefit of having sae and reliable water systems. Another
 
approach is for the government to advance a portion of the
 
funds needed during the early years of development at little
 
or no interest to assist the local utility in building its
 



financial capacity. This is another form of 'credit' as
 
referred to above. Later, as the rev6iue 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 projrams with no equity partici
pation by government or assistance other than the LWUA loans.
 

Reserve Requirements
 

Since reserve requirements are tied directly to obtaining develop
ment loans from LIU, they are considered as funds required to support 
capital development. After total revenue requirements are determined, 
LWIJA 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. FUN]S FOR CAPITAL DEVELOPMNT 

Once the basic data requirements are met and the financing policies
 
outlined, funds required to cover development costs are then determinedo
 
The modt important document in this regard is the breakdown of project
 
costs as escalated and shown in Annex Table X-C-2.
 

Depreciable Assets/Depreciation Expenses
 

Capital assets acquired each year become subject to depreciation
 
in their first full year of service. Thus a pipeline completed in 1978
 
becomes "depreciable" in 3.979. 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-in-process" until completed.
 

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

Based on the schedule of assets, annual depreciation expenses were
 
calculated and are shown in Annex Table X-F-2.
 

Revolvi! Fumd 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 policy 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 a period of 10 years to build sufficient income
 
to support the annual costs of connections. At some future point,
 
income exceeds annual expenditures and the revolving fund can be used
 
to refund the earlier advances of working capital. 

Annex Table X-F-3 indicates the work.ing capital requirements.
 
In this table, the two key assumptions are:
 

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

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

Revenue Unit Forecast
 

The present LWUA rate policy incorporates the use of "revenue 
units" (RIT) in determining the basic cost per cubic meter of water to 
domestic consumers. Commercial and industrial customers are charged 
twice the unit price 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 discharges from pipes of various 
sizes are reduced to a 3/8-inch connection by the use of conversion 
factors. 

Thus, the discharge of a 3/8-inch connection (actually a J-inoh 
connection, but regulated by a water meter to give the discharge of 
a 3/8-inch connection) is multiplied y 1.0; that of a j-inch by 2.5; 
that of a i4-inch by 4; that of a 1-inch 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 consumed 
after the first 10 cum. The unit price is uniform for every size and 
type of connection. 

Annex Tables X-F-4a and X-F-4b give the revenue unit forecast. 
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0. 	ANALYSIS OF WATER RATES 

Ability-To-Pay Issue 

Presidential Decree No. 198 stipulates that water districts must 
be financially self-sufficient. In the past, most water systems have 
not been able to generate sufficient revenues to cover even the 
operation and maintanance expenses due to various factors including 
poor pricing schemes, defective collection system and inadequate con
sumer promotion. The major reason for insufficient revenues, howeverl 
is that certain consumers being served by the water district have such 
lo incomes and hence, are not in a financial position to pay 
the full costs of the system. Therefore, before a water system is 
improved and expanded, the ability-to-pay of the population targeted 
to be served, must be ascertained first. 

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

In March 1975, an informal survey was conducted among Water 
District General Managers to help gather data needed for the ability
to-pay studies. Questionnaires were distributed to 15 water districts 
covering provincial areas that differed in size, location and economic
 
conditions.
 

The answers given by the general managers of the 15 water districts
 
are summarized as follows:
 

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

2) 	Water consuers generally accepted the increase after some 
explanations justifying it. Only five received formal com
plaints about the increased rates while eight received formal 
complaints about the poor quality of water supply. 

3" 	Ten had difficulty in the collection of water bills primarily
 
due to dissatisfaction of consumers to the water service.
 

4) 	 Assuming that capital 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 level of their families is similar to 'hat 
of the national income figure, and (o) they are near I,nila, only 
about 2 hours away by bus. 

The survey covered 556 families, classified into 4 income groups. 
Approximately 28 percent came from the low-income class (below ?220/ 
month); 55 percent from the middle-income (?751-PI,500); and 5 percent 
from the high-income group (above P1,500).
 

The table below presents the highlights and pertinent findings
 

of the survey:
 

ESTIMATED ABILITY-TO-PAY BY INCOME GROUPING
 

Weighted Average
 

Income Group
% Distribution 

P220 
28i 

P221-750 
556. 

P751-1,500 
12% 

P1,500 
5% 

Probable Ability
to-Pay on Basis 
of Improved 
Service P13.50 P24.50 ?37.00 P67.50 P25.00/mo 

Estimated Ave
rage Income ?220 P660 P1,000 P2,700 P680/household 

Ability-to-Pay 
Divided by Ave
rage Income 6.1% 3.7% 3.7% 2e5% 3.7% 

The foregoing table indicates that the low-income group may be 
able to pay a maximum of P13.50 a month for water (about 6.1 percent 
of their average income). In the extreme end, the high-income group
 
may be able to pay a maximum of P67.50 a month for water (only 2.5 per

cent of their average income). This disparity in the percentage of
 

income allocated to water by the 2 income groups may well be the best
 
argument of those advocating a socialized price structure.
 

The probable maximum ability-to-y of the pilot area average 
household is about P25.00 per month,;V 

l-/Thio figure includes appropriate allowances for the respondents
 

understating their income or willingness to pay and the increase in
 
amount they are willing to pay as a result of improved services. 



Family Income
 

In the Survey of Households Bulletin Series No. 34, published

July 1973 by the NCSO, Manila, (page 3, Table 5), the following data
 
are given:
 

Manila Other
 
Total Total and Urban
 

Families Urban Suburbs Areas Rural
 

Median.Family Annual
 
Income, Pesos P2,454 P3,972 P5,202 ?3,650 P1,954
 

Size of Sample,
 
Families 6,347 1,913 525 1,388 4,434
 

The above data are for the 12-month period May 1970 to April 1971,
 
more or less. The figure for "other urban areas", P3,650 median family
annual income, may approximate, or may be a little less, than the median
 
family income at the areas served with piped water. As the figures
 
cited above show, in general, people in urban areas tend to be finan
cially 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
 
city or municipality.
 

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

The report, "The Filipino Family, Community, and Nation" by
 
Emma Porio, Frank Lynch and MPary R. Hollnsteiner published by the
 
Institute of Philippine Culture of Ateneo de Manila University in
 
April 1975, cites in Table A9, page 99 the results of a survey in
 
April 1974. The families surveyed were distributed among 15 urban
 
areas, and included 373 families in Metro Manila. Excluding the fami
lies in Metro Manila, mean monthly income of the remaining 1,599
 
families was P572, or ?6,864 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 country. They included, for instance, only 3 munioipalities,
 
the other eleven being classified as cities. The median population of
 
the 14 urban areas in the 1970 census was about 70,000.
 

Based on these data, the mean family income of the people residing

in the water service areas of the communities whose water systems are
 
proposed to be improved might be, by I 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 Porio, Lynch and Hollnsteiner).
 
For lack of other data, the average water-using family may have an income
 
of about P7,900 during 1976 (or P660 per month, which is close to the
 
Lipa household survey). This is equivalent to an annual income of
 
$1,000 for a family of six or seven.
 

Initial Rate Determination
 

Several trials were made to come up with "revenue unit" (RU) 
prices that can be used for a period of several years. It is good 
practice for the water district to adjust prices every 3 years or so, 
instead of annually. 

Based on the trials made, the water rates established at 3-year 

interval are as follows:
 

Period Water Rate O/RU) 

1978-1980 PO.70 
1981-1983 1.20 
1984-1986 1.60 
1987-1989 1.80 
1990-1992* 1.90 
1993-1995* 2.10 
1996-2000* 2.20 

The first step of PO.70/RU was selected as an intermediate rate, 
in anticipation of the second step (1I.20/RU) which is indicative of 
the required cost to makc the system financially viable. The rate of 
?1.20/RU in 1982 cost levels is equivalent to P0.82 in 1978 prices
(based on 10 percent discount rate). Likewise P1.60/RU in 1985 is 
equivalent to P0.82 in 1978 prices. 

Peasibility of Charges 

The question of feasioility is a matter of analyzing whether or 
not the customers of the wter district are able to pay the required 
charges both now and in the future in order to obtain safe and reliable 
water services. Inasmuch as the proposed water rates represent the 
"mean", determination has been made for that group of households 
whose income (P700/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 continued to 
construct.aditional facilities from 1990 to 2000. 
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water by this grcup was calculated at 24 cum per month.-/ For present
purposes, the study oovera consumers with ;-inoh connections inasmuoh 
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-cu.
 
consumption is ?9.80 (P0.70 
x 14). For newly connected customers

who avail of the 10-year installment plan, monthly expenditure for
 
water will increase by P6.85 to account 
 for the service connection
 
charge. Since both water and household incomes increase each year,

the impact of the installment charge on the expenditure pattern of the

household will dcline over the l0-year period of payment. The esti
mated impact of the increased rates and connection charges on house
hold patterns is shown below for the mid-point of each rate block.
 

M2U 1982 .i§ U188 1221 .12H4 I2 
Escalated income of
 
household earning
 
P700/mo in 1976 
(85 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 
um) 17.50 30.00 40.00 45.00 47.50 52.50 55.00 

Commodity charge
 
(Rate/Ru x 14 cum) 9.80 16.80 22.40 
 25.20 2C,60 29.40 30.80 

Income allocation to
 
water for existing
 
consumers (%) 
 3.1 4.2 4.4 3.9 3.3 2.9 2.4
 

Connection charge for 
new customers
 
(P6.83/mo in 1978) 7.51 9.63 12.13 
14.45 17.20 20.48 24.39
 

Income allocation
 
to water for new
 
oustomers 3.9 5.3 4.1
5.1 4.7 3.7 3.1
 

Since the mid-point of the period was selected for oomparison, it ahould
be noted that the proportione 3hown would be slightly higher in the -ear
 
preceding the mid-point and lower in the succeeding year of each rate
 
block. 

-/Probable use of water by income groups: 
Income Below 
 Upper Weighted
 

Grouping Average Average Middle Upper Nan
 

Probable Water
 
Use cum/mo 16 
 24 32 44 23.7
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In the example shown a0ove, the proportions of the household 
income required for water services (except in 1982 and 1985 which are 
the crucial years) are considered within the upper range limit of the 
ability-to-pay studies done ir-Lipa City where willingness to pay fees 
for improved services wa3 found to be about 3.7 percent of the house
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 realistic. Since water is a prime
 
commodity both for the poor and the rich, the socialized rate may
be determined such that a greater financial burden is carried by 
those who can afford (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 scheme, the 
cost for the first 10 cum consumed is P17.50 and the subsequent con
sumption, 0.70/own. Thus, the monthly rates for the following water 
consumption will be: 

usage (cmImo) Cost/month (P)* 

16 21.70
 
18 23.10 
20 24.50
 
22 25.90 
24 27.30
 
30 31.50 
32 32.90
 
44 41.30 

The estimated impact on the average income household (assumed to 
have a monthly 1976 income of P660) and the below average income 
household (assumed to have an adjusted monthly 1976 income of P300) 
is as follows: 

* For J-inch connectiondomestic classification. 
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Projected 1979 Monthly Usage Cost of Percent of Income 
Income Level Monthly ncom _ of Water Water/mo Allocated to Water 

Below Average P380 16 cum ?21.70 5.7 
Average 830 24 cur 2*7.30 3.3 

The proceding table shows that the financial burden to the below
 
average income groiup is heavy. 

A socialized Pricing alternative has been developed to relieve 
the low income groups of the high financial cost of water with the 
following rate structure: 

first 16 cure/mo at PO.80/cum 
from 17-24 cum/mo at Pl.70/cum 
from 25 or more cur/mo at 1*2.30/oum 

The resulting monthly rates for the various water usages will be: 

Usage (cum) 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 Percent of Income 
Income Level Monthly Income of Water. Water/mo Allocated to Water 

Below Average 1 380 16 Oumn 112.80 3.4 
Average 830 24 cum 26.40 3.2 
Upper Middle 1,260 32 cum 44.80 3.6 
High 2,910 44 oum 72.40 2.5 

The preceding table showsthat across the income profile of the
 
community, the monthly costs range from 2.5-3.6 percent of household 
income. 

Revenue Fore cast s 

Estimated future levels of income from water sales are shown in 
Annex Table X-G-1. 
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H. FINANCIAL SUMM4ARY 

Several trials have been conducted in developing the forecasts 
or financial statements of the BAN.40D. These statements are based 
on the following major assumptions: 

1. 	 Reserve Fund: 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
 
for the second and third years.
 

3. 	Accounts Receivable: equivalent to 3 months of sales.
 
4. 	Accounts Payable: equivalent to 2 months of operating
 

expenses.
 

External BorrowinjRequired
 

Annex Table X-H- shows a summary of the external.borrowing
 
recuired and the annual debt servicing of the loans. Two separate
 
analyses were made for the imediate improvement loan and the 
Phases I-A and I-B loans to comply with prevailing LWUA terms. 

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 P9.834 million. The Phase I-B loan will cover 
the 5-year period 1986-90 inclusive and will be about P3.888 million. 

The 	immediate improvement loan of P4.207 million consists of
 
P3.638 million in escalated capital expenditures (see Table X-C-2)
 
and PO.569 capitalized interest. The Phase 1 loans of 19.834
 
million in 1978 and 13.888 million in 1986 include escalated capital
 
expenditures (Jee Table X-G-2) less revenues from the service con
neotion revolving fund (see Table X-F-3),
 

Projectione of Financial Statements 

Annex Table X-H-2 shows the net income (loss) on a yearly basis.
 
Net lose is forecasted in 1982 through 1986. Net income cumulative
 
would show positive values in fifteen of the 23-year study period.
 

Other related data such ah water production, water sales, un
accounted-for-water and rate of return based on net fixed asset in 
operation arc- also presented in the table. 

Cash Flow Statements
 

The cash flow statement provides an indication of the adequacy 
of working capital. It is not generally sufficient to cover cash 
outlays with revenues because of the tendency 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
 
capital.
 

Annex Table X-H-3 presents the annual "Projected Souroes and
 
Applications of Funds". Potential net decreases are expected in 1982
 
through 1984, 1986, 1994 and 1998. By 2000, positive net cumulative
 
cash balance will be P4.482 million even if "csh at the beginning of
 
1978" has been assumed equal to zero.
 

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 district from 1978 to 2000.
 

Rate of Return
 

Discount rate of return on total investments (Annex Table X-H-5)
 
measures the true efficiency 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 project. It shows what the compounded growth of investment within
 
the project cycle would be based on the interplay of cash 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 yar. Hence, 
assets are to be liquidated and all liabilities are to be paid from
 
the proceeds of the assets.
 

Several trials 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 return, with the assumptions 
made, is estimated to be 7.59 percent. 

I. 	FINANCIAL RECOMMNDATIONS
 

l. 	The water district should establish a revolving fund to assist
 
new customers in financing service connection charges,
 

2. 	The proposed water rates (for domestic consumers) to effect
 
self-sufficiency are as follows:
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Period 	 Water Rate P/U 

1978-1980 PO.70
 
1981-1983 
 1.20
 
1984-1986 
 1.6o
 
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 district 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 construction 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 facilities included in immediate improvement 
program and Phase I only. 
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DEVELOM=T COSTS
 



A=I TA Z-C-1 

PBMECTED COST OF RO0Xr2W P~GaEN 
rANGUIWAMR DISTRICT 

(WIMTa~7 ZSCALATION) 
(Px 00oo) 

1978 I= 198 I .8iJ2k 2§ 1986 =.. Tot_ 
Souroe Dlvelopmeit 
Distribution Facilities 
Bl~arnal. 76tvork
Seryjo. C~on tion a) pipes 

b trs 
Fire Fjtraits 
Lmborstory Facilities a) Ikuipes

-) Structure 
xter Repair Facilites a) Equijasa 

16 121 121 
255 1,8741V74 

34 198 198 
14 82 82 

31 31 
5 31 31 

20 145 145 
16 99 98 
5 36 35 

-

198
82 
31 
31 

-

198 
82 
31 
31 

63 

218 
96 
37 
36 

186 

121
82 
31 
22 

6 

121 
82 
31 
22 

186 

12ai 
82 
31 
22 

186 

121 
82 
31 
22 

184 

121 
81 
31 
22 

258 
4,94 

1,649
847 
322 
275 
310 
213 
76 

1) stzuatilr 4 33 32 69 
Plubi. Shop
Vehicles 
Feasibilit StudieY 

omedoiste Inprevats a) Distribution Facilities 1. Iq4dp.iyet 28 

29 

96 

215 
69 

215 459 
69 
96 
28 

b) Administration 
2. Structure 

ulldlug 1. Equipmet 
1,731 

113 
1,731 

113 

o) Storage Facilities 
d oervice Coeotions 

2. 

1. 

Structure 

Pipes 

459 
36 

214 178 179 

459 
36 

571 

e) Vehicles 
Eisoellameus Items 
Peasibility Studies 

2. Meters 148 
76 
16 
35 

123 124 35 
76 
16 

3 

sub-TIotaY 2,856 3CI 803 ;934 139097 
Lan 84 - 19 - - - 103 
Total Project Cotj 2 0,4 301 822 2,934 2,862 342 342 450 442 442 442 442 439 13,200 

m,---l_ ted at appre l.ately 1% of total project cost. 
1u8 design (first jew of each major seipet of davelop ezt, aweavision of owoneztim and oatimpnnLc sprea =.foemdy darlag the 

peoAof cowrtruotion. 
AMDoes zwt inaluae Interest durizg oonstruoticn. Fox. calculated interest see ?able L,-
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IZ TA3LE Z-C-2 

OJECCOST OF EEO ZME= PBOGRM 
BANG;D WAl;Z3 DISTRICT 

(ESCAL 
x 10005 

Ite 
FEC 

1978 1980 1981 198 1283 1k = 198 1=8 19188 9 1v ~ 

E~oal&ation Factor 
Source Development 
Distributtion Failities 
Internal Iletwork 
Service Connaotion a)Pipes 

b)Xeters
Fire lbdrants 
Iaboratory Facilitis a) Equipment 

bStructure 
Nrter Repair Facilities 0) Equipment 

b)Structure 
P,,bing Shop 
Vohioles 
Feasibility Studies 
I-mediate Improvement a) Ditrlbuti=n Facilities 

1. Equipment 
2. Structure 

b) dadintration BuildiAn 
1. Equipment 
2. Structure 

o)Storage Facilities 
d)Service Connections 

1. Pipes 
2. Meters 

i Vehicles 
2iscellanous Items 
FeaaibiltV Studies 

58 
52 
44 
50 
83 
59 
89 
33 
90 

6 
6 

51 

90 
53 

70 
6 

90 

50 
83 
51 
62 
55 

1.000 

28 
19731 

113 
459 

36 

214 
148 
76 
16 
35 

1.100 

196 
135 
-

-

1.210 1.307 
19 158 

309 2,449 
41 259 
17 107 
7 41 
6 41 

24 190 
19 128 

6 46 
5 42 

35 281 
90 

116 

217 
150 

1.412 
171 

2,646 
280 
116 
44 
44 
205 
138 
49 
45 

304 

1.525 

302 
125 
47 
47 

1647 

326 
135 
51 
51 

1.779 

112 
388 
171 
66 
64 

1o886 

351 
228 
155 
58 
41 

1.999 

372 
242 
164 

62 
44 

2.119 

394 
256 
174 
66 
47 

2.246 

418 
272 
184 
70 
49 

2.381 

438 
288 
193 
74 
52 

348 
7,489 
2,882 
1,541 

586 
486 
419 
285 
101 
92 

620 
90 
116 

28 
1,731 

113 
459 

36 

627 
433 
76 
16 
35 

SiaO-T'otal 

.un4 
2,856 331 

-

971 

23 
3,832 

-
4,042 

-
521 

-
563 

-
801 

-
833 

-
884 

-
937 

-
993 

-
1,045 

-
189609 

107 
T_%a1 Project Cost -."o 331 994 3,832 4,042 521 563 801 833 884 937 993 1,045 18,716 



ANE X-IP 

FUNDS FOR CAPITAL DEVELOPIENT 



AS!= ?ABLZ I-F-I 

=7= VAM DISThZCT 
(P z 1000) 

19 1S9S11M Isfu 9t 248 

labosmUta Poolliti a) ageli t 
Tb S~We 

Mar b Pa 2lLt1se a) 1Wimt 
b Strootwe 

plimbif p 

fw Ver-4ta.froe 

24 
19 
6 
5 

35 

108 

214 
147 
52 
47 
16 

953 

419 
285 
101 
9 

620 

1865 

Il. AhS AZ IfT UR M 
DistlWtioatuafLltles 
1-torml fetwork 
Service Osmatim 

Fie W4zato 
Teoiol~o 
psaviy11 tuiosde 
Imeite Im mnt 

a) rips 
b)A..7 

a) DEiIibutiars Fewilties 
I. mvdput
2. ftlm 

28
1731 

309 
41 
17 

6 

116 

2449 
259 
107 
41 
41 
90 

2646 
2M0 
116 
Z4 
44 

3M 
125 
47 
47 

326 
135 
51 
51 

112 
388 
171 

6-6 
64 

351 
228 
155 
58 
41 

372 
242 
164 
62 
44 

394 
256 
174 
"6 
47 

418 
272 
184 
70 
49 

438 
288 
193 

74 
*52 

I. T, t m 

2. Struature 
.) 8lorte Facilities 
a) Sewvi Conetioas 

1. Pipes 
2. Voters 

) Vehiol.. 
j IIlsollincu ?ium 

113 

459 
36 

214 
148 
76 
16 

196 
135 

217 
150 

Itpla,omaS! a e) C bt.U 
b) Labeva.o7 ?Politie - 2Euilpmst 
o*) r Repair Paclities - Ztqipnet 
d) Distwibtioss P"La o s~te- !.qupnezt 
e) MALaistrativ and XteolUawous 

?acilities - Tuljment 
f) Tohlo,
C) xis"a~ ~moo Its"L 

134 150 

370 

78 

316 
213 

392 419 111 

240 

118 
1100 
269 

125 132 

%tui Assets Added T -Taaaa 2956 331 M3 29? 3130-* 521.. 563- 801- 967 884 937 1143 104V5 1 392 419 351 1487 125 132 

Mf. MEM0r.3Z TAL= 
A. 30 Team ServieLift 

ftwti.C Facilities 
Saw* o.o.vu1pemut 
St.osa~e ?'a ities 
DistIbu.ioa "acllitiet - StrwAture 
Ictera&I Network 
P%" .!A.-t. 

2041 
-
-
-
-
-

2041 
-
36 

1731 
-
-

2041 
-
36 

1731 
-
-

2041 
-
36 

2040 
41 

6 

2041 2041 
- 348 
36 36 

W;5, 7135 
30-. 55O 

-7 91 

2041 2041 
348 348 

36 36 
7135 *; 

=2 1208 
133 169 

2041 
348 
36 

r-47 
1596 
253 

2041 
348 
36 

7598 
152 
294 

2041 
348 
36 

7970 
206 

338 

201 
345 
36 

8364 
2322 
355 

2041 
348 
36 

C782 
25%a 

434 

2041 
348 
36 

9220 
2882 

486 

20411 
W4 
36 

9220 
2882 

486 

2041 
348 
36 

9220 
28B2 

486 

2041 
3.48 
36 

9220 
2832 

486 

345 
36 

9220 
2882 

486 

1 
348 
36 

9220 
2882 
486 

2041 
348 
36 

920 
2882 
486 

2041 
348 
36 

9220 
2832 

486 

201 
Y45 
36 

9220 
2S82 
4f6 

2041 
3Z8 
36 

9220 
2&Q2 

486 
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AM= T,4TS X-"-I (co=3=) 

A33W AND MPzE.Ia ATI ?AS? 
3DiG WMM DISThUC 

(x 1000) 

Service Conetim - Pipes
Lsborsto7 Fbcilities - Straot-re 
Motor Repair Facilities -Structure 
Pl~mbing Sop 
Au-i. tr-tin kdldiC - Strmctue 

?otal 50 Team Service Life 

3. 30 Years Service L. 
Feasibi11t St.lles 

Total 30 Teams Service Lfe 

C. 15 Years Service Life 
Metors 
Laboratoz Flities - imet 
Yeter Repair Facilities - Squip t 
DistributinFacilitie;- Equipment
Adminstrationi2ldivg - im t 
Hisoe11aeo, Ztem 

Total 15 Tow-% Service Life 

D. 7 Tears Service Lite
Veolem 

wta 7 Years Sarvice Lte 

-

-

2041 

-

-

-
-
-

-
-
-

-

-

-

214 
-

-

5 
459 

4481 

35 

35 

148 
-
-

28 
113 

16 

305 

76 
76 

410 
-

-5 
459 

4677 

35 

35 

283 
-
-

28 
113 

16 

440 

76 
76 

19812 
644 
-

-
5 

459 

5267 

151 

151 

440 
-
-

28 
•113 
16 

57 

76 
76 

198i 12a1~~ _ 108986 = 107 j =~8 20 1991 j =1 IM 2000jj 
751 867 992 1127 1298 1453 1617 1791 1975 2168 2168 2168 2168 2168 2168 2168 2168 2168 2168 

- 285 285 285 265 285 285 285 285 285 285 285 285 28. 285 285 285 285 285 
- 92 92 92 92 92 92-92 92 92 92 92 92 92 92 92 92 92 924 620 620 620 620 620 620 620 620 620 620 620 620 620 620 620 620 620 620 
459 459 A 459459 459 459 459 459 459 39 459 459 459 459 45944 
8163 12554 1,028 13540 14275 15050 15872 16743 17666 1863T 18637 18637 18637 18637 18637 18637 18637 18637 18637 

151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 15i 1 .51 
151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 

481 525 572 623 689 747 809 85 945 1019 1019 1019 871 1106 1341 1719 1786 1857 1931 
- 419 419 419 419 419 419 419 419 419 41.9 419 419 .419 419 419 - 1100 1100 
- 101 101 101 101 201 101 101 101 101 101 101 101 101 101 101 - 269 269 
28 28 26 28 28 28 28 28 28 28 28 28 - 78 78 '78 78 78 78113 113 113 113 .113 113 113 113 113 113 113 113 - 316 316 316 316 316 316
16 16 16 16 16 16 16 16 16 16 16 16 - 45 45 45 45 45 45 

638 1202 124.9 1300 1366 1424 1486 1552 1622 1696 1696 1696 1391 2065 2300 2678 2225 360 3739 

166 16 166 166 90 221 22Z 1UL 28d 2, 2P.A 284 1 0 46%, 211 A'SA Ar; £51 
166 166 166 166 90 224 224 134 284 28424284 150 363 363 213 453 453 433. 

TAL PWR3C I VAM 
300]1 ATZ 01F A8 0TM TW LUM 
Lam 

TOTAL D=01 VAUB 0F ALL 01AL ASS= 

2041 
4897 

84 

4981 

48.97 
5228 

84 

5312 

5228 6091 9078 14073 14594 
6199 10031 14073 14594 15157 
10?U107 107 107 1O7 

6306 10138 14180 14701 15264 

15157 15882 16849 17733 18580 19723 20768 20768 20768 20327 21216 214U51 21679 21466 22906 22580
1558 16849 17733 18670 19723 2076B 20768 20768 20768 21315 21606 21870 22030 22953 23031 23112 

107 107 107 107 107 107 107 107 107 107 07. 107 107 1lT 107. 107 
16065 16956 17840 18777 19f30 2067 2067 20875 20875 21458 21713 21977 22137 23060 23138 23219, 



A=E_ TALE X-F-2 

SCHEDULE OF DEPRECIATION EXPESES 
BAIGUED WATER DISTRICT 

(p x 1000) 
Net 

Total Acamiiated Acu elatod 
Annual Depreoiation Book Value .of Assets Denreoiation 

Service Life Category Dapreciation Prior Retired During The Year Year 
Year 0 0 Years IS= To enses Year 5 e !2Tea= _Xt= 2 2a Total End 
1976 
1977 
1978 41 - - - 41 933 974 
1979 90 1 20 11 122 974 1,096 
1980 94 1 29 11 135 1,096 1,231 

1981 105 5 40 11 161 1,231 1,392 
1982 162 5 43 24 234 1,392 1,626 
1983 251 5 80 24 360 1,626 1,986 
1984 261 5 83 24 373 1,986 2,359 
1985 271 5 87 24 387 2,359 2,746 

1986 286 5 91 13 395 2,746 76 76 3,065 
1987 301 5 95 32 433 3,065 3,498 
1988 317 5 99 32 453 3,498 3,951 
1989 335 5 103 19 462 3,951 90 90 4,323 
1990 353 5 108 41 507 4,323 4,830 

1991 373 5 113 41 528 4,830 5,358 
1992 373 5 113 41 532 5,358 5,890 
1993 373 5 113 41 532 5,890 6,422 
1994 373 5 93 21 492 6,422 305 134 518 6,475 
1995 373 5 138 52 568 6,475 135 135 r-.908 

1996 373 5 153 52 583 6,908 157 157 7,334 
1997 373 5 179 30 587 7,334 41 150 191 7,730 
1998 373 5 148 65 591 7,730 564 564 7,757 
1999 373 5 244 65 687 7,757 47 47 8,397 
2000 373 5 249 65 692 8,397 51 51 9,038 



41-j= TA3LE X-F-3 

WORI IG CAPITAL R-UIRE ,=TTS
FOR REVOLVING FMD FOR NEd COIJECTIONS 

BALGUED WATER DISTRICT 

Year 

Number of 
Now 

Connections 

Number of Number of 
Installment Installment 
PIAdded Plan Paid-

Total Paying 
Monthly 
Installment 

(Cumuli-

Nonthly 
Installment 

Plan 
(Escalate4 

Increm 
Added~ 

Inreen 
D dt 

P x 1000 
Ct-R' ehts 

LUMP I 
F Payment Payments

(Esalated) (Cumlative) 
Total 
Paymens 

Annual 
Contrua 

Cost 

Working Cumulative 
Capital Capital

Recruired auieenta 
1978 
1979 
1980 
1981 
1982 
1583 
1934 
1985 
1986 
1937 
:9C3 
1539 
1550 
1591 

1992 

:96 

1997!gas 

1959 
2000 

161 
161 
162 
121 
121 
121 
121 
121 
121 
121 
121 
121 
122 

97 
97 
97 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 

0 

a 
49 
97 
97 
85 

73 
7 
•373 
73 

7373 

73 
73 

97 
1194 
291 
364 
437 
510 
583 
656 
729 
802 
826 
802 
778 
693 

620 
'.3y 

401 
32S 

255182 

109 
36 

6.83 
7.51 
8.26 
8.92 
9.63 

10.40 
11.23 
12.13 
12.86 
13.63 
14.45 

.15.31 
16.23 
17.20 

18.23 
19;-1 

21.7k 
23.01 

24.3925.85 

27.40 
29.04 

8 
9 
10 
8 
8 
9 

10 
11 
11 
12 
13 
13 
14 
0 

0 

a 
4 
9 

10 
9 

8 
8,[8e 
9

11 
11 

1213 

13 
14 

41 
45 
50 
40 
44 
47 
51 
55 
58 
62 
65 
69 
73 
0 

a 

" 

4 
13 
22 
31 
39 
48 
57 
68 
79 
90 
99 

103 
106 
104 
96 

79 
68. 
57 

4532 

19 
5 

45 
58 
72 
71 
83 
95 

108 
123 
137 
152 
164 
172 
179 
104 
96 
88 
79 
68 
57 

4532 

19 
5 

102 
112 
124 
100 
109 
117 
127 
137 
145 
154 
163 
173 
183 

57 
54 
52 
29 
26 
22 
19 
14 
8 
2 

(1) 
1 
4 

1104 
96) 

79 
68 
57 

4532 

19 
1 

57 
111 
163 
192 
218 
240 
259 
273 
281 
283 
282 
283 
287 
183 
87 
1) 
80 

148 
205 

250282 

301 
306 

Y Accumulated Installment payments are calculated on the basis of 100 percent incremental additions during previous years
50 percent of the last year.
Based on the assumption that installment plan will be paid back in ten years. 

and 

2/ Assumed to be 40 percent of construction cost. 
Amount to be shouldered by the customers which iss 2/3 of pipes + meters. 
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A=m TABLE X-1F-4a -
STRATIFICATN OF SERVICE COMMCTZOIS 

BAIG= VAMIM DISTICT 
Domestio/L~st ttutonal. .oercial./TndLurt tl 

1978 869 37 9 915 93 20 124 1,039 
1980 1,139 48 12 1,199 122 26 15 163 1t262 

"198 1,645 69 17 1,732 177 38 21 236 1,968 
1990 2,158 91 23 2,264 232 49 28 309 2,573 

T'iVBL3 X-I-4b 

SEM M=~ FORECAMY~ 

Domestio/overnment
3/4 1 
Q2 ~~(.i~ 

Cor.eroial/Industrial
2" 314" 1" 

0er (16.0)' u-oa 
Grand 
o -

Seor'ricO 
Chre 

Estimated Conu=iption
(oum) 

Dome atio Con~eroial 
Commo&'.ty Aarg( 

Doeti- C--mznroialJ/ 
Total 

Mu 
1978 

1979 
1985 

1990 

2,173 

2,848 

4,113 

5,395 

148 

192 

276 

364 

72 

96 
136 

184 

2,393 

3,136 
4,525 

5,43 

465 

610 
885 

1,160 

160 

208 

304 

392 

176 

240 

336 

448 

801 

1,058 
17525 

2,000 

3,194 

4,194 

6,050 

70943 

383,280 

503,280 
726,000 

953160 

156,950 

350,400 

512,825 

738,760 

19,710 

44,165 

.64,605 

100,740 

47,150 

206,520 

304,985 

467,080 

9,660 

49,210 

729570 

127,320 

440,090 

759,010 
1,103,555 

1,547,560 

utation of revenn units baaed. on IMUA guidal on 8truotueri uniet (tec. 

h rK . 12 z56 ta/y r) i R .
d ri d-z 0 o f n t , t e m~ in m~ t c v r 4 b h e v c ao ta by consm~pton z im~br z ue fctorr t o~ 12 o domsticoo~eotins)(12 Useteeer fr daesti(1'o:QAroza1 titutional classification Is 1*CooDmptiof - (12u z r~mber of oo:=eroil oootto2n use factor. Use feetor for o~meroia3 olUasification Is 2. 

X- -5 
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ANALYSIS OF WATER RATES
 



AVNEX TABLE X4-1 

REVENUE FORECASTS
 
BANGUED WATER DISRICT
 

Rate/Ru 
Te.a.r P 

1978 0.70 
1979 0.70 
1980 0.70 
1981 1.20 
1982 1.20 
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 1o90 

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 2.20 

Estimated 
Number

of 
R.U.e 

(Yearly 
in 1000's) 

440 

600 

759 


828 

897 

966 


1,035 

1,104 


1,193 

I281 

1,370 

1,459 

1,548 


1,548 


P 0ooo 
Moome Ttal 
from Bad Other Net 

Sales Debt, Inooe 

308 6 6 308
 
420 4 
 424
 
531 5 i1 537
 
994 20 20 994
 

1,076 11 22 1,087

1,159 12 23 1,170
 
1,656 33 33 1,656

1,766 18 35 1,783
 
1,909 19 38 1,928
 
2,306 46 46 
 29306
 
2,466 24 49 2,491

2,626 26 53 2,653

2,941 59 59 2,941
 
2,941 29 59 2,971
 
2,941 29 59 2,971
 
3,251 65 65 3,251
 
3,251 33 65 3,283
 
3,251 33 65 3,283
 

3,406 68 68 
 3,406
 
3,406 34 68 3,440
 
3,406 34 68 3,440
 
3,406 34 68 3,440
 
3,406 34 68 3,440
 

1/Other inoone (deerdlu from motor-replaoement obw es,
oontlngen= fees of now onnetions, aervioe fees, eto.) 1. about 
2% of saless
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AM= TABLE X-11-1 

DEBT SEVICE SCHEYLE CF TOTAL PROJECT LOAN 
BAP0LI7E WA=~ DIS77HICT 

Outstanding, Loan 

Tear 
Immediate 
Imrovement 

End of Year 
Phase I-A 
and I-B Total 

Capital Rema=vmentm 
Immediate Phase I-A 
Improvement and I-B Total 

Interest Pavments 
Immediate Phase I-A 
Improvement and I-B Total 

Total 
Deb 
Service 

1978 
1979 
1980 

3,002 
3,472 
4,O10 

-
-
555 

3,002 
3,472 
4,565 

- -
-

-

-
-

-

70 
14 
158 

-
-
-

70 
146 
158 

70 
146 
158 

1981 4,207 
19824,177 
1983 4,144 
19P5.A 4,108 
1935 4,069 

4,316 
8,275 
8,701 
9,156 
9,834 

8,523 
12,452 
12,845 
13,264 
13,903 

-
30 
33 
36 
39 

-
-
-

-

-

-

3" 
33 
36 
39 

164 
37Q 
376 
373 
370 

50 
38 
745 
783 
824 

214 
767 

1,121 
1,156 
,194 

214 

1,154 
1,192 
1,233 

1987 
19.. 
189 
1990 

4,0-26 
3,979 
3,928 
3,873 
3,813 

10,456 
11,114 
11,813 
12,523 
13,278 

14,482 
15,03 
15 741 
16,396 
17,091 

43 
47 
51 
55 
60 

74 
74 
74 
111 
111 

117 
121 
125 
156 
17 

366 
362 
358 
354 
349 

,85 
941 

1,000 
1,0., 
1,127 

1,251 
1,303 
1,336 
1,417 
17 

1,368 
1,.24 
1,483 
1,383 
1,64 

191 
1992 
193 
1994 
1t95 

3,7-7 
3,676 
3,., 
3,513 
,420 

13,138 
12,924 
12,710 
12,40 
12,106 

16,o5 
16,600 
16,308 
15,921 
15,526 

66 
71 
78 
85 
93 

140 
212 
214 
302,3-7 
302 

206 
F-5 

292 

395 

343 
33' 
331 
324 
311 

,I .z 
1,1.22 
I*""" 
1,144 
1,11' 

1,538. 
1,52" 
1,49 
1,46" 
1,433 

1,744 

I76 
i,,. 
1,828 

1996 
1997 
1998 
1999 
2000 

3,319 
3,209 
3,089 
2,958 
2,815 

11,730 
11,325 
10,220 
10,486 
9,978 

15,049 
14,534 
14,00 
13,444 
12,793 

101 
110 
120 
131 
143 

376 
405 
405 
434 
508 

477 
515 
525 
565 
651 

303 
299 
289 
278 
256 

1,090 
1,036 
1,019 
983 
944 

1,396 
1,355 
1,308 
1,261 
1,210 

1,.75 
1,.7 

1,833 
1,26 
1,861 



RaOJECTED Lqm- m ST iTDT= 
ATGI WMA DISTRICT
 

(Px 1000)
 

19-5 1270 1980 10P1 1982 12a 12j 19 96 1987 1988 1989 1 91 1992 94~ 1925- 1227 20QS 0 3 X. 

w4ater ?c--ctior. per Tear (1,0C.0 x C-z) ,.53 18C,- 2373 3200 

Ya-:" Sales per Year 

~na:ned!.r-atr 
onnectio-.s - Me-tere 

(1,C03 x c-) -&! 1021 

~)69-Incraas-4O 
1039 r'z to-1362 

- Increasing to 

1582 

34 

1968 

-Zonreasing to .. 

2306 

28 

2373 

t5 2nai. 

573 

:ons"-ption (ipcd) 72 107 116 125 '25 

Water Sales 
LBes: -. iaolle:tiblea 
Other Revenue 

308 
6 
6 

420 
4 
8 

531 
5 

11 

994 
20 
20 

1076 
11 
22 

1159 
12 
23 

1656 
33 
33 

1766 
18 
35 

1909 
19 
38 

2306 
46 
46 

2466 
24 
49 

2626 
26 
53 

2941 
59 
59 

2941 
29 
59 

2941 
29 
59 

3251 
65 
65 

3251 
33 
65 

3251 
33 
65 

3406 
68 
68 

3406 
34 
68 

3406 
34 
63 

3406 
34 
& 

3406 
34 
68 

¢ctal Revenue 3C, 424 537 994 1087 1170 1656 1783 1928 2306 2491 2653 2941 2971 2971 3251 3283 3283 3406 3440 34,0 140'3440 

o~:oEx..;SES 

i-niistrstion end Feror-=el 
Power am& .iel 
Chemitals 
Ynter.a. :e 
Xiscellane-us 
De;reciaiosn 

Tctel Cp r- p5Cses 

63 
13 

2 
11 
4 

.1 

134 

87 
14 
4 
18 

5 
122 

250 

117 
15 
8 

28 
6 

135 

309 

215 
17 
10 
39 

7 
161 

449 

232 
18 
12 
50 

8 
234 

554 

251 
19 
13 
64 
10 
360 

717 

272 
21 
14 
79 
12 

373 

771 

292 
23 
17 
95 
15 
387 

829 

323 
24 
20 

106 
17 

395 

885 

349 
26 
23 
117 
21 
433 

963 

377 
29 
25 
130 
24 
453 

1038 

406 
31 
29 
144 
29 
462 

1101 

468 
33 
33 

161 
35 
507 

1237 

505 
36 
36 
174 
38 

528 

1317 

546 
38 
38 

168 
41 
532 

1383 

590 
42 
42 
203 
44 

532 

1453 

637 
45 
45 
219 
48 

492 

1486 

688 
48 
48 
237 
51 
568 

1640 

743 
52 
52 

255 
56 

583 

1741 

802 
57 
57 

276 
6o 

587 

1539 

866 
61 
61 

298 
65 

591 

1542 

936 
66 
66 

322 
70 

687 

2147 

1010 
71 
I 

3.48 
76 
62 

2265 

Operating L co=e 
Plus: - Lnterest on Pesezves
ieat Income Before interee: 

174 
1

175 

174 

2
176 

228 

4 
232 

5,45 

7 
552 

533 
11 
544 

453 

16
469 

885 

22
907 

954 

22
93 

1043 
37 

0 

1337 

46 
1353 

1453 

56 
15 

1552 

67 
1619 

1704 

79 
1783 

1654 

98 
1T52 

1588 

123 
1711 

1798 

149 
1947 

1797 

176 
1973 

1643 

.20 
1846 

1665 

241 
1906 

1601 1,98 

289 337 
190 1835 

1293 

385 
1678 

1172 

433 
1605 

I.tereet On Debt 
Net Income (Lose) 
C-iwalative N et Income (!4s) 

70 
105 
105 

146 
30 

135 

i55 
74 

209 

21 
338 
547 

76 1121 
(223) 

324 ( 

1156 
?52249) 
52877 

1194 

(7) 

1251 1303 
71J 60 

(959)7 

1358 14,: 1476 1535 
151 202 307 214 
(728) (526") (219) (S) 

520 
191 
186 

194 
453 
619 

1468 
505 
1144 

1433 
413 
1557 

13 8 
508 

2069 

1355 
535 

2600 

1308 
527 

1127 

1261 
417 
154 

1210 
395 

1919 

A;propriatin to Reserves 

Average Net Fized Assets in Operation 

Rate of Retu.rn CU) 

9 

3055 

5.7 

13 

4243 

4.1 

16 

4e78 

4.7 

30 

6851 

8.0 

32 35 50 53 

9810 12271 13379 13681 

5.4 3.7 6.6 7.0 

57 69 

14174 14689 

7.4 9.1 

74 79 88 !76 

15153 15736 16345 16350 

9.6 9.9 10.4 10.7 

176 

15820 

10.0 

195 

15288 

11.8 

195 195 344 44 344 344 344 

15287 15464 15294 15094 15424 15591 15030 

11.8 10.6 10.9 10.6 9.7 8.3 7.8 
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C 	 SOUR-ECS A2D A F-ICAT:Z:7 7 
BAN.GUEDWA DISTMICT'

(zlOo)
 

1978 2 1981 1U 198 '3A 198-898 198 = - _?7 1189 I= M~ 1 19 1.va 1M 12 I 1 297 1M LW00 

SOURCES O' FUNDS 

rat Income Before Interst 175 176 232 552 544 469- 907 983 10P0 13E3 1509 1619 1783 1752 1711 1917 1973 1846 1906 1890 1835 1678 1605Add Depreciation Al 122 135 161 234 360 373 387 395 .1 .53 4-2 50"7 923 5_2 '2 492 568 963 587 591 687 692 

Total Internal Cash Generation 216 298 367 713 778 829 1280 1370 1475 1816 1962 2081 2290 2.,0 2243 2479 2465 2414 2489 2477 2426 2365 2297 

Long-d."sr Borrowing 3002 470 1093 3958 3959 426 455 678 696 732 773 821 866 

Capital Contributions 45 58 - 72 71 83 95 108 123 137 152 16 12 179 1 W, 96 e8 79 68 57 45 32 19 5 

Total Erternal Cash Generation 3047 528 1165 4029 4042 521 563. 801 833 684 937 993 1045 104 96 88 79 68 57 45 32 19 5 
Total Sourcem of Fun" 3263 826 1532 4742 4820 1350 1843 2171 2308 2700 2899 307,4 3335 2384 2339 2567 2544 2482 2546 2522 2458 2384 2302 

APDPLTCATIC01; OF PUMD 

Capital Ependiturz 2940 331 994 3832 4042 521 563 801 833 884 937 993 1045 
Capitalizod Interest 62 139 171 197 
Dobt Zarices Intereat 70 146 15FJ 214 767 1121 1156 1194 1251 1303 1358 1417 1476 1533 1520 1494 1468 1433 1398 1355 1308 1261 1210 

Principal 30 33 36 39 117 ,.121 125 166 171 206 285 292 387 395 477 515 525 565 651 

Sub-total TO 146 158 214 797 1154 1192 1233 1368 1424 1483 1583 1647 1744 1805 1786 1855 1828 1875 1870 1833 1826 18461 

Replacements 134 150 1022 392 419 351 1487 125 132 
Incroaae in Workdig Capital 148 39 41 1 54 20 120 (!2') 30 13T Z3 39 4 -(56) (9) 3 120 (4) 26 (123 1 11 (13) (141 

Total Applicatiom a da 3220 655 1364 4244 4893 1695 1875 2022 2365 2445 2463 2765 2696 1688 1756 1844 2997 2216 2320 2098 3331 1938 1979 

INCREASE (CREASE) I CASH BALIJC 43 171 168 498 (73) (345) (32) 149 (57) 255 436 309 639 696 543 723 (453) 266 226 424 (873) 446 323 
CASH BALACE ~EGINNN 0F YEAR 43 214 382 880 807 462- 430 579 522 77 1213 1522 2161 2857 3400 4123 3670 3936 4162 4586 3713 4159 
CASH BALANCE ED OF IAR 43 214 382 880 807 462 430 579 522 777 1213 1522 2161 2857 3400 4123 3670 3936 4162 4586 3713 4159 4482 

DEBT-SER IC RATIO 3.08 2.04 2.32 3.33 0.98 0.72 1.07 1.11 1.08 1.28 1.32 1.31 1.39 1.31 1.24 1.39 1.33 132 1.33 1.32 1.32 1.30 1.23 

RATI000 INTERNAL CASH CM 0 U=
 
I TO CAPITAL Zz MlM (%) 4.8 32.34 18.0 12.39 15.63A 17.10 12.85 44.34 51.12 50.15 61.53
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AM-T,;=. -8-4 

PRO3EC= B3AJ!CZ 
BAGZ WAr2 : =,C . 

(px 1000) 

Fixed Assetst
 
Gross blus of Fixed Aset. 5043 5513 6570 9754 128S4 15270 15833 16634 17525 18409 193-% 20399 21444 21= 21=2144 22027 22284 22546 22706 23629 23707 23788 
Loans Acoumulated Depreciatie 974 1096 1231 1392 1626 1986 2359 27t6 3065 34.- 3O51 -32 48_O 93 . '_ . 22 .75 698 7334 77130 7757 8307 0O3 
Net Valus at Fixed Assets 4064 4417 5339 8312 1125a 13 13474 13? 1460 14911 15;. . 1t514 6-:6 ' 1'C 2 i5s5a 15376 15212 149/6 15872 15310 14750 
Work in Prooess - - 108 953 1865 . . . . - . . . . . . . . . . 

Total Fixed Asets 4069 4417 5447 9315 13123 13284 13474 13888 14460 14911 15395 16076 16614 1608-6 15554 15022 1555215376 15212 14976 15872 15310 14750 

Current Asseot 
Cash 43 214 382 880 807 462 430 579 522 777 1213 1522 2161 2857 3400 4123 3670 3936 4162 4586 3713 4159 4482 
.Aoount ReoeiVmble 64 98 133 249 269 290 414 442 477 577 6.7 657 735 735 735 813 813 813 852 852 - 852 852 852 
ProTision ToradDs.et 1 1 1 5 3 3 8 4 5 12 6 6 15 7 7 16 8 8 17 9 9 9 9 
Inventories 101 111 125 33 _70 _76 83 47 51 102 108 116 66 12 13 14 138 147 157 42 69 74 79 

Total Current Asets 207 422 639 1157 1143 825 919 1064 1045 1444 1932 2289 2947 3597 4141 4934 4613 4888 5154 5471 4625 5076 5404 
?otel Assets 4276 4839 6086 10472 14266 14109 14393 14952 15505 16355 17327 18365 19561 19683 _1695 19956 20165 20264 20366 20447 20497 20386 20154 

EQU=i AM~ LIADLITUS 

Current Liabilitlemi 
Acoounts Payable 16 21 29 48 53 0 66 74 82 89 98 107 122 132 142 1,54 166 179 193 209 225 243 262 
Current Maturities of Lneu-fter Debt - - - 30 33 3G '19 117 121 125 166 171 206 2e5 292 387 395 477 515 525 .65 651 692 

Total Current Liabilities. 16 21 29 78 86 96 105 191 203 214 264 278 328 417 434 561541 656 708 734 790 894 954 

onc-Trem Debt (Iee., Curr nt atuitie.3002 3472 4565 8493 12419 12809 1322=5 13786 14361 14968 15575 16U225 16885 16600 16308 15921 15526 15049 14534 14009 13444 12793 12101 

Government Contribution 11ca 1108 1108 1108 1108 1108 1108 1108 1106 1108 1108 1108 1108 1108 1108 1108 1108 1108 1108 1108 1108 1108 1108 
Cai;tl Contribution 45 103 175 246 329 424 532 655 792 9.4 11C 12!0 1459 1563 1659 1747 1826 18.4 i51 1996 2028 2047 2052 
Reserve 9 22 38 68 100 135 185 238 295 364 435 517 605 781 957 1152 1347 1542 Ib6 2230 2574 2918 3262 
tippropriat.d Retailed Sarning 96 113 171 479 224 (463) (EU)(102-)(125.')(12 ')(116-3)(1L.3) (824) (7U) ('771) (513) (203) 15 179 370 553 626 67 

Total £quity 1258 1346 1492 1901 1761 .1204 1063 975 941 1173 W8 1U2 2348 2666 2953 3494 4078 4559 12A 5704 6263 669 70" 
Total Equity eCd Liabilitie 4276 4839 6086 10472 14266 14109 14393 1492 15505 16355 17"' ._,5 196, 1968' 1695 1956 20165 2024 203; 2047 20497 20386 2015* 

1~ ~ .6-48 99 956215224236204 09 2H2 



A14NEX TABLE X-B-5 

RATE OF RETURN ON TOTAL INVES~TMN 
(DISCOUNTED 

BANGUED 
CASH FLOW METHOD) 
WATER DISTRICT 

(px 1000) 

Net Total Net lot 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 
1980 

146 
158 

171 
168 

317 
326 

470 
1,165 

153) 
(839) 

.909 

.826 
139) 

(693> 
*952 
.907 

146) 
(761) 

1981 
1982 

214 
797 

498 
(73 

712 
724 

4,029 
4,042 

(3,317) 
(3,318) 

.751 

.683 
(2,491) 
(2,266) 

.864 

.823 
(2,866) 
(2,731 

1983 1,154 (345 809 521 288 .621 179 .784 226 
1984 1,192 (32) 1,160 563 597 .564 337 .746 445 
1985 1,233 149 1,382 801 581 .513 298 .711 413 

1986 
1987 

1,368 
1,424 

(57) 
255 

1311 
1,679 

967 
884 

344 
795 

.467 

.424 
161 
337 

.677 

.645 
233 
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 29509 - 2,509 .239 600 .481 1,207 
1994 1,855 (453) 1402 1,022 380 .218 83 .458 174 

.1995 1,828 266 2,094 392 1,702 .198 337 .436 742 

1996 1,875 226 2,101 419 1,682 .180 303 .416 700 
1997 1,870 424 2,294 351 1.943 .164 319 .396 769 
1998 1,833 (873) 960 1,487 (527) •49 (79) .377 199 
1999 
2000 

1,826 
1,861 

446 
323 

2,272 
2,184 

125 
132 

2,147 
4,669 

.135 
qt23 

290 
574 

.359 

.342 
771 

1,597* 
-2,323 +2,497 

Rate of Return -749 

*Includes net asset value of F2,617 

Total Assets - P 20,154 
Total Liabilities 
Caah 

- (13,055) 
- ( 4,482) 

Net Asoet Value - P 2,617 
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CHAPTER XI 
ECONOMIC FEASIBILITY ANALYSIS
 

A. WATER A11 THE ECONOMY 

Introduction
 

Water is a basic requirement in any country's economic develop
ment and no economic activity can take plaoe -without it. However,

this basic function diminishes in relative impartaice 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 part of a regional development proranm. 
 It must be viewed within the context

of the overall government prog-ram.
 

Considering that the Philippines is 
still a developing country,

water supply plays a fairly important role in the national or regional economy. Traditionally, water has been made available to the

consuming public at very nominal rates. 
There is a tendency for the
 
consumers to 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 measured 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.
 

Kajor Uses of Water Supply
 

Donestic. 
Water for domestic use is usually given top priority
because water is essential to life aud, up to a point, essential to

general well-being. Estimation of the beneficial value of water for
domestic purposes is best viewed in terms of average willingmess to
 
pay for water rather than do without it. It will be noted that the

willingmess to pay is higher than the price charged insofar as most
 
users are concerned.
 

Industrial Use. 
Water is used by industry primarily as a factor
of production. 
 In some instance4, it goes into the production process

as an input. 
 This is the case for the soft drinks industry. One

method of determining the value of water to industry is to analyze the
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cost of alternative industrial 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 can be estimated by

an elaborate calculation of "with" and "without" project conditions.
 
All other costs are asaumed to be paid and water becomes the residual
 
claimant under "lwihout" and "with" project conditions. Detailed
 
analysis of the area to be irrigated is required.
 

Another important use is hydropower aeneration. 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 Council
 
establishes the water priorities, in pursuance of the policies laid
 
dowm by its charter, Presidential Decree No. 424. In general, the
 
system of priorities for the development, 'onservation 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-Best System
 

One approach in determining the economic feasibility of a water
 
supply project involves a comparison of the benefits and costs of
 
the recommended system and those of the next best system. 
 In this
 
method, the capital expenditure costs and the operating and main
tenance costs for both alternative systems are transformed to an
 
equivalent annual cost basis during the projection period. The
 
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 Return
 

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 preaent 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 case, the recom
mended plan has already been selected from several alternatives on
 
the basis of present worth cost comparisons (as discussed in Chapters
 
VIII and IX).
 

Calculation of 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 construction 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 maintenanoe of the faoilities will have to be 
undertaken regularly for an long an benefits are desired to be realized 
from the mystemn 
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Estimates of benefits and costs were ba&ed on 1978 prices. In
 
recognition of inflationary pressures, all benefits 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 costs were also escala
ted in the same manner, with the exception of operation and mainte
nance costs which wero 6scalated 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 i:s bein, considered in the economic analysis; 
hence, only partial inflation has been adopted.
 

C. QUANTIFIABLE BE1E'PITS 

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 monetary 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 figLures reflect only those that will accrue to
 
the service area as a result of the improvement of the water supply
 
system. They exclude the benefits arisinj 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 damage, and beneficial value.
 

Increase in land 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 _:aolude the 
general pace of industrialization, construction activity, inflation, 
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 
includ a water supply project. 

The portion 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 

XI-4
 



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 sqm has the following market values: 

Without Water 400 	 sqm x P50 a P20,000 

With 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 could be attributed to the water supply project.
 

Assumptions made for this analysis are explained in Annex XI-C.
Annex Table XI-C-l 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:
 

1. 	A significant reduction in the incidence of water-borne
 
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 earners
 
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. 

Calculation for the health benefits and associated assumptions
used are presented in Annex XI-C. Annex Table XI-C-2 shows the health 
benefits on a yearly basis, with a total present worth of ?2628ll.
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Reduction in Fire Damage 

With the installation of suitable fire hydrants espeoially in
 
the high-vulne as well as the residential districts in the service
 
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 fLire-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 Fl.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 generated by the water daltrict
 
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-wacer.
 

For a community where the proposed project involves merely the
 
- sion and improvement of the existing system, this benefit may
 

be mt ,ured by the economic 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 households and commer
cial establishments are actually paying for water but also how much
 
more the consumers are willing to pay for this essential commodity.

Calculations for the beneficial value of water are shown in Annex
 
XI-C and Annex Table XI-C-4. The present value of this benefit amounts 
to P 7.5 million. 

D. NON-QUANTIFIABLE 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 benefit
cost 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
 

XI-6
 



to availability of a dependable water 
upply. Without such supply,

new industrial and commercial establishments would be forced to

develop their own supply system 
or relocate elsowhere. The overall
cost of providing separate water systems is normally large andrepresente a deterrent to invest in the area and consequently to

industrial development.
 

Because of the employment generated by the project, hired
 
laborers are able 
to spand their wages for purchasing goods at thelocal stores. Ience, each peso they spend is generated back into
the income 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. Project Costs 

2. Replacement Costs 

3. Operating and Maintenance Costs 

In general, economic costs are easier to identify and quantify

than benefits. This is because most of the costs are incurred in
real, monetary terms to pay for either goods or services while bene
fits are usually intangible. 

Project Costs
 

Project costs include the construction cost of the proposed
facilities such as pipes, meters and equipment, as well as, engineer
ing services and contingenoies, land cost, administrative and legal
fees. The cost of the feasibility studies has also been included. 
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Alinex Table XI-E-l 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 19"78 prices. They are further
 
broken down into foreign and domestic components.
 

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 to be in th: form of hidden taxes. 

Adjustment on Project Costs
 

In the determination of the project costs, adjustments were 
made for those items which are not properly valued by the price 
mechanism. A price other than the market 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 costs 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. Since 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 labor by 50 percent, thereby reducing 
the summation of project cost.
 

6killed 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 wagte.
 

Adjustments were also made with respect to cost of project
 
facilities which use up the limited foreign exchange reserves.
 
Foreign exchang-e used to import project components inas valued at 
1.2 times their actual peso cost. This effectively increased foreign
 
exchamge 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.
 



Interest was likewise not included since this is considered a
 
financial instead of an economic cost.
 

Annex Table XI-E- shows the conversion of financial costs to
 
economic costs through shadow pricing and other adjustments. The
 
present value (see Table XI-F-4) of total economic project cost for 
BAN-14D amounts to P12.0 million.
 

Replacement Costs
 

Based on the criteria used in the financial studies, vehicles 
have a life expectancy of 7 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 miscellaneous items of the
 
immediate improvement program. The feasibility studies were assumed
 
to be good for 30 years. All other facilities in the system are
 
expected 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 arAd costs of vehicles, meters, equipment and miscella
neous items. The present value of total replacement costs (see 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 ths 
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-4fD, 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 lcnown 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 maintenanci costs of the proposed project 
(i.e., excluding those of the pr0isent 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 district up
to 2000. 
The present value of these costs amounts to P2.6 million.
 

Calculation for Economic Costs
 

The economic cost may be expressed as the adjusted (shadow
priced) project 
cost plus replacement cost plus operating/mainte
nance cost less salvage value. Annex Table XI-,-4 sho,:e thecomputation of total economic costs for BAN-WD, amounting to r13.8
 
million.
 

P. BENEFIT-COST ANALYSIS 

The summary of the quantifiable economic benefits and economic
costs for BAN-WD is shown below. 
They are expressed in their present

values (discounted at 12 percent) after the 1978 prices have been
 
escalated.
 

SU04ARY OF BENEFITS AND COSTS 
(in million pesos)
 

Benefits 
 Costs
 

Increase in Land Values 
 P 6.300 Project Cost P12.023Health .263 (+)Reduction in Fire Damage 
 1.660 Replacement Cost .445
Beneficial Value 
 L (+)

p15.745 Operating and 

Maintenance Cost 2.573 
Sub-total 
 P15.041 

Salvage Value 1.226 

P13.815
 

Benefit Cost Ratio  1.14:1 

The preceding table shows that the quantifiable benefits exceedthe economic costs associated with the improvement of the water
supply system in BAN-WD. 
Under the principle of benefit-cost ratiot
the project 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
auantifiable benefits have not been incorporated into the analysis
 
for obvious reasons.
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G. JT AL ECONOMIC RATE OF RETURN
 

The internal eoonomio rate of return (IERR) is the rate at whichthe present value of the quantifiable benefits is equal. to the presentvalue of the economic costs of the proposed projeot. It is generally
held that for a project te be feasible and desirable, its IERR should
be higher than the prevailing opportunity cost of capital. In this
particular study, the opportunity cost of capital is 12 peroent. 

For BAN-WD, the IERR is 15.8 peroent as shown in Annex Table XI0- * On the basis of the above stated principle of IEREt the
proposed projeot 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-l shows the present value of the portion of 
land values attributable to the proposed water supply project, based 
on the following assumptions: 

1. 	In accordance with the ntaging program of the con
struction of facilities, the 1980 service area of

155 hectares was projected to increase in the follow
ing manner: 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 hec
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. 

2. 	 Land use was 	 assumed to be 88 percent residential 
and 12 percent comercial/institutional/industrial
 
throughout the projection period. This classifi
cation was based on the water demand projections in
 
1980 by consumer category, as shown in Chapter VI.
 

3. The 	1977 costs of land based on estimated market values
 
in Bangued are:
 

Residential 
 : P 12 per sqm
Industrial/Commercial/Institutional 
 : P 15 "
 

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 benefits. 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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A1I1EX TABLE 11-4-1 

PORTION OF DICREkASED LA14-D VALUES A4TRIB iTABLE TO PROJECT 
BICCM WATM DISTRICT 

Lan~d Use (sqm)j Cast of Land (10x 1000O) 20 Percent 
Total Cost Benefit Due E:3calated Disr-o-unt Present ValueCommercial/ Commercial/ 

of Land to Project Escalation Benefit Factor of Benef itInstitutioral/D! stitutional/ 

( x 100) _ 1000 Pact.or (p x IOO) at 1, 7 10ooo)
I Res'dential Industrial Residential Industrial 

r 4,636.2 .797 P3,695.1
19530 1,364,000 186,000 p6,368.0 ?2,790.0 P19,158.0 1 3,831.6 1.210 

1981 8,00c 12,000 1,056.0 180.0 1,236.0 247.2 1.307 323.1 .712 230.0 

1982 96,800 13,200 1,161.6 198.0 1,359.6 271,0 1.412 364.0 .636 244.2 

256.5
1981 105,600 14,400 1,267.2 216.0 1,483.2 296.6 1.525 452.4 .567 

247-7


19234 105,600 1-1,400o267.2 216t0 1,483.2 296.6 1.647 488.6 .507 


571.7 .452 258,4
1985 114,400 15,600 1,372.8 234.0 1,606.8 321.4 1.779 

699.3 .404 262.5
1986 132,000 18,000 1,584.0 270.0 1,85.0 370,8 1.886 


.361 338.9

1987 167,200 22,800 2,006.4 342.0 2,348.4 -69-7 1.999 938.9 


628.6 .322 202.4
1988 105,600 1t,Aco 1,267.2 216.0 1,483.2 296.6 2.119 

13q5 '49,600 20,400 1,795.2 306.0 2,101.2 420.2 2.246 943.F .208 271.8
 

445.0 2,,:_ 1,059.4 .257 272.3
1993 158,400 21,600o 1,900.8 324.0 2,224.8 


?11,126.1 - P6,299.8
2,587,200 352,800 r31,046.4 P5,292-0 ?36,338.4 r7262.6 
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Health Benefits 

To determine the amount of benefit arising from the reduction 
of income lost of those afflicted with water-borne diseases, perti
nent statistics on morbidity rate were gathered from the Department 
of Health. From 1964 to 1974, an average of 1,170.6 out of every 
100,00 population in the province of Abra were afflicted with 
primary water-borne diseases every year, regardless of age, sex,
and income class. The same rate was assumed for the municipality 
of Bangued in the absence of specific data. The morbidity rate in 
the, service area was assumed to remain constant during the 21-Jear 
proj ection period.
 

Since not all of those afflicted with said diseases are wage
earners, an adjustment was made accordingly. Based on the 1970
 
Census on Population and Housing of the National Census and Statis
tics Office, 35,4ercent of the municipality's population was econo
mically active*-/ It was assumed, therefore, that only 35 percent
of 1,170.6 per 1OO,0OO who were afflicted with primary water-borne 
diseases were economically active. Hence this is the only segment 
of the population who would suffer a reduction in income due to said 
diseases. Furthermore, these afflicted wage-earners were assumed 
to be earning P8 a day and unable to work for 15 days on the aveage 
because of their illness. The final figure corresponding to the 
economic cost of time lost due to water-borne diseases was thereby
arrived at by multiplying the number of people afflicted with watelr
borne diseases by 35 percent, by P8 a day and then by 15 dayM, 

Another health benefit that could be associated with the esxab
lishment of a safe public water supply system is the reduction of 
the economic cost of the premature death of those 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. 

Thic economic loss due to premature death was determined by
multiplying the number of people who 6ie because of water-borne 
diseaces (asuming that a water supply 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 
Abra, as gathered from the Department of Health. These figures 
indicated that44.4 persons died of the 1,170.6 per 100tOO who were
 

'-/Economicallyactive 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 ?200 a month x 12 months x disco-'nt factor + 20 percent associ
ate6d costs). 

The third health benefit that can be derived from the improve
merit of the water supply in the service area is the reduction of the 
medical ecpenses of persons afflicted with water-borne diseasq. 
According 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 doctor's fee.
 
Based on this finding, the total 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 service 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 of the total economic loss due to %later
borne diseases was taken as the health benefit directly resulting
 
from the water supply improvement program. This reduction was made
 
to account for the fact that not all water-borne-diseases are caused
 
by a poor water system and may also be 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 1990, after which the escalation factor
 
was held constant up to 2000. Third, the escalated health benefit
 
was discounted to its present worth at 12 percent. Annex Table XI-C-2 
shows the calculations associated with the health benefits for BAN-4D. 
The total present value of said benefits after the adjustments amounts 
to F262,811. 

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
 

2/Refer to Methodology Manual, Chapter 20 for "Ability to Pay"
 
studies.
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A. TA=IZ XI--2 

40 Pemert Eacalated Present
Cost of Time zomouio tons Ttal Eonontio Reduction -'ue Red'cttion Discount 7alue of

Sered lost Due To Due to Pteva- Cost bf Louses Due Ic To Proiect Escalation Due "o roject Facto: at Eeal-th 
Year Population flineas tore Death Naow frtnee D-139ases (Bflrit ). Fa-r;or n e~et 12 P-,ent Benefit 

1980 10,100 P4,966 -18,252 P13,360 !.36,57s P14,631 1.210 P17,704 .797 P i4,11O1981 10,724 5,272 19,150 14,185 3C,C3? 15,535 1.3C7 20,305 .712 14,457 Total Population 24,587
1982 11,387 5,598 20,5-8 15,062 41,239 16,496 1.412 23,292 .636 *' 14,814 All Persons
19S3 12,091 5,945 21,850 15,954 4;,39 17,316 1.525 26,711 .567 15,145 10Year= and
 
1984 12,839 6,312 23,242 1E,983 4-,437 18,599 1.647 30,632 .50' 15,53i O/er 1",2CO
1985 13,632 6,702 24,635 13,032 4--, 2 9 19,743 1.779 33,131 -452 15,679 Econocam.ci Active- 6,17
-
1;86 14,475 7,117 26,158 19,147 52,Zi2 20,99 1. 86 4
32,5Z7 .04 15,977 a5 "5.1987 15,370 7,557 27,776 20,331 55,4-- 22,266 1.999 44,52C .367. 16,068

1983 18,320 8,024 29,493 21,5-8 59,104 23,642 
 2.119 50,0950. .322 !6,231 :orbidity 1,170.6
1989 17,329 8,520 31,316 22,922 62,7'3 25,103 2.246 56,382 .2P3 16,2-3 "or.ality ,/4
9.1990 18,400 9,046 33,251 - . 24,33." - 66,5Z. . ' 26,655 2.331 63,165 .257 16,3111991 , ".229 1,533 1)35 x 1. . 
1992. i2Y3
1994 !1 13,C20 x :'15.1i* 11,614 

1994 .,.14 10345 2) 35 3C
1996 
 . .13') 6,250
1996 I .4 7,3:2 x "11,629 
1997 
 ,3

199 
J,'~I I,.104 6,600
199~ 0-4 5,002 3) 1,170.62000 18,400 9,046 33,251 24,339 66,637 26,655 2.381 0kt 5268 00,000 SP. x113 

1,042,425 t262,811 
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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 protection coverage will be expanded. 
Hence, a reduction in fire damage is expected in the service area. 

This reduction was assumed to be 0.75 percent of the combined 
assessed values of all structures in the service area. For Bangued, 
the avere assessed value of each structure was assumed to be 
P18,800. The number of structures was derived from the projected 
population to be served by the system, assuming that each household 
has an average of 5.7 membersv. 

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 1990 in accordance with the extent of the service area 
to be covered by the fire hydrants. 

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 
escalation 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 N1.7 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 price. With
 
the proposed improvement of the system's facilities, the volume of 
water production is expected to increase considerably to serve the
 
needs of the growing population. This will bring about additional
 
revenues to the water district, especially since a price increase
 
of water may be justified in view of the improved service.
 

In general, water rates charged by the water district 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 f-r water consumed. From the 
economic viewpoint, therefore, 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 

4'In the absence of assessed value records on Bangued, the
 
figur/on Gapan was used. 

/Based on the 1970 Census on Housing in Abra province. 
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Overall Reductioe Percentage hm.1la-ted 101oo0t 
Number of ' 26 Value isIa Fi0e Ph..teloa St Reductia Nbg atla value of 

1980 
1981 
1982 
1983 
1984 
1985 
1986 

1,772 
1,882 
1,998 
2,121 
2,252 
2,392 
2,539 

P33,313.6 
3,j381.6 
37,562.4 
39,874.8 
429337.6 
44,969.6 
47,733.2 

'249,852 
265,362 
281,718 
299,o61 
317,532 
337,272 
357,999 

10% 
13 
16 
20 
26 
33 
36 

P 24,985 
34t497 
459074 
59,812 
82,558 
111,300 
128,80 

1.210 
1.307 
1.412 
1.525 
1.647 
1.779 
1.886 

P 30,232 
45,088 
63,644 
91,214 
135,973 
198,O0 
243906 

1987 
i988 
1989 
1990 
1991 

2,696
1,863 
3,040 
3,228 

5o,684.8 
53,824.4 
57,152 
60,686.4 

380,136 
40.3t683 
428,640 
455,148 

39 
42 
45 
49 

148,253 
169:547
1".,as6 
223,003 

1.999 
R.119 
1246 
2.381 

19635 
359 1" 
433U 
531,0 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 3,228 60,686.4 4550148 49 223,023 .381 531,017 

/rDedim fr the m.d poplation, pvecetiona t asming that themre e 5o7 ei re mob xd rdg to tM 1970 
en Dousning La bree 

rA/ d vluereords In Ospan, In the absence. of similar data em Bagme4..theamosoo. 

Y~eclain W .0 pecentfromI I 980, by 8 peueer
awnlly from 1960 to 1"35 ad tv6 psreent fan 1985 to IM9O

the escalation factor wasn halt constant up to 2000. 

Notor Prsent Value 

.797 P 24,095 

.712 32,102 

.636 40r478
 

.567 51,718
 

.507 68093&
 

.452 89,497
 

.404 98,199
 
9361 106,983
 
.322 115,685

.288 124,769
 
.257 136,471
 
.229 121,603
 
,205 108,98 
.183 97,176 
.163 66556 
.146 77528 
.130 69,032 
°116 61,598 
.104 55t226 
.093 49,385 
.063 ",074 

20m I1O 9,973 

Ceum 
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purposes of Lhi4 study, this additional value has been estimated tobe 50 percent higher than domestic water rates and 25/percent higherthan commercial/industrial/institutional water rates&O 

In the dererinination of this benefit, the following steps were 
taken: 

1. 	 Only the incremental volume of accounted-for-water was
considered; htnce, the 1977 accounted-for-water amounting 
to 154,395 cur was deduct..d from total accounted-for water projections in Chapter VI. 
The water demand pro
jections in Chapter VI, expressed in liters per capita

per day, were converted to cubic meters per year.
 

2. 	Classification of accounted-for-water into domestic aid
others (commercial/institutional/industrial) 
was 	based
 
likewise on Chapter VI.
 

3. The price per cubic meter of water was obtained from the 
unescalated rate per revenue unit in Chapter X9 Annex

Table X-C-I. The rates were, however, adjusted upwards to reflect consumers' surplus: 50 percent higher

for 	domestic water and 25 percent higher for others.
 

4. 	 The net economic revenues were obtained by subtracting

the 	assumed 1977 revenues of BAN-WD of F47,7G0 from totaleconomic revenues. The 	net economic revenues may be
considered as benefits of the proposed project since
 
revenues of the existing system have been duly excluded. 

5. The net economic revenues were then escalated by 10 percent from 1978 to 1980, by 8 percent from 1980 to 1985,
by 6 percent from 1985 to 
1990, after whiah the escalation

factor was held constant up to 2000. Finally, the escalated

values were discounted at 12 percent to obtain their pre
sent values.
 

For BAN-WD, the beneficial value of water amounts to a present
value of P13.0 million, as shown in Annex Table XI-C-4. 

-/Refer to Procedures for the Economic and Financial Analysis

of Water Projects, LWUA, May 1976. 

• I , 
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]MONOMIC COSTS
 



JTRTB XI-Z-1 

003RSI0N 0? .l AIAL 00ST TO EOO.IC COST 
B ANM D3TRICT 

SHADOWP91CM
 
Fiancial rorige Destio Baance of Forin Erebange Unnskilled Eoonomic Eoo ic
Pr~ject fthange Col t Onk e Dometio 12 Others Component Labor Others ProjeWg Contruce9n 
coat Component 0*vrwv tAbor C-!on; 4 I (95-') x 1.2 x .5 x 1.0 1116t- _______-a 

Soue Delopent 	 258,000 148,620 109,350 62,330 47,050 2,353 44,697 178,344 31,165 44,697 254,207 200,954 

DisUtibuton Facilities 4,994,000 2,555,779 2,438,221 454,020 1,9U4,201 99,210 1,884,991 3,066,935 227,010 1,884,991 5,178,936 4,094,021 

Interma Network 	 1,649,000 708,070 90,930 183,260 757,670 37,84 719,786 849,684 91,630 719,786 1,661,100 1,438,132 

Serive Cennetioans 
a) Pipes 847,000 412,098 134,902 328,112 106,790 5,340 101,450 294,518 164,056 101,450 760,024 658,029
bJ Nters 322,000 28,759 53,241 40,168 13,073 654 12,419 322,511 20,084 12,419 355,014 307,371 

Pir"'drants 	 275,000 160,52 114,458 26,180 88,278 4,414 83,864 192,650 13t090 83,864 259,604 250,739 

laboratorr Facilities 
a) Equipment 310,000 275,944 34,056 18,591 15,465 773 14,692 331,133 9,296 14,692 355,121 280,728 
U) Str tur 	 213,000 70,096 142,904 78,009 64,895 3,245 61,650 84,115 39,005 61,650 184,770 146,063 

a Fcie s 	 76,000 68,425 7,575 3,306 4,269 213 4,056 82,110 1,653 4,056 87,819 69,422 
b) Struoture 69,000 4,111 64,8:g 28,319 36,570 1,829 34,741 4,933 14,160 34,741 53,834 42,557 

?lu-bine Shop 459,000 27,134 431,866 62,560 369,306 18,465 350,841 32,561 31,280 350,841 414,682 327,812 
Tehicle. 69,000 35145 33,835 - 33,855 1,693 32,162 42,174 - 32,162 74,336 64,860 

Feasibility Studies 96,000 53,760 42,240 - 42,240 2,112 40,128 64,512 - 40,128 104,640 82,719 

Immediate Imprevmaents
a) Distributaon Paoilities 

1. Equipmest 	 28,000 25,357 2,643 486 2,157 108 2,049 30,428 243 2,049 32,720 25,866
2. StruCture 1,731,000 925,543 805,457 147,979 657,478 32,874 624,604 1,110,652 73,989 624,604 1,809,255 1,430,233 

b) A Building,Inlitation 
1. Elquient 	 113,000 86,003 26,997 3,681 23,316 1,166 22,150 103,204 1,841 22,150 127,195 100,549 
2. Structure 	 459,0O0 27,134 431,866 58, 9 372,987 18,649 354,338 32,561 29,440 354,338 416,339 329,122

a) Storage Facilities 36,000 20,530 15,470 7,130 8,340 417 7,923 24,636 3,565 7,923 36,124 23,557 
d) Seryic. Coenections 

1. Pipes 	 571,000 280,411 290,589 95,544 195,045 9,752 185,293 336,493 47,T72 185,293 569 558 450,243 
2. Meter$ 395,000 329,179 65,821 21,641 44,180 2,209 41,971 395,015 10,821 41,971 447,807 353,?9 

e) Vehiolee 76,000 38,980 37,020 - 37,020 1,851 35,169 46,776 - 35,169 81,945 64.779 
f) 	 Kiscel aneon, Ite. 16,000 10,170 5,30 - 5,830 292 5,538 12,204 - 5,538 17,742 14,C25 

) Feaaibility Studies 39.000_ 1 600 1'50C 19.400 770 14 610 2 1.20 - 14.610 18.150 30. 
Sub-.Total 13,097,000 6,551,390 6,545,610"1,620,195 4,925,415 246,273 4,679,142 7,861,669 810,100 4,679,143 13,350,912 10,79D,-'7 

I103.000 -- 103.000 - 103000 5.150 97.850 - - 97.850 97.8-50 97. i0 

fetal Proect Cost 	 13,200,000 6051,390 6,63,610 1,620,195 5,028,415 251,423 4,776,952 7,861,669 810,100 4,776,993 13,448,762 10,888,337 

f tc *st opomt loss uaskilled labor cost.
 
jCoutea at 5 percent or dmestic oc*hiet after coailed labor was deduted from It.
 
ff/btinod by adding tegutbar foreign exchange cart, unskifled labor cost and cost of *other' after they have boen adjusted through ahadow ~iig


Deve subtracting contingnies and enginaeine services from the ooomic project cost. 
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ANNEX TABLE XI-E-2 

REPLACEMENT COST 
BA1G1TED WATER DISTRICT 

1978 PRICES 
(P x 1ooo) 

Year Vehicles Meters Eauipirent 
Miscellaneous 

Items Total 

1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 

p 64.8 
64.4 

P 64.8 
64.4 

1988 
1989 
1990 

1991 
1992 
1993 
1994 64.8 132.8 126.4 14.0 338.0 
1995 64.4 110.1 - 174.5 

1996 117.3 22.5 139.8 
1997 
1998 

29.5 
29.5 

164.3 
163.3 

193.8 
192.8 

1999 29.5 - 29.5 
2000 29.5 - 29.5 

Total P 258.4 P 478.2 'P476.5 P 14.0 P 1,227.1 
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AN= TABLE XI-3-3 

SALVAGE VALUE IN 2 1 
BA = WATER DISTaniv 

1978 PRICES 

50 Years ,0 Years 15 Years 7 Years Infinite 
ReanigRemaining Remaining Remaiin Hemainming 

Service Service Service Service Service 
Life in Life in Life in Life in Life in Total 

Economic 
Value 

2001 (in 
Percent) 

Salvage
Value 

Economic 
Value 

2001 (in
Percent) 

Salvage
Value 

Economic 
Value 

2001 (in
Peent) 

Salvav 
Value 

Economic 
Value 

2001 (in
Percent) 

SaLvago
Value 

Economic
Value 

2001 n
Percent 

Salvage
Value 

Iva"
_line 8 

1978 1,962.0 56% 1,095.8 30.2 27% 8.2 80.3 100% 80.3 1,184.3 
1979 156.2 58 90.6 90.6 
1980 420.9 60 252.5 82.7 33 27.3 -1 17.6 100 17.6 297*4 
1981 2,115.0 62 1,311.3 1,311,3 
1982 
1983 
1984 

2r113.6 
264.7 
264.7 

64 
66 
68 

1,352.7 
174.7 
158.8 

1,352.7 
174.? 
158.8 

1985 352.0 70 2464 246.4 
1986 352.9 72 254.l 29.5 7% 2.1 256.2 
1987 352.9 74 261.1 29.5 13 3.8 264.9 
1988 352.9 76 268,2 29.5 20 5-9 274.1 
1989 352.9 78 275.3 29.5 27 8.0 283.3 
1990 
1991 

335w8 80 268,6 29.5 33 9.7 278.3 

1992 
1993 
1994 273o2 60 164.0 64.8 14% 9.1 173.1 
1995 110.1 67 73.8 64.4 29 18.7 92.5 
1996 139.8 73 102.1 102.1 
1997 193.8 80 155.0 155-0 
1998 192.8 87 167.7 167.7 
1999 29.5 93 27.4 27-4 
2000 65.2 100 -65,.2 65.2 

i99396.5 P69010.1 
18/ 

P112.9 P35.5 P1,15109 P34.7 P1292 P27.8 P97.9 
Tota -EconoaicoValues 

F97.9 
P10,888.4 

P6,956.0 

8/Salvage values for e-c year are actually the salvage value of the item in year 2001. Toal Salvage Value s P 6,56.0 
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0?TJr .z.:0 
EBA--" WJT I D='TSRICT 

)O) 

Prevnt Present Present Present 
Value
Value Value of Value 


t.edZuoacatlo Eaealafloa .meal Escalated Escalated Z ealstad Diacnt of Replace-- of of 

Raplmmount Salvage 0 and I Tetal P-actor We- Factor -For LO/ Project Replacement 0 and X Total Factor at Project ment 0 one I VTcal 
2 Costs 12 Percent Cos.. Cost Co7.2 CC--to

Projet___cos Talus Costs Costs ot-he c;stsi "0 anx r,.ot -Cost cost Cost 

3,027.8 36.7 3,064.5 1.000 3,027.8 36.7 3,064-5
1978 P 3,027.8 36.7 3,064.5 1.000 1.000 

69.2 718.6 .893 579.9 61.8 641.7 
1979 590.4 64o 654.5 i.100 1.080 649.4 

1.166 999.6 108.8 1,108.4 .797 796.7 86.7 863.4 
1960 826.1 93.3 919.4 1.210 

216.8 3,875.5 .712 2,605.0 154.4 2,759.4

1981 2,799.3 172.1 2,971.4 1.307 1.260 3o658.7 

.636 2,511.0 155.4 2,666.4

1962 2,796.1 179.6 2v975.7 1.412 1.360 3,948.1 244.3 4,192.4 

293.8 155.7 4/19.5
274.6 792.8 .567

1983 339.8 186.9 526.7 1.525 1.469 518.2 


303.0 867.7 -. 507 283.8 156.2 e.0.0 
1984 339.8 194.1 533.9 1.647 1.587 559-7 

34.7 156.7 521.4.346.6 1,1'!%4 .452
22.2 655.7 1.779 1.714 806.81985 4535 
122.2 386.1 1,314.9 .404 350.1 49.4 156.0 555.5

1986 459.5 64.8 206.1 732.9 1.8_6 1.851 866.6 
128.7 424.2 1,470.4 .361 331.6 46.5 152.8 530.9
 

1967 459.5 64.4 211.7 735.- 1.999 1.999 918.5 
2.159 973.7 463.1 1,436.8 .322 313.5 149.1 462.6 

1988 459.5 214.5 674.3 2.119 
677.6 2.246 2.332 1,032.0 50.:.6 1,54o0.6 .28 297.2 146.5 4W.7
 

1989 459.5 218,1 583.0 1,630.9 .257 268.0 151.1 /9.1
2.518 1,042.9
1990 438.0 233.5 671.5 2.381 

588.0 .229 134.7 13..7
233.5
1991 


I 568.0 .205 120.5 120.5233.5
192 j 588.0 .183 107.6 107.6
233.5
1993 8o4.8 1,392.8 .163 131.7 95.8 227.0
 

194 338.0 571.5 i

I 415.5 1,03.5 .146 60.7 85.8 146.5 

1995 174-5 408.0 

1 119.7
332.9 920.9 .130 43.3 76.4

1996 139.8 373.3 


461.4 1,049.4 .16 53.5 68.2 121.7
 
1997 193.8 427.3 

459.1 1,047.1 .104 47.7 61.2 108.9 
1998 192.8 426.3 


70.2 658.2 .093 6.5 54.7 61.2
29.5 263.0 

2000 29.5 213.5 263.0 2,381 2.918 70.2 588.0 658.2 .o81 _ 5.8 48.8 5..61Y) 


P13,448.8 P1,227.1 4,550.4 19,226.3 19,001.1 29865.0 9,854.0 31,721.0 12,023.1 444.6 2,572.8 15,040-5 

-1.225.6-16562.-2 .C74Salvage Talus P6,956,0 6,956.0 2.381 
15,158.8 13,-14.912,270.3 


after which theby 8 percent from 1980 to 1985, by 6 percent from 1985 ,V 19W,
12!/Poect cost and replacement cost were escalated aafl by 10 percent fr= 1976 to 1980, 

eaeal.tioa factor wa held constant up to 2000. 
1978 to 1990, after which the eoalation factor was hlet ,constant up to 2000. 

.- 'CperatinC and aintonamoe cost* ware escalated anuly by 8 percent frv 
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ANNEX XI-G
 

INTERNAL ECONOMIC RATE OF RETURN
 



ANNEX TABLE XI-G--1 

INTERNAL ECCK0NTC RATE OF RE 1HJN 
BANGUED WATER DISTRICT 

(x 1000) 
Discount Present Value Discount Present Value 

Escalated Values Factor at at 15 Percent Factor at at 20 Percent 
Year Benefits Costs 15 Percent Benefits Costs 20 Percent Benefits Costs 

1978 79.4 3,064.5 1.000 79.4 3,064.5 1.000 79.4 3,064.5
1979 171.3 718.6 .870 149.0 625.2 .833 142.7 598.6
1980 4,966.1 1,!o8.4 .756 3,754.4 838.0 .694 3,446.5 769.2 
1981 937.9 3,875.5 .658 617.1 2,550.1 .579 543.0 2,243.9 
1982 1,086.2 4,192.4 .572 621.3 2,398.1 .482 523.5 2,020.7
1983 1,263.9 792.8 -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 
1987 2,787.1 1,470.4 .284 791.5 417.6 •194 540.7 285.3 
1988 2,667.0 1,436.8 .247 658.8 354.9 •162 432.1 232.8 
1989 3,194.5 1,540.6 .215 686.8 331.2 .133 431.3 208.0 
1990 3,648.3 1,630.9 .187 682.2 305.0 .112 408.6 182.7 
1991 2,448.3 588.0 .163 399.1 95.8 .094 230.1 55.3 
1992 2,324.0 588.0 .141 327.7 82.9 .078 181.3 45-9
 
1993 2,342.3 588.0 .123 288.1 72 3 .065 152.3 38.2 
1994 2,218.1 1,392.8 .107 237.3 149.0 .054 119.8 75.2 
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 .061 112.7 63.9 .026 48.0 27.2
1999 1,759-7 658.2 .053 93-3 34.9 .022 38.7 14.5 
2000 1.653.8 658.2 .046 76.1 3 .018 29.8 11.8
 

47,375.1 12,888.5 9,716.231,721.0 13,306.3 t,238.1
Salvage Value - 16.562.2 .040 662.5 .015 2487415,05848 19,643.8 10,9

1.00 0.32 1.00 0.98 1.00 1.13 
Present Value at 15% 244.7RR E- .-15 + .05(24A.7) 
Present Value at 20% - (7518.2 

1,518.2 - .15 + .0081 
= 15.8% 
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CAMP DRESSER & McKEE INTERNATIONAL INC. 

Methodology Memorandum No. 1 

To : L. V. Gutierrez, Jr. 

From : A. do 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 oases, these data are not readily available in the 
Philippines. The only way to get these data would be to actually
perform a house-to-house survey within the served areas of the 
water district (WD). Considering time and financial oonstraints, 
a pilot area survey would be the best approach. This is merely 
surveying a representative area within the WD and projecting the
 
data obtained for the entire served area of the WD.
 

B. 	 Methodology 

1. 	Choose a pilot area within the WD. Desirable requiremenits
 
for the area are as follows:
 

a. 	adequate line pressures, preferably with 24-hour service;
 
b. 	 metered connections; 
o. 	presence of domestic as well as commercial connections.
 

Ratio of commercial to domestic conneotions for the area 
must not exceed that for the entire WD; 

d. 	 representative income levels of the concessionaires. 

2. 	 Devise a one-page questionnaire so that itt 

a. 	 is easily understood by WD personnel (who will serve as 
interviewers);


b. 	 provides relevant information; 
c. 	 provides a means of cross-checking some answers given 

by respondents; 
d. 	 would make tabular analysis easy. 

A sample questionnaire is attached.
 



3. 	 Get aasistance 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 dialects. 
However, before allowing the WD enumerators to proceed on
 
their own, it is necessary 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. A map at this point indicating the exist
ing houses (with their code numbers) would be necessary. 
The following would be helpful during the survey: 

a. 	 brief the respondents about the purpose of the survey 
before asking questions. It is very important that 
they be receptive to the interviewers. Otherwise data 
given could be misleading. 

b. 	in asking for estimates of consumption, avoid using
 

technical terms, i.e., liters, gallons t etc. Use
 
local containers like pails, drums or whatever they
 
use. Note the capacity of the container in the
 
questionnaire.
 

C. 	 Data 

The 	following data may be obtained from the survey:
 

1. 	Pilot area density
 
2. 	 Average persons/household 
3. 	Borrowers from curnected 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 

r,.:-2
 



-_- '"WATERDISTRICT 

PILOTV AREA QUESTIONNAIRE 

DATE 
TIME
 

INT.I[VI DIJEE ADDRESS 

TYPE OF IDdELLING ..... _ CONSTRUCTION MATERIAL 

WD CONCESSIONAIRE 	 NON4DFOR ALL HOUSOLDS
CONCESSIONAIRE
 

1. NO. OF OCCUPANTS: 1. NO. OF OCCUPANTS: 1. WD-WATER AVAILABLEs
 
No. of hours
 

2. CLASSIFICATION: 	 2. SOURCE OF SUPPLY: Time
 

E Domestic mDown private well 2. FAUCETS:
 
O Commercial 13 rainwater 03 1 l 3 05
 
El Institutional C3 spring E0 2 0:14 0- -_
 
mlIndustrial Opublic faucet
 

0] E3WD concessionaire 3. 3}IOdETS 0
 
Code No. -----.
11HH
3. SI12 OF CO C 	ION: 

Elpublic well 
 4. FLUSH ,iATER CLOSW: 
le" 0 i" 0 2" lothers' private well 31 1-2 03 E]l_ 

l , 01, 0 ___ 0 5. 	 MANUAL WATER CLOSET: 
01 0l2 03 30 

TYPE OF CON~CTION: 3. CONSUMPTION. 6. o w/septic Ow/o septic 
Elmetered: meter functioning Ofree tank tank 
0 metered: meter damaged Elpaying 7, AVERAGE MONTHLY: 
0 flat rate (unmetered) volume used per Consumption ill g/PYMT

dayWD
 

5. 	APPURTENANCES (Connected to Paying P' WD:els ~~~~well:_____._______ 
System) for _ others: 

EOwith hand pump REMARKS: 
0 	with electric motor pump 8. USE: 

HRS used/day _ _ w/ borrowers 
Pump rated HP '_ 03 w/o borrowers 

GPM 	 Total no. of HH 
__ borrowers 

Total no. of H borrowers 
6, 0TH OR SOURCE ASIDN FROM WD: occupants ..

Own 	 Other HROwells wells 
 9. How much would 	you besprins 
 [ 	sprls willing to pay if

0springs springs water service were 
0 rainwater 0 rainwater improved? 
__E3 -__ _/month._ 

(TO B2 FILLED UP AT THE WD OFFICE) 

1. HOUSEHOLD CODE 	NO. 3. WD CONCESSIONAIRE:_ 
MERATORC3 registered 

2. INCOME: 	 0 unregistered FOSITION 
Obelow average (P220 below )
 

-laverage ?P221 - 750) 4. PAY11ENTS:
 
O3upper middle P751 - 1,500) - up-to-date

ohigh P1,500 above) 0 delinquent
 



CAMP 	 SSXMaK& 4"VATIONAL INC. 

Methodology Memorandum No. 2 

To S L. V. Gutierrez, Jr.
 

From : A. de Vera
 

Date : 31 January 1977 

Subjeot Estimating Water Accountability
 

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 acoounted-ofor and unaccounted
for-water.
 

2. 	Ratio of wastage and leakage in relation 

to total production. 

3. 	Domestio consumption per capita.
 

Although there are various methods for estimating water
 
accountability, the selection of a method depends on the
 
purpose for which it is to be used and the level of accuracy
 
desired. Accounted-for-water as used herein refers to the
 
revenue-producing water for the water district. It is the
 
sum of the billed metered consumption and inferred water con
sumption at flat-rate oonneotions.
 

B. 	Methodoloy
 

1. 	Pilot Area Survey
 

a. Objective - To be able to estimate total accounted
for and unaccounted-for-water. Accuracy will depend 
on the reliability of the con sumption figures as 
obtained in the pilot area survey.. 

b. 	Data Necessary - Monthly proditction; number of metered 
and unmetered connections; water rate schedule; pilot 
area data; and total monthly metered consumption. 

YRofer to Methodology Memorandum No. 1.
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1) 	 Obtain total number of households dependent on 
water system. 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 inferred flat-rate use per month.
 

3) Compute total accounted-for-water by adding average 
monthly metered consumption and total inferred 
flat-rate use per month. 

4) 	 Unaccount6d-for-water is total production less 
accounted-for-water. It 	is also the total of
 
potentially billable water plus wastage, leakage
 
and 	other uses.
 

5) Potentially billable water is the sum of: 

o 	 Usage of borrowers from flat-rate 
primary users; 

o 	 Unbilled flat-rate use 

o 	 Wastage 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. Accuracy, however, is 
not determined. 

b. 	 Data Neoessary - Total monthly production and figures
 
obtained during the First 10-Area Survey of CDM.
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a. 	 Steps 

Multiply monthly production byt
 

.31 	to get aocounted-for-water
 

.l to get underestimated flat-rate use
 

.26 to get wastage
 

.25 to get leakage
 
•07 	for others
 

3. 	Field Study Method
 

a. 	Objective - To be able to determine within t 5 percent
 
accuracy water aoccuntability figures. This method,
 
however, is time-consuming and very expensive.
 

b. 	Data Neoessary - All data received shall be generated

in the field. The number of concessionaires and the
 
water rate schedule are basic requirements.
 

0. 	Steps
 

i) For each section of transmission and distribution
 
line in the water systemt appropriate measuring devioes
 
shall be installed in order to determine the amount
 
of water flowing in and out, water used by the oon
cessionaires, and water leakage.
 

2) 	Desk-top analysis is then necessary to determine
 
water accountability.
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CAMP DRESSER & McKEE INTERNATIONAL INC. 

METHODOLOGY MVEMORIAIDUI NO. 3 

To : 	 L. V. Gutierrez, Jr. 

From 	 P. del Rosario 

Date : 	 8 February 1977 

Subject: 	 Classification of Water Districts According to 
Future Water Requirements 

A. ji 

The purpoqe of this methodology manual is to classify water 
districts (WD) so that i'uture water requirements may be estimated. 
The factors to be considered in classifying WD's are economie an 
social development in the district's boundaries, probable sources 
of additionel water supply and the people's ability-to-pay for 
improved water service. 

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 districts may fall under Group I,while less developed
 
and small water districts, under Group V.
 

B. Methodology
 

The initial service area of the WD will most likely include
 
the central urban area or core city (poblacion). To classify it
 
according 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 cost
 
of water, and served population in 1980. For each criterion, a
 
number of points, from 0 to 20, are allotted to each water
 
district. The total number of points under the 5 criteria
 
determines the classification of the WD.
 

Table MM 3-1 lists the 5 criteria by which the WD can be
 
classified, and the pointp allotted to rankings in each cri
terion.
 

The grouping of the WD's based on the range of total
 
points under the 5 criteria is as follows:
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TABLE MH 3-1 

WAR DISTRIOT OROUIPG CRITERIA 

1975 1975 1975 1980 1980 
Urban Income Standard of Living Business Index Cost of Water Served Population 

no=0 Taes 5 of Households 71of Households 5 of Comercial Source of Population 
Paid by Urban Points with Refrigerators Points with Flush Toilets Points Establishments Points Additional Points Served in Points 
Residents (?) 20 in Urban Area 10 in Urban Area .0. in Urban Area - 20 Water Suppy, 20 Urba Area 20 

-ore 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 
5,000,001-10,000,000 

18 
16 

25.1-
20.1 

30 
25 

9 
8 

50.1 
40.1 

- 60 
- 50 

9 
8 

4.6 -
3.1 

6.6 
4.5 

16 
11 Spring with 

booster pump 17 

100,001 

80,001 

150,000 

100,000 

18 

16 
1,000,001- 5,000,000 14 15.1 - 20 7 30.1 - 4Q 7 1.7  3.0 7 Infiltration 

with short trans
imission line/ 

500,001- 1,000,000 
100,001- 500,000 

12 
10 

10.1-- 15" 
5 - 10 

6 
5 

20,1 - 30 
10 - 20 

6 
5 

1.0 
leas 

- 1.6 
than 1 

4 
2 

w.ell points 14 

Infiltration with 
long tranumLi

65,001 
52,001-

80,000 
65,000 

14 
12 

rin lina/ 
wells 11 41,001 - 52,000 10 

50,001- 100,00 8 lens than 5 4 leas than 10 4 31,001  41,000 9 
20,001- 50,000 6 Surface water 

without 
reservoir 7 22,001 - 31,000 8 

8tO01- 20,000 

4,001- 8,000 
4 0= or lea 

. 

4 

1 

Surface water 
*dth reservoir 5 15,('lI - 22,000 

110,001 - 15,000 
less than 10,000 

7 
6 
5 
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,ruDTotal Points 

I 70 and above 
II 60  69 
III 50 - 59 
Iv 4.0 -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 are: total population in the city or municipality; 
total households; number of urban households; number of commer
cial establishments; number of industrial establishments; number 
of households with refrigerators; and number of households using 
flush water-sealed toilets. 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 the recent preliminary hydro-eurvey conducted by LWUA 
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 income is based on the total income taxes 
paid by individuals and business entities and the per
oentage of urban households with respect to total house
holds 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 percent 
per year. In projecting the percentage of urban house
holds, growth characteristics and urban development 
must be considered. The projeoted percentage is wml
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-sealed toilets. 

The percentage of urban households with refriger
ators with respect to total urban households is projected 
to 1975, if the 1975 census is not available. An incremn 
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of I 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 tha 
percentage of urban households using flush water-sealed. 
toilets. Table M10 3-1 shows the percentages of households 
with refrigerators and those with flush toilets with res
pect to total urban households, with points xanging from 
4 to 10.
 

3. 1975 Business Index 

The business index is measured bly the percentage 
of commercial establishments with.reapect to total urban 
households in 1975. One industrial establishment (data
from NCSO census) is assumed to be equivalent to 10 com
mercial establishments (except when the 1975 census is 
available). An increase of 1 to 20 establishments per 
year is appliedl depending on the recent business aotivi
ties and urban development in the city/municipality. The 
number 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 methodology for 
1975 urban income. The 1975 sum of commercial estab
lishments divided by the number of 1975 urban households 
is the business index of the city/municipality. Table 
MM 3-1 shows the various levels of business index, with
 
corresponding points ranging from 2 to 20. 

4. 1980 Cost of Water 

The cost of water is inferred from the probable 
source of additional water supply by 1980. The probable 
source 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. Surface 
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). 
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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/municipalAty 
and of the service areas. The 1980 served population 
is determined as a portion of the service area popula
tion. 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 considered. 

o. Expeoted Water Demand By Class of WD 

The experience of the LWUA-CDM staff, especially during
 
the First Ten Urban Areas Project in the Philippines, has been
 
used to assign values of expected water demand to the 5 classes
 
of water districts. These expected water demands are shown in
 
Table MM 3-2.
 

D. Example of Water District Classification
 

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 LdUA and the SIL-WD*
 
The following data were obtained:
 

Total income taxes paid in the city - 120,049,139 (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 supply - wells (1980) 

Population in the service area - 21,280 (1980) 

To determine the specific weights of the above data for each
 
grouping criterion, the methodology developed is applied as followss
 



TABLE MM 3-2 

WATER DEMAND OF WATER DISTRICT GROUPINGS 

Classification 1980 
Year 
1_ 20 

Group I 

Domestic use, ipod
Comme rcial/Industrial/Institutional 

% of domestic 
Equivalent, ipad 

Accounted-for-water, Ipod 
Unaccounted-for-water 

% of production 
Equivalent, lped 

140 

17 
2 

164 

40 
0 

155 

21 

.t* 

28 
_. 

175 

20 

210 

20 
52 

Total production required, ipod 273 261 262 

Group II 

Domestic use, ipod 
Commercial/Industrial/Institutional 

% of domestio 
Equivalent, ipcd 

Accounted-for-water, lpod 
Unaccotuted-for-water 

% of production 
Equivalent, lpd2 

Total production required, ipcd 

120 

15 
18 

1 

40 

230 

135 

17 

15 

28 
62 

'220 

150 

20 

20 

225 

Group III 

Domestic use, ipod 
Commercial/Industrial/Institutional 

% of domestic 
Equi valentl lpcd 

Accounted-for-'water, lpod 
Unaccounted-for-water 

% of production 
Equivalent, lpcd 

105 

13 
A 

119 

40 
79 

120 

16 
-19 

139 

28 
4 

135 

18 
.2A 

159 

20 
40 

Total production required, lpod 198 193 199 
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TABLE MM 3-2 (Continued) 

WATER DEMAND OF WATER DISTRICT GROUPINGS
 

Classification 


Group IV
 

Domestic usel Ipcd 

Commercial/Industrial/Institutiona,
l
 

% of domestic 

Equivalent, lpod 


Accounted-for-water, Ipod 
Unaccounted-for-water
 

,,,
of production 
Equivalent, Ipod 

Total production required, lpcd 

Group V
 

Domestic use, ipod 

Commercial/Industrial/Institutional
 

% of domestic 

Equivalent, lpod 


Accounted-for-water, lpcd 

Unaccounted-for-water
 

% of production 

Equivalent, iped 

Total production required, Ipod 


Year
 

190 2000
 

95 10 125
 

12 14 16
 
12 ii 20
 

107 125 145
 

40 28 20
 
7 .42 _6
 

178 174 181
 

90 100 110
 

10 13 15
 
9 -'1 17
 
99 113 127
 

40 28 20
 
66 44 32
 

165 157 159
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1. 1975 Urban Income
 

In 1970, the urban households accounted for
 
33.8 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 urban households was pro
jected to increase to 35 percent in 1975. The product
 
of the total 1974-1975 income taxes and the 1975 per
centage of urban households represents the urban in
come taxes which amount to about P7.017 million.
 
Table MM 3-1 gives this a weight of 16 points.
 

2. 1975 Standard of Living 

This is measured by:
 

a. 1975 urban households using refrigerators
 

In 1970, 7.2 percent of the urban house
holds had refrigerators. Due to economic and 
housing developments, the percentage was esti
mated to increase to about 12 percent in 1975. 
Table MM 3-1 gives this a weight of 6 points. 

b. 1975 urban households using flush water-sealed 
toilet facilities
 

In 1970 t 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 projeoted to be about 32 percent in 1975. 
Table MN 3-1 gives this a weight of 7 points. 

3. 1975 Business Index
 

It is assumed that one industrial establishment is 
equivalent to 10 commercial establishments. Based on 
the 1970 census, the number of commercial establishments 
(equivalent industrial establishments included) was 
46 (36 + 10). These establishments were expected to 
have increased to 96 (at 10 establishments per year) 
in 1975. Total urban households increased from 3,693 
in 1970 to about 5,180 in 1975 (1975 population of 
103,493 * average 7 persons/household). Henceg the 
business index in 1975 was 1.9 percent (commeroia3. estab
lishments divided by the number of urban households in 
1975). Table MM 3-1 gives this a weight of 7 points. 
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4. 1980 Cost of' Water 

Based on the hydro-surey of LJUA-CDM and SIL-WD, 
deepwells appear to be the most probable economical 
source of additional supply. Table MM 3-i gives a 
weight of 11 points for this source. 

5. 1980 Served Population 

By 1980 ,the served population is expected to be 
about 15,630Vas projected from the 1975 NCSO Census 
of Population and Housing. Table MM 3-1 gives this a 
weight of 7 points. 

Therefore, the SIL-WD has a total of 54 points under the 
5 criteria, indicating that it belongs to Group III. The water 
demands of this group from 1980 to year 2000 are listed in 
Table MM 3-2. 

Table MM 3-3 classifies 16 water districts in the 
Philippines according to the 5 grouping criteria.
 

I/See Chapter VI, Table VI-3, of the Silay City Feasibility 

Study Report. 
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TABLE 04 3-3 

SULORY OF CITIES/MUNICIFALITIES SUBJECTED 
TO TIM iATER DISTRICT GROUPING CRITERIA 

1975 Standard of Living 
Urban Urban 1980 Cost 

1975 Households Households 1975 of Water 1980 
Urban with Refri- with Flush Business Source of Served 
Income gerators Toilets Index Supply Population Total 

City/Municipality (Points) (Points) (Points) (Points) (Points) (Points) Points Group 

Bislig, Surigao del Sur 14 6 7 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 Ecija. 6 8 9 7 11 6 47 4 
Silay City 16 6 7 7 11 7 54 3 
Cebu City 20 lt 10 7 5 20 72 1 
Davao City 16 9 16 11 10 71 1 
Bacolod City 20 9 9 7 11 18 74 1 
Zamboanga City 14 9 9 7 7 16 62 2 
Digos, Davao del Sur 12 6 9 7 11 5 50 3 
Baoacay, Albay 1 5 9 11 20 5 51 3 
Banguedl, 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 
Subio 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 a 63 2 
Cabanatuan City 12 8 10 11 11 61 2 
Lipa City 8 8 10 16 11 7 60 2 
Luena-Pagbilao-Tayabaa 14 6 8 7 17 12 64 2 
Daet 10 5 4 4 20 10 53 3 
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CAMP ORESSER & McKEE INTERNATIONAL INC. 

Methodology Memorandum No. 4 

To : L. V. Gitierrez, Jr. 

From : E. Jacildo 

Date : 20 January 1977 

Subject: Probability Analysis of Stream Flows by Oumbel 

A. Need 

In evaluating the surface water sources for water oupply 
purposes, the analyst has to focus his interest on statistloal 
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 calculated risk.
 

In 1941, E. J. Oumbel devised a probability method by 
which recurring flows can be computed for design requirements. 
Under this method, the hydrologic data are analyzed as an 
"extreme value" distribution and the sets of hydrologic data 
are plotted as straight lines. Gumbel's method has been found
 

advantageous to use. 

B. Basic Data 

The hydrologic data axe found in Surface Water Supply 
Bulletins published by the Water Resources Division of the 
Bureau of Public Works (BPW). Data are presented in the follow
ing sequence: 

1. Name of river basin
 
2. Name of stream 
3. Location of gaging station in latitude and longitude 
4. Drainage area in square kilometers 
5. Records available: months and year 
6. Gage elevation
 
7. Extremes; magnitude and dates of maximum and minimum 

flows
 
8. Remarks 
9. Revisions 
10. Presentation of daily discharge for one year
 



It should be noted that 6urface ilater Suppl]r Bulletins 

after 1);7 have not been published; they are on file at the BPW 
Water Resources Division. 

C. 	Methodoloay 

Below are the steps in imbel's probability nmalysis of 

streamilows.
 

Ta:ble OIT4-1 

1. 	 Tabulate the monthly flows (me=a, minimum or 

maximum, whatever is desired). 
2. 	 Take note of any changes in the yearly records as 

stated undrer "Remarks" or "Revisions" of the 
Bulletin. Write them under remarks in Table I,4-1. 

Table MAM-2 

1. 	Arrnpge all monthly flows in ascqnding order, i.e., 

from lowest to highest. kny flow that occurs 
more than c,.ce should be listed. 

2. 	Rank the arranged flows under "Im". 

3. 	 Take the logarithm of Q. 

4. 	 Solve for the probability flow by the formula 

m x 100 
n+l 

where, m is the ramk of a particular flow
 

n is the total number of recrrded flows.
 

5. 	 Solve for the return period by the foziula 

n+l 
m 

Pigure L 4-LI
 

1, 	Plot log Q as ordinate against probability as 

abscissa. Figure -14-1is (umbel's special proba

bi.lity paper. 
2. 	Draw a straight line (month lin passing through the
 

points marked in step C-1. If not all the points
 

fall on the line, adjust the line such that it
 

passes on the average path of the points. Ay
 

return period which falls on the line is in month's
 

term. The line may be extended in order to reach
 

periods not covered by it.
 

3. 	 Take the antilocarithmns of the values of return 

periods in months as projected on the log Q scale
 

(ordinate). The tuntilogs are the recurring flows in
 

cubic meters per day.
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TABLE I :4-1 

MEAN-DAY DISCHARGE PER MONTH
 

Basin- Pampanga (San Vicente) Gage Elevation: 11,050 m 

Station: Pefiaranda River Units: cumd x 1,000 

Location: lat. 15018'46"; long. 120056130" 

Drainage Area: 575 sqkm 

Minimum-Day- "Discharge/ 
Year Jan Feb Mar Apr may Jun Jul Ac Sep t Nov Dec Year 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 59? O 

1967 4,922 857 1,189 547 873 425 1,012 6,614 4,415 5,707 5,896 125 

1968 66 77 120 540 96 - - - - - 117 

1969 141 32 3 6 689 664 301 3,203 2,394 2,248 1,175 1,785 2,190 

1970 1,989 814 279 17 17 3,561 2,928 1,628 9,590 11,726 9,689 69915 

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 95 686 2,525 2,650 4,405 14,582 4,149 2,124 

1974 1,405 1,332 2,191 471 621 3,781 3,497 10,761 10,014 12,567 16,317 13,693 
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TABLE .n14-2 

4EANnOW (FERARANDA RIVER, SAN VICENTE) 
GAPAN WATER DISTRICT 

Return Period 
Probability (Months) 

m~~~~~____ ~ i x2.100)(l.. 

1 17 4.230 0.93 10800 
2 17 4.230 1.85 54.00 
3 32 49505 2.78 36.00 
4 66 4.820 3.70 27.00 
5 77 4.886 4.63 211 60 
6 82 4.914 5.56 18.00 
7 95 4.978 6.48 15.43 
8 96 4.982 7.41 13.50 
9 108 50033 8.33 12.00 
10 117 5.068 9.26 10.80 
11 120 5.079 10.18 9,82 
12 125 5.097 11.11 9.00 
13 141 5.149 12.04 8.31 
14 216 5.334 12.96 7.71, 
15 279 5.446 13.89 7.20 
16 294 5.468 14.82 6.75 
17 301 5,478 15.74 6.35 
18 336 5.526 16.67 6,00 
19 351 5.545 17.59 5.68 
20 372 5.570 18.52 5.40 
21 406 5.608 19.44 5.14 
22 415 5.618 20.37 4,91 
23 425 5*628 21.30 4.70 
24 471 5.673 22,22 4.50 
25 540 5.732 23.15 4.32 
26 547 5.738 24.07 4.15 
27 621 5.793 25.00 4.00 
28 642 5.808 25.93 3.86 
29 664 5.822 26,85 3.72 
30 686 5.836 27.78 3.60 
31 689 5.838 28.70 3.48 
32 697 5,843 29.63 3.38 
33 732 5.864 30.56 3.27 
34 753 5.877 31.48 3.18 
35 767 5.885 32.41 3.08 
36 814 5.911 33.33 3.00 
37 823 5.915 34.26 2.92 
38 857 5.933 35.18 2.84 
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TAJ3LL2 1844-2 (continued) 

WAFoW (PF&ARAA RIVEI SAN VICENT) 
GAPAN WATER DISTRICT 

Return Period 

Q Probability (Months) 

m~~ ~ xmz0100) ______ 

____odx1a g (n+1 _____ 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

873 
1,012 
1,175 
I,189 
1,313 
1,332 
1,377 
1,405 
1,413 
1,461 
1,499 
1,595 
1,628 
1,785 
1,824 
1,989 
2,124 
2,190 
2,191 
2,248 
2,283 
2,394 
2,525 
2,650 
2,680 
2,896 
2,915 
2,928 
3,123 
3,203 
3,209 
3,497 
39561 
3,781 
4,021 
4,149 
4,215 
4,358 

5.941 
6.005 
6.070 
6.6, 
6.118 
6.124 
6.139 
6.148 
6.150 
6.165 
6.176 
6.203 
6.212 
6.252 
6.261 
6.299 
6.327 
6.340 
6.341 
6.352 
6.358 
6.379 
6.402 
6.423 
6.428 
6.462 
6.465 
6.466 
6.494 
6.506 
6.510 
6.544 
6.552 
6.578 
6.604 
6.618 
6.625 
6.639 

36.11 
37.04 
37.96 
38.889 
39.815 
40.741 
41.667 
42.592 
43.518 
44.444 
45.370 
46.296 
47.222 
48.148 
49.074 
50.000 
50.926 
51.852 
52.778 
53.704 
54.630 
55.555 
56.481 
57.407 
58.333 
59.259 
60.185 
61.w11 
62.037 
62.963 
63.889 
64.815 
65.741 
66.667 
67.592 
68.518 
69.444 
70.370 

2.77 
2.70 
2.63 
2.57 
2'.51 
2.45 
2.40 
2.35 
2.30 
2.25 
2.20 
2.16 
2.12 
2.08 
2.04 
2.00 
1.96 
1.93 
1.89 
1.86 
1.83 
1.80 
1.77 
1.74 
1.71 
1.69 
1.66 
1.64 
1.61 
1.59 
1.56 
1.54 
1.52 
1.50 
1.48 
1.46 
1.44 
1.42 
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TABLE 12,14-2 (cantinued)
 

W, ow (PEARANDA RIM, SA VIonMTE)
 
GAPAN WATER DISTRICT
 

Qw~ 

77 4,405 
78 4,415 

79 4,567 

80 4.701 

81 4,873 

82 4,922 

83 5,156 

84 5,229 

85 5,380 

86 5,425 

87 5,707 
88 5,896 
89 5,992 
90 6,306 
91 6,614 
92 6,915 
93 8,941 
94 9,590 
95 9,689 
96 9,801 
97 10,014 

98 10,761 

99 11,161 
100 11,726 
101 12,567 
102 13,693 
103 14,582 
104 15,007 

105 15,977 

106 16,317 

107 18,347 


6.644 
6.645 

6.660 

6.672 

6.688 

6.697 

6.712 

6.718 

6.731 

6.734 

6.756 

6.770 

6,778 

6.800 

6.820 

6.840 

6.951 

6.982 

6.986 

6.991 

7.001 

7.032 

7.048 

7.069 

7.099 

7,136 

7-164 

7.176 

7.203 

7.213 

7.264 


Return Period 

Probability (MonthD) 

m0 xiI~100) 

71.296 1.40 
72.222 1.38 
73.148 1,37
 
74.074 1.35
 
75.000 1.33
 
75.926 1.32
 
76.852 1.30 
77.778 1.28 
78.704 1.27 
79.630 1.26 
80.556 1.24 
81.481 1.23 
82,407 1.21 
83.333 1•20
 
84.259 1.19 
85.185 1.17
 
86.111 1.16
 
87.037 1.15 
87.963 1.14
 
88.889 1.12
 
89.815 1.11
 
90.741 1.10
 
91.667 1.09 
92.592 1.08
 
93.518 1.07
 
94,444 1.06 
95.370 1.05
 
96.296 1.04 
97.222 1.03
 
98.148 1.02
 
99.074 1.01 
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CAMP MqESSER & McKEE INTERNATIONAL INC. 

Methodology Memorandum No. 5 

To : L. V. Gutierrez, Jr. 

From : J. B, Arbuthnot/B. R. Conklin
 

Date : 16 May 1977
 

Subject: Quantity of Storage Versus Rate of Supply
 

A. 	General
 

The demand for water in a water system is not uniformg
 
therefore, the system mus be designed to supply water at
 
varying rates of demad ,. 

One common method of qupplying water at varying rates
 
is to provide a specifi., a0ount of source pumping capacity
 
and supply the difference .between demand and pumping capa
city from a water FtoAe "tacility. 

The most economical amount of pumping capacity and
 
storage volume is selected based on cost studies of alter
native combinations of fap4lities that would meet a com
munity's needs. Some of,%t.e factors that should be consiored
 
in these cost studies and some basic guidelines for selecting
 
properly sized facilities are presented in this memorandum.
 

B. 	Discussion
 

The amount of water a community needs at any particular
 
instant is primarily dependent on the following factors:
 

1. 	The number of people..within the community
 

2. 	The number of water-aonouming facilities within the 

average home (faucets, toilets, showers, automatic 
washing appliances, etc.) 

3. 	 The habits of people (what times people eat, shower, 
sleep, eta.) 

141-45-1
 



In general, daily usage of water follows a pattern with
 
two peak usage periods during the day and low usage late at
 
night. Figure MM5-1 shows a typical variation measured in a
 
section of the Cebu City distribution system.
 

The relationship of the peak usage on an average day can 
be determined statistically for a given commnity. The sta
tistical peak is an average of each person's peak usage and 
has two important properties: 

1. The statistical peak is a function of the number 
of people in the oommnity. The fewer people, the 
higher the peak may be because each person's peak usage 
could more easily affect the total flow.
 

2. The statistical peak shoixld be recognized as a mathe
matical average, and on some days the peak usage could
 
be much higher or lower than the statistical peak.
 

The commnon engineering practice fbr water systems is to 
supply water from a source at maximum-day rates either by pump-. 
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 oapoity must equal maximum-day 
demand because it would be impractical to store sufficient 
water to supply maximum-day demnd 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) occurs during 
a period of short duration whee'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 storaget
 

1. 	 Operational storage - used to meet hourly fluctuations 
in demand. 

2. 	 1hergency storage - used io meet demands in case of 
breakdowns in source faoilities;' typically equal to 
a full day's demand.
 

3e Fire storage - used to meet the required volume of
 
water used to extinguish the worst fire expected in 
the 	community.
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itorae requirements for the last two catei:oriei, hve been 
larely ne"lected in these studies because of the exoes.ive cost 
invulved to provid1e the storage. 

C. Neth(dolocy 

The engineer must determine the unount of sLor,..ae )jid source 
capactAy to meet the demand s in a specific coriwunity. A set of 
curves that relate the peak hourly usage to the numbl of people 
in a commiuity has been developed by CDA and others. ?ractice 
has sho.'n that a volume of about 15 to 20 percent or the maximum
day usage is required as operational storage if sounrce Pacilities 
can supply maximum-day demands. Coibinin, the "peaj.ing curves" with 
the operational storage requirement, a second set of curves relating 
the quanrtity of storw,,e to the number of people, at diff'erent rates 
of source supply, has been developed (see ,i;jure 1415-2). 

Up to this point, the only option that has been discussed is
 
to supply peak-hour demcands from storable facilities. In many cases, 
the cost of' storwe facilities is so high that it may be more eco
nomical to provide additional source capacity and reduce the quan
tity of stora -e. This is especially true where stor4 e is provided 
in elevated structures that are very cost)y, since they are built 
to withstand earthquakes. The curves in Fi-rure 141.5-2 have been 
used in this study to determine the requireiacnts for storage at 
various supply rates in order to prepare cost comparisons of alter
native supply and storac;e combinations. 

Z-ASCE Manual of Practice No. '37.
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CAMP SRE% INT;TEU:ATiONAL INC.!I'vaK-EZ 

Methodology Memorandum No. 6 

To : L. V. Gutierrez, Jr. 

From : J. Arbuthnot; B. Conklin 

Date : 22 March 1977 

Subjects Economical Sizing of Pumped Waterlines 

A. General 

This memorandum develops an expression for the most eco
nomic size of a pipeline for pumped water systems based on two
 
cost factors: cost of pipe-in-place and cost of pumping
 
(energy). The larger the pipe the greater the cost of oon,.
 
straotion. Also, the larger the pipe the lesser the cost of
 
energy required to pump water through the pipe. The most eco
nomic pipe sizes would be where the incremental cost of pumping
 
is equal to the incremental cost of pipe construction.
 

In most situations, the above cost factors are the most
 
important factors in determining the economical size of trans
mission mains. Even when these are not the only important
 
factors, it is still advantageous to know what is the most
 
economic size of pipe with regard to these two factors.
 

B. General Relationship 

The total annual cost of a pipe line is equal to the sum of 
its construction cost (expressed on an amortized annual basis) 
plus its annual pumping cost. 

Ct - C0 + Cp 

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 d eter for which the ,resulting exprebsiou was equal to
 
zero.-.
 

i/Total Annual Cost - Annual Construction Cost + Annual 
Pumping Cost. 

(Ct) W(C 0) d(C ).- 0, where X - pipe diameter 

dx dx dx 
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C. Annual Construction Cost 

The construction cost of the pipe was taken from Table G-4 
of Appendix G, Basis of Cost Estimates, in Volume II of the final 
report. Costs were adjusted by adding a value for necessary
 
valves and by escalating these by 10 percent per year for 2 years 
to obtain July 1978 construction costs. Those 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. 

(fia.) 1"2 9 2  C - 2845 Equation 1 

C is the installed cost of pipe in pesos per meter, and Diat the
 
diameter of the pipe in meters. 

The amortized annual cost of construction is the cost of con
struction multiplied by the capital recovery factor (as influenced
 
by the economic life of the pipe and discount factor). The gene
ral equation is:
 

Annual Cost of Construction = CRF x 2845(Dia.)le292 
- - - -Equation 2 

where CRF is the capital recovery factor; for n = 50 years, dis
count rate = 12%, 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 g x Hf x A..wq 
Annual Cost of Pumping Energy = efficiency x 3.6 x 106 

... - Equation 3 

where mass/Year 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 10 6 ,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 (HM)equation, 

}If ML x MDl.852 

87- Euation 4361.27 C1 8 52 D4 

where L is the length of pipe in metei ,; MLD, the flow of water in
 
million liters per day; C, the Hazen & Williams roughness ooeffi
ejent; and Dia, the diameter of the pipe in meters. 
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Minimum Cost Diameter
 

The expression for minimum cost diameter may be obtained IW 
inserting the expression for Hf in the equation for the cost of 
pumping eneruy, combining this with the expression for the annual 
cost of construction, differentiating, setting the resulting
 
expression equal to zero and solving for the diameters
 

Minimum Cost MLD04628,x (PesOs/kwh)O1 623 

Diameter 2.391 (effioiency)0" 1623 C0 '3005 (A/P, %, )OAZZ 

using a C value of 120 and a capital recovery factor of 0.12042,
 
the following equation is obtaineds
 

Minimum Cost D.4.2 (p so4h)Oh 16 23 ---- Equation 5 

Diameter 7.149 (effioiencY)O"1623 

The above equation is expressed graphically in Figure NM 6-1.
 

Limitations of the AMalsis 

How reliable is the preceding relationship (Equation 5),
 
between water carried 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 based$
 

Io Construction Cost Relationship
 

The construction cost relation (Equation 1) has a stand
ard deviation of just under 10 percent. This means that tWo
thirds of the time the formula will represent the adjusted 
costs tabulatedl within 10 percent. The largest difference 
observed was 20 percent. Even so, economic conditions and the 
cost of pipe may change in time. Probably t a new table 
of pipe costs has to be made every 2 or 3 yeare and the 
formulas, along with Figure MM 6-1, adjusted aocordivilyo 

2o Other Assumptions 

Other assumptions area 

C = 120 (Hasen & Williams coefficient) 
i - 12% (Discount rate) 
n - 50 Years (lOonomical life of pipe) 

The derivation also assumes that for the changes in 
pumping head, using various pipe sizes for a desip floe, the 
total construction cost of the pumping station remains constant. 
This assumption isreasonable since the difference in cost 



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 selections at a gi-en flow.
 

The relative rate of inflation for pipeline construction 

is assumed equal to that of power costs. 

3- Flow Quantities are Based on Constant Flow 

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 occur 
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 economic pipe diameter determined from Figure 
MM 6-1. This so-called "energy variability 37actor" is dis
cussed in the following section. 

G. Energy 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 design flo, the pump
ing head (which directly affects energy costs) would decrease 
according to the 2.852 power of the flow (Q). Conversely, if
 
flow greater than design flow rate is pumped through a pipeline, 
the energy cost would be increased by the 2.852 power. 

The overall difference in energy costs over the day or year 
can be calculated by comparing the costs of pumping at a constant 
flow rate with the cost of pumping at the expected flow variation. 
This value is the so-called "energy variability factor" (Ev). 
The design flow for the pipe is used as the base flow and the 
actual flow to the design flow over the day is expressed as a 
percent. 
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The method used is to raise the difference between actual flow 
and the base flow (expressed as a percentage) to the 2.852 power. 
The ratio of the sum for the day of the actual flow ILo the design 
flow each raised to the 2.852 power is equal to the W11. Figure 

I-U-I6-2 and Table MM 6-I present two possible flow variations and 
the calculated energy variability factor for each. 

The two flow patterns selected for Figure MN 0-2 are not 
commonly used design curves. 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 1.0. 

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 EVP in a following section is an exmnple of
 
an EVF less than 1.0. 

I. Application of EVF 

The EVF can be used with Figure MM 6-i in calculating the 
minimum cost pipe diameter. 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:
 

e s
s/iwh)O1 Equation 6MLDO.46 28 
623 


Minimum Cost 0.1623 


Diameter 7.149 (efficiency)
 

The application of EVF requires 2 steps: first, design a
 

minimum economic 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.
 

Jo Suggested EVF 

The feasibility report on the Second Ten Provincial Urban
 

Areas deals mainly with distribution pipelines; therefore, a
 

suggested EVF that is applicable to distribution systems is pre

sented herein.
 

The calculation 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 

flowviriations measured in a portion of Cebu. The peak flow in 

the Cebu data was 2.06 which is greater than the design flows 



MBLE 0K 6-1 

SAIPLE "EVF" FOR DIFPMRET FLOW PATTERNS 

Flow Pattern No. I Flow Pattern No. 2 

Ho 
Per oent or Average '.,erq 
.. Day Demad Variat ion 

Peroent 
Day 

or Average 
)emnd 

' iero 
Variation 

1 
2 

32 
36 

0.039 
0.054 

48 
48 

0.123 
0.123 

3 
4 
5 

39 
33 
46 

0.068 
0.042 
0.109 

48 
100 
100 

0,123 
1.000 
1.000 

6 95 0.864 100 1.000 
7 
8 
9 

193 
206 
198 

6.522 
7o855 
7,016 

120 
120 
120 

1,682 
1,682 
1.682 

10 
11 
12 

156 
169 
129 

3.554 
4.466 
2,067 

120 
120 
120 

1.682 
1,682 
1o682 

13 
14 

123 
95 

1.805 
0,864 

120 
120 

1.682 
1.682 

15 
16 
17 

99 
96 
107 

0,972 
0.890 
1.212 

120 
120 
120 

1.682 
1,682 
1.682 

18 
19 

133 
130 

2,255 
2,113 

120 
120 

1.662 
1.682 

20 87 0.672 100 1.000 
21 
22 

64 
54 

0,280 
0.172 

100 
100 

1.000 
1.000 

23 42 0.084 48 0123 
24 38 0.063 48 09123 

44,038 28,481 

", 4408 - 1983
24000 = 824.000 28.481 1.19 
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unsed for thii stud r Figurxe 70I 6-3 prcuentE en eaju ted gaph of 

peak of.'b7 Th . UJ:V'fl " -v le eqv~a io U.32 (aeo Tuble 
XV (-) ard wrhen toaiaedotOhe 0,11623 power equals 0.83. 

In.. prtc' -e t YJP " dietx.iltiox iyctems ii -this 
otudy is' o :L oign fioatnt hon the pipeline size is greater than 
300 an -hant±1-icmnWh changes the reo.,,ended piDeteans EV 
size by a ~;x 

E'lam n'Ie 

Problim: Selec, aw eocrinomic.al, diitrihution pipo size to oon
vey a p.&ak hojr flco of 20 NIX. The coot of power is 49 centavos 

per kilowatt hou.', txo Faik.n efficiency is 81 ptroentand the 

motor effio.iercy ia eciial to 90 proent. 

Solit ion; 

LI.:W- 0-- .. 672, isay .675MI.. 0
Eff .8 


From igU'e IN 6-1 osing the flow of 20 3L4)and Peqos/kwh/ 

Eff = .675 select a pipe size of 500 mmo 

For a flow variation in a distribution mai.s the h7F is equal 

to 1.32 aid the EVF raised to the 0.1623 power is eqial to 0.83. 
size for the acttual flow variation isThe moot eooromical pipe 

eqpial to 0.83 x 5D0 M or 415 mnui so ohoose 400 m piPe size. 
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TABLE XM 6-2 

"EVF" FOR DISTRIBUTION SYSTM 

Percent of Average Percent of Design ferg / 
Dour Day Demand Plow: Variationi/ 

1 35 20 0.010 
2 40 23 0.015 
3 39 22 0.013 
4 37 21 0*012 
5 
6 

73 
134 

42 
77 

0.084 
0.475 

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 77 0.475 
13 118 67 0.317 
14 94 54 0.172 
15 94 54 0.172 
16 94 54 0.172 
17 105 60 0.233 
18 129 74 0.424 
19 123 70 0.362 
20 96 55 0.182 
21 72 41 0.079 
22 58 33 0.042 
73 47 27 0,024 
24 40 23 0.015 

7.716 

a7716 -32 01623 0,8324.000* 

k;Wlsin 175 percent of &verage day as base flow for pipe design. 
sEquals raised to the 2.852 power.Percent Design Flow 

* Energy variation at oonstant flow 

mN6.8 
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