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Extensive improvements and additions to the present water 
supply system are needed to overcome current deficiencies and to 
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FKREWORD 

This feasibility study presents the recommended plan for the 
upgrading and expansion of the water supply system of the Urdaneta
 
Water District (URD-WD). This study was made by the Local Water 
Utilities Administration (LWIKA) with the technical assistance of 
Camp Dresser and McKee Internationyal Inc. This study is the result 
of many months of work in the ;muicipality of' Urdaneta in PanGasinan 
Province, and is supported by axtensive experience with other water 
districts in the Philippineu during the First Ten Provincial Urban 
Areas Feauibility 3tndies. 

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

memoranda; and Volime II, which contains 
detailed backgrolud
 
information relating to specific Hections of Volume I. A complete

understanding of' the Iwo voliumes 
 -wouid require reading the previously
published Water Supply [eaibility Studies Mlethodology Manual (Volumes
I and II), a compilation of the handouts used in the six-month long
training seminar conduoted in 1975 by CDM during the First Ton-Area 
Feasibility Studies. 

The recommended plan is a technically and economically feasible
 
program for providing the UPI )-D 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 dosirea of
the water district and of the people. However, during the final 
engineering design of the i-ecommended fagilities, changes could still 
be made. Design change would be based on more recent field data,
changing priorities of the water district -and more economical methods 
of providing the recomnmended facilitiesa. Any chnMIes considered in 
the final design should help to further reduce the expected financial 
impact of the projeot. 

While the main objective of the Second 1Nn Provincial Urban
Areas Feasibility Studies was the preparation of feasibility reports,
another importzint objective was the training of Filipino counterpart
engineers in water supply project planning. The training p:.ogram
which included lectures and on-the-job training aired to develop local 
planning capability for water supply projects. The Filipino engineers
learned by actually doing the work. with the C.DM consultants providing
the necessary expertise and guidance. 

The following have contributed significantly to the development
of the Second Ten Areas Feasibility Studies. 

James Arbuthnot, Chief ..ngineer 
Eugene Rumph, Hyclrogeologist 
James de Young, Water Supply Engineer
 
Bruce Conklin, Systems Engineer
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CHAPTER I SUMMARY AND RECOMMEDATIONS 

A. SUMMARY OF STJDIES 

Dkswtiptim 

The Urdaneta Water Distriot (URD-VD) was formed cn 20 February 1976
 
by virtue of Resolution No* 6 passed by the municipal council of Urdanoe&.
 
Following its formation, the URD-WD acquired the ownership and management
 
of the entire water supply syatem from the municipal government.
 

The municipality of Urdaneta is located in the eastern-central portion 
of Pangasinan province approximately 165 km north of Manila, on the hi&hw 
along the western coast of the island of Luzon. The municipality oonsists 
of the poblacion and 26 surrounding barrios, with a total land area of 
10,600 hectares. The topography within the municipality is of relatively 
low relief, with elevationu varying between 21 and 36 meters above meani 
sea level. The area is traversed by four rivers which ultimately drain 
into Lingayen ulf, approximately 30 km northwest of the poblaoion. 

The total population of 'he mwiioipality in 1970 was 58,690, with 
an urban/rural breakdown of 13 and 67 percent, respectively* A major 
source (42 percent) of employment is in the fields of agriculture, fores
try and fishing. The remaining 58 percent of employment is fairly evenly 
divided among manufacturing, oommerce, services and oonstruotion/minor 
industries.
 

Existing Water System 

The water system of the URD-WD was originally constructed in 1959, 
with moderate additions to the distribution syste.i in 1965. The original 
water source for the system was a single 150 mm diameter x 78 meter deep 
well located near the muniuvpal building in the central portion of the 
poblaoion. At the time of field data collection for this report, a motor
driven centrifugal pump was installed at the well, produoing 610 oumd. 
The safe yield and condition of the well are unknown. 

A 380 cum reinforced concrete elevated storage tank was constructed 
adjacent to the well in 1959. The storage tank is in good condition and 
is currently in use an a fill-and-draw basis, serving the distribution 
system directly with tank discharge controlled by daily valve manipulation. 

Disinfeotion facilities were added to the URD-RD system in September 
1976 and onsisted of the introduction of a granular hypochlorite into 
the elevated storage tank, daily on a single-dose basis. In November 1976 
a hypochlorite solution feeder was installed in the existing pumphouse, 
and has since been operating continuously during pump operation, at an 
equivalent chlorine dosage rate of 0.7 mg/l. Spot checking of chlorine 
residual throughout the distribution system is performed by water district 
staff. 
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In 1959, about 5,400 mters of 75 to 150 mm diaweter pipelines were
installed. Most of these installed pipes are of asbestos-ooment. In 
1965, an additional 655 meters of 50 and 75 m diameter galvanised-steel
and asbestos-cement pipes were installed. 

roJeotionm 

The present service area of the tRD-D includes the poblaoion and
portions of barrios San Vicente East, San Vicente West and Bayaoas.

By the year 2000, the service area will include the additional barrios
 
of Nanoayasan, Nanomaliran East, Nanoamaliran West, Dilan-Paurido,

Sto, Domingo, Palina East, Mabanogbog, Bsmyaoaa, Camanang, Pinmludpodg
 
Cama~lles, Cabuloan and Baotad West.
 

The total population in the URD-WD was 9,192 in 1975 and is pro
jected to increase to 74,920 by the year 2000, with average growth
 
rates varying between 2.4 and 3.3 percent per year. During thIs same
period, the population served by the UR-4 is expected to increase
 
from 3,216 to 61,870.
 

The average per capita consumption of water is expected to be 198
 
lpod by 1980, with a total average daily usage of 2,100 cmd. The per

capita usage is projected to decrease to 193 lpod by 1990, due to
 
improved water aooountability, and subsequently inoreasos to 199 lpod

by the year 2000. Total average daily water demand is projected to be
 
6,690 and 12,310 oumd by 1990 and 2000, respectively.
 

Water Resources 

Four potential sources of water for the URD-WD were identifieds
 
two surface water sources and two groundwater sources.
 

One of the surface water sources is the Agno River passing closest 
to Urdaneta at a point 7 km to the east of the poblaoion. Tho minimum flow 
of the river at this point is considerably greater than the require
ments of the URD-WD. Use of this source for water supply to Urdaneta 
would require extensive diversion, treatment and transmission facilities.
The second potentJO1 surface water source, the Sinooalan River (west
of the poblacion), would probably require a longer transmission pipeline
to obtain the minimum flows required, and would also require similar 
diversion and treatment facilities. 

The Central Luzon Plain, in which the munioipality of Urdaneta is 
sitated# is an excellent widespread aquifer bonsieting of Recent alluvium
originally eroded and transported from the Sierra Madre Mountains 
east of Urdaneta and the Zambales Mountains to the west. Recharge to 
this aquifer in the region of Urdaneta is from the Sierra Madre 
Mountains. Wells constructed in this aquifer, within the service area, 
can readily supply the projected water demands of the URD-WD beyond
the year 2000. The lack of available data on aquifer parameters and 
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recharge prevents accurate determination of regional drawdown due to
projected groundwater withdrawal by the URD-WD. However, it islikely that this aquifer will be a useful source for the URD-WD,
unless there is overexploitation of the aquifer for agricultural
irrigation (in the area of Urdaneta there is currently little irri-
Cation from groundwater). 

A second potential groundwater source for the URDI-WD is inducedinfiltration wells along the Agno River. Although these wells aretechnologically feasible, and could supply the amounts of water re
quired, long pipelines would be required to transmit the water to 
the service area. 

Alternative Studies 

Studies of alternative water sources for the UR)-WD service areaindicate that continued use of groundwater t abstracted by wells from
the underlying aquifer, is the most economical over the project
planning period. Surface water River andfrom the Agno water
induced infiltration wells along 

from 
the Agno River were found to be can 

siderably more costly. 

Economic analysis of distribution storage requirements indicates 
a cost advantage for supply of peak flows from wells. The existinC
380 cum elevated storage tank will be retained to meet emergency

demands.
 

The requirements for the distribution system, incorporating

wells located throughout the service area, 
were analyzed with theaid of a computer. The resulting system is described in detail in

Chapter IX. Based on the analysis of the pressure requirements of
the system, a single-pressure service area has been established to 
operate off the hydraulic grade lines established by the installed 
well pumps. 

B. RECOMM9'DATIONS 

General 

A water supply system utilizing wells constructed throughout theservice area as the source of water through the year 2000 is recom
mended for the URD-WD. Construction of wells, distribution and administrative facilities will be carried out during an immediate
improvement program and a long-term construction program consisting of
four phases. The main features of the recommended long-term projectfor the URD-WD are summarized in Table I-1 and shown on Figure IX-1 
(appended). 
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TABLE I-i
 

S1UJ,2ARY OF PROPOSED WATER SUPPLY DIPROVEMENTS
 
URDANETA WATER DISTRICT
 

Immediate 
Improvement Construction Construction Construction Construction 
Program Phase I-A Phase I-B Phase II-A Phase II-B 

Construction Period 1978-79 1980-85 1986-90 1991-95 1996-2000 
Total Project Cost () 4,412,400 9,449,400 5,426,400 7,877,300 5,968,000 
Foreign Exchange Component/(P) 2,017,500 4,314,300 2,679,200 3,813,300 2,993,000 
Source Development Obtain water Two wells one well two wells one well 

rights, one complete complete complete complete 
pumpset, one 
well complete 

Distribution Facilities 4.93 km - 100 8.27 km - 100 2.33 km - 150 6.28 km  100 0.75 km  200 

Internal Network 

to 250 = 
pipelines 

Leakage survey 

to 250 mm 
pipelines 

244 hectares 

to250 mm 
pipelines 

163 hectares 

to 250 mm 
pipelines 

193 hectares 

and 250 mm 
pipelines 

-191hectares 
and repair 

Service Connections 414 conver-. 
sions, 124 re-

290 replace-
ments, 1,559 

1,558 new 
connections 

1,657 new 
connections 

1,845 new 
connections 

placements, new connect
930 new con- ions 
nections 

Fire Hydrants Repair exist- 190 hectares -.200 hectares 336 hectares 300 hectares 

Miscellaneous 
ing bydimzts 

Administra-
tive building, 
equipment and 

Plumbing shop 

vehicles 

I/All foreign exchange figures used in this report were synthesized from data based on actual costs inU.S. dollars. To be consistent with previous studies, these foreign exchange costs were converted to R.P. pesosat a rate of U.S. $1.0 = R.P. P?7.0. 
 To obtain correct current foreign exchange costs, multiply those presented
in this report by the ratio of the current exchange rate and 7.0. The actual local component of costs (in pesos)

is as presented herein.
 



Source 

The projected year 2000 peak-hour system demand of 21,540 ouid 
in the URD-WD will be supplied by one existing and seven addi
tional wells to be constructed by that year. Chlorination will be 
the only treatment required, and will be performed by facilities 
constructed in a program parallel to the well construction program. 

The URD-WD will be required to secure the necessary water rights 
from the National Water Resources Council. 

Distribution Facilities
 

The distribution system will be reinforced and expanded by the 
installation of 15.5 km of pipelines with diameters from 100 to 250 ram, 
by 1990. An additional 7.0 km of pipelines will be constructed 17 
the year 2000 to provide service to additional consumers.
 

y the year 2000, 1,026 hectares within the URD-WD service area 
will receive internal network pipelines. Service connection instal
lation will proceed in a program parallel to internal network con
struotion. There will be approximately 4,460 and 7,960 service con
nections within the service area by 1990 and 2000, respectively.
 

Capital Cost Summar 

The capital costs for each phase of cortruotion, including the 
imediate improvement program, are summarized in Table 1-2. Nore 
detailed breakdowns of coats for the immediate improvement and Phase 
I-A programs are presented in Table 1-3. 

TI&BLE 1-2 

CAPITAL COST SUMMA1Y 

Construction 
Phase 

Construction 
Period 

Construction 
Cost (r) Looal 

Project Cost (r) 
,ForeiRn ?otal 

Imediate Improve

ments 1978-.79 3,403,400 2,394,900 2,017,500 4,412,400 
Phase I-A 1980-85 7,793,100 5,135,100 4,314,300 9,449,400 
Phase L-B 1986-90 4,562,000 2,747,200 2,679,200 5,426,400 
Phase II-A 1991-95 6,534,000 4,064,000 3,813,300 7,877,300 
Phase 11-B 1996-2000 5,040,800 2,975,000 2,993,000 5,968,000 

27,333,300 17,316,200 15,817,300 33,133,500 
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TABLE 1-3 

COST SUI(RT OF IMMED ATE IMPROVEMENT
 
PROGRAM AND COSTRUCTION
 

STAGE I PHAXSE A
 

Cost (e), 

Item 

Immediate Improvement Program 

Source Paoilities
 
(Pumping equipment for existing
 
well, one new well, disinfection
 
facilities for two wells) 


Distribution Facilities
 
(4.93 km - 100 to 250 = pipe
lines) 

(Leakage detection and repair) 


Service Connections
 
(Installation, conversion and
 
repair) 


Administrative andNisoellaneous
 
(Administrative building and
 
equipment) 
Vehicles) 

Xisellaneous) 


Total Construction Cost 


Contingencies 


Engineerina 


Land 

Total Project Cost 


Stace I Phase A Construction
 

Source Facilities 
(Two well's complete with disinfect
ion facilities) 


Local 


494,500 


427,000 

27,000 


380,400 


383,000 

60,000 

7.000 


1,778,900 


223,90 


102,100 


29o. 


2,394,900 

931,200 


Pore.j Total 

422t000 916,500
 

398,100 825,100
 
98,000 125,000
 

566,400 946,800
 

69,000 452,000
 
60,000 120,O00
 
11,000 18000 

1,624,500 3,403,400 

203,400 427,300
 

189,600 291,700 

- U,2,000 

2t017,500 4,412,400 

631,000 1,562,20 
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TABLE 1-3 (Continued) 

coat ) 
Item Local Foreit Total 

Distribution Facilities 
(8.27 km - 100 to 250 mm pipelines) 825,200 825,100 1,650,300 

Internal Network 
(244 heotares) 1,422,800 1,023,300 29446,100 

Servioe Connections 
(290 replaoementg and 
1,559 new oonneotions) 638,600 838,700 1,477,930 

Fire _Kydrant e 
(190 hcrares) 123,500. 170,700 294,200 

Plumbngz Shop_ 
(uilding only) 363-L 363,000 

Total Construction Coat 4,304,300 3,488,800 7,793,100 

Cont ingenoics 518,300 421,700 940,000 

Engineeringr 217500 403,800 621,300 

Land 95.000, 95,0I 

Total Proieot Coat 5135,100 4,314,300 9,449,400
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apual Opmration and Mainten-o. Costs 

Annual operation and maintenance costs are expenses incurred 
for personnel, power, chemioals, maintenance and miscellaneous ex
penses. Estimates of these costs for the UJD-WD (based an July 1978
price levels) are presented in Table 1-4. 

TABLE 1-4 

ANNUAL OPERATION AND MADMANCE COSTS 

a'-Ma M119o Annual Costs (P) 

Administration 
Power and Fuel 
Chemicals 
Maintenanoe 
miscellaneous 

and Personnel 73,200 
101,600 

-
29,000 
702 

180,900 
54,500 
9,700 

89,700 
7O 

391,600 
133,500 
29,900 

121,400 
86,700 

485,000 
287,800 
59,100 

194,800 
13.0 

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

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 crucial decisions during the next few year.. A plan has beendeveloped to indicate the manner and time funds will be used to operate
and maintain the system; implement the program; establish reserve funds;
and retire the indebtedness. Water rates have been developed on the
basis that the system will be financially self-supporting. These rates 
appear to be within the ability-to-pay of the average URD-MD houeeholder. 

he water rates by revenue unit in three-year increments ae as 
followsa 

Period waterRate PARU 

ly8-80 0.65 
1981-83 1.15 
1984-87 1.40 
1988-.90 1.50 
1991-93 
 i.60
 
1994-96 
 1.80
 
1997-2000 
 2.00
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It iG recommonded -%hat thn 4mplementatiw of thos; rZates 
follow a socialized prioinr poli.y to make the financial burden on 
the conswiern propcrticuat. to their ability-to-pay. A sample so
cialized rate struoture for 1978-1980 that would generate eufficient 
revenue is as followo:
 

I'o~va nacnth) cost (r/oizn) 

first 16 c ,i 0.75 
fro i 17 to 24 cun 1.55. 
greater tl."Li 25 o:..z: 2.35 

Borroy inC rqcIir-e:an L will includo P5.221 million for the 
imA3diatC impro%;n-,nt proru (1978-81); ?12.616 million for Phase 
I-, (1978-95); Vd 18.9$2 million for Phase I-B (1986-90). 

Econc-.ii ,q ! i, 

The -iLc..ncm, iprjvt.-n.uats to tho UD-'ID wator oupply uystem
will brJia rbout nunirc z occnc.¢ic benefits to the study area. Eoo
noMic foasibility c:tudio- .hcw that tko benofits will exceed the 
coto ccocip/.od -;ith thc. dovclopm.nt and operattcn of the water 
system. 

%o ,-pproac:z;, mre adpt3C to ctoxoino eoonomiic feasibility;
the bcfiz1it-c, :,t ratio Ind intorna. oencmic rate of return (IERR).
In both apprcacl ,,n, fcur l'nfitn valuod at 1)78 prioo wore 
includud and , ;.itn 12 '-rant. The benefits ocanoidot3d arc
incrcro -. a.-. .n- . noal'h, rc~d~uction in fire dar.-sc erd bcnefi.
cial. valui of w-..cr. i'2y,:..*'arhnow a beoefit-cost rrbio of 1,54: 
and an 1FP o:23,1 .or.t. 
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CHAER II DPPRODWCTIONT 

A. FIRST TEN PROVINCTAL URBAN AREAS 

Thp tudy contract signed by the Local 'dater Utilities Adminis
trationJ( (kJUA) and Camp Droeser & MoKeo International imo. (CDM) on 
14 October 1974 provided feq the feasibility studies for the First 
Ton Provincial Urban Arean ./ (soo Piitre TI-I). The feaibility 
studies are part of LWUA's effort to devolop basic water supply plans 
for provincial urban hrean of the Philippines. 

Thr!n the first 10-area prosect, training seminars for LMUA 
engineers Ycro conducted by the CD1A etaf, "The Methodology Manual 
for '.iater 03upply Foas;bility Studi.ee" was also developed and printed. 
In addition to the 10 areas,'ofeaGibility studies were also made 
for 131 citica/bunicipl'aitioX. A of August 1976, the feasibility 
studios wero cowpleted and uubmit Led to I$'UA. 

The studies for fivz of the first 10 areas - Cobut Zamboangal 
Daot, Ozamiz unid Butuan - have been appraised by the Asian Develop
ment Bank (ADr). On the basiu of the intorim reports, the ADB 
extended a 316.8 million loan to L;WUA in December 1975 to provide 
design entineering ourvices to those 5 ar..ae and to implement Phase I-A 
of the rocojaloLded long-term constrction pror-am (except Cebu whose 
-*.e of the loan covarod only eni'ineerin- se.-vices). In August 1976, 
he United Statos ACncy for International Dovalopnent (i;SAID) signed 
r 10O million loan with L14UA to provide engineering services and 
funds for the iniplemntation of the interim improvements of selected 
waterworko covered by the profeaibility studieso In April 1977,
 
the Intcrnational Bank for Roconati"ction and Development (IBRD) 
allocated 318*8 million towards the final design and initial phase of 
construction for the ramanning five of the first 10 areas namely: 
Lipa, Laoena, Tarlac, Cabanatuan and San Fernando (La Union). 

YA background on LUTJA is given in Volume II, Appendix D. 

JRefor to Appendix B for summary of first 10-area feasibility 
studies.
 

-/Refer to Appendix C for summary of prefeasibility studies on 
131 cities/:iunicipanities. 

II--I
 

http:Studi.ee


B. SECOIND i. PROVDICIAJ, URBAN AREAS 

On 10 August 1976, LVMA and CD?' sified an tunendnent to the
 
study contract, nrtendlyr the feapibility .tudien to include the
 
Second 'Ten Provqricial i;-Itii Aroeartj Th.see area:t Are: Urdaneta,
 
Gapan t Calamba, Bialig, Silay City, Bnguod, ]3caybay, oxas City,

Cotabato City, San Fenuando (Fampaneia), OlonTapo City azd Los Bailos
 
(see Figure TI-l). Thisi repo1 incudez; th,) tooluiica, financial
 
and economic 6tudien for the inmprovcimen, of tho water supply 3yatem
 
in Urdanota, Pnaziaainan.
 

The dollar component of the second lO-ars feasibility studies 
has been financed from proceeds of a loan to the Government of the 
Republic of tl,e Philxppineo from thrt- l of America throughUnite Stzutea 
the 	1';AV11), .on', :)o. 492-T04001 dated 9 Septembcr 1976. The peo 
component of the, fitudiee, approximaitely 41 perco:t, hau been funded 
by the ;ovrnw~en L of" the Philippines. 

Th itudy contract 	for the sccond 10 areas includes the followingtasks :y 

1. 	 Training of counterpart LWIUA engincers tluhough on-the-job 
varitue lctsasinrments on aEp, of water supply feasibility 

stidics;
 
2. 	 Preparing water supply feaiibility studiou for 5 provincial 

urban areas, ut;ing expatriate and local counterpart 
per sonnol for condocaing such s3tudies; 

3. 	 Preparing water sup,'rly fean iLility studiec for additional 5 
urtan areas, with LM,!A ti 'ineers takini; a dominant role in
 
thu 	conduct o" 01ch ,tIudiel.
 

The stu (Ii c: r,b an on 1,eptedber 19"16 ard m#tAnuod for aperiodof 18 moaths. 
The project ntaff was composed of 6 US enjineers and 26 Filipino
personnel. The personnel of the re.spective water districts also 
assisted during the course of the studies. 

C. 	 HISTORICAL BACKGOIND 
URDAI14EA WATER DISTRICT 

The Urdanota water supply syetem w-,; cun.triacted in 1959,
operated and ;ianaged by the flaiiorial Waterworks and Sewerage 
Authority (cmrrently the Metropolitan Waterworkn and Sewerage
System). In P4ay 1973, .!;WASAtur*ned over the water system to the 
municipal :.overnment of Urduineta. 

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

/Refer to Appendix A, Volume II for Oomplete Terms of Referenoe, 
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CHAPTER III DESCRIPTION OF THE WATER DISTRICT' 

A. PiYSICAL DESCRIPTION 

Location 

Thexunioipality of Urdaneta is located centrally in Pangesinan 
provinceVf on the island of Luton. With an area f about 10,600 
hectares, Urdaneta is divided into the poblacior and 26 barrios4. 

The present servioe area' / of the URD-WD is situated in the 
central portion of Urdaneta. It covers the more densely populated 
sections, namely, the poblacion ana t-he barrios of Bayaoas and San 
Vicente. The service area in the year 2000 will extend to include 
the barrios of Camanang, Nancamaliran East, Nancama
liran West, Dilan-Paurido, Palina East, Sto. Domingo, Mabanogbog, 
Nanoayasan, Pinmaludpod, Camantiles, qabuloan and Baotad West (Figures 
III-I and VI-I). 

Physioal Features 

Urdaneta is mostly flat, with elevations ranging ftrm 21 to 36 
meters above mean sea level. Elevations in the servire area vary 
from 21 to 27 meters above mean sea level. 

Four rive rs traverse the municipality. The Macalong, Bulaoen 
and Miluro Rivers flow westward and drain into the Sinooalan River
 
which finally empties into the Lingayen Gulf. The Naoalong River 
passes the service area, along the northern boundary of the pob
laoron. The Bulaoen River flows along the eastern borders of Urdaneta 
and drains into the Miluro River. The Miluro River flows along the 
northern borde- of the municipality. 

Pale brown to light gray silt loam of recent alluvial origin
 
overlays the low-lying flat areas of Urdaneta. This soil forms the
 
largest areal seriev in Pangasinan. 

1/The URD-WD covers all lands within the geographic boundaries 
of tb pmunicipality of Urdaneta. 

-The province of Pangasinan occupies the northern portion of 
the central plains of Luzon. Its boundaries are Lingayen Gulf and 
the provinces of La Union and Benguet on the north; Nueva Vizcaya 
on the northeast; Nueva Eoija on the east; Tarlac on the south; and
 
Zambales and the China Sea on the west.
 

Town proper 
-/ barrio is a political division of a city or municipality. 
5/The term "service area' denotes sections of the water district 

which are currently served or intended to be served ty the water system. 
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Urdaneta in classified under the first type of olimate illustrated 
in Figure 111-2 with 2 distinct seasons. The dry season occurs from 
October through May; the wet season, from June to September. 

The average annual rainfall for the period 1961 to 1969 was 
2,621 mm. During the years 1960-67 temperatu!e ranged from 260 C 
in January to 290C in April with the average at 27.5 0C. These 
olimatological data are listed in Table III-1.
 

MBLE III-1 

CLINPTOLOGICAL DIL / 

Rainfall (mm) Temperature (0C) 

January 1.2 26.0
 
Pebruar7 0.4 26.2
 
Maroh 4.8 27.5
 
April 11.1 
 29.2
 
MAY 222.2 28.9
 
June 487.4 27.5
 
July 519.5 26.6
 
August 697.0 2697
 
September 468.7 2'.8
 
October 74.7 28.1
 
November 100.3 
 27.8 
Deoember 34.0 27.2 

Total 2,621.3
 

Average 27.5
 

B. FOPULATION 

The .,opui#..on of Urdaneta in 1970 was 58,690 t an increase of 
31 peroent over the 1960 total of 44,740. The 1970 population was 
oomposed of 9,827 householde or an average of 6 members per household. 
The general characteristios of the population are listed in Table 111-2. 

Y-Souroe: PAGASA Station in Bolinao, Pangasinan. 
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TABLE 111-2
 

MUNICIPAL POPULATION CHARACTERISTICSZ/ (1970)
 

1. 	 Total Population 

2. 	Growth Rate (196C-1970) 


3. 	Density 


4. 	Urban/Rural 


5. 	 Sex Composition 

6. 	 Age Composition 

7. Employment 

(% of those 10 years 

and over)
 

a) By class of worker 

(5of lubor force) 

b) 	By industry
(%of labor force) 

8. 	 Education (%of those 

6 years and over) 


a) By attainment 
of those 25 years 

and ovrr) 

b) Hlumber of Schools 

9. 	Dialeots 


10. Religion 


7/Sources 1970 Cencus 
and Statistics Offioe (NCSO) 

58,690 

2.8% per annm
 

5.5 persons per hectare
 

urban, 13%; rural, 87%
 

male, 49%; female, 51%
 

0-14 years, 43%; 15-64 years, 53%; 
65 years and over, 4% 

10 years and over, 40,593 
employed, 35%; unemployed, 65%
 

wage and salary, 44%; own business,
 
43%; unpaid fa'ly workers, 13%
 

agrioulture, forestry, fishing, 42%1
 
manufacturing, 16%; commeroe, 8%;
 
services, 19; oonetruotion, utilities,
 
minor industries, 15%
 

6 years and over, 47,655
 
literate, 80.; illiterate, 20% 

25 years and over, 21,395
 
elementary grades, 55%; high sohool, 18%;
 
college, 10%; no formal education, 17%
 

elementary, 24; high school, 19;
 
college, 4
 

Ilooano, 86%; Pangasinan, 11%;
 
Tagalog, 2%; others, 1%
 

Catholic, 88%; Aglipyan, 6%; others, 6% 

of Population and Housing, National Census 

These data apply to the municipality of Urdaneta as a whole.
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C. LIVflO CONDITIONS 

Physioal indicatore showing the living standards in the munici
pality are listed in Table 11-3. These indioators include the types
of dwelling units, the household facilities, and utilities. 

Health
 

Water-borne diseases ooour particularly in the more danaely

populated sections of the municipality. Public health authorities
 
recognize the correlation between the lack of safe water supply

and sewerage facilities and the inoidenoo of water-borne diseases.
 
Table 111-4 shows the recorded morbidity and mortality rates per

lOOO00 polation due to water-borne diseasoo in the province of
 
PangasinanrI from 1964 to 1974. During this period, the average
morbidity of 293.1 in this province wan 2.3 times lower than the 
national average of 666.5. 
 The average mortality of 41.1 was lower
 
than the national average of 48.1. 

Do ECONOMYU2/ 

In 1971, the province of Pangawinan was estimated to include

239,800 families, with a combined annual income 
 qf P789 million* The 
average family income of r31290 was lower than the country's average
of P3,736. About 78 poroent of the families were considered low
income (P500-1-2,999) earners. The middle income (P3,ooo 
P5,999) group included 10 percent of the families in the provioe.

The remainir 12 percent received annual incomes of P6,000 and over.
 

Municipal Income 

Based on its annual income, Urdaneta is classified as a first
class municipality. The municipal income increased from P536,550 in
fisoal year 1969-70 to P1.6 million in fiscal year 1974-75. The three
fold increase in income was attributed to the expansion of the

livestook market in recent years. Nearly 40 percent of the income 
was derived from market and slaughterhouse operations. Over 15 peroent
represented fees from cattle registration. 

9'The only records available are for the province. The morbidity
,and mortality trends in Urdaneta are assumed from these data (see
Chap tsv XI). 

The Philippine eonomy from 1946 to 1976 is discussed in 
Appe E? Volume II.
 

J Only provincial data on family income are available at the NCSO. 
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TABLE 111-3 

CLASSIFICATION OF HO(OLDS
 
BY TYPE OF FACILITIES- (1970)
 

1. 	Total Households 


2. 	Average Household Size 


3. 	 Water Faoilities 
(% of total households) 

4. 	Toilet Facilities 
(% of total households) 

5. 	 Solid Waste Disposal 
Service 

6. 	 Lighting Facilities 
(% of total households) 

7. 	 Appliances 
(% of total households)
 

8. 	 Cooking Fuel 
(%of total households) 

9. 	 Total Dwelling Units 

a) 	 Type of Dwelling Unit 
(,t of total units) 

b) 	 Roofing Material 
(J of total units) 

9,827
 

6 members per household
 

piped water, 6%; artesian wellg 21%; 
pump, 72%; other sources, 1% 

flush/water sealed, 21%; closed pit, 32%; 
open pit, 42c; public toilet, 1%,; no 
facilities, 4% 

About 30 cumd of solid wastes are 
collected by the municipal engineering 
department. These wastes are dispoeedof 
by dumping directly at the Maoalong
 
River and a landfill site near Barrio 
Camantiles. 

electricity, 23%; kerosene, 75%;
 

others, 2% 

radio, 62%; TV, 2%; refrigerator, 3% 

electricity, 14; kerosene, 9,; 
LPG, 7%; wood, 82%; others, 1%
 

9,800 

single type, 95%; duplex, 1.5%; 
barong-barong (makeshift houses), 2%; 
apart ant, commercial, etc., 1.5,1 

durable materials (aluminum/galvanized 
iron, asbestos, tile/concrete), 59%; 
non-durable materials (cogon, nipa, 
others), 41%
 

LSource: 1970 Census of Population and Housing, NCSO.
 

These data apply to the umnioipality of Urdaneta as a whole.
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REPORTED MORBIDITY AND MORTALITY 
DUE TO WATER-BORNE DISEASESIZ/ (1964-74) 

(per 100,000 population) 

Panitainan Philipines
 
Year Morbidity Mortaliti Norbidily Mortality
 

1964 683.1 76.6 846.3 60.2 
1965 381.8 34.9 715.8 51.6 
1966 248.3 59.0 715.1 61.9 
1967 216.1 34.3 572.1 47.6 
1968 453.7 36.6 564.8 46.5 
1969 276.5 32.8 706.9 46.0 
1970 
1971 

183.8 
180.2 

30.5 
35.2 

612.8 
422.5 

39.0 
35.8 

1972 233.0 50.8 743.4 49.4 
1973 189.3 34.0 768.4 50.4 
1974 178.2 27.8 663.8 404 

Total 3,224.0 452.5 7,331.9 528.8 

Average 293.1 41.1 666.5 48.1 

Arioulture
 

The principal ocupation is farming. About 85 peroent of the
 
land area is cultivated, the principle crop being rio.. Fam pro
ducts also include mongo, oorn3 sugar oane, vegetables and fruitn. 
Another important agrioultural activity is livestock raising, Urdaneta 
being the central livestook market in Central Luzono 

Commerce and Induotry
 

The growth of commerce and industry in Urdaneta has been largely 
enhanced by the fast-improving transportation and marketing facilities. 
Today, it is considered the center of commerce in Pangainan and in 
Central Luzon.
 

At present, there are over 1,500 business oetablihments,themaxfty
 
of which are engaged in the foodo wholesale and retail business.
 
Seven commeroial banks have set up branohes in Urdaneta.
 

2--Souroe Diseases Intelligence Center, Department of Health.
 

The water-borne diseases of which records are available
 
include typhoid, cholera, dysentery and gastro-enteritis.
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Manufaoturing oonsists mainly of food and oottage ind tries* 
These indlitries are fish drying and smoking, native oake makin and 
weaving of bags and slippers* Many people are also engaged in making 
earthen, clay and oement produots. 

Transportat ion/Communioations 

Urdaneta ie situated at the intersection of 2 principal routes 
the national highway leading northward to the Iloco Region and the 
national road leading to the key areas of Pangasinan. Roads in urban 
areas are asphalted. The municipality is served by only land trans
portation. 

Comuniation faoilities include 3 telegraph offioes and a 
telephone oompany* 
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CHAPTER IV EXISTING WATER SUPPLY FACILITIES 

A. GENERAL 

The water system of URD-WD was initially constructed in 1959,
with a well as the only source of supply. Initially, the dis
tribution system covered the poblaoion. Additional pipes were 
installed in 1965, service nearby barrios.extending the to Figure
IV-1 is a schematic plan of the existing water system. 

B. WATERWORKS FACILITIES
 

Source Facilities 

The only source of supply of the URD-44D is a well looated 
near the municipal building of Urdaneta. This well, with a diameter 
of 150 mm, is drilled to a depth of 78 meterso It reportedly has 
a 250-nm diameter upper casing of unknown Nolength. additional 
data on the well are availableo 

In June 1976, the old pump and motor were replaced after a
 
major breakdown. The new pump is a horizontal centrifugal
 
pump driven by a 15 hpi 3,530-rpn eloctric motor. Production as
 
measured on 16 September 1976 was 7.06 lps (610 cumd) at a discharge
 
pressure of 39 meters(3.78 kg/sqcm).
 

Storage Facilities
 

A reinforced concrete elevated storage tank was constructed in 
1959 as a part of the original system. It has a capacity of 380 cum 
and'an overflow elevation of about 52.0 meters above mean sea level. 
Water from the well flows to this tank 22 to 24 hours daily. About 
95 cum of water is always retained in storage for emergency pur
poses. A 62-mm pipe is directly connected to the discharge pipe of
 
the tank for the use of the municipal fire department* Two
 
service connections tapped into the discharge pipe nerve the muiri i
pal building and the police department building. The base of the 
tank is used for storing extra pipes and spare parts by the water 
district. A schematic diagram of the storage tank is shown in 
Figure IV-2. 

Treatment Facilities
 

In September 1976, the regional office of the Department of 
Health (DOH) installed a chlorination unit for the URD-WD water sys
tem, using granular chlorine that was applied at the top of the 
storage tank. Prior to this date# no treatment was practiced by
URD-WD. In November 1976, a hypoclorinator was installed by the 
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DOH. A schematic diagram of this unit is shown in Figure IV-2. 
Daily consumption of hypochlorite is estimlated to be 425 
grams, equivalent to a dosage of 0.7 mg/l. The regional health 
office provides the hypochlorite free of charge and monitors 
the chlorine residual of the treated water. A water district 
staff member trained by the DOH is in charge of measuring the
 
residual chlorine with a comparator. 

I 

Distribution S.ystem
 

The original distribution system consisted mostly of AC pipes 
installed in 1959. New GI pipes were laid in 1965, extending 
the service area coverage. So far, the addition of distribution 
pipes is the only major improvement on the original system. A 
plan of the existing distribution system is shown in Figure.IV-2.
 

Water from the storage tank flows to the distribution 
system by gravity, and is available 10 to 16 hours daily. Dis
tribution is controlled by a throttling valve on the 150-am 
main connecting the distribution system to the tank. Generally, 
water is not available at the extremities of the system when the 
distribution valve is throttle. There is 24-hour service at 
the municipal building and the police department building. Water 
for the fire department and other emergency uses is drawn directly
from the 62-am discharge pipe specifically provided for the pur
pose at the storage tanks 

I ipe Size and Length. At present, the distribution system 
has a total length of 6,030 meters, 89 percent of which was 
installed in 1959 and the remaining 11 percent in 1965. Over 
80 percent of the pipes are 100 mm in diameter. About 88 percent 
of the total piping network is made of asbestos cement. 

Valves and 4ydrants. There are 14 hydrants in the distri
bution system, all locally made, with 75-am diameter GS riser, 
tee or elbow, valve, and nipple on top. Only one hydrant is not
 
operational but the others have no significant fire-fighting
 
value because of low distribution system pressures.
 

Based on the best available information, there are 11 valves
 
in the water system, most of which are laid under paved streets.
 
No existing data on their location and condition are kept by the
 
water district. 
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DISTRIBUTION SYSTEM 

LENGTH OF PIPE(MBYDIAMETER TYP YEAR INSTALLED)B TOTAL(M)(M M) I TYPE(MM) ______1965-

425 42550 G I 	 

-15
75 I ACP_ 405 - 405 

100 ACP 4020 4020 

125 GI 80 - 80 

150 I ACP 870 I - 870 

TOTAL 1 5375 655 6030 j 
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MANY BURIED UNDER 

VALVES UNKNOWN CONCRETE ROADWAYS 
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Public Faucet. The URD4D has only one public faucet, which 
is used for drinking. It has a 12-amm service connection installed 
at the publio plaza and ismaintained by a civio organization. 

Service Connections. Au of September 1976, there were 414
 
registered service connections. All connections are billed flat
 
rate and the billing rate in uniform for domestio, commercial and
 
institutional connections. Below io a classification of the
 
registered oonneotions by size and type of consumer. About 80 
percent of the connections have a diameter of 12 irm. Residential
 
connections account for 71 percent of the total oonnections*
 

Size (rm) Residential Commeroial Government Total 

12 238 90 2 330 
19 33 10 7 50 
25 19 • 10 2 31 
31 1 - - 1 
301 ' - - 1 
50 - - _ 1 

292 110 12 414 

Operation and Maintenance
 

The UR-WD operates and maintains the well source and the 
distribution system. As of November 1976, it had 6 employees, 
namely: a general manager, a treasurer# an administrative/commeroial 
services manager, a pipe fitterl a pump operator and a plumber/ 
collector. The pipefitter also acts as pump operator during the 

The operation program consists mainly of operating the well
 
pumping unit, applying hypoohlorite solution at the pump disoharges
 
and regulating the outlet valve at the storage tank.
 

The maintenance program includes repairing leaks and tapping
 
new service connections. The pump operator and even the general
 
manag"r help in emergency repair and maintenance work. At present,
 
no extensive maintenance work ban be done by the URD-WD because
 
of the limited manpower and inadequaoy of necessary tools/
 
equipment. Tapping of new service oonneotions is limited due to
 
inadequate water supply0
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C. WATER QUALITY
 

Water samples were taken from the existing well and 5 wells
drilled by the Bureau of Public Works which are located in different 
barrios. Results of the analyses of the water samples are listed
and compared with the .Philippine National Standards fyr Drinking
Water in Table IV-i. Although the manganese oontent-'- of all 
sources is higher than the permissible limit, all other water qual
ity parameters meet the standards. 

D. WATER USE PROFILE 

General 

The water consumption in the URO-D has been analyzed to

quantify the present water accountability* Data used have been
 
obtained from 
 interviews and field measurements in the absence of
records on water production and consumption* Unit water consumption
has been quantified through a pilot area survey and water pro
duotion was measured by the rate of flow from the well to the 
storage tank. (See Methodology Memoranda No. I and 2.) 

Pilot Area Survey 

The pilot area, about 7.1 hectares, is located in the eastern
portion of the present service area, It consists of 288 households
 
or a total population of 1,721, with an average of 6 persons per

household. Interviews show the following: 
 63 households are
registered concessionaires of the district;water 19 households are
"borrowers" from registered concessionaires; 109 households have
their own private wells; 95 households are "borrowers" from private
well owners; and 2 households are users of a public well. Sixteen

of the registered concessionaires have their own private wells as
 
an additional source of water, while 13 households have pumps

attached to their respective service connections. These data have
 
been used to derive the number of users of the URD-WD water supply,
 

,/Limits for manganese have been established on the basis of
 
aesthetic and economio considerations rather than physiological
hazards. In concentrations not causing unpleasant taste, manganese
is regarded to be of no toxicological significance in drinking
water. In the URD-.WDI it appears that tie people using water from
the sampled sources have raised no complaints concerning its chemical/
physical quality. 
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TABLE rI-i 

WATR :jUALITY T*-ST RESULTS
I',%7'7UPR fVE?.-. -I3.?7RI,' 

B.-dri fled 3PO-I-dri I Ied BFd-dril led 3r.'-dri l led 
Deep Well School Well Well Well Well Well 

Fermissible near Munici- Bo. Palina Bo. Bayaoas No.56/76/1 Bo. San Bo. Manca-

Test Unit Limits pal Building East Bo. Sto. Domingo Vicente maliran
 

1 Sept 76 1 Sept 76 2 Sept 76 2 Sept 76 2 Sept 76 2 SeDt 76 
PhysicaT-

Color AF'A 15 0 0 0 0 0 0 
Turbidity M 5 0 0 0 0 0 0 
Total Dissolved
 

Solids " mg/1 500 202 195 
 189 208 198 195
 
Conductivity micromhos/
 

310 300 ,290 320 305 300
Chemical 

,PCH- 7-8.5 " * 7.6 7.4 7.7 7-57.7 7.7 

Total "
 
Alkalinity CaO3 115 105 100 140 
 115 125
 

Fhenolphthalein mg/l

ALtkalinity CaCO3 0 0 0 0 
 0 0
 

Total Hardness mg/l 
CaC3 400 
" 91 96 89 120 82 71
Jalciu= m&/l 75 35.6 34.8 34.8 40 32.8 28.4 

Xagnesium mg/i 50 0.5 2.2 0.5 4.9 0 0 
Total Iron mz/1 0.3 nil 0.07 0.09 0.48* 0.11 0.24
 
rluorice mg/l 1.5 0.1 0.1 0.15 0.1 0.15 0.1
 
Chloride mg/li 200 14.6 20.0 17.6 12.1 
 17.6 22.4
 
Sulfate m/ 200 25.7 23.0 25.7 21.6 23.0 17.6 
Nitrate mg/l 50 11.16 11.74 11.52 8.59 2.83 3.39 
IFan.anese mg/i 0.1 0.2w 0.4* 0.2* 0.4* 0.25* 0.25* 

Sxoeeds the permissible limits set by the Philippine National Stmdards for Drinking Water, but is less than the 
oonoentrations considered to be exoessive by the P.N.S.D.WI. 

**Computed to be 65 peroent of oonduotivity. 
***Limits inferred from limits of individual metals causing hardness. 
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fPrultion Servd 

Users of the URD-WD water oupply aro clanoified as primary 
users (registered concessionaires) and secondary users (borrowers). 
Based on the p11ot area surey, there are about 123 household 
borrowers from the URD-WD wter system. The total of 414 service 
oonneotions represents the number of households which are registered 
oonoessionairev. Applying the pilot area average of persons per
 
household to the water district, total users of water from the URD-
WD system are estimated to be 3,222, of which 2,484 are primary 
users and 738 secondary users.
 

Unit Consumption 

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

Per capita daily consumption is estimated to be 136 liters for 
registered concessionaires; 61 liters for borrowers, and 144 liters 
for owners of private wells. However, avaialable data are not 
oufficient to estimate the different categories of consumption 
(domestio commercial, institutional end industrial)*
 

Account ed-for-Water 

Aooounted-for-water is the total volume of water consumed by 
consumers and not necessarily water paid for. For the URD-WD, the 
aooounted-for-water is estimated to be 63 percent (384 oumd) of 
total water productions In the absence of reoords on actual con
sumption, estimates of water accountability in the URD-WD have 
been based on the pilot area survey data on unit consumption and 
population served. 

The unit water consumption as estimated from the survey 
includes domestic, oommeroial, industrial and institutional consump
tion. These types of water consumption are difficult to estimate 
separately because all service connections are billed on a uniform, 
flat-rate basis. 

Unaocounted-for-Water 

Unaocounted-for-water can be divided into several categories 
leakage, wastage at flat-rate conn tione, overestimated flat-rate 
use and other uses.. The total estinmated unaccounted-for-water 
in the URD-MD is 37 percent of total water production. It is dif
ficult to estimate the volume of water for each category of 
unaccounted-for-water because of insufficient data.
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Summary of Water Acoountability 

The water acountability in the URD-WD is summarized in Table 
N-2. The aocounted-for-water is based on the total oonsumption 
of registered concessionaires with a unit consumption of 136 lpod 
and borrowers with a unit consumption of 61 lpod. It is estimated 
to be 63 percent of total water productiono 

The unaooounted-for-wator inoludes wastatm at flat-rate oon
nections, leakage, overestimated flat-rate use and other uses. The 
unaooounted-for-water is estimated to be 37 percent of total water 
production. 

TABLE IV-2 

SUMMARY OF WATER ACCOUNTABILITY 

Amount of Water Percent of 
Cateitorv o " Pkroductio
 

Is Acounted-for-water 
a. Registered ooncessionairee 

usage 10,143 338 5594 
be Borrowera'usaea 1,350 45 7,4 

2. Unaooounted-for-water 
a. Wastage, leakage and 

others 6,807 227 2 

Total 18,300 610 100°0 

Eo HrDRAULIC SURVEI 

Hydraulic surveys of the URD-ID distribution system were 
conducted on December 14-16, 1976 and December 28-29, 1976. The 
purpose of these surveys was to obtain data for computer modeling 
of the existing system and to identify those portions of the 
system having operational problems. The surveys included the 
following: 

System Flows. In order to investigate the firefighting oapa. 
city of the existing distribution system and determine the general 
ability of the system to distribute water to oonsumers, fire-flows 
were measured at eleven of the existing fire hydrants throughout 
the system . The resulting data (see Annex Figure IV-9-1 for 
details) indicate that poor fire flows can be expected throughout 
the existing system. Flows between 1 and 5 ips were observed 
within the vicinity of the existing well and elevated storage tank 
(western portion of the system), with only negligible flows 
observable east of the Manila-Baguio Road. 
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Sfstem Pressure. At each of the 11 fire hydrants tested for 
existing flow oapaity, statio presure meaurements were also ob
meored. These pressures (see Table 17-3) were all obtained during 
a one-hour period (from 9130 to 10130 a.m. on December 169 1976) 
and represent the average pressures throughout the system during a 
normal low-demand period. During this period system pressure varied 
from 3.3 to 3.9 meters in the western portion of the system near the 
existing well and elevated storage tank, to 2.5 to 2.8 motors west 
of the Manila-Baguio Road, and l. to 2.1 meters east of the Manila-
Baguio Roads The pressure observed at fire hydrant no* 14 (see Anex 
Figure IV-,-1 ) near the interseotion of the Xanila-Baouo Road and 
Sison Street, appears to be inconsistent with other observed data 
(an is the case, to a lesser degree, at ftire hydrant no. 1)* This is 
probably due to a combination of several faotorst such as gonerally 
lower terrain mouth of MoArthur Highway, errors in page readings or 
pressure fluoti.ation during the period of observation*
 

In addition to the 11 "spot" pressure observations diouesed a, 
continuous 24-hour recording of system pressure was made at fire 
hydrant no. 5, along MoArthur Highway near the publio plam This 
recording (see Annex Piurs -. 2) indicates periods of peak demand 
at 9:00 a.. and 7:00 p~m,, with a high pressure peak at 7:00 a.eme 
during the 4-hour period f;rom 4:00 aome to 8300 am. when the valve 
at the elevated storage tank is fully open (this valve is partially 
closed during the remainder of the day)* 

TABLE I7-3 

SPOT PRESSURE MEASUREM 

Etydzant Pressure 
Number Jhoat ion Date Time (a)~ 

1 Corner Walinley and Burgos St 15 Doe 1976 1055 am 3.9 
.2 Along McArthur Highway (West) 15 Deoc 1976 10:05 an 3.3 
3 Corner Aroangel and Perez St 15 Deo 1976 11:0 am 3.8 
4 Along YoArthur Highway, near 15 Dec 1976 10:10 am 2.8 

del Prado St 3 Jan 1977 9:45 am 11.6 
7 Along LNArthur Highway, near 15 Dec 1976 1015 am 2.7 

National Highway 3 Jan 1977 9:41 am 7: 
12 Along Abrooio St 15 Deoc 1976 10:30 am 1 

(east of National Highway) 3 Jan 1977 9:45 am 3.3 
13 Along Ambroio St (East) 15 Doc 1976 10:35 am 1.1 

3 Jan 1977 9,45 am 0.7 
11 Along National Highway 

(north of MoArthur Highway) 15 Dco 1976 10t25 a 1.3 
14 Along National Highway 

near Simon St 15 Dco 1976 10,40 am 2.1 
10 Along National Highway 

corner Consojo at 15 Duo 1976 10:45 am 1.1 
8 Along Alonzo St 15 Doec 1976 10:50 em 2.5 

near Laliag St 
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Pie Flow CaMoitios. In order to determine the general con
dition of pipes within the existing distribution system, a series of 
flow and pressure Iseasurements was taken along MoArthur Highway from 
fire hydrant no. 5 to fire hydrant no. 13 (see Annex Figur IV-8-I)* 
A single Hazen Williams "C" value (C-88) was obtained for the 100 mm 
pipeline between fire hydrants no. 12 and 13, east of the Kaniler-
Baguio Road. Corresponding "C" values were computed for the pipe
lines between fire hydrants no. 4 and 5t 5 and 7, and 7 and 12g but 
were disregarded beoaune the actual flowe in thene pipelines were 
indeterminate, based on available data. Annex !'ble IV--1 presents 
the data obtained and computed "C" values. An-iex '/igure IV-E-3 presents 
the observed hydraulic grade line between fire lydtant no* 4 and fire 
hydrant no. 13. 

F. COMPYITER S'UDIES 

The purpose of oonduoting computer studies on the existing 
distribution system is to duplioate the existing hydraulio oonditions 
of the system to the greatest extent possible. By doing this, the 
impact of future improvement can be more accurately determined. 

However, field survey data gathered in URD-WD have not been 
suffioient to oonduot the computer studies needed. Generally, water 
is available for 10 to 16 hours daily. Thus, sufficient number of 
flow teats and 24-hour pressure measurements have not been possible. 
There have also been indications that blookageo of some kind exist 
in some of the pipelines. Verification would not be conclusive 
because flow into the system is oontrolled by a throttling valve in 
the system. 'Do open fully this valve on a 24-hour would disrupt the 
servio to a great extent. 

Portions of the existine system have been retained and inoor
porated in the computer analyses of the future system. Assumptions 
based on engineering judgment have been made on conditions of pipes 
Included in the retained portions. Additional data have been 
obtained from visual inspection of existing facilities. 

VValves may have been left partially closed* 
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G. DEFICICINCIES OF THE EXISTING SYSTEM
 

The present water system and the level of service of the URD-dD 

have maxV deficiencies. There is only one source of supply, a well, 

without any stand-by facilities. In the event the present pumpset 

breaks down, the URD-WD has no service. Water is generally avail

able in the dietribution system for only 10 to 16 hours daily. 

The piping network does not extend to many areas which should 

be covered. Most service connections have leaks due to age and 

low qtality. System pressures are low, even zero# in some parts of 

the city. Many concessionaires obtain water from the system through 

pumps, hand or electric, attached to service connections. These 

pumps have reduced the system pressure to a point where pollution 

can enter through leaks in the distribution piping. The water dis-
The location and
trict has no policy on the use of such pumps. 

condition of valves are uncertain. Fire hydrants have little or no 

value for fire-fighting because of the low pressures in the distri

bution system. Potential cross-connections exist between the water 

pipes and the polluted drainage channels. 

The water district has no routine water sampling or water 

quality analysis programs. No plans of the existing system are 

available. Operation and maintenance equipment, tools and spare 

parts are inadequate. There are no plumbing shop or transportation 
facilities. 
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ANNEX IV-E
 

HDhRALIC SURVEY
 



AM=E TAB3LE rV-&-j 

HLZ VILLIANS "C" VALUES 

Pi' hydrant
Number 

leovmtio
(a) 

Preau. Distance 
-.(aL-_L -) Lima etc" 

4 

5 

14.8 

25.4 

11.62 

8.59 
85 

80 

5.55 
5.55 

. 

29 

/ 

1 

7 25.2 7.67 

12 

13 

25.3 

25.3 

3.52 

.70 
210 5.55 87.87 

I/These oemputed "C" value aa-e unrealistic. The flowa used for 
oomputation of "C" values do not conuider off-takes at the MUnil&-
Baguio Road and A1ozo Street. The additicnal flow measurements 
required for aoourt. oomputaticn of "C" values could not be performed
beoause the pipelines concerned are "buriod" under ooncrete street 
surfa	ces. 

?/Although this pipeline is a composite of two mitea It wasaseumed to hav q diameter of 100 for this computation. 
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CHAPTER V FEASIBILITY STUDY CRITERIA 

A. GENERAL
 

The 	planning, design, economic, and financial criteria used in
 
the water supply feasibility etudies have been derived from studies 
of local conditions, accepted practices, standards and methods de
velopod in the First Ten Provincial Urba Areas Feasibility Studien. 
These criteria, together with the developod basis of cost eastimatest 
have been utilized to evaluate and comparo the various alternatives 
identified in the course of the study. 

In the analysis and evaluation of alternatives, feasibility
 
study criteria need tiot be at; refined as those used in the detailed 
developmont of the recommended scheme. Conoistenoy is, however, 
essential. As long as each alternative to be analyzed is judged by 
similar criteria (or rules),evaluatinof alternatives will be
 
accomplished in a fair and conistent manner.
 

13. PLAIJNING CRITERIA 

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

l. 	Areawide Approach: Planning of facilities has been &one 
on a regional or aroawide basis, taking into account tie 
present district service boundaries and the logical lonT
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,
 
groundwater derived from wellst when available, is
 

i-expected generally to be more economical than conven
tionally treated surfaco water.
 

3. 	 Self-Sufficieno: The recommonclod plan has beer developed 
to provide the highest quality of water service within the 
"ability-to-pay" of the consumers. 

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

59. 	Stage Development: The recommended long-range oonstruotion
 
program has been divided into several stages, each of whioh
 
satisfies the projocted requirements for a speoifto design
 
year:
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Construction Target 
Stege Period Deam Year 

Immediate Improvement 1978 - 79 1980
 
Phase I-A 1980 - 85 1985
 
Phase I-B 1986 - 90 1990
 
Phase II-A 1991 - 95 1995
 
Phase II-B 	 1996-2000 2000 

6. 	 Alternative plan Screenirw and Selection: From an array 
of identified plan alternatives, the reeonxended plan has 
been eolectod on the bas's of least (present worth) cost 
and other non-economio parameteru. The seleoted plan has
 
been tested for economic/finanoial feasibility.
 

7. 	 Skilled Ma4pciwor Short e: Tho recommended plan has re
cognizod, in the short term, the apparent shortage in 
skilled, technioal and managerial exportis;, Emphasio 
has been given to the need for district perainnel training 
and certification. 

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

9. 	 Social Soundnees: The successful completion of any pro
ject imist take into account the social acceptability of 
its reoonmnded programs (Appendix S, Volume II). 

C. DESIGN CRITERIA
 

The basis of design for these feasibility studies is presented 
in detail in Appendix F, Volume II of this Report. The design sri
teria are basically similar to those utilized in the First Ten 
Provincial Urban Areas Feasibility Studies, Minor improvements/ 
modifications have been made as indicated in the Methodology Memo
randa included in Volume I of this report. 

Water Atiountability 

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

*RefIor to the Interim Report February 1977, submitted to LWU 
and USATD by CDM. 

V-2
 



WATER ACCOUNTABILITY FOR FIRST TEN' CITIES 

• j ..... .............,
7 ... .... .............. 7 ------ .. 7- 6.2 OTHERS
 
. . ... . ...... .. -. . .. ...... . ........... : :.......-ii-~ iiJ
ii~iii : 


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


.. .. . .. . .. ... 
 .... .. ... ....... ........ . 6 . . . . ....... ....... .. . . ...... .. .
.. . .

23 : . - :: :: :::. ... . ... .I-; . ; -.. FLAT R:-LA TE U 

. i i .:.............i :' : i i i : : : : : . : : : : :....::..... i i i .....:......... .... 
l-. -......... . . .:. . .. 7. WA T G
....... . . ... ,.. 


. -......... :: - . . .." ..
 
. . . . . . . . . .... .. ... ..... . . . .. . . • 

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

" ,29 ........ 35 : . :::---.. E E TI A E
'!',".......... ---- . ."-........UN 
........... ... • ";: ::: :::'::: . . . . . . . •.... . . . . . . : : : : : " . . . : : : : : : : : 1 .
 
..... . .. . . .. ..... ...... ... . .. .... '.. i '
 

° ::::::::: ::::: l:::!: :::~.::: 3iii:.ii :6.8 LAT ATE:::::N- 0. .. . . .. .... .... .......
 . .... . . . . . .. .......-.....:.
 
:::- : . .' ... . . -5 . . .........
 

... • . . . . ... . .. . . .. . . ., . .. .. .... ..... ...... ...... • " .. .. .. . . ...... . . 2 .. . . 
0 40 -. ........
 ............... . '.:::: : 14.5 METERE BILLING
I : . .........":: 1 ...... 1 . E E E I L N
 

.. . .. .. . . . .
i.............. 
 . . . . . . . .
 . . .
.. ... . .. .. .. . .. .. . . . . . . .:: ". . .... . . : : :.: : :. . . ... .:
0r 1... -77WATER 2.ASUTA IT 

S.C.... AS5 :: : S .... .. ... I ... ..... . F SC T 
PEASIBIUT ..T..Y 
 UORDETRESTIMATEDE',I 

3F:A$1B......... 1T6.8 FLTATTERLLN
0-.,_, 20- #, R26,oWU - D . ... . . ......... CTIE
 
.4 

http:3iii:.ii


The breakdown of the water accoutability is as followes 

Peroent of Water Production 

Metered Billing 14.5 
Flat-Rate Billing 16.8 
Underestimated Flat-Rate Use 10.2 
Wastage 27.1 
Leakago 24.5 
Others 6*9 

100.0 

Water Demand Grouping 

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

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

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

For the analysis of existing conditions, actual metered (or 
connected) customers and "borrowers" are considered separately 
(see Methodology Memorandum No. 2). However, for snort- and long,
range planning, it has been assumed that "borrowers" would even
tually become metered consumers. Per capita domstic use has been 
increased each year to account for economic growth ;:i-hin 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 useds
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maxirmum-day to average-day ratio w 1.211 
peak-hour to average-day ratio a 1.581 - 1.75:1 

D. ECONOMIC AND FINANCIAL CRITERIA
 

Discount Rate
 

The opportunity cost of capital or disooant rate used in this 
feasibility study is 12 percent. The discount rate has been used 

for economic screening of the technically viable alternatives (see 
Chapter IX, Methodology Manual on Water Supply Feasibility Studies, 
Volume I). 

Inflationary Trends 

The national econoqr of the Philippines is discussed in 
Appendix E, Volume II. 

Projections made in this feasibility study assume a general
 
cost escalation rate of 10 percent for the period 1978 through 1980;
 
8 percent for the period 1981-1985; and 6 peroent thereafter. The
 

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

Economic Justification 

The economic feasibility of this water supply project is based
 

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

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

_iwawcial Criteria 

The financial justification of this project is based on the
 
district customers' ability-to-pay, a finanoial feasibility analysis
 

(see Chapters XX and XXI, ethodology Manual) and a suggested so
ojalized pricing scheme based on increasing unit cost of water with
 
increasing consumption lsee Chapter X)o
 

3. BASIS OF COST ESTIMATES
 

Unit costs for the water supply feasibility studies have been 
projected to July 1978 price levels. Construction cost curves have 

been developed for in-place costs of pipelineet wells, water treat
ment plants, pump stations, and storage reservoirs. Those cost ourves 

have been used for estimating the relative coat magnitudes of alter

native water supply plans. Escalation factors used in calculating 
the capital cost of reo6mnended improvements in July 1978 prices, as 

well as the above unit costs, are presented in Appendix 0, Volume II. 
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F'. IMPLEYENTATION SCHEDULE 

For purposes of feasibility study and economic/finanoial 
analyses, an implementation echedule has been assumed. Figure V-2 
shows the probable time-table which covers the planning, designt
 
and implementation of the immediate improvement program and
 
Phase I-A. It is assumed in theae feasibility studied that the
 
recommended immediate improvement program is to be fully imple
mented by the LIUA Interim Demonstration Program.
 

Final Report Submaaiiuin September 1977
 
Select Final Design Engineor September 1978
 
Start Final Design October 1978
 
Complete Final Design September 1979 
Start Construotion January 1980
 
Complete Construction: 

a) Source 2 wells in 1982 and 1985 
b Distribution 1980-81 
0 Internal Network 1980-85 
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CHLPTER VI POPULATION AND WATER DEMAND PROJEMCMS 

A. GEERAL
 

A necessary st.ep in developing the preliminary design of a water 
system is the projeciion of future population and water demand for 
the delineated service area. These projeotions materially affect 
facility layouts and sizes, construction ataging and the coat of the 
project. These projections for the URD-WD are developed in this 
chapter. 

B. POPUIATION PROJECTIONS 

Population projections have taken into account previous popula
tion trends in the municipality of Urdaneta, present land use and 
development plane, the physical limits of the urban areas, and cur
rent and proposed public facilities. 

The population of Urdanets from 1948 to 1975 has grown at an 
average annual rate of 2.23 percent. Annual growth rates in Urdaneta 
have been lover than those of tho Philippines. The following table
 
presents the population of Urdaneta and the corresponding growth rates 
from 1948 to 1975. The national growth rates for the same period are 
also presented.
 

Urdaneta National 
Year Population Annual Orowth ()Growth(% 

1948 
1960 

35,811 
44,744 1.87 (1948-1960) 3.10 

1970 58,69o 2.75 1960-1970 3.00 
1975 64,882 2.03 (1970-1975) 2.66 

While the national growth rate declined slightly during the 
period between 1960 and 1970, that of Urdaneta substantially increased 
during the same periods The decrease in growth rate for Urdaneta du
ring the period between 1970 and 1975 corresponds with the decrease 
in national growth rate. 

NEDA-POPCOM has made projections at 5-year intervals for the 
population of the Philippines, its provinces, cities and municipali
ties, up to year 2000. Assumptions and methodolog used are discussed 
in Appendix H, Volume II. For national projections (low and medium 
assumptions), NEDA-POPCOM has assumed a general trend of decreasing 
annual growth rates from 1975 to 2000 but used fluctuating growth 
rates in its high assumption/projections. 

For Urdaneta, the annual growth rate is expected to increase up 
to 1980 because of the present development of Urdaneta as a com
mercial center. Field conditions, however# indicate that from 
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1980 to 2000. the daoreaaing nmnuial rowtlh raLeo ae app]ioable in 
Urdareta. Thiz oan *e attributed to apace limjitationa for further 
developant and expansion and the autloipated wider aoceptanoe of 
the faiily plr.nninZ program of th" gnveryirtrt 

On the bni of field inspeotion and discunrjions with the waer dis
trict poruon:r;l and locz"o1aficials, Figure, VI-' ht-s been devlopad 
to Lidicato the ', Ji1tv iL-mud-ati, prcJe vctci "590, and 2000 selvioe 
areas of the RIID4B. The projnoted &arAioe amu include the 
poblaoion and nnarby barrioa which compri.Ee the urbanized portion of 
Urdaneta. it i" asumod tha.t theso eproe aill have higher growth 
rates than th3 rural areas, Tho ppulation projections have been 
made by aprlyirq eitiaze'od enwual growth rates for the poblaoion 
and barrio- 1-n the z~rvioe area (Table VI-1), Thu outimates of 
growth rates are based on observed field conditions and diecussions with 
local officialn and water district porson-Pele Field conditions pri-
marily oonoids...zd a'e do'xiolnunt of hoWing subdivisiona; current 
and proposad commercial entabliahmantul geographioal location of the 
area with repipeot to the poblacion and commercial activitice; and 
aacessibility from 'ajor arsting roads. Estimated -roirth rates 
have been adjusted bajed on engineering judgment and population 
density per heotaro. Results of the projections made are tabulated 
as follows:
 

Total Average 
Total I Overall Annual Population in Service Density 

Tear Pbpulation-i Growth Rate (%) Sorvice Area Area (ha) Rersona/ha 

1975 41,645 9,192 126 73 
1980 49,060 3.33 1975-1980) 16,300 240 68 
1990 65,360 2,91 (1980-1990 45,160 725 62 
2000 83,100 2,43(1990-2000) 74,9' 1,179 64 

The analysis showe that the population in the servloo area (see
Figure VI-2 snd Table VI-i) will increase from 9,192 in 1975 to 
74,920 in the year 2000. Donsitieu Jn the service area will avorae 
between 62-73 persons per hoota're. The total population of the 
poblaoion aud barrios included in the projeoted nervice areas will 
inorease from 41,645 in 1975 to 83,100 in 2000. Overall annual growth 
rates in these areas will decrease from 3.33 peroent between 1975 and 
1980 to 2.43 between 1990 and 2000. 

21/f Urdaneta poblaoion and other barrios inoluded in the
 
projected servioe areas*
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Total 41,645 9,192 126 73 16,300 240 68 45,160 725 62 74;920 1,179 64
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C. SFXVED POPULATION PROJMCTIONS 

Served population in the URD-WD is expeoted to ini.rease 
signifioantly in the next two decades. The projected increase in 
served population is a renult of the inteni3e campaign by the URD-D 
to connect as many customers as posciblo; the atated desire of 

system; and the increases in total population as well ae geographl
oal oovernge of the CRD-WD, 

Table VI-2 chowc the detailed breakdown of the served popula
tions for the Urdaneta poblaoion and the barrios within the URD40 
service area* These are summarized below: 

Projected Population 
Served in the Percent 

Year Poolatio, Servioe Area Srve.A 

1975 3,216 9,192 35 
1980 
1990 

10,590 
34,680 

16,300 
45,160 

.65 
77 

2000 61,870 74,920 83 

The served population which was 35 percent of the total service 
area population in 1975 is projected to be 65 percent in 1980, 77 
percent in 1990 and 83 percent in 2000. Henoe, the served popla.. 
tion will inoreace from 3,216 in 1975 to 61,870 in 2000, a 
twenty-fold increase in 25 years (see Figure VI-2). 

Projeoted increa3es in served population arc 24,090 from 
1980 to 1990 and 27,190 from 1990 to 2000. The projected increases 
are concentrated in the present service area, where served popula
tion will increase from 35 percent in 1975 to 93 percent in 2000e 
The served population of 31,560 within the present service area in 
2000 is 51 peront of total served population at that time. 

A year by year tabulation of projected served population is 
shown in Table VI-3, 
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TABLE V-.2
 

SERVED POPULATION PR)JECTIOS 
ARDTA WATSR DISTRICT 

Present Immedlate 1990 2000 
Service Service Service Servioe 

Location 
M-

Area Area (1980) 
-

Area Ara 

1) Poblaolon 
a. Poplation in Service 

Area 
b. Number of Service 

8,647 10,270 13,800 17,670 

o. 
d. 

Conneotions 
Conneoted Population 
Peroent Connected 

386 
2,997 

35 

1,105 
8,730 

85 

1,687 
13,110 

95 

2,199 
17,086 

97 

2) San 
a. 

b. 

Vicente East 
Population in Service 

Area 
Number of Sorvioe 

46 550 1,790 3,590 

o. 
do 

Conneotione 
Connected Population 
Peroent Connected 

2 
15 
33 

21 
167 
30 

164 
1,277 

71 

349 
2,712 

76 

3) San Vicente West 
a. Population in Service 

Area 
b. Number of Service 

Conneotions 
o. Connected Population 
d. Percent Conneoted 

283 

19 
148 
52 

1,990 

88 
681 
34 

3,920 

439 
3,410 

87 

5,460 

637 
4,951 

91 

4) Bvaoas 
a. Population in Service 

Area 
b. Number of Service 

Conneot ions 
O. Connected Population
d. Percent Connected 

216 

7 
56 
26 

2,570 

101 
783 
30 

5,710 

605 
4,702 

82 

7,160 

877 
6,814

95 

5) Nanoayasan 
a. Population in Service 

Area 
b. Number of Service 

Conneotions 
o. Connected Population 
d. Percent Connected 

920 

29 
229 

25 

6,19o 

593 
4,609 

74 

7,920 

957 
7,436 

94 
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TABLE Vl-2Continud.)
 

Present Imwaodiate 1990 2000 
Servioe Servioe Service Service 

Looation Area Areg (1980) Area. Area 

6) Nanoaaaliran tast 
a* Population in Servioe 

Area 3,300 4,140 
b. Number of Service 

Conneotions 349 504 
o. Connected Population 2,716 3913 
do Peroent Conneoted 82 94 

7) Nanoamaliran West 
a. Population in Servioe 

Area 4,210 5,280 
b. Number of Servicoe 

Connections 268 618 
o. Connected Population 2,079 4,805 
do Peroent Connected 49 91 

8) Dilan-Paurido 
a. Population in Service 

Area 2,180 3,910 
b. Number of Service 

Connections 147 399 
O. Connected Population 1,146 3,098 
d. Percent Connected 52 79 

9) Sto. Domingo 
a. Population in Service 

Area 1,220 2,480 
b. Number of Service 

Connections 63 233 
a. Conneoted Population 490 1,809 
d. Percent Connected 40 73 

10) Palina Ust 
a. Population in Service 

Area 1,660 3,340 
b. Number of Service 

Connections -85 311 
a. Connected Population 664 2,417 
d. Percent Connected 40 72 
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TABLE VI-2 (Continued) 

Present In iediate 1990 2000 

Location 
Service 

Area 
Servioe 
Area (1980) 

Service 
Area 

Servloe 
.Areg 

11) Xabanogbog 
a. Population in Service 

Area 
be Number of Service 

Conneotions 
o. Conneoted Population 
d. Percent Connected 

1,180 

61 
474 
40 

1,890 

194 
1,511 

80 

12) Caana 
a. Population in Service 

Area 
b. Number of Service 

3,150 

Connections 
0. Connected Population 
do Percent Connected 

180 
1,400 

44 

13) Pinmaludpod 
a. Population in Sorvioe 

Area 
b. Number of Service 

Connections 
a. Connected Population 
d. Percent Connected 

3,300 

188 
1,460 

44 

14) Camantiles 
a. 

b. 

Population in Service 
Area 

Number of Servioe 
Connections 

2,600 

148 
o. 
d. 

Connected Population 
Percent Connected 

19150 
44 

15) Cabuloan 
a. Population in Service 

Area 
b. Number of Service 

Connections 
o. Connected Population 
d. Percent Connected 

2,000 

112 
870 
44 
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TABLE VI-a(oontinued)
 

Present Imediate 1990 2000 
Service Service Service Service 

Loatiop Area Area (1980) Area Area 

16) Baotad West
 
a. 	 Population in Service 

Area 1,030 
b. Number of Service 

Connections 57 
oe Conneoted Population 440 
do Peroent Connected 43 

Total Number of Connectionsa2 414 1,44 4,461 7,963 

Total Population 	 9,i92 16,300 45,160 74,920
 

Total Population Served 3,216 10,590 34,677 61,872
 

Percent Served Population 35 65 77 83 

-Average number of persons/oonneotion is 7.77. This in greater 
than the average number of persons/household as obtained in 
the NCSO tables, However, water district records show that a 
12. m connection serves an average of 6.47 persons; a 19-.m 
connection serves an average of 11.32 persons; and a 25 mm 
oonnection serves an average of 14 persons. The overall ave
rage is 7.77 persons/oonnetion. Field observations indicate 
that a 19 mm or a 25 Om connection serves two households. 
Water district records further show that twent)-one percent 
of existing connections are of 19 mm and 25 mm. This per. 
oentage is assumed to be the same for 1980, 1990 and 2000, 
thus the 7.77 persons/oonnection was used in the projections. 
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D. WATER D,AND PROJECTIONS 

Inherent in making water demand projections are assumptions 
about future conditions and increase in served population. Per 
capita domestic water use, conunercial/industrial/institutional use, 
as well as unaccounted-for-water (expressed as percent of production), 
have been estimated for the years 1980, 1990 and 2000 for the ser
vice area. Based on analyses of water district characteristics (see 
Methodology Memorandum No. 3), URD-D has been classified under 
Group III, which absiues the following average water use. 

190 1 2000
 

Domestic use, ipod 105 120 135 
Commercial/industrial/institutional, ipod 14 19 24 
Accounted-for-water 119 139 159 
Percent unaccounted-for-water 40 28 20 
Unaccounted-for-water, lpcd -M 40Q 

Total water demand, lpcd 198 193 1199 

In 1976, unaccounted-for-watev in URD-WD wan estimated to be 37 
percent of total water production * With the projected improvement 
in water service, the "borrowers" in 1976 are expected to become 
registered concessionaires and all connections are expected to be 
metered. Because of these improvements, unaccounted-for-water is 
projected to be 40 percent of total water production in 198c, 28 per
cent in 1990 and 20 percent in 2000. Table VIT-3 presents the year
to-year projected water demands from 1978 to 2000.
 

Using the above per capita water demands and the projected served
 
populations, the total water demands for the detiign years 1980, 1990
 
an 2000 are as follows (see Figure V1-3):
 

1980 200
 

Water demand, lpcd 198 193 199 
Served population 10,590 34,680 61,870 
Average daily water dema;V, cuid 2,.100 6,690 12,310 
Maximum-da water deinaiY,, cumd 2,520 8,030 14,770 
Peak-hour water demandc , cumd 3,680 11,710 21,540 

3/Based on 1.2 times average daily water detred.
 
4/Based on 1.75 times average daily water demand.
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TABLE VI-3
 

YEAR BY YEAR SVD POPULATION AND WATER DAND PROJECTIONS
 
UR IkETA 1ATER DISTRICT 

Total Population Average-Day .aximum-Day Po k-f1our 
Year Served Demand (cuumd) Demand (cuzucl D,mand (cumd) 

1978 6,570 1,300 1,560 2,280 

1979 8,340 1,650 1,980 2,890 
1980 10,590 2,100 2,520 3,680 

1981 11,920 2,360 29830 4,120 

1982 13,430 2,640 3,170 4,620 

1983 15,120 2,970 3,560 5,190 
1984 17,020 3,330 4,000 5,830 

1985 19,160 3,740 4,480 6,540 
1986 21,580 4,200 5,030 7,340 
1987 24,300 4,710 5,650" 8,240 

1988 27,360 5,290 6,340 ..9,250 

1989 30,800 5,930 7,120 10380 

1990 34,680 6,690 8,030 11,710 

1991 36,750 7,110 8,540 12,450 

1992 38,940 7,560 9,070 13,230 
1993 41,260 8,040 9,640 14,070 
1994 43,720 8,540 10,250 14,950 

1995 46,320 9,080 10,900 15,890 

1996 49,080 9,650 11,580 16,890 
1997 52,010 10,260 12,310 17,950 

1998 55,110 10,900 13,080 19,080 

1999 58,390 11,590 13,900 20,270 

2000 61,870 12,310 14,770 21,540 

VI-IO
 



21M540 

20 

18 

18 

0 
0 
0 

c) 

14 

12 

lo~l 

2 11,710 

14T770 

12,310 

z 

4 . Abl 6890 

2 
0 

2100 

"PRESENT PRODUCTION 
610 CUMDL 

1980 1990 

YEAR 
2000 

FIGURE VI-3 

FEASIBILITY STUDY FOR WAYER PROJECTED WATER DEMAND 
SUPPLY Of COD URBANARM LMA-CDM URDANETA WATER DISTRICT 



CHAPTER VII WATFM RESOURCES
 

A. C04ERAL
 

The URD- WD currently obtains all its water supply from one
 
old well of small capaoity. The possible sources of water for
 
municipal supply are groundwater and surface water from the Agno 
and Sinocalan River systems.
 

B. GROUNDWATER RFSOUR-! 

The URD-VID is looated in the northern part of the Central 
Plain of Luzon, a very productive groundwater region. Wells are,
 
in almost all oaseBeused for city, private and industrial water
 
supply but not cirrently for lar.ge-ucale irrigation near Urdaneta.
 
The locations of most of the wells in the inodiate vicinity of the

URD-WD considered for this study ara shnim in Fiure VII-I. NJumerous
 
additional distant wells were 
studied for regional analysis. The
 
water well data are summnarized in Annex Table VII-B-1. 
 The ariti
oal factor in groundwater exploitation is control to avoid over
production, rather than the technical problems of production.
 

Ge obo= 

The Central Plain of Luzon is the phyuiographio expression of
 
a large structural trough separating the Zambales Mountains to the
 
west from the Sierra Madres to the east and the Caraballo Mountains
 
to the north. This trough was depressed below sda level repeatedly

during Tertiary and Early Quaternary timcs. The trough was last
 
filled to itn present extent with material washed down from the
 
mountain slopes and deposited in the form of fan and deltaic deposits
andt later t flood plain deposits. The deepest well in the 
Urdaneta area is over 250 meters deep and penetrates only part of 
the Quatornary alluvium; but the underlying rocks can be inferred
 
from exposures of older rocks in the hills and mountains that lie
 
to the north, east and southwest.
 

The basement complex exposed in the Sierra Madres consists of
 
basic igneous and metamorphio rooks probably of Cretaeous to Early
Tertiary Ae. Overlying the basement are tuffaceous clastic sedi
mentary rocks (shales, siltstonae, sandstones, oonglomerates) of 
Middle to Late Tertiary Age. Limestones are observed locally. The 
Tertiary sediments in part are overlain by the Quaternary Gukadalupe

tuff, composed of waterlain, angular volcanic debris. These sedi
ments, in turn, are overlain by the alluvium that fills the depressed
 
plain.
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The Quateruary alluvium is an intricately interbedded sequence 
of clays, sands and gravels with a small amount of local oementatien. 
Most of the beds ara relatively thint and each bed is of limited ex
tent, The original complex pattern of depositioz, and reworking has 
resulted in a maze of fingers and lenses of sands and gravels that are 
difficult to trace and predict. Annex Figu'es VII-B-1 through VII-B-7 
are stratij raphio logo of wells in the area that illuntrate the situa
tion. Many of the major wilts logged are soquenose of thin beds lumped 
unde r the name of the major costituent, such an "clay with some 
gravel" or even just "clay." The Quaternary alluvium is more than 260 
meters thick in the deepest well in the Urdanota area and thins to zero 
thickness on the surrounding hill flanks as shown in Figure VII-2.
 
Occasional beds of' adobe (tuff) and limestone are encountered in some
 
wells as would be expected in a depositional environment at the edge 
of volcanic islands. 

Urdaneta Poblaciun is situated in a pocket of.the alluvium al
most surrounded by more or less isolated outcrops of older rooks;
 
the Cabaruan Hills, 6 km to the southwest; Mt. Balungao, 14 km to the 
southwest; and outlying fingers of the Caraballo Mountains, 12 km to
 
the northwest and 14 km to the northeast (Figure VII-3). These older
 
rocks were high areas sticking cut of the sea (or above the plain) in
 
which the Quaternary alluvium was deposited around and between them.
 

Springs
 

Springs and seeps exist along the edge of the Cabaruan Hills, 
about 7 km from the poblacion; but they are small and scattered, and 
are currently used for irrigation. They derive from groundwater in 
the older sediments of the hills. They are not considered an econo
mical or suitable source for URD-4D. 

Wells
 

Wel.Is in the Urdaneta area range from shallow, hand-dug wells to
 
bored holes over 250 meters deep. Tables VII-1, VII-2 and Annex
 

Table VII-B-i are summaries of pertinent records of BNW and private 
wells and the NIA tent well for which logo, static water levels and 
pumping data are available. These wells were studied to evaluate the 
aquifer and to derive production well parameters. 

The BPW wells range from 6 to 155 meters deep, and have 62 to
 

250 mmi sng. They were oonstructed -by percussion drilling methods
 
and produce from either open-holos or slotted pipe at the bottom of
 
the hole. The seotion tapped is generally not the only, or even the
 
best, water-producing formation. These wells are of poor construction
 
and design and, consequently, of low yiold and low specific capacity.
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TABLE VII-1 

SPECIFIC CAPACITY VISUS 1)MPTH 

Average 	 XaXifum, Minimum
Depth 	 Number Speoific Speoifio Specific 

of Wells Capacity Capacity Capacity 
in Samp~le tipslm) (ipa/n)- (lps/m) 

0-10 13 	 1.7 4.2 0.2
 
10-20 35 	 1.1 4.2 0.1 
20-30 78 	 1.0 
 12.6 0.1
 
30-40 45 12.5
1.1 	 0.1
 

40-50 46 0.8 3.1 0.1 
50-60 28 C.6 4.2 01 
60-70 23 1.6 12.6 0.1 
70-80 5 0.5 1.1 0.2 
80-90 
 5 .	 1.3 2.0 0,9
 
90-100 1 	 0.7 0.7 
 0.7
 
100-150 6 2.6
1.4 0.2
 
150-200 2 1.1 
 2.1 01
 
200-250 1 0002
0.02 	 0.02
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TABLE VII-2 

SPECIFIC CAPACITY VERSUS CASING DIAETI 

Smallest 
 Averae Maximum minimum 
Casing Number Specific Specific Speoifio

Diameter of Wells Capacity Capaity Capacity 
(M)in Sam le, (1DBs/) Ca1ps/iy CRA)it 

62 	 1 0.3 0.3 0.3
 
75 1. 2.5 2.5 2,5
 
100 151 1.6
0.8 0.1 
112 26 0- 1'0.8 	 0.1
 

150 87 1.1 	 .2 
 0.2
 
200 7 3.8 
 12.5 0.02
 
250 1 1.0
1.0 	 1.0
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Data from a large number of BPW wells and a few private wells
 
are listed in Tables VII-1 and VII-2 uo as to show the relation
ships between specific capacity (rate of %tater production per meter
 
of drawdown) and construction parameters of depth and casing size*
 

The preceding - ttbleu shov no statistically significant varia
tion in specific capacity with well depth or casing diameter (except 
for wells of 200-mm diameter, an he.', Ui;(- iample is small). The 
data imply that the specific oapacity, loon.4Iy the productivity at 
a reasonable pumping level, is independent of 'ho depth and diameter 
of the well (exoept as noted above) and that th productivity of al
most all these wells is very low* This is a result of poor design 
wherein only the bottom of the hole is productive, regardless of 
depth. It is assumed that wells cased with 20C-.m pipe are antici
pated or required to be more produotive; thus, they tu'v constructed 
with particular care and located in aireas of known good aquifer, and 

have fair specific capacities.oonsequently 

Without other data, the almost unifornly poor performance of 
the wells could be taken to indicate a poor aquifer in the area* 
However, poor performance of most exiuting water supply wells in the 
Central Luzon Plain is expected because of poor well desizm and 
construction practices. In many places where other wells are no bet
ter than those shown here, however, the NIA and a few qualified com
mercial drillers have constructed some excellent, large-capacity 
wells. 

The NIA has irilled and tested a 256-meter deep well (CDM-I) 
at Barrio Tipuso, about 5 kIn east of Urdaneta. The well is of 
excellent desi('n and construction. It produced 63 ips during test 
with a drawdownof3.14meteM9s 1 9pedic capacity of 20.1 lps/m. The 
transmissivity of the aquifer was computed at 2,800 cumd/m, a very 
high figure indicating an excellent aquifer. However, it must be 
recognized that this isolated well, encountering mainly gravels (Annex 
Figure VII-B-1), may be a fortunate, isolated occurrence. Thus it
 
would be unwise to assume an extremely high tranamissivity for the
 
aquifer until future wells confirm the situation.
 

The M drilled a 155-eter deep well (CDM-2) about 25 years 
ago in the NIA compound in Barrio BVaoas, at the east edge of Ur
daneta Poblacion. It has reoently been tested by the NIA and pro
duoed 3.5 lps at a drawdown of 1.68 motr, aspecific capacity of 2.1 
lps/m (Annex Figure VII-B-2). The transmissivity was computed at 
approximately 435 cured/m, but this figure is low (less than the true 
aquifer tr~nsmissivity) because the well does not fully penetrate 
the aquifer. However, even this computed tranamissivity indicates 
that a well with a specific capacity of nearly 4 lpe/m should result 
from good construction at the same location. 

VII-4
 



Other isolated wells have good specific capacities as can be
 
seen from Tables VII-i and VII-2; although it is believed that evan
 
those wells with specific capacities of over 10 lpe/m (implying 
transmissivities of over 1,200 cumd/m) do not represent the full
 
potential of the aquifer because of partial penetration effocts as 
well as typical poor design and construction. Thus the well data, 
taken in conjunction with the experiences of NIA and others using 
superior well oonstrurtion methods, indicate an excellent aquifer 
capable of supporting wells with minimum specific capacities of 4 
lps/m, and probably much more throughout the URD-WD area. For plan
ning purpoues, an average aquifer transmisBivity of 1,500 cumd/m is 
assumed as a oompromiuc based on existing data. This figure will be 
refined as more properly designed wiells are drilled and tested in the 
Urdaneta area. 

Acuifer
 

Within the projected service area of the URD-WD, the QuMer
nary alluvium contains a very productive artesian aquifer system. 
The thickness of this aquifer is unknown but it appears to encompass 
most of the alluvi un which is at least 260 meters thick locally and 
is assumed to be much thicker. This artesian aquifer system may in
elude some older underlying beds at depth and may be contiguous with 
the aquifer system in the surrounding hills.
 

The aquifer consists of lenses of water-bearing material ranging 
fromi fine sands to gravels deposited in a complex and random pattern 
and confined by equally complex clay lenses. The well logs indicate 
clay at the surface in essentially all oases. This clay inhibits di
rect recharge in the Urdanota vicinity. Recharge to this aquifer is 
through infiltration from direot precipitation and from streams into 
the exposed permeable beds along the edge of the foothills east and 
north of Urdaneta. Initially ihe recharge water is under water-table 
conditions but becomes confined upon moving below the clay beds as 
shown by free-flowing wells in the Urdaneta area. Additional recharge 
may reach the Quaternary alluvium from infiltration of precipitation 
in the mountains and foothills to the east through transfer from older 
permeable beds where tne alluvium abuts these beds along the buried
 
edge of the hills. Although the sands and gravels of the Agno Rier 
channel probably extend through the surface clays the shape of the 
contours of the piezometrio surface (Figure VII-35 and the relative 
elevations of this surface and river levels indicate that no recharge 
currently comes from the Agno River near Urdaneta and probably 
not from the smaller rivers in this area. In fact, groundwater dis
charge into the Agno may occur. 

The aquifer is anisotropic and will act as a semi-confined 
aquifer in that early responwe to pumping will be in the artesian 
aquifer range. However, if the piezometric head falls below the sur
face olay zone, response will be in the unconfined (water-table) 
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aquifer range. The spreading of the piezometrio surface oontours 
(Figure VII-3) near Uidaneta indicates a general area of increased 
aquifer tranemissivity, although the flow pattern is distorted by 
local outcrops of older, less permeable sediments. Ovnrall trans
missivity in this area is estimated to be at least 1,500 cumd/m and 
the long-term storage coefficient will be variable depending on the 
depth of aquifer dewatered and the contaied clayn In the dewatered 
zone.
 

Groundwater Flow, Recharge and Dischaire Relationships 

Before large-scale artifici.1 withdrawal of water (pumping 
from large-capacity wells), the local tnd regional gr'oundwater ba
lance is in a state of dynamic equilibrium. In the Urdznota area, 
there is little local rechmarge because of the widespread surfaoe clays 
and the neor-;urface riezoretric leve-ls. Th.ro is aloo little natural 
dischareo; perhaps, some rroundwator discharges into the Agno and 
Sinocalan Rivar systems where g'roindwater piezomatric levels are above 
river levels. Thus the existing system is essentially one 6f ground
water underflow entering the Urdaneta area from distant recharge sour
ces in the northea:st and east and leaving the area to the west. The 
contour map of the groundwater piezorntric surface of the Urdaneta 
area shown in Figure VII-3 illustrates this oondition. 

The regional situation is i]lusrtrated by the contour map of the 
groundwater piezometric surface of the Central Luzon Plain shown in
 
Figure VII-4. Thi- shows the source of the groundwater underflow to 
the northeast and east of Urdanota, and the ultimate discharge of the
 
groundwater underflow to Lingayon GCilf northwest of Urdaneta. However, 
the drouidwatcr 1,radiont becemon so flat in the middle of the Central 
Luzon Plain thLt all of the groundwater flowing from the east t south 
and west cannot be flowing into Lin-ayen Gulf. Nuoh, if not moat t of
 
the Lroundwater underflow into the Agno River basin must rise to the
 
surface in seep, into the uwaznps and streams of the northern Central 
Plain where the artesian head is above the ground surface. All of this
 
water is lost by non-beneficial evapotranspiration and surface runoff
 
into Lingayen. The piezometric levels shown are generally characteris
tic of the upper part of the aquifer and higher levels may exist in
 
the lower part of the aquifer in some areas. 

All well water produced must cone from one or more of a limited 
number of sources; growudwater storage, increased recharge, or divert
od groundwater discharge. The natural state is normally one of equi
librium with total recharge equal to total discharge and stable ground
water storage, When a well first boCins to operate, all the pumped 
water comes from local groundwater ator;ile (immediately surrounding 
the well) as a result of the decroaned pressure in the well caused by 
pumping. This zone of decreased prersure (or low,'rv.l piezometric head) 
spreads radially from the well as storod groundwater flows from the aquifer 
to the well, and it continues to spread until the area of depressed pie
zometric levels oauses either an increase in recharge (local or distant) 
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or a dearease in pre-established groundwater discharge (local or 
distant) equal to the pumping rate of the well. When this oocurs, 
a new equilibritui will be established with no further depletion of 
groundwater storago. If the .bicresed recharge or diverted dis
charge (or combination thereof) is local, equilibrium will be quick
ly established with minimal lowering of the area! piezoaetric 8u

face; but if they are distant, equailibrium will be long delayed re
sulting in a widespre-ad and lart, depression in groundwater levels. 
If no sourceo of increased recharge or diverted discharg large enough 
to equal the pumped withdzrawal rate can be tapped., then the ground
water levels will continue to drop iuntil the well becomes inoperative 
or the aquifer is depleted* 

In the case of Urdaneta, there are a number of prospective 
sources of additional recharge. The Agno River (,and other local 
streams to a lesser extent) probably will contribute considerable 
recharge once the plezometrio levels in the aquifer are depressed be
low stream level. At the same -time* an appreciaile amount 6f in
filtration mnay begin through the more permeable parts of the generally 
clayey surface beds. Tiese local effeets will begin fairly soon 
after large-scale pmnping begins and will increase with time as the 
area of dopressed groundwater levels (cone of depression) spreads, 
However, the major existing source of recharge to "the Urdaneta area 
is so distant to the northeast that no additional recharge could be 
expected from there for a very long time, if ever. An even more sig
nificant contribution to the water to be pumped at Urdaneta will be the 
reduction of existing natural groundwater discharge which is now being 
wasted to surfface seeps in -the Central Plain and to underground flow 
into Lingayen Gulf. 'This will occur as the expanding and deepening 
cone of depression (remilting from purping) diverts groundwater under
flow (now escaping -o the west) to the wells -o be inst, led in Urda
nota.
 

Current recharge to the aquifer is restrioted. largely to the ed
ges where infiltration and transfer from surrounding areas can occur 
as previously noted., Neither currferj vholargi n.r future additional 
recharge induced by pumping can be quantified with existing data but 
groundwater underflow can be estimated, The groundwater flow is to 
the southwest at a gradient of about 0.001 in the Urdaneta area* The 
average overall tranumissivity of' the aquifer in this area is esti
mated at 1,500 cumd/m or more, According to Darcy's Law of flow: 

QIkm (of acpifer width) a.T x G x 1000 m/ n 

where:
 

Q = Groundwater underflow (c=nd) 

T a Alifer transmissivity (curnd/m) 

G a Gradient of the piezometric surfaoe 
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or: 

Q/km - 1,500 cumd/m x 0,001 x 1,000 m/km - 1,500 cund/k 
(minimum estimate).
 

The underflow of groundwater can be used to roughly detormine the 
groundwater availabl for exploitation. 1rhe URJ1-WD average daily 
demand is projeoted to bo i bout 6,700 cumd in 1990 and 12,300 curd 
in 2000. To obtain all this water from undorflow would require 
diverting and capturiJil; all the underflow in a band about 4.5 km 
wide by the year 1590 and 9 -m wide by the year 2000. Less than 
this computed anoultt of iaierflow would have to be captured because 
induced additional rac:hargo, as noted proviously r would Wipply some 
of the water to be pumped. Although, projectinjr acuarato pumping le
vels would require producing a nodol based on nmore tha, the available 
data, it is apra:-ent that diverted ;,.roiuidwater undorflow and induced 
additional loc,'l rocharg& ",Ioul,!1 rovide for Urdlaneta's reqUirements 
beyond tho year 2000 without a prohibitive decline in pumping and 
groundwater levels. However, this it trite only if Urdaneta is the 
major lw'ge-acale user of groundwater in the small basin that sur
rounds it. 

Unfortunately, there are numorous other fairly large towms in 
the basin under consideration (Figure VII-3). If these towns grow 
at the icne rate an Urdaneta and ultimately consume the same per 
capita water quatities, the total domestic water requirements will 
be several times that projected for Urdaneta. Groundwater will un
doubtedly be used to moot these requirements, 

In addition, the area is short of irrigation water and, consider
ing the good aquifer underlying, large-scale gromdwater irrigation 
will undoubtedly be introduced. Asueming that one meter not of 
irrigation water Adll be required to supplement rainfall, an annual ave
rage of about 2,700 cumd of irrigation water would be roquired per 
100 heotares ( 1 sqkm) of irrigaled land. The full width of the 
Quaternary alluvial aquifer leaving the Urdanota basin is less than 
20 ks, about 8 km north of the Caba-ruwn Hills and about 11 km south
east of the Cabaruan Hills. Assuming the same groundwater underflow 
as previously computed, 1,500 cumd/km, the total underflow from the 
basin would be perhaps 30,00 cumd. Thus, 1,100 hectares of ground
water-irrigated land would consume the entire -roundwatar imderflow. 

Since there are tens of thouawjsu of nectares of irrigable land 
and numerous watoe-demanding towns in the Urdaneta basin, total water 
demand by the year 2000 could greatly exceed the Bum of groundwater 
underflovi and probable potential induced recharge. With available 
data, it is not possible to predict groundwater levels at various
 
future dates with any oortainty; but, as more data on aquifer charao
teristics and response become available, predictions ahould be mado 
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based cn model utudies. One favorable factor is that as -round
water piezome-tric levels drop below the clayey surface beds, the 
storage coefficient of the aquifer will increase greatly and more 
groundwater will be available from stoa,,e, thus slowing the drop 
in groumd.water levels. 

The implications are that the URT)-WJD must obtain firm water 
rights to jis lon -ran ge requirements from the lational Water Re
sources Council and initroduoe a groundwater monitoring and study 
program for planning purposeo. Fortunately, it is true that agr.i
oulturints canot afford to pLay as rmuch for water as municipalities, 
and if groundwater is depleted to an extreme degree$ g6roundwater 
irrigation will be curtailed. by economic factors, leaving the muni
cipal water systems still viable. 

Well Desihn-mad Drilling ,o a 

A t~eneral deai n for an efficient production well for 7rda
neta can be developed from available data, Such a design is illus
trated in Annex Figure V1II-B-8, To avoid. excessive (Lrawdown and 
minimize operating costu, these wells should be drilled to the same 
standards as those of rooent NIA wells. For the same reasons, all 
stratigraphic zones down to a depth of 300 meters that are indicated 
as productive by the electric and stratigraphic loge should be 

screened, because in an anisotropic axuifer such as this, the specific 
capacity will increase greatly as the percentage of total permeable 
section screened incroeses. It is aticipated that , Ji wells would 
produce 63 lps at an average of about 6 meters of initial drawdown, 
with the poorest wells at about 16 meters of initial drawdown. Thi;s 
is believed to be conuervative and is used for prelimina.ry design and 
estimation purposes because reliable data are very limited. The wells 
should be located in such a way that cost and operational complexity 
of the difitribution tystom are minimized. 'the spacing between wells 
should be as great as practical (preferably an averiRe of I km or 
more) to minimize drawdo mn interference. It should be recognized that 
few, if any, existing private well drilling firms have the necessary 
experience, equipment and ability to dasigi and construct rotary
drilled wells of good quality without extermal professional supervision. 

A drilling progru consisting of two wells of 63 Ips capacity, 
spaced 1 to 2 km apa-t. il the existing U0D-0D service area is re
commended. These wells should be carefully tested and the results 
from them used to modify the design of succeeding wells. They should 
be pumped intensively for Feveral years and the aquifer response moni
tored, 'The data can then be used as gide for further development 
of the well system which probably will consist of 63-1ps wells spaced 
about I to 2 km apart. Wells designed to produce 63 ips may be pumped 
at a lesser rate for the period that tho local consunption does not 
require full production. However, this preliminary estimate must be 
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revised and phased aito the overall grc'audwater development plan 
for the trdanota area. Any future development of groundwater for 
irrigation must be taken into consideration in the dosin of URD-WD 
wells. 

Didu.ed nfhftration Wells 

I anticipation of a possible major overexploitation of the 
deep aquifer that would make total reliance on deep wells iui-
desirable, the ! and use of relatively shallow, biduced in
filtration wells drilled in the sr.,ids and gravels of the Akno River 
channel wero considered. Such wells probably could produce as much 
water at nboiit thu swme pumping lvels a.9 th deep wells discussed 
previously. ince production would quickly be replaced by induced 
recharge from the AQ.no Rivor, -otal well field production would be 
limited only bythe rdnimui flow in the A,.gno River and conflicting rights 
to this water. 

rfhe wells would be of much the inmo design and construction as. 
the deep wells, but being shallower would be less costly.
However, the wells would be km from the point of use and trans-. 
mission cots (pipeline plus pumping costs) would be high. Also the 
wells would preferably be locatod in the river floodplain or on the 
river banks and the flood ,a-otection works would increase the overall 
costs of each well. AFrthermore, the truinsrnission pipeline would act 
as a point source requiring a somewhat more expensive distribution sys
tem than that b.s,.,d oz, ii.::i.I.ered deep wells located near the areas of 
use. These considerations will probably make induced infiltration 
wells ec6nomically inferior to deep wells inless futlue aquifer over
exploitation makes deep well water very costly. A further analysis 
is included in Chapter VIII. 

Local rivers other thzan the Atpio are incised and lack the broad 
sandy channels desirable for operation of good induced infiltration 
wells. 

Mon it orin-

Basic planning for overall exploitation of groundwater resources 
in. the Urdnneta area will be based on the limited data rmirrentl, avail
able and those derived from tests of the first production wells* How
ever, records of water production from all large-capacity wells and of 
aquifer response to pumping are needed to refine the preliminary aquifer 
paraneters and to revise the planning when necessory, in order to avoid 
the dangers of overexploitation or the waste of underxTloitat ion. The 
URD-WD should monitor the performance of each of their production wells 
and obsorvzation wells to provide data -and information for water district 
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use and for distribution to other aieacios for overall planning 
and control. In turn, other water districts uid other groundwater 
users should monitor their opez'-itionz and provide appropriate data 
to the UWO-WD. 

&ach production well should Lave ":,i titics for mcasurirn the
 
total amount of production or zat': ;7' r-ro.auction, ir,:cs of operation
 
and watr-r lEveol. Routine mon thl oh. '-itions of 3t-tic and pumpin:.'
 
water levels should be recorded andi)] -ocords of pumpin- kept.
 
.Jatcr or :pietn for baoterioco,:iov.l iu--l,.iu should be colleoted month3
 
and for ohemioal n.aly.-Ia, ItIrr'!,.ldaai:;n bfe desirable
 
to monitor ut:;!tic water levels in, :vcr..U observation wella located
 
within .h.. rc. ;parined by URD-WP iCll1 h1t far enough from any well
 
to minimize local roi..', i;t,.tic water
-irawrloun (!t'feoT:1.. routine 

level ren}:.,rtiwnt > tihould t.ie x'.;rous oborvation wells
be .en 

surrounding the well field at a Jistiarice.
 

7.e dLat. from this monitocin:; "or,-n wi.] Provide better aquifer 
parameter:.,i, indicate the -ntjtud:ef recharge, give oarly warning 
to UTtD--4D of deLerioration in wL±r quality or pump pcrform.ance so 
that remedial action c ,.n be L:LL~en, :uod ihohm! any unforeseen deolino 
in regional water level so that indiviaual well yields (which affect 
local pumpinG levels) urd desitni and spacing of future wellu can be ad
justed as necoosary. Por tkuc purposos, cople.3 of all UPJD--niwell 
monitorin , data should be routinely analyzed by URfD-4,7D (if they have 
oompetent std'f for ouoh -'l-alys3u) or by some associated aeancy com
petent to perform such analyses. 

Summary of Groundwator Resouroos 

Urdaneta is looated over an excellent, wideuproad, relatively 
uniforn anuifer that can readily supply all its projected water demands 
past the ,year2000 frcn d'jep wllo each of 63 lps capacity. However, 
the regional drawdown of (,rounlwater levels resulting ron such pump
ing cannot be accurately colwntified boecause available data on aquifer 
parameteru and rechari-c are inm Y.'1icinLL. Other data will become avail
able from pumping tests of the nuw !,rc luo:tion wells and from the monitor
ing progr;:%m of prohuction xid observation wello. Future well design 
and well field planning n.-'.;t be ,.aodified on the basis of tho new data 
to maintair :-coundwater production for lona-term use. 

Induced infiltrtion wells at th-e Agno River are technologically
 
feasible but may be ocn:'micall" iu:,.-oirable.
 

If the intensive use of grouudwater for irrigation eventually 
occurs in the Urdaneta area, ovorexploitation of the aquifer with its 
consequent dangers of Cailing wells and higher water coots will. result 
unless careful and intelligent control of this multiple use is enforced. 
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C. SURPACE WATER RF,0;URUCS 

The most likely potential surfaco :ator sonzcos for Urdanota 
are the Agno and Sinocalan The River origilnats inRivcrs. eAno 
the moitaiuhu northeast of Urdrnota, flows southwcstcrly passing 
about 7 !m from the p6bln:oloi, and aztimatly turns north and dis
chargmu irnto Lin-ayo! (Guf. Ilie Sinocalan River originates in the 
basin aroind Urdainet ad flows wost into Lingotyon (ulf. The tribu
tariou of the Sino:al~n Riier aro adjacent to Urianeta poblaoion. 

The 'IA hai c;c-,ructed a nuiber of irrie Atioa projects using 
water from theso tw o rivoer. AD of 1976, there wore 6 ez:iting NIA 
irri&atio:: diverkjio n 3 ta=ppin- the &;o Rivoi" and one on-going 
project to t-.p the Siocalan River. Theoe projoCt3 irrigate or will 
irrigate approximately 65,000 hecta-ros of rice fields within Pangaoi
nan Provinoeo The big;gest project using Ano River water is Ambklao 
Dam which wau cowstructed ,-ainly au a hydroelectric projeot'by the 
National Power Corporation at Ambuklao, 3-.n[reiU, about 60 km north
east' of Urdanota. 

Flow records for the Agno River are available from January 
1932 'to December 1937 and from September 1945 to the present for a 
total perinod of 39 yeara. The gaing station for the major course 
of the Agno Rivor closest to Urdanota is at Carmen, Rosales, about 10 
km south of Urdanota poblacion. 7is station recorded a minimum 
daily flow 9 f 345 x 103 ctumd in March 1964 and a maximrwi, daily flow 
of 374 x 10 c -1:'in July 1946. 

The Sinooala River hao a continuous flow record from November 
1958 to December 1969 for a total period of 12 years. The only 
gaging station for this riyr is located at Poblaoion Norte, Santa 
Barbara, about 17 k-n west of Urdaneta poblaoion. The minimum daily 
flow was recorded in May 1968 with a reading of 138 x 103 cumd while 6 
maximum daily flow occurred in Aurast 1960 with a discharge of 13 x 10 
cured. This maximum realing was duplicated in Juno 1963 and July 1965. 

Surface water data from rivors within the vicinity of Urdaneta 
have been compiled and analyzed to establish the statistical roaot
ronce of mewi and minimum daily averige flows. BFF records of 6 gaging 
stations with records spanning from 10 to 30 years wero tabulated and 

analyzed using the Gumbel probability method of establishing 10-year, 
5-year and 1-year recurring flows (see Hethodology Memorandum No. 4). 
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Draingap M~inium Fiow (oad/sqkm) 
Longitude/ Year of Area at Retum Period of 

StaionLattud Reod _C km) LO YerQ~ Xeaxj&I.Ya 

Sinocalan River 120.28420v 
Poblaoion l*erm, 
Sta. Barbara 16 -00'-O0 ii 180 794 860 1,244 

Agno River 1200-35'-30" 
Carmen, 1a.Ies 15 -53'-30" 30 2,209* 193 227 453 

Tagamusirg River 12O-300-4019
 
San Felipe,
 
Binalorlan 16o-4, '-50" 17 53 247 278 485
 

Toboy River 120 -38'-18"
 
Kalipkip, San
 
Manuel 160-07'-36" 10 74 112 149 214
 

Agno River 120P-27'-22"
 
Poblaoion,
 
Bayambang 15 -. 9 '-07" 11 2,284** 89 115 332
 

Agno River 120-41 1-45"
 
San Roque,
 
San Manuel 16 -08'-45" 12 1,225** 220 225 476
 

Because the Agno River and itu tributariesifillIesubject to increasing 
withdrawals by irrigation diversions, it is probably conservative to 
assume that its mirdmuti 10-rear flow would be about 100 ciud,/sqkm. On 
the basis that the drainage area of the Agno Ri-.-.r in the proximity of 
Urdaneta is about 2,100 sqkm, the theoretical minimum flow recurring 
once every 10 years will be 210,00O cumd. This is obviously sufficient 
to provide the maxinmum-day requirements of the URD-4D for the year 2000o' 

The situation rega.ding available water from the Sinocalan River is 
more complex. The minimum flow per square kilometer is relbtively great 
but this may be due to an underestimated drainage area because the head
waters of the Sinocalan and Angalacan Rivers are poorly differentiated 
and streams such as the Tagamusing River may be tributary to either or 
both rivers. The large minimum flows may also result from groundwater 
additions where the peizometrio head is above river level near Urdaneta' 
or from irrigation drainage waters. In any case, although the minimum 
recorded and predicted Sinocalan River flows at Santa Barbara are 
aufficient for Urdaneta's water requirements for the year 2000D, it is 
very doubtful that the small tributaries near Urdaneta would have auffi
oient minimum flow.
 

To use either the Agno or the Sinocalan River for a water supply 
source, it would be necessary to construct a diversion and intake struo, 
ture, complete water treatment facilities1 and the required transmission 
pipelines to assure an adequate potable water supply for the future needs 

*Affooted by Ambuklao and Binga Dams and irrigation diversion. 
**Affected by Ambulao and Binga Dams. 
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of URD-WD. A surface water eupply from these rivers would require 
a project of relatively g-reat technical complexity and high cost. 
Development of grcundwater sconrces with oonstruction of deep -ells 
would clearly be the economic and op,.rtional choice for -the URD-ND. 
An eoonomio analysis is presented in Chapter VIII. 

D. WATIiR QUALITY OF, POTENTIAL SOURCES 

Water samples were taken from many of the sources, both ground
water and surface water, discussed previously. Chemical analyses of
 
these samples were performed to determine the water quality with res
pect to potability -and treatment requirements, Te results of these
 
analyses are shown in Tables IV.-I and VII-3, and are briefly discuseed
 
below.
 

Groundwater 

Since g'oundwater essentially passes through a filtration pro
cese while flowing through a granular aquifer (such as in the URD-WD 
area), -and is not exposed. to surface pollution, color and turbidity 
or suspended solids are usually not present. For this reason, unless 
other deleterious substances (such as excessive hardness, dissolved 
gasea or diseolved iron) are present, treatment other than disinfection 
is generally not reqaired. 

Water analyses of samples taken from the existing URD-D well 
and. 5 other Urdaneta wells are shown in Table IV-I. In the early 
samples all of' the well waters analyzed fall below the excessive li
mits of the Philippine National Standards for Drinking Water, and below 
-the permissible limits in all respects except for manganese content in 
all wells sampled and iron content in one well sampled. The wells were 
resampled and the results as showm differed considerably from the earlier 
results in regard to iron and manganese content. The later analyses 
show iron beyond the exoessive limits in two wells, and iron and manga
nose between the permissible and exoessive limits in 2 and 4 wells, 
respectively. The variation in analyses may reflect poor sampling or 
analytical technique or seasonal water changes (unlikely). flowever, 
the limits are not prohibitive but are only guidelines. 
In this case where the iron and manganese content is not extremely high 
and where no bnown complaints about the water have been received, the 
water probably will be acceptable for domestic use without extensive 
treatment although iron removal might be required in some oases. The 
water that would be produced from new URD-WD welle can be expected to 
be similar to the tested well waters. 
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TABLE VII-3 

SURFACE WATME QUALITY TEST R2S3ULTS 
URDAITETA WATER DISTRICT 

Agno River, Sinocalan Rivers 

Test Unit 
Permissible 

Limits 
Villasis 

.3 ar '77 
Urdaneta 
3 Yar '77 

Physical
Color 
Turbidity 
-Total Dissolved 
Condnctivit7 

Solids** 

APHA 
?1'J 
mg/1 
micromhos/ 

15 
5 

500 

5 
346* 
283 

5. 
3.5 

306 

am 435 470 

Chemical 
p 7-8-5 7-75 7-85 
Total Alkalinity mg/l 

Ca003 96 185 
Phenolphthalein 

Alkalinity 
mg/1 
CaC03 0 0 

Total Rarcness mg/li 

Calcium 
1.agnesium 
Total Iron 
Fluoride 
Chloride 

Ca.C03 
mg/l 
=dI 
mg/l 
mg/i 
mg/i 

400*** 
75 
50 
0.3 
1.5 

200 

169 
56 
7 
1.35* 
0.5 

19 

223 
68 
13 
0.3 
0.5 
10 

Sulfate 
Nitrate 
Manganese 

Ma/1
mg/I 
mi/ 

200 
50 
0.1 

21 
10.7 
0.1 

37 
12.4 
0 

*Exceeds the permissible limits set by the Philippine National Standards for Drinking Water. 
**Computed to be 65 percent of conductivity.
***Linits inferred from limits of individual metals causing hardness.
 



Surf aoo I!ator 

Watr from 3.irf co sources in g'knorally high !,n color, turbi
dity and suspended eclids ,iuring perI'iods of rainfall. Even during 
non-rainy poriod,:i ourface water usually reqlirou completo treatment 
including chcrmi cal &ddition, mixing, coaru~lation, flocculation, sedi
mentation, [*iltration nmi diolnfoction. 

The reuutls of chenical an;lysos pe.rformed on waters from the 
Agno and Sinocaln Pivz.m are shown in Table VII-3. The results in
dlicato that conce'nti.atim if color =.d turbidity is relatively low 
for surfaco wet:L-r in gunerp.1 (except for AL'no River turbidity).
However, comrpiete treatment woild be required particularly during
the rainy coason when turbidity would be much highor. 
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ANNEX VII-B
 

WELL DATA
 



WATER WELL DLTA SU3KART 
AANETXTER DISTRICT 

Depti From GronM 
CDX 
Well 

Number 
Well 

N=br Location 

Nominal 
Diameter 
() 

Surface In Meters 
Statio Pumpin 
Water Water 

Total Cased Level Level 

Test Specifio 
Yield Capsoity 
(ID, (im10,) 

Year 
Completed 

1 
2 

3 

CL-. 
9-R1 

Bo ,o (Tzp), tordaneta 
Bo. Brouas (LqA Compo= d),

Urdaneta 
Bo. San Vicente (Divine Word 

Aadeaq) 

250 

100 

300-

256.0 

155.5 

256.0 

140.2 

l02.4,-

-1.87 

-0.4 

Above 

-5.o1 

-2.0 

63,0 

3-5 

20.1 

2.1 

1976 

1950 

4 7266 Urdazeta Poblacion 
250 
250-
200 

137+ 
82A3 

137 GL * 
70-436-82o3 QL * 

-21.5 

-3.66 

23.0 
.29e8.2 

1.0 1966 

1955. 
5 222 Bo. Nancamaliran s19t, 

6 44702 UrdaretaBo. acamlira WeutjL 112 88.4 85.4 ,Lo flowin 1969 

7 
8 
9 
10 
11 
12 
13 
14 
15 

56761 
436271 
44637 
54741 

436092 
446414 

7892 
7895 
12263 

Urdaneta 
Bo. Sto. Domingo, Urdaneta 
SugoonC-Tacak, Urdaneta 
Cabumran, Urdaneta 
Bo. Talooatoc, rdaneta 
Catablan, Urdaneta 
Labit, Lirdaneta 
San Felipo, Binalonan 
mang0zmam, Binalonan 
LEmaa Elementary 

112 
112 
100 
100 
112 
100 
112 
112 
150 

86.9 
22.0 
60.6 
36.0 
27.7 
45.7 
61.0 
14.3 
9.8 

86.9 
18.3 
44.1 
34.8 
17.4 
42.4 
51.8 
10.1 
9.8 

+1.4 
-1.5 
-1.5 
-6.1 
-7.3 
-6.1 
-1.5 
-5.2 
-5.2 

-2.1 

-10.4 
-6.2 
-1.5 

-6.1 

0.76 
1.26 
0.95 

0.63 
0.32 

0.63 
0.63 

(f lowing) 

1.6 

0.2 
2.1 

0.70 

1962 
1963 
1974 

1963 
1955 
1955 

School, Binalonan 150 2 13.4 -. 66 
16 
17 

435961 
436231 

Casubiduan, Binalonam 
Binaloan WW, Binalonan 

112 
100 
250200 

14.6 
20.1 19.8 
500 43950.00 

-2.4 
-4.3-43 

-0.9 
-2.4 
-43 -. 

0.95 3.17 
0.76 
504.412 

1956 
1959 
1962 

Ground Level
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ANNUE TABLE VII-B-I (Continued) 

WATR WELL DATA SUMMLRT 

Depth From Ground 

CDI 
Well 

Number 
Well 
Number location 

Nominal 
Diameter 
__m 

Surface 

Total CP!ed 

in Keters 
Static 
Water 
Level 

Pumping 
Water 
Level 

Test 
Yield 

is 

Specific 
Capacity 
(ls/m) 

Year 
Comileted 

18 
19 
20 

21 
22 
23 
24 

17547 
17548 
17543 

17542 
17540 
17538 
17536 

Vacante East, Binalonan 
Vacante West, Binalonan 
Santa Maria Norte School 

Binanlonan 
San Felipe Sur, Binalonan 
Pasileng, Bina.onan 
Yoreno, Binalonan 
Celi Berao, Sto. NIiio, 

100 
100 

100 
100 
100 
100 

20.4 
29.6 

18.9 
28.0 
18.9 
20.4 

18.4 
29.0 

17.7 
18.6 
15.5 
17.4 

-3.7 
-2.1 

-4.3 
-0.3 
-1-5 
-4.9 

-7.0 
--2.4 

-4.9 
-4.6 
-4.0 
-9.8 

1.58 
3.18 

0.54 
1,.26 
1.89 
1.07 

0.48 
12.6 

0.90 
0.29 
0.76 
0.22 

1958 
1958 

1958 
1958 
1958 
1958 

25 
26 
27 
28 

29 
30 

17534 
17533 
17530 
17530 

6975 
6978 

Binalonan 
Camara2n, Binalonan 
Csaangaan, Binalonan 
San Felipe Norte, Binalonan 
Balangobong School Site,

BinaIonan 
Sta. Catalina, Binalonan 
San Pablo, Binalonai 

100 
100 
100 
100 

100 
112 
150 

20.7 
20.4 
22.0 
29.6 

23.5 
52.7 
14.6 

18.9 
17.7 
18.6 
29.6 

18.9 
49.6 
12.2 

-2.7 
-3.7 
-4.0 
-8.2 

-2.1 

-2.1 

-4.9 
-.5.0 
-5.8 
-8-5 

-3.0 

-3.7 

0.63 
1.58 
0.95 
0.19 

0.63 

0.63 

0.29 
1.22 
0.53 
0.63 

0.70 

0.39 

1958 
1958 
1958 
1958 

1958 
1956 

-
31 

32 
33 
34 
35 

17545 

17541 
8091 
7699 
6500 

Smbabnit, Calaoagan, 
Binalonan 

Pasileng East, Binalonan 
Poblacion, Binalonan 
Evazmglista, Binalonan 
Legaspi, Binalonan 

100 
100 
200 
150 
150 

20.4 
20.4 
19.8 
9.8 

21.3 

17.7 
16.8 
18.3 
9.8 

19.8-

-3.4 
-1.2 
-2-4 
-2.7 
-4.6 

-4.6 
-2.7 
-2.7 
-3.0 
-5.2 

0.76 
1.89 
1.26 
0.63 
0.63 

0.63 
1.26 
4.20 
2.10 
1.05. 

1958 
1958 
1956 
1955 
1954 
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ANE TABLE VII-B-I (Continued) 

WLTER WELL DATA SUMRT 

Depth From Ground 
Surfaoe In Meters 

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

Number Number Location L Total Cased Level Level (lps) (ipsm) Completed 

36 436242 Public Market, Asingan 100 18.0 17.7 -3-7 -7.0 0.63 0.39 1962 
37 
38 

436241 
18967 

Baro North, Asingan 
Carosucan, Asingan 

100 
100 

16.2 
29.6 

14.9 
28.4 

-4.6 
-2.7 

-7.6 
-3.0 

0.63 
0.50 

0.21 
1.67 

1962 
1959 

39 17501 Macalong, Asingan 100 19.2 17.7 -2.4 -2.7 0.38 1.27 1959 
40 18966 Carosucan Asingan 100 25.0. 22.6 -2.7 -3.0 0.38 1.27 1959 
41 18965 Nagsa-ag Bobonan),Asingan 100 17.4 15.8 -3.7 -4.0 0.50 1.67 1959 
42 18964 Poblacion, Asingan 100 20.4 19.4 -4.3 0.95 1959 
43 18963 Bola, Asingan 100 18.3 16.9 -0.6 -1.5 0.50 0.56 1959 
44 
45 
46 

18962 
18961 
18960 

Baro, Asingan 
Sobol, Asingan 
Calipa-an, Asingan 

100 
100 
100 

23.5 
17.4 
19.2 

21.6 
17.1 
18.6 

-3.0 
-2.6 
-27 

-3.4 
-3.2 
-3.0 

0.50 
0.44 
0.44 

1.25 
0.73 
1.47 

1959 
1959 
1959 

47 18959 Toboy, Asirnga 100 16.8 15.6 -2.7 -3.0 0.44 147 1959 
48 17500 Dupac, Asingan 100 19.2 17.7 -3-4 -7.3 0.63 0.16 1959 
49 
50 

17499 
5754. 

DIumampot, Asingan 
Cabalitian, Asinga 

100 
150 

25.0 
33.5 

23.9 
30.8 

-4.3 
-1.8 

-4.6 
-2.4 

0.38 
0.63 

1.27 
1.05 

1958 
1953 

51 19112 San Nicolas, Villasis 100 46.0 41.2 Ground -1.2 0.63 0.53 1958 
52 18569 Carazotan, Villasis 100 43.3 29.0 -0.6 
53 13981 Capuluan School, Villasis 112 19.8 14.6 -8 5 -9-5 
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ANM7.TABLE VII-B-1 (Ccntinued) 

WATER WELL DATA SUMMARY 

Depth Prom Ground 
Surface In Meters 

CDM Nominal Static Pumping Test Specific 
Well 
Number 

Well 
Number Location 

Diameter
JM) Total Cased 

Water 
Level 

Water 
Level 

Yield 
(1DB) 

Capacity 
(ips/m) 

Year 
Completed 

54 6734 Unsad, Villasis 150 25.0 20.7 -11.6 -13.7 0.50 0.24 
55 

. 56 
10231 
10229 

Lipay, Villasis 
Caramutan, Villasis 

112 
150 

27.7 
49.1 

26.2 
48.8 

-3.7 
-1.8 

-5.2 
-3.4-

0.63 
0.76 

0.42 
0.48 

57 10228 Pias, Villasia 150 44.8 42.7 -1.8 -3.4 0.76 0.48 
58 9434 Aman Perez, Villasis 150 24.4 22.9 -2.1 -3.7 0.63 0.39 
59 9433 Puelay, Villasis 150 35.1 31.4 -2.4 -4.3 0.95 0.50 
60 8568 Labit, Villasis 1.50 2.7.1 27-1 -4.3 -6.4 0.50 0.24 

112 
61 9398 A-an Peres West, Villasis 150 42.4 39.3 -2.7 -4.6 0.63 0.33 
62 9397 West Puelay, Villasis 150 45.7 43;0 -2.4 -4.9 0.76 0.30 
63 9431 Barangobong West, illasis 150 53.4 43.3 -5.2 -7.0 0.70" 0.39 
64 9432 Barangobong, Villasas 150 32.9 31.7 -3.0 -4.9 0.63 0.33 
65 645 Puelay, Villaeis 74.7 1.2 
66 630 Poblacion, Villasis 35.1 -0.6 
67 7267 Poblacian, Villasis 200 63.7 12.8 -1.5 -10.7 11.97 1.30 
68 436272 Bo. Labit, San Manuel, 

Villasis 100 74.1 33.2 . -12.U -13.7 0.95 1.06 
69 44631 Lomiboy, Villasis 100 30.8 30.5 -0.6 -3.0 1.58 0.66 
70 44632 San Bias, Villasis 100 42.7 37.2 +.2 -0.6 
71 19117 Pias Sur, Villasis 100 48.5 46.3 -1.5 -4.0 1.89 0.76 
72 19114 Baoa, Villenin 100 41.8 39.6 -0.3 -2.4 1.89 0.90 
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AMX TABLE VII-B-1 (Continued) 

WATHR WELL DATA OUNOhRT 

Depth Prom Ground 
Surface In Meters 

CDX 
well 
Number 

Well 
Number Location 

Nominal 
Diameter 
(m) Total Cased 

Static 
Water 
Level 

ai 
Water 
AMI 

Test 
Yield 

Speoifio 
Capacity
LIIL 

Year 
Oomple ted 

,73 
74 
75 
76 

8988 
8989 
8990 
8991 

Bakit-bakit, Rosales 
Balincannaway, Rosales 
San Pedro Este, Rosales 
Calanutang Rosales 

150 
150 
150 
150 

51.8 
30.5 
40.7 

48.8 
28.8 
27.4 
18.3 

-3.7 
-4.9 
-4.3 
-2.7 

-4.9 
-7.6 
-5.2 
-3.7 

0.95 
0.63 
0.76 
0.76 

0.79 
0.23 
0.40 
0.76 

1955 
1955 
1955 
1955 

77 8992 Acop, Rosales 
112 
150 

23.2 
25.4 

? 
3.7 12.2 -19.8 .63 0.08 1955 

.78 
79 
80 
81 
82 
83 
84 

21171 
9581 
9583 
9584 
9583 
9852 

Poblaciont Rosales 
Poblacion, Rosales 
San Luis, Rosales 
Casanicolan, Rosales 
Cabalasangan, Rosales 
Cabasangan Norte, Rosales 
Rabao, Rosales 

112 

100 
150 
150 
150 
150 
150 

51.5 
16.5 
45-7 
22.9 
23.5 
24.4 
78.0 

21.0 

15.2 
42.7 
22.6 
17.4 
17.4 
25.3 

-3.7 
-4.6 
-3.7 
-4.6 
-4-3 
-4.3 

-5.2 
-6.4 
-5.2 
-5.2 
-5.2 

0.63 
0.76 
0.63 
0.63 
0.95 

0.42 
0.42 
0.70 
0.70 
0.53 

1948 
1958 
1955 
1955 

1955 
1955 

85 
86 
87 
88 
89 
90 

17697 
17698 
17699 
17700 
17702 

154 

Acop North, Rosales 
Capitan Tomas, Rosales 
Guiling, Rosales 
Pangaoan, Rosales 
Salvacion, Rosales 
Caltex-Car-men, Rosales 

112 
100 
100 
100 
100 
100 
75 

25.0 
18.3 
38.7 
50.3 
43.3 
21.3 

52.7 
21.3 
16.2 
38.7 
50.3 
39.9 
17.4 

-8.2 
-5.8 
-5.8 
-1.5 
-10.7 
"-1.5 

-8.8 
-6.1 
-6.1 
-2.7 
-U.6 
-3.0 

1.26 
1.26 
0.63 
0.63 
3.78 

4.20 
4.20 
0.53 
0.70 
2.52 

1958 
1958 
1958 
1958 
1958 
1968 

91 8534 Cabalasan6gan, Rosales 150 65-9 31.6 -3.7 4-9 0.76 0.63 1955 
112 
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AIX TABLE VII-B-1 (Continued) 

WATER WELL DATA SU?4YARY 

Depth From Ground 
Surface In Metera 

CDM 
Well 

Nqumber 
Well 

Nlumber Loat ion 

Nomizal 
Diameter 

(mm Total 

Static 
Water 

Caed~ Level 

Pumping 
Water 

Level 

Test 
Yield 

(16 
Capacity Tear 

CoFJMleted 
92 
93 
94 
95 
96 

8567 
8987 

21172 
435941 
435942 

Tomana, Rosales 
San Antonio, Rosales 
Rosales H.S., Rosales 
Carmen East, Rosales 
Carmen West, Rosales 

150 
150 
100 
100 
100 

14.0 
22.0 
18.3 
22.9 
19.2 

10.1 
. 21,,6 
17.4 
21.3 
18.3 

-2.4 
-3.0 
-3.7 
-4.0 
-5.2 

-4.3 
-5.8 

-5-5 
-5.8 

0.50 
0.63 

0.95 
0.95 

0.26 
0.23 

0.63 
1.58 

1955 
1955 
1959 
1939 
1960 

97 
98 
99 
100 
101 
102 

436041 
4360/2 
436043 
436044 
446912 

8535 

Career West, Rosales 
Rizal, Rosales 
Carmen, Rosales 
San Angel, Rosales 
&irn Luis, Rosales 
Guilin,-Coliling, Rosales 

100 
100 
100 
100 
112 
150 

19.2 
25.9 
22.9 
24.4 
36.6 
66.0 

18.3 
24.4 
20.4 
17.7 
32.0 
56.6 

-7.6 
-4.6 
-4.6 
-4.6 
-7.3 
-3.4 

-5-5 
-6.1 
-5.5 

-3.7 

0.95 
0.95 
1.26 

1.07 

1.o6 
0.63 
1.40 

3.57 

1960 
i960 
1960 
1960 
1969 
1955 

103 
104 9635 

Palaquepac iosales 
Carmav East. Rosalee 

200 
150 

29.3 
20.7 

28.0 
20.1 

-2.1 1968 
1955 

105 
106 
107 
108 
109 

5420 
9634 

17652 
436075 

8090 

Carmen, Rosales 
Carmay East, Rosales 
Babasi; East, Manaoag 
Nalsian East, Manaoag 
Poblacion, Manaoag 

150 
150 
100 
100 
250 

100.6 
21.3 
25.0 
25.3 

250.0 

81.4 
21.3 
25.0 
23.9 
80.5 

-4.0 
-3.7 
-4.9 
0 

-.13 

-4.6 
-4.9 

-11.6 
-0.6 
-62.5 

1.58 
0.63 
0.63 
1.58 
0.63 

2.63 
0.53 
0.09 
2.63 
0.02 

1952 
1955 
1958 
1960 
1956 

110 
ill 

20706 
436074 

Saoang, Manaoag 
Damillan, Uanaoag 

200 
100 
100 

33.5 
14.6 

107.9 
2 .8 
13.6 

-3.0 
-6.1 

-9.1 
-8.2 

C.63 
1.58 

0.10 
0.75 

1959 
196o 

112 5301 Army Camp, Manaoag 100 192.1 99.1 -4.6 -24.4 1,89 0.10 1957 
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A1TEI TABLE VII-B-I (Continued) 

WATR WELL DATA SUMMARY 

.Depth Prom Ground 
_ Surface ,in Meters 

CDM 
Well
Nmber 

Well
Number 10ationam 

Nominal 
Diameter 

Total Cased 

Static Pamping 
Water WaterLeavel el 

Test 
Yield 

Specific 
Capacity

sm) TearCompleted 

113 7711 PaoI Mamaoag 150 36.3 32.0 -4.6 --3.5 0.63 0.70 1955 
114 17653 Baritao, Manaoag 100 29.3 29.3 -3.0 -5.5 0.32 0.13 1958 
115 
116 

17654 
17655 

abanbanan, Manaoag
Caaring-2n, Maraoag 

100 
00 

19.8 
27.4 

19,8 
26.8 

-6.1 
+0.6 

-6.7 0.32 
1.26 

0.53 1958 
1958 

117 17657 Lelezaan, Ranaoag 100 31.01 31.1 -1.5 -2.3 1.26 1.58 1958 
118 17658 Pantal, Mazaoag 100 16.2 16.2 -6.4 -12.8 0.48 0.08 1958 
119 17660 Sta. L eB, Manaoag 100 22.9 20,1 -1.5 -2.4 1.58 1.76 195.8 
120 
121 

17661 
17662 

Sta. Ines East, Manaoag 
Talogtog, MIanag 

100 
100 

32.9 
20.4 

32.3 
20.4 

-0.3 
-1.1 

-1.8 
-1.9 

1.26 
0.63 

0.84 
0.79 

1958 
1958 

122 19024 Sapang East, Manaoag 100 46.3 44.2 +0.6 -16.8 0.32 0.02 1958 
123 
124 

19025 
19026 

Maraboc, anaoag 
Caaringayan, Mawaoa 

100 
100 

25.0 
27.6 

22.0 
26.8 

-3.0 
-0.6 

-7,3 
-1.5 

0,44 
1.26 

0.10 
1.40 

1958 
1958 

125 19027 Cabilaoan, Xaaoag 40.2 34.1 -2.1 -2*4 0.94 3.13 1958 
126 19031 Nalsian, Manaoag 100 23.5 7.5 -5-5 -8.2 0.32 0.12 1958 
127 19032 Bucao, Manaoag 100 20.4 18.9 -5.5 -6.7 0.48 0.40 1958 
128 
129 

19033 
19034 

Ianotan, Xanaag 
Coooyot, Manaaag 

100 
100 

29.9 
33.5 

24.4 
18.3 

-2.1 
-1.2 

-3.0 
-2.1 

0.63 
0.63 

0.70 
0.70 

1958 
1958 

130 19035 Baguinay, Manaoag 100 36.6 36.0 -4.0 -4.9 0.32 0.36 1958 
131 19037 Calaogan, X aoga 25.0 22.2 -1.4 -1.5 0.63 6.30 1958 
132 19038 Lipit North, Xanaoag 100 20.4 18.3 -5.8 -11.6 0.63 0.11 1958 
133 19039 Cabulalaan, Manaoag 25.0 2293 -2.2 -2.7 0.95 1.90 1958 
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ANNEX TABLE VII-B-1 (Continued)
 

WATER WELL DATA SUMMARY
 

Depth From Ground 
Surface In MetersCDK 
 Nominal 

Well well Static Pwmping Test Specific
Diameter 
 Water Water Yield Capacity Year
NubrNumber Location (mm Total Cased Level Loevel Qpy l CoMDeed 

134 19040 Botigue, Manaoag 100 52.4 28.2 -1.7 -4.7 0.95 0.32 1958135 19041 Bisal, Manaoag 100 51.8 48.8
136 -4.6 -5.5 0.63 0.70 1958
19042 Liosi, Manaoag 100 30.5 25.9 -3.7 -5.2 0.32 0.21 1958137 19043 Maocat-tolong, Manaoag 
 100 54.0 53-4 -0.9 -1.2 1.26 4.20 1958138 19044 Inmanduiyan, Manaoag 100 18.9 18.9 -2.7 -4.5 0.63 0.35 1958139 9585 San Leon, Balungao 150 17.7 13.1 -4.9 -6.7 4-41 2.45
140 9586 Raja!, Balungao 150 
 6.1 4-3 -2.4 -3.0 0.63 1.05 1955
141 13982 San Aurelio III, Balungao 112 12.2 11.6 -3.0142 435951 Kita-kita, Balungao 1957

100 15.2 12.2 -3.0143 436162 Kita-kita, Balungao 1959
100 27-4 25.9 -4.6 
 1961
144 6690' Poblacion,. Balungao 150 22.9 12.8 -4.6 -4.6 0.50 1955145 7695 San Aurelio, Bahmeao 150 62.5 23.2 -5.2 -5-5 0.95 3.17 1955146 7700 Pagaro, Balungao 
 150 18.3 13.4 -2.7 -3.4 0.63
147 8540 Nabini, Balungao 0.90
150 22.0 17.7 -7.3 -9.1 o.63 0.35 1955148 8541 Capulaan, Balungao 150 27.7 25.0 -2.4 -4.3 0.63 .0.33 1955149 8542 San Joaquin, l3alungao 150 41.5 41.5 -2.7 -6.1 0.63 0.19 1955150 8543 San Marcelino, Balungao 
 150 39.6 25.6 -2.1 -2-7 
 0.76 1.27 1955
151 8544 Esmeralda, Balungao 150 37.8 36.0 -9.8 -11.0 0.63 0.53152 P545 San Andres, Balungao 1955150 32.6 25.0 -16.2 -17.1 0.44 0.49153 8546 San Raymundo, Balungao 1955150 13.7 13.3 -0.9 -2.1 0.76 0.63 1956154 7888 San Juan, San Manuel 150 8.5 8.5 -2.1 -3.0 0.47 1.57 1955155 7889 Nagsaag, MTnuel 150 9.5 7.0 -1.8 -2.1 0.95 3.17 
 1955
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ANNEX TABLE VII-B-1 (Continued) 

WATER WELL DATA SIUAY 

Depth From Ground 
Surface In Meters
 

CDM Nominal Static Pumping Test Specific 
Well 

Number 
Well 

Number Location 
Diameter 

(mcTa_1 a C 
Water 

e 
Water 
Level 

Yield Capacity 
/(pL 

Year 
CoMpeted 

156 7891 Sto. DO=ing-o, san Manuel 10.5 -10.1 -11.0 0.63 
157 8994 Sto. Domingo, San Manuel 150 31.1 29.1 -22.9 -25.3 0.32 0.13 1957 
158 18549 San Vicente, San Manuel 62 7.3 7.3 -0.9 -2.1 0.32 0.27 1957 
159 436122 Labot, San Manuel 100 13.9 13.4 -9.8 -11.6 0.63 0.35 1961 
160 19089 Pias, Mapandan 150 44.2 44.2 -2.6 -3.0 0.95 2.38 1958 
161 17687 Nilombot North, Mapandan 100 57.0 55.2 -2.1 -3.7 0.63 0.39 1958 
162 17686 Luyan, Balandang, Xapandmi 100 29.6 26.2 -4.9 -5.6 0.63 0.90 1958 
163 
164 

17685 
17684 

Liuyan. Sta. Maria, ftpandan 
Amanoacao, Mapandan 

100 
100. 

25.0 
22.0 

19.5 
19.8 

-6.4 
-3.0 

-7.6 
-7.9 

0.95 
0.32 

0.79 
0.07 

1958 
1958 

165 17659 Amanoacao, Mapandan 100 27.4 22.9 -3.2 -4.6 0.32 0.23 1958 
166 11328 Jimenez, Napandan 100 32.0 28.7 -4.0 -4.6 0.50 0.83 1958 
167 11329 Apaya, Mapandan 40.9 12.2 -2.4 -3.0 0.63 1.05 1957 
168 11330 Niiombo, Mapandan 27.4 -3.0 -4.3 0.76 
169 436076 Pias, Mapandan 100 16.8 13.4 -4.6 -9.8 1.26 0.24 1960 
170 8573 Pias, Mapandan 150 

100 
23.8 12.5 

13.1 
-4.3 -5. 0.76 0.63 1956 

171 8572 Apaya East, Mapandan 150 
100 

18.6 15-5-
6.7 

-4.3 -5.8 0.76 0.51 1956 

172 436077 Baloling, Mapandan 100 17.4 15.5 -4.6 -4-9 0.32 1.07 1960 
173 8571 Baloling, Mapandan 112 56.7 43.9 -3.7 -4.3 0.88 1.47 1956 
174 
175 

6502 
436078 

Torres, Mapandan 
Poblacion, Mapandan 

150 
100 

42.1 
18.3 

38.4 
15.5 

-.4.6 
-5.5 

-6.1 0.63 0.42 1954 
1960 
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AN.= TABLE VII-B-1 (Continued)
 

WAMR WELL DATA SUI4MRMY
 

Depth Fvom Ground 
Surface in MetersODM Nominal static Pupping Teste SpecificWell Well Diameter Water Water Yield CapaoityNumber Number Location Total 2(rm)Cased Level Level 

Year 
1 P Completed 

-176 8404 Sto. Domingo east,
Sto. Twomas 150 28,5 28.4 -3.4 0.63-5-5 0.30 1955
177 8406 S.: A-stnt%, Sto, Tomas 21.3 -3.7 --8.2 0.95 0.21 1955178 8407 Sto. Domingo, Sto. Tomas 150 28.4 28.4 -3.4 -5.5 0.63 0.30 1955179 8476 Sta. -Yi~o, Sto. Tomas 48.8 28.4 -3.7 -4.9 0-76 0.63 1955180 8477 San Jose, Sto. Tomas 150 67.1 
 38.7 -3.7 -5.2 0.63 0.42 1955181 8993 San Antonio, Sto. Tomn 150 28.4 28.4 -3.4 -5.5 0.63 0.30 1955182 5463 Poblacion, Sto. Tomas 150 147.9 80.2 0 -1.5 3.15 2.10 1952183 6694 San Antonio, Sto. Tomas 112 15.5 15.5 -30 -3.7 0.95 1.36 1955184 6695 Salvacion, Sto. Tomas 112 35.7 32.3 -3.0 -3-7 0.95 1.36 1955185 6696 La Luna, Sto Tomas 
 150 29.3 28.0 -3.4 -4.0 0.95 1.58 1955
186 446915 Salvacion, Sto. Tomas 
 112 45.7 45.4 -1.5 -2.1 1.58 2.63 1969187 8423 Taluyan, Malasiqui 150 32.0 20.7 -9.1 -10.7 0.63 0.39188 8724 Guilig, Malasiqui 150 52.7 39.6 -0.9 -3.0 0.76 0.36 1955189 8425 Malimpec, Malasiqui 150 58.8 44.2 -2.4 -3.4 0°95 0.95190 44662 Polong Sur, Malasiqui 18.3 -1.5 0.50191 17616 Aliaga West, Malasiqui 100 43.0 41.2 -1.5 ".5 0.63 0.63 

1967 
1958192 9616 Mendoza, Malasiqui 150 
 62.5 23.5 -32.0 -33.5 0.50 0.33 1955 

ila 61.3193 8424 Tobur, Mlasiqul 150 37.8 24.4 -7.9 -,8.8 0.63 0.70194 8725 Alacan, alasiqui 150 48.8 43.3 1955-2..4195 8049 Pasima, Nalasiqui 150 49.4 36.6 -1.8 -3.0 0.63 0.53 1955196 8048 Cabatling, Xalasiqui 150 48.8 44.2 -3.7 -4.3 1.26 2.10 1955 
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AI14X TABLE VII-B-i (Continued) 

WATER WELL DATA SUMARY 

Depth From Ground 

Surface In Meters 
CDM Nominal Static Pumping Test Specific 
Well Well Diameter Water Water Yield Capacity Year 
Number Number Location -(M) Total Cased Level Level] (ps) (lps/m) ComPleted 

197. 8041 Lareglareg, Malasiqui 150 98.2 26.5 -22.0 -22.9 0.63 0.70 1955 
198 8046 Don Pedro, Flala;3iqui 150 44.2 39.6 -3.0 -4.0 0.95 0.95 1955 
.199 8045 Polong, Malasiq-ai 150 50.3 46.6 -3.0 -4.0 0.95 0.95 1955 
200 8044 Bogtong, Malasiqui 150 39,6 38.1 -3.4 -4.3 1.26 1.40 1955 
201 8043 Talos-Patang, Malasiqui 150 41,8 39.9- -3.0 -3.7 0.95 1.36 1955 
202 17649 San Julian School Site, 

Male.siqui 100 10O.6 58.7 -4.3 -10.1 0.95 o.16 1958 
203 12268 Caran Elem.School, Malasiqui 112 56.4 32.9 -15.2 -18.3 0.44 0.14 1957 
204 17617 Apaya East, Malasiqui 100 47.9 45.1 -1.5 -2.1 0.95 1.58 1958. 
205 17618 Apaya West, Malasiqui 100 43.3 43.0 -1.5 -2.4 0.95 1.06 1958 
206 17621 Yabaleteo, Nalvsiqui 100 54.1 50.0 -2.7 -7.6 0.50 0.10 1958 
207 17623 Banaoang Center, Malasiqui 100 61.0 60.4 -2.1 -4.0 1.26 o,66 1958. 
208 17625 Banaoang North, Malasiqui 100 61.6 56.7 -2.5 -3.5 0.95 0.95 1958 
209 17624 Banaoang East, Malasiqui 100 60.1 57.9 -2.7 -7.9 0.95 0.18 1958 
210 17629 Butao, Malasiqui 100 42.1 38.4 -1.5 -2.1 1.26 2.10 1958 
211 17632 Capes, Malasiqui 100 47.0 46.8 -3.0 -3.9 1.26 1.40 1958 
212 17633 Gomez, Malasiqui 100 61.0 58.2. -2.7 -4.8 1.39 0.66 1958 
213 17634 Goliman Center,74alasiqui 100 54.0 47.3 -1.8 -5.2 0M63 0.19 1958 
214 17635 Lgalagala, M.lasiqui 100 58.2 58.2 -2.1 -5.2 0.95 0.31 1958 
215 17636 Lasip, Malasiqui 100 70.1 69.2 -3.0 -5.0 0.95 0.48 1958 
216 17642 Talospatang Center, 

Malasiqui 100 67.7 57.6 -2.1 -4.3 0.95 0.43 1958 
217 17643 Don Pedro, Malasiqui 100 46.6 44-5- -1.6 -205 0.32 0.36 1958 
218 17644 Manggandupay, Malasiqui 100 57.9 54.9 -2.3 -4.6 0.63 0.27. 1958 
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AMEX TABLE VII-B-I (Continued) 

WATER WELL DATA SUMMARY 

Depth Prom Ground 
Surface in Meters 

DM 
Well 

Number 
Well 

Number Location 

Nominal 
Diameter 

(mm) Total Cased 

Static 
Water 
Level 

Pumping 
Water 

-Level 

Test 
Yield 

l 

Speoific 
Capacity 

_lo/m)mletad 
Year 

219 17645 Tambao South, Malasiqui 100 57.0 55.5 -1.7 -6.2 0.95 0.21 1958 
220 
221 

17646 
12267 

Nansangoan East, Malasiqui 
Nalsian North, Xalasiqui 

100 
112 

52.4 
16.8 

50.6 
16.8 

-2.7 
-0.9 

-4.9 
- 5 

1.26 
0.76 

0.51 
1.27 

1958 
1957 

222 
223 
224 

436081 
19006 

436082 

Pasima Elem. School, Malasiqui 
Cawayang Bogtong, Malasiqui 
Macoluet, Ilasiqui 

100 

100 

45.7 
30.5 
27.4 

33.8 

23.0 

-4.6 
-6.1 
-6.1 

-7.6 
-6.1 
-10.7 

0.63 
1.26 
0.95 

0.21 
Infinite 
0.21 

1960 
1967 
1960 

225 
226 

8043 
1218 

Tulaspatong, Malasiqui 
Public Market, Malasiqui 

32.0 
80.8 

-4.6 
-0.9 

-4.6 
-3.;7 

1.26 
2.52 

infinite 
0.90 

1967 
1948 

227 
22E 

19007 
8040 

Olea, Ma!asiqui 
Canan, Malasiqui 

100 
150 

34.1 
63.1 

33.2 
40.2 

-1.5 
-7.9 

-3.0 
-8.5 

1.26 
0.63 

0.84 
1.05 

1958 
1955 

229c 

230 
8041 
8042 

Bacundao East, Mialasiqui 
Bacundao West, Malasiqui 

150 
150 

86.6 
41.8 

23.8 
29.6 

-20.1 
-21.3 

-20.7 
-22.6 

0.63 
0.63 

1.05 
0.48 

1955 
1955 

231 8059 PoblaoionvMalasiqui 250 62.5 45-1 

232 7111 Payar, Malasiqui 
2M 
15 85.4 

62.2 
32.9 

-2.7 
-2.1 

-4.0 
-4.0 

6.93 
2.52 

5.33 
1.33 

1955 

233 6981 Palong, Malasiqui 150 84.7 37.2 -3.0 -3.7 2.52 3.60 1954 
234 
235 

17646-A 
17648 

Taluspatong, Malasiaui 
San Julian, Malasiqui 

100 
100 

54.9 
60.0 

50.0 
57.3 

-3.7 
-2.4 

-6.4 
-7.3 

0.63 
1.58 

0.23 
O.41 

1958 
1958 

236 17650 Toaling East, Malasiqui 100 39.6 38.3 -4.0 -8.5 0.50 0. 11 1958 
237 
238 
239 

17651 
19001 
19002 

Tobur, Malasiqui 
Lapa, Malasiqui 
Taboy, Malasiqui 

100 
100 
100 

55.5 
46.6 
66.2 

50.3 
46.3 
63.4 

-17.7 
-2.4 
-4.3 

-18.9 
-3.8 
-8-5 

0.44 
0.63.. 
0-95 

0.37 
0.45 
0.23 

1958 
1958 
1958 
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AM.E TABLE VII-3-1 (Continued) 

WATER WELL DATA SUAy 

Depth From Ground 
Surface In MeIters 

CDX Nominal Static Pumping Test Specific 
Well 

Number 
Well 

Number Location 
Diameter 

() Total Cased 
Water 
Level 

Water 
Level 

Yield 
(Ie 

Capacity 
(lpe/m) 

Tear 
Comletd 

240 19003 C. Bogtong, Malasiqui 100 40.9 40.2 -3.1 -5.0 0.82 0.43 1958 
241 19004 tLmando, Malasiqui 100 47-9 42.7 -2.4 -5.8 0-95 0.28 1958 
242 19005 Taabao, Malasiqui 100 57.0 54.9 -1.8 -8.8 0.44 O.C6 1958 
243 12266 Nalsian Sur, Malasiqui 112 23.2 19.5 -1.5 -4.3 0.76 0.27 1956 
244 5648 Risal St., Sta. Maria 150 68.6 63.4 -3.7 -4.6 1.26 1953 
245 8533 Pataquib, Sta. Maria 150 38.1 32.0 -5.2 -7.0 0.95 0.53 1955 
246 7147 San Alejandro, Sta. Maria 12.2 7.3 -1.2 -1.5 0.3? 
247 8532 San Pablo, Sta. Maria 150 22.0 21.6 -1.5 -2.7 0.95 0.79 1955 
248 7148 Callitang, Sta. Maria 150 38.4 25.0 -3.8 -4.6 0.63 1954 
249 7698 San Vicente, Sta. Maria 150 18.3 18.3 -3.4 -3.7 0.63 2.10 1955 
250 7697 Sta. Cruz, Sta. Maria 150 25.0 -1.5 -1.8 0.63 1955 
251 18948 San Vicente, Alcala 100 43.3 38.9 -3.0 -6.4 0.95 0.28 1958 
252 18951 Pendezgan Eaot, Alcala 100 29.9 26.5 -3.0 -4.6 0.95 0.59 1958 
253 18952 Vacanto, Alcala 100 29.3 29.0 -1.2 -3.0 1.89 1.05 1958 
e34 18954 Anulid, Alcala 100 38.7 33.5 -0.9 -4.6 1.26 0.34 1958 
255 18955 San Pedro Eli, Alcala 100 43.3 42.4 -3.0 -6.7 0.95 0.26 1958 
256 18956 San Pedro Eli Sur, Alcala 100 57.0 22.0 -3.0 -4.6 1.26 0.79 1958 
257 18957 Laoac, Alcala 100 34.1 33.8 -1.5 -3.4 1.89 0.99 1958 
258 18958 San Vicente Center eS., 

Alcala 100 34.1 34.1 -2.1 -6.7 0.95 0.21 1958 
259 8242 Caranglan, Aloala 150 60.7 37.5 -2.4 -3.0 0.63 1.05 1955 
260 8243 Ataynan, Alcala 150 53.0 50.5 -2.1 -4.9 0.76 0.27 1955 
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ANTEX TABLE VII-B-I (Continued) 

WATER WELL DATA SU)4ARY 

Depth FrTom Ground 
Surface -InMe-%ora3 

CDM 
Well 

Numbor 
Well 

Number Location 

Nominal 
Diameter 

r M tal Cased 

Static 
Water 
Level 

Pumping 
Water 
Leve-l 1 

Test 
Yield 

p 

Specific 
Capacity 
(.u2fjm 

Year 
Completed 

261 
262 
263 

6982 
7694 
7699 

Camangaan, Aloala 
San Pedro Apartado, Aloala 
Yacayo Sur, Alcala 

150 
150 
150 

37.2 
42.7 

33.2 
40.2 
39.6 

-.1.5 
-4.0 -4.3 0.63 2.10 

71.6 -2.4 -3-7 1956 
264 
265 
266 
267 

446919 
6693 
6122 
6691 

San Pedro Apartado, Alcala 
Macayo, Alcala 
Bersamin, Alcala 
Pindangan, Alcala 

112
112 
100 
150 
150 

25.9 
37.8 
32.3 

30.5
11.0 
22.9 
19.2 
20.4 

0 
-0.9 -3wO 0.63 0.30 

1971 
1955 
1954 

70.4 -0-9 -2.1 0.63 0.53 1954 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 

436071 
436073 
18552 

436072 
6692 
17495 
18946 
18947 
19085 
19084 
19083 
19082 
17742 
17736 

San Pedro, Alcala 
San Vicent'e, Alcala 
Gualao, Alcala 
Guinawedan, Alcala 
Anulid, Alcala 
Quisuquis, Alcala 
Gualsic, Alcala 
Saa Juan, Alcala 
Patayao, Sta. Barbara 
Alibayo, Sta. Barbara 
Nilombot, Sta. Barbara 
Malanay, Sta. Barbara 
Prov. Hi-School, Sa. Barbara 
Nanaong East, Sta. Barba.a 

100
1C0 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

31.4 
30.5 
36.6 
15.9 
67.1 
57.9 
34.1 
25.0 
25.0 
36.0 
22.0 
33.5 
66.2 
29.9 

26.8 
25.9 
27.4 
32.9 
14.6 
37.5 
55.5 
32.0 
22.0 
24.4 
22.3 
22.0 
31.1 
61.6 
28.0 

-6.1 
-6.1 
-1.1 
-6.1 
-2.4 
-2.1 
-1.8 
-4.6 

0 
-2.4 
-0.9 
-2.1 
-0,9 
-4.1 

.-7.6 
-9.1 
-1.5 

-,w-
-3.4 
-10.4. 
-2.7 
-3,8 
-2.1 
-4.3 
-6.1 
-5.0 

1.58 
1.58 
0.32 

0.76 
1.26 
1.26 
0.50 
1.89 
1.26 
1.89 
0.63 
0.63 
0.95 

1.05 
0.53 
0.80 

0.50 
0.79 
0.09 
0.70 
0.90 
1.58 
0.29 
0.12 
1.06 

1961 
1960 
1958 
1960 
1955 
1958 
1958 
1958 
1958 
1958 
1958 
1958 
1958 
1958 

VII-B-14
 



A111 TABLE ViI-B--1 (Continued)
 

WATER WELL DATA SMUI4ARY
 

Depth From Ground 

0DM 
Well 
Number 

Well 
Number Location 

Nominal 
Diameter 

(mm) 

Surface 

Total Cased 

In Meters 
Static Pumping 
Water Water 
Level Level 

Test 
Yield 
( 

Specific 
Capacity
£I~s/r) 

Year 
Completed 

282 17735 Banaoang, Sta. Barbara 30.5 28.7 -3.7 -4.6 1.26 1-40 1958 
283 
284 
285 

19088 
16755 
16754 

Minien, Sta. Barbara 
Minien, Sta. Barbara 
Matio-matic, Sta. Barbara 

100 
112 
112 

80.2 
41.2 
41.2 

57.6 
38.4 
39.9 

-2.4 
-6.1 
-3.7 

-3.3 
-7.0 
-5.2 

1.26 
0.95 
0.95 

1.40 
1.06 
0.63 

1958 
1956 
1956 

286 6975 Batao P. Guison Farmi 
Sta. Barbara J0 30.5 27.6 -2.1 -4.6 31.12 12945 1969 

287 17738 Maningdingt Sta. Barbara 62 68.6 67.1 
288 44633 Poblacion, Sta. Barbara 250 90.9 

200 184 126.2 Flowing 1964 

289 
290 
291 
292 
293 
294 
295 

436083 
17614 
19090 
19091 
9435 

19087 
19086 

Payas, Sta. Barbzca 
Payas School, Sta. Barbara 
Cablorng Sta., Barba.ra 
Poblacion, Sta. Barbara 
Tebagv Sta. Barbara 
Sanguil, Sta. Barbara 
Gueguesa-gan, Sta. Barbara 

150 
100 
100 
100 
100 
112 
100 
100 

39.6 
25.2 
45.7 
25.0 
23.2 
49-5 
28.0 

155.5 
36.9 
22.9 
29.3 
19-5 
23.2 
48.5 
26.8 

-0.6 
-3.2 
roimd 
-3.7 
-6.7 
-0.3 
-3.4 

-1.5 
-5.6 
-4-9 
-4.1 
-8.2 
-5.8 
-4.5 

0.63 
0.44 
0,44 
0.32 
0.63 
0.95 
0.63 

0.70 
0.18 
0.09 
0.80 
0.42 
0.17 
0.57 

1961 
1958 
1958 
1958 

1958 
1958 

296 
297 
298 
299 
300 
301 
302 

436123 
436210 

8412 
84-14 
8415 
8444 
8722 

Turod, San Jacinto 
Poblacion East, San Jacinto 
San Vicente, San Jacinto 
Sta. Maria, San Jacinto 
Sto. Tomas, San Jacinto 
Lubong, San Jacinto 
Labnex, San Jacinto 

100 
100 
150 
112 
112 
150 
112 

27.4 
54.9 
44.8 
79.6 
53.0 
48.5 
90.5 

27.1 
50.9 
43.6 
78.8 
45.7 
36.3 
88.1 

-6.1 -12.2 
-3.0 
-1.5 -1.5 
-0.3 -3.0 
+2.4 -0.3 
-5.2 -6.4 

A b a n d o n 

0.63 

0.63 
0.63 
3.15 
0.63 

e d 

0.10 

Infinite 
0.32 
0.24 
0.53 

1962 
1962 
1956 
1956 
1956 
1955 
1956 
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ANNX TABLE VII-B-I (Continued) 

WATER WELL DATA SUIOThRY 

Depth FromSurface In GroundMeters 
CDM 
Well 

mber 
Well 

H Locaticn 

Nominal 
Diameter 

(w) Total Cased 

Static 
Water 

Level 

P.uping 
Water 

Leve 1 

Test 
Yield 

Specific 
Capacity 

Kle /) 
Tear 

Completd 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 

8723 
17628 
17724 
17725 
17726 
17727 
17729 
17732 
17733 
8539 

S. Roque, San Jacinto 112 
Casibong School, San Jacinto 100 
San Roque South, San Jaointo 100 
Poblacion Center, San Jacinto 100 
Poblacion Ea-t, San Jacinto 100 
Poblacion Northwest, San Jacinto 100 
Public Market, San Jacinto 100 
San Jose East, San Jacinto 100 
San Jose West, San Jacinto 100 
Maglallanes, Tayug 150 

68.0 
47.3 
32.3 
35.1 
45.7 
59-5 
27.1 
53.3 
40.2 
8.2 

57.6 
46.0 
25.3 
29.3 
45.4 
57-3 
27.1 
50.6 
40.2 
5.0 

3-4 
0.9 

-1.8 
-2.4 
Ground 
+0-9 
-2.4 
-1.5 
-0.9 
-1.8 

-4-9 
-1.8 
-5.2 
-7.0 
-3.0 
Flowing 
-4.6 
-4.6 
-7-5 
-3.0 

0.63 
0.63 
0.95 
0-95 
0.32 
0.44 
0-95 
0.95 
0.63 
0.63 

0.42 
0.70 
0.28 
0.21 
0.10 

-
0.43 
0.31 
0.10 
0.53 

1955 
1958 
1958 
1958 
1958 
1958 
1958 
1958 
1958 

313 8538 Magallanes, Tayug 112 
150 8.2 

8.2 
8.2 -1.8 -3.0 0.63 0.53 1955 

314 
315 

8538 
8537 

Agno, Tayug 
Libertad, Tayug 

112
112 
150112 

9.1 
8.2 

9.1 
38.2 82 

-0-3 
-. -. 

-3.0 
-2.727 

1.26 
0.6306 

0.19 
0.70.015 

1956 
1955 

316 

317 
318 
319 
320 
321 
322 

6500 

7708 
8443 
7709 
6736 
7710 
8317 

Legaspi, Tayug 

1.t in, angaldamn 
Ouesang, Mangaldan 
Inloabo, ?Iangaldan 
Alitaya, Mangaldan 
Yacapug, Mangaldan 
Poblacion, Mangaldan 

150 
100 
150 
150 

21.3 

65.2 
42.9 
27.4 
73-4 
33.5 

104.9 

53-7 
28.7 
99.7 

-4.6 

-0.2 
-3.0 
-3.0 

0.5 
1.7 

12.2 

-5.2 

-0.3 
-4.0 

-0.6 
-1.5 
-0.2 

0.63 

1.26 
1.01 
3.15 
0.44 
1.26 
3.78 

12.6 
1.0 

VII--B-16
 



DESCRIPTIVE DATA 	 r3RAPHIC LOG 

CASING STRATIFICATION 
_dWELLNO. (CDM) I 

(OTHER)_ N IA CL - 9 

LOCATION BARRIO TIPUSO ..---- GROUND SURFACE
CITY URDANETA"--F 

TN SILT AND pIN SAND, 
PROVINCE PANGASINAN a 4. _..... 

COI T. BY NIA-UPRP '45 I S.NI 

DRILLER
STARTED 

_7 
-C 4OW

STARTE 4j't 

Y.SAD WITH RANULIS 
SA D 

WITH UILT LAYME 
COMPLETED 1976 $"W" SAND WITH SILT 

OWNER NIA 34IRonsAmp *Lr 
STATUS S -

CASING DIAMETF. 4_ COANDF SAND sRAkuLES /6iLT 

DRILLERIS TEST DATA: 	 VERY CLEAN AND LAY911110 

DATE MARCH 17-19,1978
 
8 7 STATIC WATER L EVEL - M.( 6.14 FT.) i 

pUMPINO WATER LEVEL- 5 M, (16.43FT,) v.N 
TEST PUMP YIELD 1001 GPM (63.1 LPS) 

SPECIFIC CAPACTY MO,4LPS/M .(l3GPM.PT) 69 

GRAY GRAVlS. 

REMARKS: 	 Io* 

lot 
lit 

PUMP SPEED- 1400 	RPM ,S Yet-WITH 
CUMD/M

TRANSMISSIVITY-2800 
(224, 000 GP/FT) 14_&_ 

GuyAR-9 ANDWIT" 
GRAVEL AN& fIM SILT 

WATER QUALITY DATA: ISO	 COAPM.CLIAl SRA IANDO 
OCCASIONAL GAVEL 

WATER TEMPERATURE- 820 F 149 
SAND WITH GRAVEL 

Is[ 
l GRAY AND $111AVEL 

GRAY GRAVEL 
lIT
 

GRAY GRAVEL WITH SAND 
OCCAISIONAL SILT 

GRAY GRAVEL AND SAND 
WITH SILT 

23
 

ORAY SILT AND CLAY 

t it . WITH SAND 	 AND GRAVEL 

254 

ANNEX FIGURE VI E/
WELL DATA SHEET 

OUPPLYOF SECOND TINURAN AA "1LWU A-CDl 	 WELL CDMI 



DESCRIPTIVE DATA GRAPHIC LOG 
DEPTH IT 

2 CASING STRATIFICATION 
(FT)...
 

(OTHER) -9 R1
-F-


LOCATION NIA COMPOUND, - ROUNO B9UACEBARRIO BAYAOAS . . 

CITY URDANETA $..:".+eAND
 

PROVINCE PANGASINAN 0.7 35 CLY
 
"_ _ _ _._ _0O _ i _ "ICON S T BY BPW 


DRILLER BPW .- o
 

STARTED JANUARY 24,1958
 
SANDY CLAY
COMPLETED FEBRUARY 24, 1958 

OWNER 00 ,,to..
 
STATUS SAND AND 1[LI
 

CASINO DIAMETER 100 MM (4 IN.)
 

CASINO LENGTH 140.2 M. (460 FT.)
 

DRIILER'S TEST DATA-:
 
DATE _--_
 

STATIC WATER LEVEL -0.4 M( I.I FT.) 06.7 lee
 

PUMPING WATER LEVEL-2 0 M( 6.6 FT)
TEST PUMP'YIELD 55 GPM t 15 LPS) CSY LYYSN 
SPECIFIC CAPACITY 10 0PM/FT.(2.1 LPS.;),,ft 

REMARKS: 0_s 2_...,. 

SLOTTED CASINO 
35.4- 38.4M ..-"SANDY CLAY 

75.6- 7 8.6M
 
98.7-I0I.8 or.&
 

120.1 -123.4M 
135.9 - I3 4.3 M 104.' '42 

SIOY CLAY 

TRANSMISSIVITY z"- -;F
__2_%___

DRAWDOWN 32,500 GPD/FT. 1 


REIXVERY 26,500 OPD/FT PEISLY $AND
 

(BPW 35,000 GPD/FT.). l- 1- SANDY CLAY
 
130.4 428 _.__....
 

WATER QUALITY DATA:
 

PISl, CLAYEY SAND 

ANNEX FIGURE VII B-2WELL DATA SHEET 
R WELL DA -

FEASISILITY ,TUDY W R 

SUPPLY Of SEC OD TEN UNMAN AREAl . "UACDM WELL CDM2 



DESCRIPTIVE DATA GRAPHIC LOG 

DEPTH CASING STRATIFICATIOP 
(M) i (FT I
WELLNO._(_______ 


(OTH4ER)

LCATION DIVINE WVORO ACADEMY -ROUND SURFACE 

BARRIO SAN VICENTE -To soil 
CITY URDANETA 4 .5 is - I,.IONT @MOWN CLAY 

•_.____PROVINCE - PANGASINAN CLEAN GRAVELCONST BY---, 
DRILLER -8 -, C0 

STARTED ___o. O__T IHAL9A140Y 


COMPLETED___ _ _._-_ __ 

WORD ACADEMY 24.-4 soOWNER_ OIV!NE 
CLEAN *MAVff,
STATUS FREE-FLOWING AT 30GPM(I.9 LPS) 

REDHILLED TO 137M (450FT.-)OR MORE. 32 -3 ce-

CASING DIAMETERI200 MM (12 IN. ___/-_ 

SCREENED AT 11-41 3 .(36- ;36 FT) 
AND 66.4-96%3 M( 218 - 316 FT.) 

- -*~-' " ':ONGLOMENIAI 
ORIGINAL tASINO DEPTH 0- 102 M CEMENTED IYN $AND) 

DRILLER'S TEST DATA: 
DATE -,_
 
STATIC WATER LEVEL FREE - FLOWING
 
PUMPING WATER LEVEL- 2 1.5 M.(7 OFT.-SIN,)


365 GPM (23 LPS) ' .4 o0_
TEST PUMP YIELD 

SPECIFIC CAPACITY__--_-


REMARKS:
 

EXISTING WELL - SANDY ISAIIC
 
SOUTHERN CROSS CENTRIFUGAL PUMP
 
3530 RPM 15 HP ELIN MOTOR.
 

OPEN HOLE AT 102-121.2M. (336-400FT.)
 
OPEN HOLE COLLAPSED DURIN.
 

EARTHQUAKE - REDRILLED o 9-


BY LOPEZ ; c.) TO 
137 M.(450 FT.) OR MORE AND SANDSONE 
LOWER HOLE CASED WITH 
250 MM. (10 IN.) SLOTTED PIPE. 104.2 342 

.a." I SHALY, MEDIUM GRADE 
..-. SANDSOTONE
 

WATER QUALITY DATA: 4o00___-_ _____.__ 

ANNEX FIGURE V11 B-3 
WELL DATA SHEET 

FEASIDILITY STUDY FOR WAL WELL CDM-3TEN URIAN AREA:LWUA-CDMIU"PLY Of SECOUD 
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DESCRIPTIVE DATA GRAPHIC I.O 

_DEPTH_ AIN STRATIFICATION 
(_M)_ I (FT) CASIN8WELL NO. (CDM) 	 4 

BPN 7266(OTHER) 
+ .- SROUND SURFACE

LOCATION 	 POBLACION 
-CITY -	 URDANETA 

YELLOW STICKY CLAY 
PROVINCE 	 PANGASINAN 

4.4 IQCONSTBY 
AMADO CRUZ 

LuE STICKY CLAY 
DRILLER 
STARTED 	 MAY II, 1955 --

JULY 27,1955
COMPLETED 
OWNER 
STATUS 15.2 o 
CASING DIAMETER 250MM(IOIN.),200MM(8 IN.) t7: GANDY CLAY 

CASING LENGTH 70.4 M.(231 FT. ),20.7M(68 F.) *. * -

SLUE STICKY CLAY 

DRILLER'S TEST DATA: 
25.0 	 62 

.- aA!ODY CLAY
OA%, 

24 .	 coARZ SAND WITH GRAVELSTATIC WATER LEVEL FLOWING COAkM @AN
 

WATER LEVEL -3.6M.( 12FT ) 3oj 1O G 

PUMPING 	 COARS $AND 

i30 OPM ( 8.2 LPS) 32.0 O0 
TEST PUMP YIELD 

SPECIFIC CAPACITY _ 
 GRAVEL 

304 lag
 

YELLOW STICKY CLAYREMARKS: 

'PRODUCES 15 GPM (0.9 LPS WHILE ,s, 


FREE FLOWING).
 

SAMPLE .SHIPPED 	 TO MANILA $AND 

ON JULY 21,195. 	 s I?, 

FINg $AND 

WATER QUALITY DATA: 

WATER IS FRESH AND CLEAN 

65..5 23? 

-__--'7 BLUE STICKY 	 CLAY 

SANDY CLAY73.2 140 

77'.7 zoo... 

FiNE SAND
70.0 20l --JIM 

AMC GRAVELk. 2FINE SAND 
88..8 270... 

ANNEX FIGURE VIIB- 4 

FEAIIILITY STUDY FOR WATR WELL DATA SHEET 
SUPP.YOF SECOND TEN UNAN AREAS LWUA-CDM WELL CDM-4 

Ep~. *0 ,y 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO (COM) 
IOTHF.R)_" 22P2 

LOCATION BARRIONANGANALINAN FAST 
CITY URDANETA, 
PROVINCE_ PFNGASINAN 
GON:.BY. NWSA, PACD 80. PROJECT 

DRILLER VENERANDO T. OCAMPO 
STARTED NOVEMBER If, 1968 
COMPLETED JANUARY 9, 1969 

OWNER 

STATUS 
CASING DIAMETER 112 MM (4 1/2 IN) 
CASING LENGTH 85.4 M. (280 FT.) 

DRILLERS TEST nA.A: 

DATE 
STATIC WATER LEVEL FLOWING 

PUMPING WATER LEVEL 
TEST PIUAP YI ELD NOT DETERMINED 

DEPTH 
(M) (F) 

4.6 15 

. 25 

e6.g , 

21.3 70 

25.3 85 

2S.'s DCL 
10.5 100 

30.1 I le 

I TAIICTOCASINGOTRATIFICATIO 

, -- GROUND SURFACE 

YLLOW CLAY 
-

. ," 

--- .. BLUE ,TICY CLAY 

AOOBE CLAY 

---
.: SAND AND RAV9L 

. _ 

. YELLOW STICKY CLAY 
-

BOULOERS 

CA 
-L-TCY-A 

YELLOW STICKY CLAY, 

REMARKS: 

BPW INSTALLED WELL PUMP 
$AND 

..... 

51. 5.o 

04.30 0 

BLUE 

HA 

STICKY CLAY 

M10OCK 

WATER QUALITY DATA: 50** leg 

j.AND 

5l4 225 

ADOB CLAY 

A !2-6 #~AND 

.4 250 1 SAND AND #TON[$ 

' 55.4 240 

ANNEX FIGURE VII B-5WELL DATA SHEETWEUA DD 
FOR WATER,EASI°ILITYSTUDY 

SUPPLY Of SECOND TIEN UIAN AREAS LWUA -CDM WELL CDM-5 



DESCRIPTIVE DATA 	 GRAPHIC LOG 

DEPTH CASING STRAfIFICATION 
WELLNO __6 (FT) 

LOCATION BARRIO NANCAMALINAN WEST ---

CITY URDANETA _______ 

" --- w_
PROVINCE - PANGASINAN 
CONSEBY R-	 -'-- -- ROWN CLAY 

-'--

HIL AR ION CASTRO.. 	 ...- -


DRILLER 


STARTED DECEMBER 14, 1970 12.2 40 R
 

COMPLETED SEPTEMBER 7, I972 I-I-G CLAY
 
OWNER 0.- "-'-- --


STATUS _o. ___
 

CASINGDIAMETER 112 AM (4/21I YELLOW STICKY CLAY
 
CASING LENGTH __.9ML2LUAiL)i.F ., _,OA
 

'" 	 ~2iO lOp "- -- -

DRILLER'S TEST DATA: 
DATE
 

STATIC WATER L L 4 1.4 M.( 4 1/2 FT.) ADOBE CLAY
 
PUMPING WATER LEVEL FLOWING____12_GPM
 

TEST PUMP YIELD FLWN 412P)
 
(0.76 LPS) - 6.7 150 

:Z BLUE NAND 

REMARKS: 

- - BLUE LO01E CLAY 

at5 20SO 

w.,..
 
* jr/I *LUC FINE SAND 

WATER QUALITY DATA: 	 21~_______ 
V6.5 - LUE ADOBE CLAY 

PH- 7.2 as? BLUE SA" WITH ONAVEL 
ODOR - ODORLESS oCL BL.U 
COt.OR- COLORLESS BLUE AoVC CLAY 
TASTE- BLAND '* A SAND W,.oSNAVIL 
CHLORIDE -20.O0 :410 1 , 

FREE C02- 7.04 
ACIDITY -8.0 
BICARBONATE- 141.52 
ALKALINITY -110.00 
TURBIDITY- LESS THAN 10.0 

ANNEX FIGURE VII B- 6 
WELL DATA SHEET 

LFEASItLITY STUDY FOR WATERA-
SUPLY OF SECOND TIN URBAN ARAS LWUMA-CD 	 WELL CDM- 6 
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DESCRIPTIVE DATA GRAPHIC LOG
 
. - _ -: I IID
. c.si no 1
 

DEPTH AIO I SRTFCTO 
CASING STRATIFICATION 

WELL NO (CDM) 8M) 

(OTHER) D6PW ,43*627i
 

LOCATION SUGCONG - TUOK -&--.-GROUND SURFACE
 

CITY URDANETA
 
PROVINCE PANGASINAN L Y
GONST. BY YZLLOW CLAY WITH ITCOH98 
CONST BY _______________ 

DRILLER BRAULIO FERNANDEZ . a
 
STARTED MARCH 1 1962 5.4 21
 

COMPLETED APRIL 27,1962
 
- - YELL.OW $TIC"I CLAY 

OWNER
 

STATUE 2.2 0
 
CASING DIAMETER 100 MM ""-IN.)
 

HAND AOOI CLAY

CASING LENGTH 44.1M (144 FT7 IN.) 

DRILLER'S TEST DATA; I- A0649 SOCK
 

DATE
 
STATIC WATER LEVEL -I 5 M.( 5 FT.) ADODK CLAY 
PUMPING WATER LEVEC-2.1 M.( 7 FT.) 24.7 el 
TEST PUMP YIELD. 15 GPM (0.9 LPS) t g4 F ,-.-

SPECIFIC CAPACITY I.SLPS/M(75 GPM/FT.) 
LOOSE CLAY 

31.4 103 
REMARKS: 

OLU9 STICKY CLAY 

Ism C:LAY
SDIANDY 


45.? 52 
I YELLIOW STICKY CLAY __ _.__
WATER QUALITY DATA,._ 

BLUE $VICKY CLAY 

57.0 too 
$AND WITH gRAVIL 

41 107
 

ANNEX FIGURE VII B-7 
WELL DATA SHEET 

FEASIILITY STUDY FOR WATER 
SUPPLY OP SECOND TENURWI AprIALWUA-CDM WELL CDM-8 



.PROVIDE OPENING FOR WELL SOUNDING PROVIDE 0.08 M.GRAVEL FILL PIPE 
IN PUMP DISCHARGE HEAD OR SURFACE PLATNE IF DESIRED 

CASING HANGER---, 

50DMIAMET 

15 MTO lOOM. DEPTH 

REDUCING CONE 

60 

C T ASTEEL BLANK 
DIAMETER 

CASING 250 MM 

2 5 M TOIlO M. O N G 

250 KIM DAMETER . 1.5SMM SLOT 
-_CONTINUOUSWIRE WRAPPED 

CORROSIOti RESISTANT STEEL SCREEN 
PLACED OPPOSITE PERMEABLE ZONES 

GENRRAULLIZERTS 

EXCESSIVE) DEPTHH 

J PILOT HOLE 

APPROXIMATE-300 M. ANXFGR I -
GENERAL DESIGN, PACKED WELL 

E PGRAVEL 

WATER DISTRIC TROTARY DRILLEDSTUDY OR A S,,,,,.,,.,, ROA A',WAT WUERD" URDA NETA 
S UP PLYo SECO .o T INU 



5UPPLMM TO ANNEX FIGURE VII-B-8 

ORMAL CONSTRUCTION SUGGESTIONS 

Gravel Packed Well - Rotary Drilled 

1 	 Drill oversized hole to 15 m minimum depth (more if
 
conditions require), set and grout 550 MR surface oasing.
 

2. 	 Drill small diameter pilot hole inside surface casing 

to 300 meters.
 

3. 	 Run electric log. 

4. 	Examine samples and electrio log to locate suitable permeable 
zones. Abandon site if suffioient permeable material is 
pot found. 

59 	 Ream pilot hole diameter to largest diameter that can be
 
drilled inside the surface oasing to a depth about five
 
meters below the lowest permeable zone.
 

6. 	Install string of casing and screen with screen opposite all 
permeable zones. Pump housing oasing to be 25 m minimum 
length, maximum length dependent on depth of upper screened 
zone and antioipated maximum water levels during life of well* 

7. 	Place gravel.
 

8. 	 Clean and develop well thoroughly. 

9. 	 Test well. 

10. Design pump.
 

11. Construct well head facilities. 

12. Install pump.
 

VII-B-17
 



CI APTER VIII ADIALYSIS A11D lVALIA''!ATIO 0PALTj'.'ATIVES 

A. 01-11uAL 

This chapter identifies awl evaluates the altoriativer av- ilablo 
for :ource (leveloplerit, tranamission and tratment facilities and 
dictribution system:;° Other water conervation und aukmentation alter
native:; are a.lso diucusoed. 

B. WATEM SUP'rpLY SOURCE ALTIMiATIVES 

Surface Water Sourcou 

The Sinocalam River, which is near Urdancta, frequently has no
 
flow durin,; the dry season. The area through which the river passes

is also relatively flat and not ruitable for the cu,.ctruction of a dam 
and storage reservoir. Hence, this river it not Ir;LcLical as a source 
of water for Urdazieta. 

The Agno River is a largo river which, at it- closest point, is
 
7 kio from Urdaneta. Itu ininimum flow at Roealo; is lee!; than a half
 
million cumd only 
 about once in 4 years and below a quarter million 
cuimd only oiice in about 30 years. The Agno River has adequate water to 
supply Urd:.neta well beyond the year 2000. The quality of the river is 
also satinfactory (see Table VII-3). Tie use of surface water from 
the AgLo River as a coerco of water for Urdunotc is Lherefore technical
ly feanible.
 

The urie of the A(-o River ar; a direct :;ource uonilrl, however,
 
entil the conutr'uction of a diversion structurv an l riumPin- station,
 
and couiplcte water tr,:atneiit torhk:, incll'dijf ; a 3ecod sot of pumps
for pw:,,n,, the tre.tcd uatcr. Pr}actictlly th. :: :.w volume of water,
but uithouL the n-turail turbidity in, river uatr'r, conld be obtained 
from induced ii.filtr,1, ioi wlls tlonK the ank]s oi' Lit river. As troat
mrnit and donblc pufliii*,-, of the wel). water .,o(l riot be iiecorsat,-y
supply directly fro, the Agtno River would obvioi-l, be more costly than 
supply fro:, induced infiltration wells along thi balnks of the river. 
The Agxo River as a direct source has thus been eliminated as an alter
native. 

Springs 

No springs large enough to supply Urdancta are ]nowl to exist 

within a r,!aso ,able di.-tance of the city. 

Groundwater Sources 

The banks of the Agno River about .) kn from Urdlanota iLppear to 
be ctisfactory for the i3stkallation of hInduced infiltration wells. 
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The Urdaneta water system has been supplied with water from 
wells within the service area since 1959. The NIA has an irriga
tion well with a capacity of 63 lps, less than 4 km from the 
center of Urdaneta. Large quantities of groundwater appear to be 
available within the URD-WD service area. 

Comparison of Alternatives 

Water supply to Urdaneta is technically feasible either from
 
wells constructed within the URD- D service area (Alternative I)
 
or from induced JTfiltration wells along the Agno River about 9 km
 
from the poblaoion (Alternative II). A comparison of the present
 
worth costa of these two alternatives, to the year 2000, has been
 
made. A summary of these costs is presented in Table VIII-I. The
 
P2.24 million cost of utilizing wells within the service area is
 
P2.72 million lower than the corresponding cost of water supply from
 
induced infiltration wells.
 

As has been stated previously, the aquifer underlying Urdaneta 
is a good source of groundwater. If a large amount of additional 
groundwater were to be extracted within the vicinity of Urdaneta for 
irrigation or other purposes, the.aquifer could be overpumped, with 
resultant rapidly declining water levels in the vicinity. In this 
event it would become necessary to construct deoper wells within the 
service area, with resulting higher construction and operating costs, 
or to transport additional water to the service area from sources
 
such as induced infiltration wells along the Agno River. In order 
to determine the potential impact of declining water levels on the
 
use of wells within the service area, an extreme cace was briefly 
analyzed and is included herein as Alternative I-A For this alter
native it was assumed that wells would be constructed within the ser
vice area until 1990, that the wells would decline in capacity between 
1986 and 1996 at which time only 30 percent of original capacity 
would remain and that additional capacity required after 1990 would
 
be obtained from induced infiltration wells along the Agno River. The
 
results of this analysis are also presented in Table VIII-1. Because
 
the circumstances of this alternative represent a situation between
 
the conditions described by Alternative I and Alternative II, and
 
verify the economic advantage of well construction during the early 
stages of the program, no further attempts were made to analyze obvious
ly less costly alternatives utilizing wells within the service area. 
Even under the very pessimistic conditions outlined above, the pre-
sent worth cost of obtaining water from wells located within the ser
vice area is P1.19 million less than the cost of obtaining all water 
from induced infiltration wells along the Agno River. 

Alternative I-A and Alternative II contain distribution system 
additions required to allow for distribution of additional water trans
mitted from a source outside the service area. The estimated costs 
of theue additions are included in Table VIII-1. 
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Baued on the results of the above cuialyuis, the moat economical 
source alt:rrativo :i Alternative I. Por purpoijts of analysis of 
the treastment and distribut ion .ystem alternatives discuiised later 
in thii4 chapter, it is aosmLeod that watcr demands of thi UID-WD will 
be ret b- wells oonotx'uated withi. the vervice area. 

1AB.E VIII-1 

SUII4AY OF' ?RL'SiZ2'1-11M j9TS0OF['OWI 
SOIURCE ALTdJNA TIV---3y 

/ ConetrucL ion Present vor7 h 

Coot (,') Court (P)J 
Alternative I Wells within URD-WD Se-rice Area 

Source Pacilities 3,220,000 1,107t0OO
 

Operation and Maint;mnoe - 1,138,000 

.4120,000 
 i,245,000 
Alternhtive I-A Initial Wella within URD-WD Servioe Area, Addition

al Supply Prowh Induoed Thfiltration Wella along 
A&"no Rivor 

Souroe Facilitiev 4,580,000 1,543,00O
 

Transmission 1aoilitiee 5,310,000 824,000
 

Distribution Ncilities 150,00 249000
 

Operation and Yintenanoe - 1,380,O00 

1O,04C ,00 3,771,000
 
Alternative II Induoed Infiltration Wells along Agno River
 

Source Facilities 1,675,000 430,000
 

Transmission Faoilitioa 8t910,000 2,914,000
 

Distribution Facilities 300,000 107,000
 

Operation and Maintenanoe - 1,509,000 

10,885,00 4,960,000
 

!-A detailed breakdown of reqwired facilitiei, construction 
periodn and individal oot;ts is presented in Annex Tables 
VIII-D.-1, VIII-B -2 snd V11.l-11-3. 

-/,Thooe items "W'rh would be comori to all the alternatives 
studied havw nct beer included in the co*' comparison (e.g. 
only those potiono of d4 kribution systeins v,hich would not 
be commoi to all thr-.e alternativres lave been included). 

3/Pronont worth costa aro 1978 prosent worth costs, based on 
1978 prioa levels. inforzi-tior, concernin- the expeoted service 
life of water tiupply facilities hsed for thlis report is pre
sentod in Annex Taib]e VflII-P-4. 
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Co. 7RFAIRFT ALTY-IATIVES 

The poter.tial e-ouroea of witter for the UPRD..-D are surface 
water from the Agro Rivor, tol'. frow induced infiltration wells 
along the Agno Riv.r .r:d ' . .Utracted from wellB looted 
within ithe . aeior c.a. The i.coults of %rnalystvs of water tamplea 
taken from the Agro River tand we)lr within tho nervIce area are 
presented in Tubleu VI1-3 I-nd IV-!, r.eFrctively. 

An previously di.snr~od ! Chfipt:r VII and Section B of this 
chapter, waor ta il, diriictly from, the Ano River would require 
extensive treatizmt and rvaltiple pwmping before delivery to the 
URHDL4D dilaribution syetorm, and has boon oliminated, based on high 
cost, as a potential nipply source. Treatment of water from this 
source would be based on re'movri of Lurbidity, a standard process 
requiring chemical additi.on, mixing, flocculation, cualgulation, 
sedimentation bnd filtration (see Appendix F, Vc!'u"r II). All other 
paramters l ised i. Tabln VII-3 fall within the permissible limits 
of the Philippine 'a.tional Standards for Drinking Water, with the 
exception of the obezvo. conoentration of iron. Since it iS likely 
that much of the ircn present is carriod in tho suepended load of 
the river, whi.ch would bp- rr.,iovad in a turbildity removal treatment 
process, it is not likely that additional iron roral facilities 
would be reuired. 

Water abstracted from induced infiltration wells located along 
the Agno River would essentially have the same dissolved ohemloal 
content aswizter token directly from the river itself, and would 
therefore rqu:ve 0notreatment since these concentrations are within 
acceptable limits. Likewiae, because the river bank induced infiltra
tion process ousentij.lly involves filtraticn within the aquifer 
materials intrvoninj betuoz, the well and the river, additional 
treatment for romovsl of tu'bidity (and probabl- most of the iron 
present) would not be roqulred. 

The reasults of "ator analyses presented in able IWO for well 
watero within thf UD-WI) serv'ico mr3a indioate that these waters are 
all aoaeptftbl- potiblo nuircree With the exoeption of the iron oon
centration in the -=iopla taken from BFP 56/76/1 in Barrio Sto. Domingo, 
and the mangonese conoentration in all noaplea represented, the para
meters presented fall w:itibin the pe:i-nntliblo ).imiti3 established by 
the Philippi-le atior-l Stand3rdri for Drikiri. Water (1Pf|"DW). Be
cause high iron concentration occurs in only one of the six sarples 
analyzed, nd in t.hat caeso only slightly exceedu the permissible 
limit, it is assunm-d that the rcoultiuit blend of vzv abstracted from 
wells within the atervice area, if used an a wator mipp." souroe would 
oontain iron ocancentratione well below the permissible limit. Al
though the mangenooo concentration in all well water se~ples analyzed 
exceeds the permissiblo limit of the PNSDW, in no case does it exceed 
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the 6emceuive" lImit (0.5 ./!)nf the ;ISMI (io. the oonontra
tion above which water potabilit.- vould be "markedly impaired"), 
Because of the acceptability of this water aoaording to the FNSDW9 
the !iem ckl pyiViolof-icl haixtr< ?.ssooiate-' %ith iuigan-ase con
oen-trutioLu of th or'lr in1Jc;:_-(, 'byanalyses und the Cenoral 
lack of pblic objeetiun to water of this qua]ity after prolonged 
1iao, t in it: j:et~d thmO no troatmont be utilized for removal of 
maulgane-;44 

A3 , b inferred from the .buove djocuosi.n, treatment for 
reriovail U! .. r".ioir.'tJ..t cc:.-.ituon of tho grond'tater 
within the oorvioo area or water produoed from induced infiltration 
wells !lon,7 the Agno River would. not bn required it thooe waters 
were oued Fs 2ourr& h i, U.Rr-WO. 1oievor, in's-y order to presere 
the quality of the:ato hatru thiro,).hout the distribution system, di
infection would be required, D1.infaotion could be accomplished 
utili.:ing vii.riouu methods whik1) are dlocauziod in Appendix J, Volume II. 
For economic, and practical reA,,ni (r,.!n-y availability of disinfeo
tion chemicals and dosing equipment, ease of application and monitoz'
ing, and long-laoting effootivenona) chlorination is the recommend
ed diainfeation procees.
 

D. DISTRIBUTION ALTERNATIVES
 

General
 

This section presents the distribution alternatives considered
 
for the URD-WD. The recommended improvement program for the water
 
system iu discused in Chapter IX.
 

The components of a water diutrib'tion system md some of the 
alternativns :n plantaing a uyntom oare discussed in Appendix K, 
Volume TI. The doaign criteria for the distribution system are 
given in Appondix F, Volura II. Appendices F and K were largely 
developod for the Pirst Tcn Proisnoia] Urban Areas and are applicable 
to moderato-nize communities. Trhe Second 'en Pr vinoial Urban Areas 
are genorally nm-llo.t• and the parametoru proeented in Appendices F 
and K must be applied with discretion. 

PIUaicular a4t:mtion has beer, given to the roqniremento of fire 
flow in the .PUD-WID. In gtnora], firo flow in applied at various 
locations in a sy!:tem c.incidentally with maXinum-day devands, and 
the pipelins are eized to convoy tho required flow at spocified 
head loosen. In lqrge comraunitief , the total poak--hour in greater 
than the n.imur--dey flow plus fire flow and therefore relatively 
minor adjuateonts _.re required in the pipe .oyetnmto provide fire 
flow. In I-he smaller communitioe, especially small barrios some 
distance from the poblacion, the fire flow alone can be 3 or 4 times 
the total peak-hour demand. 
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?rovidlng adequiate f iri flow to areas where the fire flow may 
be far greater than the ,ltimte peec dmalmzd is rarely justified 
eoonomioall,y; hIt uoma fire protection should be provided. In this 
study, info.- ation I".givii on the av.ilable fi~e flow at various 
locatitne whoro the cyutem is.Abuj, detit-ned lor conditions other 
than fire flow. 

The flows used for the des iin ,If ol)various ¢tomponents of the 
distribution h.ystom for the URD-WD are as follows (see Water Demand 
ProjectionA, Chapter VT). 

12§2 1990 200 

Water demand, ipcd 198 193 199 
Served population 10,590 34,680 61,870 
Average daily water demand, oued 2,100 6,690 12,310 
Maximum-day -haterdemand, cuou 2,520 8,030 14,770 
Peak-hour water demtmd, oumd 3,680 11, 7 10  .21,540 

Pressure Z,,ec,
 

The to-imain in the proponed servioe area of the UJRD-WD through 
the year 2eGO ia gqnerally flat, Giound elevations range from 21 to 27 
motors abcv,, mewi Ea level. The larger portion of the servioe area 
including the poblacion is situated at an average elevation of 24 
meteru, 'The ,ystem could be opcrat.ed adequatoly at a atatio HOL of 52 
meters at the existing storage ttvnr; therefore, only a single pres
sure zone han boon vonaidered I'ci the URD-WD. 

Storage Pacilities 

StoLrugo f~oziitio are provided in a distribttion system to meet 
hourly fluctuations in demud over the day. The ueual requirement for 
operational storago is 15-20 purcent of the maximum-day volume, a
suming the source of supply is capable of providing water at a rate 
equal to mazimum-daV demand. 

In the f]wt arr-AL of Contral Luron, storage is usuall" provided 
by means of an elevated utorage tank. Thin type of tank is very ooot
ly in the Philippiineu becase it must be designed to withstand high 
eeismio loadings. An alternative method of meeting demand fluotua
tions has been invoi;tigted for Urdancto. 

As previously discussed, the loaut-cout ncuroe alternative for 
Urdaneta is groundvmtor puimped from within the survice area. As an 
alternative, it is possible to install additional pumping oapaoity
above the maxirmum-day dc nind rate in nrier to meet paxt of the peak
hour fluctuations and thereby redsce the amount of storage required. 
Mothodology Memorandum No. 5 diimuvasos the rationale for providing 
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additional pumping capacity and prIionte a ciurve to be used in 
estimating the required storage volume based on variouu supply 
rates. An cicononic :analysis comparing the costs of providing 
additiom01 supply aind of stor4;e fov Ur6arjcta- ini preaentod in 
Table V111-2. 

Table VI1I-2 rshowo thwt, in Vrditneta, additional pumping capat
city to meet hourly fluctuationi in detmind would be less costly 
than extra atoiage volume. Distribution alternatives wore analyzed 
on the iasis thift additional pumping c.tpAcity would be provided in 
URI)-WD tmd the volume of storag would be minimized. 

TABLE VIII-2 

ADDITIONAL STORAGE VEIZ'31J ADDITIOLL SUPPLY AI4ALYSIS/ 

Altern'tive I Alternative 2 Alternative 3 
(Nininun (Intermediate (Maximum 
Storage) Storage) Storage) 

Storage Required 

Percent )2/ 2.5 8.5 12.6 

Volume, cur) 369 1,255 1,480 

Present Worth Cost (P x 1000) 

Storage/ - 842 983 
Well 2,271.4 1,736 1,702
 
Operation and 

I'inteiauce 15.6 14.9 15.9 

P2,287.0 F2,592.90 ?2,700.90 

.Distibution System 

The analysis for the distribution system of Urdaneta generally
 
followed the guidelines given i Appendices F and K. Unlike the First
 
Ten reas Feasibility Studios, computer analysis for the Second Ten
 
Provincial Urban Areas considered pipelines smaller than 200 mm in 
diameter. For a minicipality the size of 1rdaneta, there would be 
very few pipelines greater than 250 mm in diameter even in the year 
2000. Therefore, the minimum pipe size used in the computer analysis 
is 100 mm. 

The locationoof the future distribution mains have been planned 
along existing roads or proposed street rights-of-way. The distribu
tion mains in the outer barrios could not be economically looped be
cause of the tentacle-shaped service area of UbRD-WD. 

wells in the URED-D have been analyzed.The alternative locations of 
A well location is controlled by the distance between wells to minimize 

/Analysis inol,,des all facilities to the year 2030. 

2/Percentage of maximnum daily dernand. 

/Storage in addition to the existing 380--cum storage tank. 
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drawdown interference and ty the location of the high demand 
centers, Studien made for other communities indicate that it is 
economical to locate wells as 
close to the centers of demand as
 
possible. This reduces the required pipe capacity to other parts

of the distribution system. The capdacity of wells must also be
 
considered in locating wells 
near the demand centers. Hydrauli
cally, the most eff'icient well capacity would be equal to the water 
demand in the area of the well. However, itwould be more practical
 
to have wells of about the same capacity for easier operation and
 
control of the pumping rate as demand fluctuates.
 

It appears that the maximun, well capacity in Urdaneta would 
be about 63 lpa (1,000 gpm). If wells of this capacity were con
structed, relatively few wells would be required. Having few large
capacity wello presents 2 problems. The first is that the overall 
cost of pipelines would increase ac larger sizes would be needed to 
supply water to remote parts of the system. The second problem is 
that, with relatively few large-capacity wells, flow rates could 
only be chanted in large increments. Durinig periods of low demand,
the large pumps would have abort cycling time. A more effioent 
method of operation is to have sarwller caipacity wells so that the 
operator can control the flow to match the changes in demand olosely.
 
The rate of increase in Whe yearly water demand 
 of URD-WD is gradual,
 
thus, making modiiim-capacity wells of about 25.2 to 31.5 lps (400 to
 
500 gpin) more desirable than the high-capacity wells. Distribution 
main sizes have been analyzed based on the medium-capacity wells.
 
The locations of wolls are shown in Figures IX-1, IX--4 and IX-5* The 
locations of the proposed wells would have to be confirmed after col
leoting adequate pump testing data during construction of the initial 
well. The proposed wells should be coordinated with the NIA to pre
vent any conflict with the locations of its future irrigation wells.
 
If future well locations and capacities are significantly different
 
from those proposed in this study, additional analyses will have to 
be made to determine sizes of the distribution mains. 

Fire Protection 

Fire protection presently does not e ist in most sections of
 
Urdaneta because there is little or no water pressure most of the day.
In order to provide fire protection there must be adequate pressure 
in all water pipelines 24 hours per day.
 

As outlined in Appendix K, Volume II,fire protection is clas
sified into two types 
- one for the high-value residential, commercial 
and industrial areas; and another for the single-family residential 
areas. In the high-value rcsidential, commercial and industrial areas t 
an available fire flow of 20 ips at 2 adjacent fire hydrants should be
 
provided; in the single-family residential areas, only 10 lps at 2
 
adjacent hydrants should be provided. The percentages of fire proteo
tion for the design years 1980, 1990 and 2000 are based on the required

flows for these two types of fire protection. Figure VIII-1 shows 
the outline of the fire service areas in Urdaneta. 
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The imme-diato improvement program (1978-1980), which is aimed 
at providing adequate domestic service to existing consumers and 
increasing the number of consumers to provide a larger financial base 
to pay for future improvements, does not include full fire proteotione 
If the program were designed to provide full fire proteotion to the 
consumers, the cost of the improvements required would likely beoome too 
high for the programz to be feasible. Tho recommended pipe sizes in the 
immediate improvement program have been analyzed for available fire 
protection through computer studioso The analysisi showed that the 
improved distribution system could provide 50 percent of the fire 
flow requirements for the single-fnmi]y residential area and 100 per-
cent for the high value residential and commercial area. In order 
to provide this quantity of fire proteotionthe existing hydrants 
must be rehabilitated and new hydrants be added in some areas. 

In design year 1990, full fire protection could be provided for 
the poblacion while a range of 40 to 100 percent of adequate flow 
could be provided for arean ovside the poblacion. Barrio PWIna 
East could be provided with 85 percent of adequatn flow and Dilan 
Paurido, 40 percento 

For the year 2000, the recommended improv'mments could provide 
full fire protection for areas within and adjacent to the poblacion, 
and 35 to 65 percent of the required flow for some areas outside the 
poblaoion. An alternative study was made to dete.m:,ine the additional 
system cost if these areas were to be provided with full fire pro
toction by increasing the pipe size in affected areas from 100 to 
150 mm. The estimated costs are shown in Table VIII-3 and would 
amount to P210,000.
 

TABLE VIII-3
 

ADDITIONAL COST TO PROVIDE 
FULL FIRE PROTECTION FOR U1W-WD 

Length 
Size for Partial 
Fire Protection 

(M-)(MM ---

Size for aill 
Fire Protection 

(mm)cost 
Additinnal 

1960 100 150 P 165,000 

Contingencies (15%) 25,000 

190,000 

Engineering (10%) 20.000 

P 210,000 

VIII-9
 



The Pr oedi..g 'inCussion of firs proteation relates only to the 
oapaoitio of -the lictribu-rton In providl.i fire protoction, 
an adequate number of fire hLdranto hne also to be conaidered for the 
Tariufi Aeirvioa ar-., The primazy criterion for providing fire 
h7yant:o w.,ald b: the , ei'*t%of dnvelotMnt in a spOcitf.L3 aroa. In 
Chapter IX, sohedule of fire hydrant oonstr-antion is included, 
based on tht, projlecard devrlor%-nt in Urdlineta. This schedule oan 
be modified ao dacel3p;ant refioa, provided the required distri
bution mraizo have boon provided.
 

.ieL'I OzermtIon 

While there %re no distribution alternatives for Urdaneta, the
 
alternative scurce locations and capacities could present definite
 

operational problema. 

As previously iecloem ed, the location end cnpaoity of the wells 
can affoat the operation -vt*the uyatom with regard to meeting demands 
and prosoure roquirts, Cntom ana. 0oes were on severalCmputer ooiiduoted 
combinations of demndii and oper-ting uells, aseuming that the diatri
bution systemi would be capeble of meetin required pressures for ave
rage-d-a d6Lmonds. iT the axialybcs, only usual operating problems, such 
as one well being out of sorvioo or an error in judgment as to which 
Ydils hould be ou-ratin, were couaidered. 

Unusual oporatbi,- prcblems auch as meetimg Miximur or peak 
demands at miniatmr proeswsus when 2 or mre wells are not in operation, 
were not considered. The coust of providing adequate service under all 
possible operationol conditionn would be prohibitive ao that only those 
operating conditions that would reasonably oocur were anaiysod. 

As a geiei-ral nile, the distribution eyetbn should be operated t7 
utilizing a srany fells aa poseible outside the poblacion to meet 
water demando. This operational procedure has the effect of main
taining a high 01G, in the outlying area, while the storage tank 
maintane an adepqate gradeline within the poblacion. 

Besides problems of pressure in the ayatem due to well operation, 
the eohod'le of operation has alao to be considered. Oie purap op'ra
tion schedule is based on the water level within the tank and prec
sures in various eactiona of the myctm. If the tank lovel drops, 
a sufficient number of wells would have to be operated to refill the 
tank. However, the major problem in this oporation schedule is the 
time available to ocntrol the nuYOhor of wells in operation as the 
water level and prensure tluotunto. 

As experienoe is gained in tho opretion of wells, a schedule 
of operation based en norzal demand schedules may be devised. If a 
satisfactory schedule is devised, the system may go unattended for 
several hours. 
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Internal Natuork 

A geleral lit oomplete disouituion of tho into:e-al network for 
dialtribution oysteai is inoluded in Ippendix K, Voluva IL. The 
gmall size of the DRf-WD does not mffeot the appliostion of the 
roomendationa oorotained in .ppendix K sinae these are the minimum 
pipeline sizes reoomsmemded for any otty. 

E. 	 OTIER ALTMIATIVFAJ FOR WATER 
CONS TVA7IONJAUGMJTATIOVAND 

In Urdanett, groundwater is also used for irrigation and other 
purposes. There !a a possibility for the groundwater souroe to be 
overpumped, cauuing a 4ealine in wat',,r availability in the area. 
Steps should be takean to conserve water and possibly to auguent 
present oouroes, 

There are ze~erul alternative measures for ocnaerving water. 
These alternativa depend on sophisticated teohnology in the oase 
of water roeue and deealting or on govornmental policy in the case 
of land managemont. Appendix M, Volume II is a discussion of these 
conservation and augmentation alternatives. 
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ANNEX VIII-B
 

SCEDULE OF FACILITIES FOR ALTRATMVE ANALYSIS
 



AME"X TALE V'il-B-1 

COMARATM rE ET WORTH COST OF ADDIT;ML
SUPPLY FROM WLJS IN'SERVICE ARE/ 

(USED ON ANICIPATM WELL FPID Li ,) 

Present Worth Coal 
Conestructin (Lse Year 2000 

Date Cost Salvage Value)
Item Conwtru ted x 1000 P z 1,000 

Well and Pumphouee 1978 630 624
 
Improve etting Well 1979 70 63 
Well and Pumphouse 1986 630 232
 
Well and Puphouse 1990 630 130
 
Well and Punphouse 1995 630 50 
Well and Pumphouse 1999 630 
 8
 
Operation and
 

Naintenane (1978-2ooo) - 1.138 
Total 1978 Present Worth Cost P2,245 z 1,000 

A1NMX TAX II3E1-B-2 
COXPARATIE PR. T WMOTH COST OF ADDI TI[JNL

SUPPLY FROM WELLS ON 3ANX OP AGNO RIIVEhW 

Pres ant Worth Coat 
Construotion (Leas Year 2000

Date Cost Salvawe Value)Item Construot.ed P z 1,000 P x 1,000 

Tranamission Main 1982 
 3,600 29205
 
Power Line 1982 
 100 60
 
Well and Pumphouse 1982 315 
 193
 
Distribution Additionx 1982 150 87
 
Well and Pumphouee 1987 315 
 101
 
Conneotion Pipe 1987 125 37
Transuission Main 1992 4,860 657 
Distribution Additions 1992 150 20 
Well and P]imphouse 1992 315 47
Well and Pmphouse 1995 315 25
 
Conneortion Pipe 1995 200 14

Well and Puwphouse 1999 315 4 
Conneoticn Pipe 1999 125 1 
Operation and Main
tenance Costs (1978-2000) 

Thotal 1978 Present Worth Cost P4,960 x 1,000 

ycnm life taken ant ?J1 Io io life taken s$eli and Pumphouse - 25 yearn Well and Pumphouse - 25 years
Improvv Existing Well - 15 years Power Line - 30 years
For the remaining items, refer For the remaining items refer 
to Appendix P, Volume II. to Appendix F, Volume II. 
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AIM= TABLE VII!-B-3 

CMCPARTIYE PRESENT WORTH COST OF ADDItiONAL 
SUPPLT OM WELLS IN SERVICE AREA& 

(ASSULMG EARLY FAILURE OF WELL FIELD 
FOR iposES OF COMPARIScM ONLY) 

Present Worth Cost 
Contruotion (Les , la 2000 

Date Coot salvm. value)
Ite..m Contruoted P x 1000 P x 1.000 

Well and Pumphouae 1978 630 624-
Improve Existing Well 1979 70 63
Well and Fumphouse 1986 630 232 
Well and Pumphoa s 1988 630 176 
Well and Pumphouse 1989 630 152
Well and Pumphouoo 1990 630 130 
Tranomision Main 1991 4,860 784
Well and Pumphouoe 1991 315 56 
Pmmr Lin.; 1991 100 1T 
Distribution Addtitions 1991 150 24
Well and Naphouse 1992 315 47 
ConnectinC Pipe 1992 125 17 
Well and Pumphouse 1994 315 32 
Conneoting Pipe 1994 200 18 
Well and Puphouse 1997 315 14 
Conneoting Pipe 1997 125 5 
Operation and tantersanoi 

(1978-2000) 1 
Total 1978 Present Worth Cost P3,771 

-/Eooncmio Life teken ass 
Well ,nd Pumphouse - 25 years
 
Improve fzistin Well - 15 Years
 
Power Line - 30 years
 
For the remaining items, refer to Appendix F, Volume II 
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ANNEX TABLE VIII-B-4 

ECONOHIC SERVICE LIFE OF WATER SUPPLY FACrLIIES / 

Eoouomio Ser riosta
.. Life, Y'eas
 

mbankmwnt D as?
 
Mobardernt 50
 
8truot ,re 50
 
Equipment 50
 

Water Tre' tment ?lete
 
Structure 50
 
Equip ont 15
 

Orouudwat3r ifells 
Well 25
 
Structure 25
 
Equ ipmaent 15
 

Transmission Paoilitiee
 
Pipes 50
 
Valves 50
 

Distribution )'oilities
 
Pipes 50
 
Valves 50
 

Internal Network 
Pipes 50 
Valves 50 
Hydrant. 50 

Servioe Conneotiens 
Sorvioe Pipes 50 
Water Meter 15 

Disinfeotion Faoilities 
Structure 50 (may Imend. 
Equipment 15 ausooiated faci

lity) 
StoraN Faoilities 
Structure 50
 
Equipment (epecialised, other than pipes and valves) 15
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AMWE TABLE VIII-B-4 (continued) 

Eoonomio Service 
Item Life, Tears 

isoellaneous Struotures 50 

inoellansous P.eohanical EWiment 15 

Vehicles 7 

YThe economic service lives presented here hae been used through
out tuis report wherever facility replaoment or present-worth analysis 
ha been required. 

2/although the physioal life axpeotanoy of oertain faoilities t
such as dam embankments, is Creater than the eoonomic servioe life 
indicated, the latter more realistioally refleots the useful life of 
the facility. 
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CHAPTER IX DESCRIPTION AND COST OF THE RECOW.1WDED PLAN 

A. GDERAL 

This chapter describes the immediate improvement program, and 
the first and second stages of the long-term construction prograps 
In addition, the capital and operation and maintenance cotits of *be 
reoommended program, concepts concerning sewerage and drainage, 
comments regarding the management of water resources and a artatement 
regarding the environmental impact of this project are inoluoed. 
Appendiboee F, 0, N and O, Voluse II contain discussions of Sesign
 
Criteria, Basis of Cost Estimateb, Construction Methodo and Materials$ 
and Outlins Speoficaiions, respectively, The reocomended construo
tion program consists of the following fAve implemeAtation stepst 

1. Immediate Improvement Program (1978-79) 

2. Stage I Phase A of the Lonq-rm Construction Program 
(1980-85) 

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

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

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

In some oases,faoilities included in the last phases of oonstruo
tion are only designed for a short term to the year 2000. These faci
lities are included in the cost analyses of this study to determine 
their economic impact on the overall program. However# from a tech
nial point of view, they may not be the most practical or economical 
facilities to construct. During the dosign of the last phases of the 
construction program the design engineers should study alternatives be
yond the year 2000 and design facilities accordingly. 

Source 

The present source of water supply utilized t- IRD-WD is a well 
located near the municipal building. An discussed in Chapter IV, the 
present capacity of the facility is approximately 610 oumd* This is 
inadequate to meet the current demands of URD-WD consumers@ An addi
tional well will be constructed in the eastern part of Barrio Boyacas, 
to supply approximately 2,700 cumd, during the immediate improvement 
program. As soon as the new well is operational, the existing well 
will be tested to determine its present capacity and a new pumpsst 
will be installed to increase its pumping yield to 2,180 cumd, if pos
sible. The total supply of the two wells will be sufficient to meet
 
the projected water demand beyond 1980.
 

Future water demands of URD-WD will be supplied by wells 
(see Souroe Alternatives, Chapter VIII) to be constructed during 
euccessive construction phases to meet projected increases in 
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demand. These wells will be located within the year 2000 ner
vice area located at an average distance of 1 to 2 km from
 
one another, to minimize the effects of mutual interference* lboh
 
additional well will have an anticipated capacity of approximately

2,700 cumd. 

Distribution Storage
 

URD-WD currently utilizes an existing 38-cu elevated distri
bution stotage tank located adjacent'to the exieting well. The
 
existing storage tank is a reinforced concrete structure constructed
 
in 1959. Based on the alternative ctudiee conducted for URD-WD,
 
as presented in Chapter VIIIjthe leant costly alternative involves
 
maximization of well supplieo'and minimization of storage capacity.
 
The URD--WD will thereforo utili=a wells to meet peak demands. The
 
existing distribution storage, tank will be retained to meet emergencLY 
demands.
 

Distributicn Systeem 

The existing distribution system will be expanded to serve the
 
barrios 
of San Vicente East, San Vicente West, Bayaoas, Nanoayaosn,

Nancamalirar East, Yancamaliran Webt, Dilan-Paurido, Ste. Domingo,

Palina East and Mabanogbog by the year 1990. Barrios Ca~nnang,

Pinmaludpod, Camantiles, Cabuloan and Bacted West will be served IV
 
the year 2000.
 

A total length of about 15.5 km of 100 to 250 mm pipelines will 
be constructed by 1990. This inoludes pipe replacoments for those 
undersized pipelines in the existing system. IV the year 2000, an
 
additional length of about 7.0 km will be added to the system to serve
 
additional outlying barrios. 
 The above lengths of pipelines do not
 
include the new internal network pipelines that will be installed du
ring the conntruction program. The diotribution facilities proposed

for the long-term development of the URD-WD are shown in Figure IX-1
 
(appended).
 

Administrative and Other Service Facilities 

In addition to the source and distribution facilities required
 
for the production and transportation of water to consumers, it will
 
be necessary to provide other facilities to improve adminietrative,
 
operation, maintenance and quality control capabilities within the
 
water district. An administration building will be constructed during

the immediate improvement program and will tomporarily house a plumb
ing shop and associated equipment. A separate building for the plumb
ing shop will be provided during Phase I-A. It hat beer, assumed that 
an arrangement will be made to meet the water meter repair and labora
tory requirements of URD.-WD by sharirg the relatively larger facilities 
of other nearby water distriots, ouch as Tarlac or San Fernando (La 
Union). 
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Design Considerations 

The recommended program of pipeline construction reflects the 
results of successive computer ana]yses of the URD-WD distribution
 
system. The general design criteria and methods of analysis are die
cussed in Appendix K of Volume 
 II and Chapter XII of the Methodology
 
Manual.
 

The method of selecting pipeline sizes consists of analyzing each
pipe for the anticipated worst set of hydraulic 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 flow oon
ditions are included in Annex IX-C as representative of the worst 002
ditions for pipe design. The peak-hour condition can, in general, be
considered as the "design run" for the majority of pipes. However, oer
tain variations in operational modes, especially in systems with well
 
supplies, 
can be more critical for some pipelines.
 

During the design of the recommended facilities, it is imperative

that the design engineer re-run the computer program to determine the
 
critical conditions for each pipeline to be designed. 
It is also
 
important to revise the program during each design phase to take into
 
account the actual system conditions. It is recommended that a new
 
series of hydraulic studies of the distribution system be conducted
 
after some improvements have been completed and the system operates

with adequate pressures for 24 hours a day. The results of these studies
 
can be incorporated into future dosi6ns. 
Additional considerations con
cerning the updating of this report are discussed in Appendix Q, Tolume 
 II.
 

B. IMHEDIATE IMP OVLNOIT PROGRAM 

While the findings and recommendations of this report are being
reviewed, pending their approval by the URD-WD, LWUA and financial
 
agencies, certain steps may be tken to facilitate immediate improve
ments in the URD-WD water supply system. The proposed "high-impact"

improvements will provide improved service to existing consumers and
 
additional service to a limited number of new consumers before imple
mentation of the of theinitial phase long-term construction program. 

As discussed in Chapter IV, the existing systo has many defi
ciencies. 
Some corrective measures are recommended in the immediate
 
improvement program.
 

The immediate improvement program will improve and expand water
 
supply service primarily by the addition of source and dintribution
 
facilities. 
The program will consist of the followings
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1. 	 The construction of a new well and provision of pumping
 
equipment.
 

2. 	The rehabilitation of the existing well and the provision
 
and installation of a new pumpset.
 

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

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

5. 	 The installation of about 4.9 km of 100 to 250 mm diameter
 
pipelines.
 

6. 	 The provision of meters for 414 existing service onnections, 
as well as the provision of 930 new connections and repair of 
approximately 30 percent (124) of the existing oonneotions. 

.7. 	 The construction of a new administrative building (tempora
rily to house a plumbing shop) and provision of appurtenances
 
such as shop tools, vehicles, office equipment and furniture
 
to upgrade the water district's operational capabilities.
 

8. 	Installation of new distribution mains as shown in Figure 11-2
 
and listed in Table IX-I.
 

The 150 mm pipelines to be provided in Barrio San Vicente West, 
will serve as segments of anticipated future water mains and permit 
the installation of additional service connections in this area, The 
provision of additional 100 mm pipelines in the poblacion and 200 mm 
pipes to Barrio Bayaoas will permit the installation of additional 
service connections and provide additional loops for better pressure 
and flow distribution. 

The provision of better pressure distribution throughout the 
URD-WD distribution system on a 24.-hour basis will tend to aggra
vate the current level of system leakage and wastage. It is there
fore essential that an intensive program of leakage and wastage sur
veys and associated system repairs be undertaken during the immediate 
improvement program* 

Water meters will be provided for the existing 414 flat-rate
 
connections, about 30 percent of which require major piping repairs
 
or replacement. In addition, approximately 930 new connections will 
be installed, bringing the 1980 served population to 65 percent of the 
total population within the 1980 service area. 

Disinfection equipment consisting of structures, chlorinators3 
booster pumps and scales will be installed at each of the two well 
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UBLE IX-1 

IDZEIATE IMPROVEMT PROGRAM
PnV3nm1 (1978-1979) 

Pipe 
Number Desoriptio Location .siz 

pipe
(frn) 

Pipe
l.a h (m) 

47 Rizal Ste.  orinley St. to X~nsa
no St. 0. 110 

48 Rizal St. - Maneno Ste to Consejo 
St. 100 105 

49 
50 
51 

Consejo St. - Riral Ste to Burgos St. 
Manemao St. - Rizal St. to Burgos St. 
Burgos St. - tneano St. to Coneejo

Ste 

100 
100 

100 

175 
180 
110• 

52 Consejo St. - Durgon Ste to Perez St. 100 65 
53 
.55 

Coneejo St. - Perez St. to Alonzo St. 
McKinley St. - South of PNblio Plaza to 

100 330 

Alonzo St, 100 195 
57 Along C. Sison St. 100 400 
59 Albng C. Bison St. 100 360 
60 Along C. Bison St. 100 250 
62 Along Badipa Road 100 

43 Along Rizal Ste from San Vioente West 
Road 150 120 

44 Along Sa, Vioente West Road 150 300 
45 
46 

Along San Vioente West Road 
Along Perez Street from San Vicente 

150 320 

West Road 150 150 
54 Along Munioipal St. 150 160 
56 Along C. Bison St. 150 

42 Well Line near Btorage Tank 200 60 
58 
61 

Along MaoArthur }Iighway 
Along YMlarthur Highway 

200 
200 

330 
280 

64 Along YA4art= Highwy 200 400 
65 Along MaoArthur Highway 200 1. 

63 Well Line inBo. Byao 250 

Total IL 2~ 



sites looated near the munioipl building and in the eastern section
 
of Barrio Bayaoas, 
 This will provide adequate disinfeotion of water
 
supplied to consumers.
 

The operational capabilities of the tRD-WD will bo significant
ly enhanced by the acquisition of land and the construction of a new

administrative building, complete with office space for administration,
 
billizj'and record keeping, as 
well as a small library. This new
 
building will be furnished with desks, filing cabinetep typewriters,
 
addressograph and validating machines. 
Vehicles, production meters

for the two wells, plumbing tools and some minor distribution appur
tenanoes will be provided.
 

.tbleIX-2 presents the breakdown of costs (at 1978 prioe levels)

for the immediate improvement program. The total project cost of

P4,41 million consists of P2.02 million in foreign exchange and P2.39
 
million in local ourrency.
 

0. FIRST STAU OF TE RECOMM MLONa-!MN 
COSTRUCTrON. PROGm (1980-9o) 

As a result of the alternative studies discussed in Chapter VIII,

the UMD-WD will exploit the groundwater aquifer within the Urdaneta
 
area as its future source of water supply.
 

The first stage of the reoonended construction program# includingsource development, treatment and distribution facilities, will be imple
mented in two construction phases. The first construction phase will
 
be implemented between 1980 and 1985 and the second, between 1986 and
 
1990.
 

Existing facilities will be incorporated into the reoon ded
scheme to the maximum extent praotical. Most of the existing distri
bution facilities constructed in 1959 will be retained and incorporated 
into the proposed system. 

As previously discussed, URD- will meet projected peak demands
 
with source supply from wellso The existing storage tank will be re-.
 
tained to meet emergency demands. 
This tank has an overflow elevation 
of 52 meters above MSL, which is sufficient to maintain required pres
ours within the service area* 

CONSTRUCTIONPR&SE I-A (1980-85) 

Source Development 

The URD-WD will begin a long-term program of well drilling IV 
1982. The first two wells will be drilled in 1982 and 1985. For ooni.
struotion of the new wells, the following parameters have been established, 

I 



TABZ IX-2 

CONSTRUCTION COST SUMMART _/ 
DOMDIATS D OVEXKNET FROCM 

Cost- AM EMSo
 
ItemLWaal 
 ReinTtaPuarks 

Source Paoilitiema/ 
Materials an Equipment 228,200 409sOO0 Pumping equipment:Civil and Structural 266,300 13N__ for existing well 

4940500 4229000 916,500 new well complete -

Disinfection facilities 

Distribution Pipelinsa / for two wells 

Materials and Equipment 9,600 96,400 2,410 a x 100 MnCivil and Structural 127,700 
 -


Katerials and Equipment 23,600 93,500 
 1,075 a x 150 -Civil and Struotural 
 78,500 -
Materials and Equipment 44500 175,100 1 390 a z 200 = Civil and Structural 118,200 a
 
Mterials and Equipment 2,900 11,000 50 .
 z 250 -
Civil and Structural 6,000 
 -

Materials and Equipment 
 8,300 22,100 valwes
 
Civil and Structural -1, _
 

427,000 398,100 825,100
 

C 1978 prioe levels
 
=1*io00 a 17.00 .
 

ontin enoies @ 15% and engieernng 0 1($ for those items.
 
Per all other iteas, Oontingenooie , 10) and engineering @ 5%.
 



UABIZ IX.'2 (Cast4=ted) 

I-0 143S 
Cost in N0o0 

Pbreimm OU Eeswku 

Service Connections 
Materials anA Equipment 
Civil and Structural 

229300 
304,100 

450,100 930 noV oeotions 

Materials and Equipment 
Civil and Structural 

3,000 
36,100 

369000 124 replaounents 

Materials and Equi mnt 
Civil and Structural 14.900 

180,300 414 oonvsuions 

380,400 566,400 946t800 

ILakwem Detection and Repair 

Materials and Kquipment 
Civil and Structural 

Admnitrative Baildik and Y guimenzt 

99000 
18.000 

279000 

12,000 
86,000 

989000 
-

1259000 

Specialist feest 
travwl, equipment and 
aisoellaaeous valve 
repair and replacement 

Materials and Equipent 

Civil and Structural 
20100 

363.000 

383,000 

69,000 

-spaeeloffice 

69,000 452,000 

Includes 300 sq. of floor 

equipmnt 

an plumbing tools. 

Vehicles 

Material, and quipment 
Civil and Structural 

60,000 60,000 Two v= 
vehiele 

or pick.-up tmo 

e60,0 60,000 1209000 



TABLE IX-e (Continued) 

Item local 
Cost in Pesos-

Foreign Total Remarks 

oiscellaneous Items 
Materials and Equipment 
Civil and Structural 

Total Construction Cost 

6t000 
11000-

7000 

11,000 

11000 18000 

Includes production 
meter for existing well, 
miscellaneous publioations 
and equipment and chlorine 
residual analyzers* 

Materials and Equipment 
Civil and Structural 

437,400 
1 1500 
1,778,900 

1,525,500 
99.000 

1,624,500 

1,962,900 
1,440,500 
3,403,400 

Continencies 0 15% 
0 i0% 
Sub-total 

138,200 
85,700 

2tO02,E-

123,000 
80,400 

1,827,900 

261,200 
166,100 

3,830,700 

Engineer @4/a-10% 
@ 5% 

Sub-total 

70,100 
32.000 

2,104,900 

130,200 
52400 

2,017,500 

200,300 
91,400 

4,122,400 

laz,. 29ooo - 290,000 

Total ProJeot Cost 2,394,900 2,O17,500 4s412,400 

onist of 65% forei4n exchange based a reount slnila- projeatu.
Coltsists of one well site .100 sq 0 P'00/sq. and me administrative building site 

1,400 sq. @P2W/sqm. 



based on limited existing well data availablel (1) well spacing

1 to 2 km; (2) well depth 200 m; and (3) size of casing,250 mm. 

The addition of these two wells will increase source capacity 
from 4,900 cumd to 10,300 cumd. This will satisfy the projected sys
tern water demand under peak-hour conditions up to the year 1989, as 
indicated in Figure IU-3. Final selection of pumping equipment will 
be made after well completion and pump tests. In order to ensure that
 
adequatu stand-IV pumping equipment is at all times available, suf
ficient dual-drivo (dieeel/eleotric) units will be provided to meet
 
projected average-day requirements.
 

Chlorination units will be installed adjacent to each of the
 
wells to disinfect the water supply as it is pumped into the distri
bution mains. A separate chlorination structure will be provided, as
 
well as all required equipment such as chlorinator, booster pump,
 
scale, piping and metering equipment.
 

Distribution Syste
 

1the distribution system improvtments to be made during Phase -A
 
are to replace existing pipelines with presently poor hydraulic .cap,
city and to extend service In BFrrios Bayaoas, Nanoayasan, San Vioene
 
East, San Vicente West and Nanoaimalirn East.
 

Recommended distribution system piping installed during Phase I
will (I) provide 100 to 150 mm reinforoement along the National High
way, Rizal Street, Perez Strep. and MacArthur Highway and (2) permit 
expansion of distribution mains to Barrios Nanoayasan, San Vioente
 
East, San Vicente West, Nanoamaliran East, Nanoamaliran West, Dayaoas
 
and Diian-Paurido. Details of all pipelines to be constructed during
 
this phase are listed in Table IU.-3 and shown in Figures IU-4, IZ.-5 
and IX-1 (appended). 

All pipelines recommended for construction during Phase I.A will 
provide hydraulic capacity for projected peak flows. The recommended 
pipe sizes will be adequate up to the year 2000, as they are incorpora
ted into the proposed system during succeeding construction phases.
 
The pipeline (pipe 113) along MacArthur Highway in Barrio Nanoamliran
 
West has been phased for economic and technical reasons. The first
 
200 mm pipe will be installed in Phase I-A to provide water service
 
to the additional consumers in this area, while a 200 ;im parallel re
inforcement pipe will be installed in Phase 1I-A to provide additional
 
hydraulid capacity when a new well (node 74) is constructed in the
 
western part of Barrio Wanoamaliran West in 1997.
 

All necessary valves and appurtenances have been included in the
 
cost estimates for the subjet pipelines.
 

The final omputer printouts for the year 2000 peak-hour and 
minimum flow conditions are included in Annex IX-C for reference. 
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ABLE I.-3 

DISTRITUTIOI PIPFLIIS- PHASE I-A (1980-1985) 

Pipe 
Doecrisrtion/Loation 

Pipe
Size 

Pipe
P(imLaeth (M 

103 Along San Vicente East Road 100 320 
104 Along San Vicente East Road 100 360 
105 Along San Vioente Eant Road 100 280 
107 Along Badipa Road 100 480 
118 Alonzo-Consojo St. to Consejo Ste 

National HighvV 100 200 
119 Rizal St. - MaoArthur Highway to 

Rizal - MIcinley St. 100 145 
124 Rizal St. - Macrthur Highway to 

Rizal - Archangel St. 100 125 
125 Along Perez St. 100 ..130 
126 Mackrthur Highway - Perez St. to 

Perez - Arohangel St. 100 

100 Along the road in Barrio Bayoaes 150 140 

101 Along the road in Barrio Bayaoas 150 140 
120. Coneojo St. - National Highway to 

C. Sison St. - National Highway 150 190 
121 C. Bison St. - National Highrway 

MacArthur -. National Highway 
to 

150 160 
127 Along National Highway near bridge 150 55 
128 Along National Highway near San 

Vicente West 150 420 
129 Along !,acArthur Highway 150 70 
130 Along MacArthur Highway 150 90 
131 Along MacArthur Highway 150 120 
132 Along MacArthur Highway 150 80 
301 Pipe replacement along Rizal St. 150 140 
302 Pipe replacement along Rizal St. 150 100 
334 Pipe replacement along San Vioente 

West Road 150 

106 Along the road in Barrio BaZaoas 200 420 
108 Along National Highway in Barrio 

Nanoayaaan 200 600 
109 Along National Highway in Barrio 

Nanoayasan 200 1,120 
112 Along MacArthur Highway in Barrio 

Nancamiliran East 200 700 
113 Along 14acArthur Highway 

Nancamaliran West 
in Barrio 

200 680 
114 Along San Vicente West Road 200 500 
123 Reinforcement to existing atorcge 

tank line 200 

116 Well line in Barrio Nanoayasan 250 50 
117 Well line in Barrio Nanoamaliran West 150 

Total 8,270 
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Internal Network
 

The existing distribution system and internal network piping,
 
together with the pipeli.ies installed during the immediate improve
ment program will provide service to approximately 92 hectares with
in the URD-WD service area by 1980. The remainder of the 1980 ser
vice area will be provided with internal network piping by 1985.
 

During FPnase I-A, an additional area of approximately 244 heo
tares will be served by internal network installation. This will 
bring the total area served by equivalent internal network system to 
394 hectares by 1985. This oonsists of 92 hectares served by the 
existing eyemo, and Jtipedliate improvemnentn; 58 hectare covered by 
distribution pipelines installed during Phase I-A; and the 244 heo
tares of internal network installed during Phase I-A. A description 
of internal network systeirvis presented in Appendix K, Volume II and 
details of internal network system piping installation for the UM)-WD 
are prosonted in Annex IX-C. 

Service Conne ctions
 

During Phase T-A, approximately 1,560 service connections will be
 
installed L Urdaneta Poblaoion and the barrios of San Vioente Eastg , 
San Vicente 'Oest, Bayaoas, Nanoayasan, Nanoamaliran East, Nanoamaliran
 
West, Dilan-Paurido, Sto. Domingo, Palina East and Mabanogbog. In
oluding the 414 existing connections and the 930 connections installed
 
during the immediate improvement program, the total number of oon
neotions installed by 1985 will be about 2,900. The rate of installa
tion of service connections during this phase will be approximately
 
260 per year.
 

In addition to the new service connections proposed for this
 
phase, 70 percent (290) of the existing connections will be repaired
 
or replaced because of their age and poor installation and materials*
 

Details of service connection installations are presented in
 
Annex IX-C,
 

Fire Protection 

During Phase I-, fire protection will be provided for Urdaneta
 
Poblaolon, barrJos San Vicente East, San Vicente West, Bayaoas, Nan
cayasan, Nanoamaliran East, Nancamaliran West and Dilan-Paurido. About
 
30 hootares within UTrdaneta poblaoion and 160 hectares within out
lying barrios covering about 25 percent of the total area to be served
 
by 2000,will receive fire protection service by fire hydrant installa
tion. A higher level of hydrant servioe will be provided for the pobla
cion and portions of barrios San Vioento East, San Vioente West and 
Nancayaean beoause of the high-value property associated with comme'
cial areas. Normal residential-type service will be provided for the
 
rest of the area.
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Cost Suuary Phase 1-4& 

The cost summary for proposed construction during Phase I-4 is 
prehented in Table IZ-4. Based on 1978 price levels, the total pro
ject cost for this phase is P9.45 million with a foreign exchange
 
component (FEC) of P4.31 million, which includes direct and indirecrt 
import items* Table IX-4 also presents a coat breakdown based on
 
materials and equipment proourement and required civil and structural
 
work. Materials and equipment considered in this breakdown include
 
pipes, valves, pumping equipment, water meters, hydrants and chlori
natorso
 

COSRUTONPASE I-B _(!12L122 

Source Paoilities
 

A new well will be constructed in 1988 in Barrio San Vicente 
West along the road to Barrio Camantiles (see Figure 13-4). This well 
will provide an additional supply of 2,700 curd and will increase the 
total available supply capacity to 13,000 cumd, sufficient to ment 
system domands until 1991 (see Figure 17-3). 

Distribution System
 

In Phase I-B, an additional longth of approximately 2,330 meters
 
of 150 to 250 mm pipelines will be installed to extend service to
 
previously unserved areas, to provide system loops for better pressure
 
distribution in some areas and to connect the proposed well to the dis
tribution system.
 

Details of those proposed pipelines are listed in Table IZ-5 and 
shown in Figures IX-4, IX-5 and I3-1 (appended). 

Internal Network 

New internal network will be provided during Phase I-B for approxi
mately 163 hectares, completing the area served within the 1990 service
 
area. Internal network will be provided at an approximate annual rate
 
of 32.6 hectares per year uniformly over the period 1986-1990 (see
 
Annex IX-C for details).
 

Service Connct ions 

During Phase I-B, 1,560 service connections will be installed
 
within the 1990 service area. The total number of service oonnections
 
within the service area of URD-WD by the year 1990 will then be about
 
4,460. The rate of service connection installation during this phase
 
will bE 310 per year (see Annex IX-C).
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MLE M-4 

CWfSTRUCTIoM GOST SLIHAaRT-i/ 

PHASE I-A 

Cost in Peso. 
te Local Total 

Source PF.ilitioey~ 

Nterials and Equipent 
Civil and Structm.al 

436,700 
49* 

605,000 
269000 

Two wells oomplete with 
pumping and chlorination 

931,200 631,000 1,562,200 ao1tie 

Distribution Pipelinesk' 

Materials and Equi Pnt 
Civil and Struot Il 

8,600 
114,500 

86,00 
-

2,160 u x 100 

Naterials and EquFjaent 42t500 167,900 1t930 a x 150 m 
Civil and Structural 140,900 -

Materials and Equipment 130,600 514,100 4,080 a x 200 a 
Civil and Structural 346,800 -

aterial. and Equipxent 5t800 22,000 100 a x 250 m 
Civil and Structural 12t100 -

Naterials and Equipment 11,800 34,700 valves 
Civil and Structural 11,600 -

825,200 825,100 1,650,300 

Internal Network 

Ukteriale and Equipmsnt 130,800 1,023 300 244 ha 
Civil and Struotur 1,292,000_ 

142800 1,023,300 2446, 100 

S1978 price levels
US$ 1*00 = ?T00 

2/Contingenoies @ 15% and engieering @ 10% for these items. 
For all other item, oantinoeoies@ 10% and engineering 0 5%. 



!IBLE UX-4 (Cuztinmed) 

Cost in Pesos 
Item Local Fore- -Total Remarks 

Servioe Connect tonm 

Materials and Equilpmet 44,400 838,700 1,559 new coneaticon 
Civil and Structuril 5-9200 and 290 replaoeente 

638,600 838,700 1,4T7,300 

Pire E]yapts. 
Usterials and Equipment 50,000 170,7U0 150 he of residential 6a 

Civil and Structural -73,500 - 40 ha of high-value area 

123,500 170,700 294,200 

PludbInM Shop 
Naterials and Equipmaent - - building only (tools 
Civil and Structural 3632000 provided in imediate 

363,000 - 3639000 

Total Construction Cost 

Mterials and Equipmmn 861,200 3,462,800 4#324t,000 
Civil and Structural 3."3.100 26,000 3.469.100 

4,304,300 3,488,800 7,793,100 

Contingencies 0 15% 263,500 218,400 481,900 
* 10% 254,800 2o330 458,100 

Bub-total 4,822,600 3,910,500 8,733,100 



TABIN U-4 (Coniued) 

Cost in Pesos 

jkr10% 129j300 240, 100 3699400 
0 5% 88,200 163,700 251,900 
Sub-total 59040,100 4314,300 9354,400 

95,o 50-
,0
 

Total-oet. Cost 5,135,100 4314,300 9,449v,400 

.CConsists of 65% foreign exchage based on ree t simila p' OJeats. 
opsists of 2 well sites .00 ap 0 100/ap and one plumbing shop sit* 

1,I5 84m 0 !,j ,q. 



TAimL IZ-5 

DISRIBUTION PIPELINES - PRABS I-B (1986-1990) 

Pipe Pipe Pipe
Number Desoription/Location size LeRth (M)m) 

102 Along the road in Barrio 3an Vioente 

East 150 460 

111 Along the road in Barrio Maina Eat 150 600 

1,060 

110 Along the road in Barrio Sto. Doming. 200 720 

133 Along the road in Barrio San Vioente 
West 
 200 50
 

1,220 
142 Well line in Barrio San Vioente Went 250 50 

50 
Ttal 2,330 

Fire Protection 

During Phase I-B, an additional area of 30 heotares within the 
poblaoion of Urdaneta and 170 hectares for the outlying barrios will
be provided with fire protection service by the installation of fire 
hydrants* This will provide approximately 51 and 49 percent oover
age of the total areas to be covered by the year 2000 for Urdaneta
poblacion and the outlying barrios, respectively. Normal residential
type service will be provided for all areas except Urdaneta. poblaoion,
which will reeivo a higher level of service. (See Annex IX-C for 
details of hydrant installation.) 

Cost Sumsry: Phase I-B 

The cost sumary for proposed construction during Phase I-3 
is presented in Table I.-6. Based on 1978 price levels, the total 
project oost for this phase is P5.43 million, with a foreign ex
chang oomponent of P2.68 million. 
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kLE I-6 

CCUS2 UCTIN COST SUN RI/ 
IPEASE I-D 

Cost in _bgoa 
Item Local Total Rem.arks 

source Facilitieuw 

Material, 
Civil and 

and Equipment 
Structural 

220,800 326,700 
13,000 -

One well complete With 
pumping and chlorination 

472,300 339,700 8.12,000 equpent 

Distribution Pipelinee / 

Materials and quipiment 23,300 92,200. 1,060 m x 150 m 
Civil- and Structural 77,400 

Materials and Equipment 39,000 153,700 1,220 a x 200 -
Civil and Structural 103,700 -

Materials and Equipment :-2-900 11,000 50 a x 250 
Civil and Structural 6,000 -

Yjterials and Equipment 3,200 10,900 viaves 
Civil and Struotural 600

259,100 267,800 526,900 

Internal Network 

Materials and Equipiment 87,400 683,600 163 ha 
Civil and Structural 863.0., -

950,500 683,600 1,634,100 

Service Connections 

Materials and. Equipoment 37,400 754,100 1,558 e tmeotions 
Civil aad Structur Ial

546,900 754,100 193019000 

1 "978price levels 
S1.00 - P7o00 
Contingencies @ 15% and e eines-ri1- @ 1Cw. for these items* For all items, contingencies @ 10% 
and engireering 9 5,,, 



Item 


e Eydrant i 

Materials and Eq]iPmwt' 

Civil and Structural 


Total Construction Cost
 

Materials and Equipment 

Civil and Struotural 


.ContIn enoie.s 15% 
@ 10% 

Sub-total 


lriiern O10% 
@ 5% 

Sub-total 


Lad:/ 

Total project Cost 


U=BL IrZ-6 (Cbztimaed) 

Local Cost inF615o15Foreign Total Re arks 

49,000 
11,900-

120,90 

167,100 

167,100 

. 

288,000 

170 ha of residential and 
30 ha of higb -aluearea 

463t000 
1.8%6.700 

2,349,700 

109,700
161.80 

2,621,200 

53,900* 
62,100 

2,737,200 

10,00 

2747,200 

2,199,300 
30 

2t2129300 

91,100
160 SOO 

2,463,900 

100,100 
115,200 

2,679,200 

-

2,679,200 

2,662,300 
18992700 

4,562,000 

200,800 

59085 100 

154,000 
177,300 

5,416,400 

10,000 

5,426,400 

Consists of 65% foreign exchange based on reoent similar projects. 
One well site @ 100 sqm @ 10Q/gqm. 



D. 	 SEGON STAGE OF ThE, REC0MIMMDE 
LON1-TEM CONSTRUCTION PROGRAM 

The second stage of the recommended program includev provi
sion of additional source and distribution facilities and expan
sion of the intornal net-ork syatem, qurvioe connecations and fire 
protection faoilities. Thene works will be implemented in two 
construction phases. first phase s'3 stageThe of second prograr 
will be implemented Zrom 1991 to 19952 and the second phase, from 
1996 to 2000. 

CONSTRUCTI N FU~SE11- (19--

Source Faoilitien 

Duri-L this phase, two additional wells will be oonstructed. 
One well at node 80, located in Barrio Nancs~vasaui along the Vational 
Road., will be oonstruoted by 1991; and the other at node 79 in 
Barrio Cabuloan along the Natior al Road, will be onstruoted by
1994, These two wells will provide un additional capacity of 5,400 
cumd, for a total source capacity of 18,400 cumd which will meet 
projected syatem demand until 1997 (see Figure IX-3). 

Distribution System 

The distribution improvements recommonded. for URI)-WD during
Phase 1I-4 will onsist of the installation of additional pipelines
to provide additional service to the barrios of Camwnan , Caman-tilesp
Cabuloan and Baotad West and to provide reinforcement to previously 
installed pipelines. An additional length of about 6.3 km of 100 
to 250 rmn pipelines will be installed during this phase. These are
 
described in Table I-7 and shown in Figures IX-4, IX-5 and IZ-I 
(appended.).
 

Internal Network 

An additional 193 heotares of internal network will be provided
during Phase 11-A of the long-term program. This will provide ser
vice to 56 percent of the additional area to be served between 1990 
and 2000, and will result in service to 81 percent of the total year 
2000 service area. 

Service Connecti ons 

During Phase lI-, the additional number of service oonnections 
installed within Urdaneta Poblaoion will be 256; within the remainder 
of commnities previously served, 1,152; and within the additional 
barrios of Camanang, Camantiles, Cabuloan and Bactad West, 249. A 
total of 1,657 additional service connections will therefore be 
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TABLE IX-7
 

DISTRIBUTION PIPELINES -PHASE II-A (1991-1995) 

.pipipe PipeNumber Description/Looation sz__ Lo hm 

200 Along the road in Bo. Cabuloan to Bo. 
Bactad 100 .1000 

1000 
202 Along the road near Barrio Cabuloan 150 520 
203 Road to Barrio Dilan-Paurido 150 540 
204 Along National Highway in Barrio 

Nanoayasan 150 900 
207 Along the road to Barrio Caantiles 150 1 000 

113 Pipe reinforement in Barrio Nanoam.
liran West 200 680 

201 Along the road in Barrio Cabuloan 200 600 
205 Along the highway in Barrio Nanoama

liran West 200 .. 9 

2,220 
208 Well line in Barrio Cabuloan 250 50 
209 Well line in Barrio Nanoayasan 250 

100 

Total 6 2 
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inst-lled within URD-WD by the year 1995, at a rate of 331 conneo
tions per year. This will bring the total number of service con
nections installed in URD-WD to 6,118 by 1995.
 

Fire Protection 

During Phase II-A, an additional 29 heotares within the pob
lacion of Urdanota, and 307 hectares within the barrios of San Vi
cente East, San Vicente West, Bayaoas, Nanoayasan, Namcamaliran East,
NamcamaliraiL West, Dilan-Paurido, Sto. Domingo, Palina East and 
Mabanogbog, will be provided with fire protection service by fire
 
hydrant installution. This will provide 75 and 74 percent coverage
 
of the total areas to be covered by the year 2000 for Urdaneta Po>
laolon and the other areas, respectively. Normal rosidential-type 
service will be provided for all areas except 1daneta Poblacion,
 
whioh will re"re a higher !e"4l nf ervice. See Annex IX-C for 
details of hydrant installation. 

Cost Summary: Phase IL-A 

A cost summary for construction during Phase II-4 is presented

in Table IX-8, based on 1978 price levels. 
 The total project cost 
for this phase is P7.88 million, with a foreign exchange component 
of P3.81 million.
 

CONSTRUCTION PHASE I1-B (1996-2000)
 

Source Faoilities 

To meet projected year 2000 demand, an additional well will be 
constructed at node 86, located in Barrio Pinmaludpod, by 1997. This 
will'provide additional supply capacity of 2,700 cumd, or a total 
supply of 21,100 cured by the year 2000. 

Distribution System 

During Phase II-B, an additional length of approximately 750 
meters of 200 and 250 mm distribution pipelines will be installed to 
connect the new well to the system and to provide service to the 
additional barrio of Pinmaludpod. These pipelines are listed in 
Table IX-9 and shown in Figures IX-4 and IX-I (appended). 
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MRLE I-8 

CONSTRUCTION COST SUMMLRYI! 
PHASE I -, 

Costs in Pep'os
 

Item Local ?be eA
otal 

Source ?aoilities3/ 

Uterials and Equipment 436,700 605,000 Two wells complete with 
OCivil and Structural 4945 -26000 	 _ pumping and chlorination 

1,562,200 facilitien931,200 631,000 
Distrfibtflion Pipelinse 3 

Materials and Kquipaent 4,000 40,000 1,000 m X-lO0 M
 
Civil and Structural 53,000 -


Materials and Equipment 65,100 257,500 2,960 m x 150 am
 
Civil an Strucural 216,100
 

Materials and Equipmsnt 71 000 279,700 2,220 w x 200.w
 
Civil and Structural 188,700 -


Materials 9nd Ruipmnt 5,800 22,000 100 m x 250 mm
 
Civil and Structural 12,100 -


Materials and Equipment 8,900 27,300 Valves
 
Civil and Structural 9,100 _ _--_"
 

633,800 626,500 1,260,300
 

Internal Network
 

Materials and. Equipment 103,400 809,400 193 ha
 
Civil andOstr cturil 

1,125,300 809,400 1,934,700
 

V 1978 prioe levels
0 S$1900- M~OD 

/Contingenoies 0 15% and i!zineeri @ 1% for these items* 
For all other items, eontingenoies 0 10% and efgineering * 



UML IZ-8 (Contizm.4) 

Costs in Pesos 
Item Local ' oreie Total Remarks 

Service Connections 

Yaterials an Equipent 39t800 802,000 1,657 nev oeaeotions 
Civil and Structural 541,900 - , 

581,700 802,000 1,383,700
 

ft'erials and Equipment 66,900 228,100 336 ha of residential 
Civil and Struatural 98,1-00-___ area. 

165t000 228,100 .393,100
 

Total Construction Cost
 

Ylaterials and quipment 801,600 3,071,000 3,872,600
 
Civl and Strutural 2.635P400 26,000 21661,400 

3,437,000 3,097,tOO 6,534,000 

Ce.M*iei; 0 15% 234,800 188,600 423,400 
o 10% 187,200 184t00, 371,200 

Sulb.-total 3,859,000 3,469,600 3,728,600 

]tlAinrJ4 @ 10 % 113,600 211,000 324,600
 
0 5% 71,400 132,700 204t10 

Sub-total 4,044,000 3,813,300 7?857,300
 

,o- _ 20,00 

Ttal ProJect Cost 4,064,000 3,813,300 7,877,300 

4/ ists of 65% foroitu exchange based m reoent siuila, projects* 
V'/oies of 2 well sites @100 Mim @ P100/eqn. 



DII!~nTIQV P1flL3hES - PHASE 11-33 (i996-200) 

PipePiePp 
Number Description/Location size(=I____(_ 

206 Alone the highway in Barrio Pinma
ludpod 200 700 

210 Well line in Barrio Pinmaludpod 250 50 

750 
.zternal Network 

,An additional area of 191 hectares of internal network will be 
provided durig Phaeo Ir-B. This will provide servioe io 100 percent
of the year 2000 service area ty the and of the oonstruction period
in 2000. 

Servioe Connections 

Service oonneotions will be installed at an armual rate of 369 
connectionB per year during Phase JI-BO to provide a total of 1,845 
new comneotione by the year 2000. At this time, the number of service 
oonneotione "thin the area served 1W URD-D will be 7,9636 

Fire Protection 

During Phewe II-Bt, an additional 28 hectares within the pobl
oion of Urdaneta, plus 272 heotares within the remining barrios 
of the ItD-WD, will be provided with fire protection servioe b fire 
hydrant installation. This will provido oomplete coverage of the 
total areas to be oovered blr the year 2000. See Annex IX-C. 

Cost SuarZt Pbas i1.-B 

The cost eummary for conatruotion during Phase II-B is present
ed in Table I,--O. Based on 1978 prise levels, -the total project 

oost of this phase is P5.-97 million, with a foreiln exchange aocpo-. 
net of 12.99 million.
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TUTL IX-10 

C0NSTUR IGION COST SUWRYI/ 

PHASE II-B 

cost in D208O
 

ies Logal FoeTota i~
 

scumoe fteilitia,' 

ateials and Equipment 220,800 326,700 One well oomplete with 
Civil and structural 21500 13,000 purpiig and ohlorination 

472,300 339,700 812,000 

Distribution Pipeline / ' 

Materials and Bquipment 22,400 88,200 700 m x 200 m
 
Civil and Struotural 59,500 -


Materials and Equipwmt 2,900 154,000 50 a x 250 m
 
-Civil and Struotuz!al 84,700 


Materials and Equipment 1,800 6,800 Valves
 
Civil and Structural 2,200 

173,500 249,000 422,500
 

Internal Network
 

Materials and Equipmmt 102,400 801,100 191 ha
 

Civil and Structural 1,011,.300
 

1,113,700 801,100 1,914,800
 

Bervioe Canneotion 

Materials and uipoent 44,200 893,000 1,845 now oonetim 
Civil and Structural O 

647,500 893,000 I,40,0v0
 

a! 1978 prioe levels 

continencies @ 15% and engineering @ 10% for these items*
 
For all other items, contingencies 0 100 and vngincering , 5%.
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M&BLE IX-10 (Continued)
 

Cost in Pesos 
Item Looal Foreign Total Remak 

Materials and Fquipment 	 59,700 -203t700 300 ha of residentlal

Civil and Struotural 8_._-. 	 area 

147,300 203,700 351,000 

Total Construction Cost 

aterial.s and Equipment 454,200 2,473,500 2,927,700

Civil and Structural 	 2,100,100 - 1200 2,113*100 

2,554,300 2,486,500 5,040,800 

Contingsnoies @ 15% 
 96,900 88,300 185,200 
0 10% 190o,80 189,80 380,600 

Sub-total 2,842,000 2,764,600 5,606,600 

:1eerno 	 49700 92,300 142,000 
73X3o;o 20 .40o 

Sub-total 
 2,965,000 2,993,00 • 5,958,000 

Total ProJeot Cout 	 29975,000 2,993,000 5,968,000 

iate of 65% foreign exchazge based on reoent similar projects.

! ists of I well site @100 0 P100/aqm.
*qn 



3. CAPIAT, COST S,]MMRY 

The oapital ooss for aiaoh phaue of tbo long-term oonatruo
tion program, inoluding the imetiate improvamsent program are sum
meaized in Tabla IX-,J1, L. gene cr]., ho total projeot oosts shown
 
in this teable iucolude the outivated oonstrution oost of faoilities,
 
engineering knd oontin~enoies and coot of lawd. Construction cost
 
estinates of tha propouei SaCiliti3s are basod on projected 1978
 
unit prices. 7ho foreign oxchange compononL of the total projeot
 
cost includes the costa of direot and/or indirect import items.
 

TABIL* IX-11 

CAPIT&L CWsT SUMUIY 

Construction Ccntruotlon Construotion - ro._0t Ct (?)
phase Period ( Looal 3lle TOW 

Inmediai Improv
went. 1978-79 3,403,400 2,394,900 2,017,500 4,412,400 

Phase I-& 1980-85 7,793,100 5,135,100 4,314,300 9,449,400 

Phase I-B *98&-90 4,562,000 2,747,20 2,679,200 5,426P400 

Phase II-A 1991-95 6,534,000 4,064,0OO 3,813,300 7,877,300 

Phase li-B 1996-2000 5,O40,800 2,975,000 2,993,000 5,968,000 

27,333,300 17,316,200 15,817,300 33,133,500
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F, Ab1lUL OPERATION AND .MfMITANCE COSTS 

Asmual operation and rnaintenro.ce costs include porsonnol, 
power, chemivalo, raintenanoe* (,4"fice mipplier and other mis
oellanous cxpenses which are noccseary to sustain the overall 
water supply syutem. The totel cost of the existing systom in 
1976 wan r63,300 (at 1978 prioa levels). Fcllowirg implementation 
of the proposed proguramtho annual cost will increane due to addi
tional costs for porsoixe!, power, chemicale and maintenanoe. The 
annual soutr (aso Table IY,-12) do not include ropjment of the debt 
incurrod for construction of the proposed facilities. 

The annual costs of operating and maintaining the water dis
tric t facilities are nstlmat1d to be spproximate]y r279,300, 
P704,000 and P991,100 in 1980, 1990 and 2000, reapeotively. 

0. SWEMAGE/DRADIAGE CONCEPTS 

Existing Draiage System 

The existing drainage syatem in thrdanwra consists of a system 
of 1-moter diamoter cirainage pipes surrounding the core eity, along 
MacArthur Highway and Sison Strot, and a 0.60 r, x 0.60 m box cul
vert along the Baguio--YAnila Road. Those relatively large pipes are 
fed by a system of small peripheral open street canals. All water 
drained by this system ia carried to the Macalong River via three 
routes located at the center and eastern and western e-trenities of the 
core city area. Existing drainage faoilities are shown in Figure IZ-6. 

The street canals oonsist mainly of open ulined ditohes vary
ing in width from 0.30 to 0.60 meter with depths varying from 0.25 
to 0.45 meter. Although flow from some street canals is direo'.ed 
to the larger network of 1-meter diameter drainage pipes, many of 
the street canals periodically overflow into nearby rice fields or 
other low-lying land.
 

The majority of existing drainage facilities have been con-. 
structedsince 1946. A complete set of drainage plans has been de
veloped by the iMunioipal Engineering Department which is the agency 
currently maintaining the system. In the past, drainage facility 
improvements or extersione h-ave ooinoided with improvements and paving 

of roads. Municipal, provincial and national tax allocations are 
periodically made available for improvements to the drainage system,
 

but have so far not been adequate to provide a complete integrated 
system. The municipality currentl4 employs 15 laborers who spend a 
portion of their time cleaning and maintaining the existing drainage 
facilities. 
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TABLE ZX-12 

0PMATIK AND Y&A33T OSVSUW 

Administrat ion 
and 

YearPrsonnlFue 

Pow z& 
aaid 

Caicalej/ Jsintasnuao4/ Xi8*el 1n~mqUU& Towa 

1976 

1980 

1985 

1990 

1995 

2000 

45,100 

160,200 

292,100 

404,700 

458,000 

464,600 

11,9Q0 

55,000 

98,200 

1419300 

194,000 

246,800 

-

10,600 

19,000 

27,400 

37,700 

479900 

4,800 

51,300 

89,400 

124,900 

175,200 

217,000 

1,5 

2,200 

3,500 

5r700 

9,200 

14,80 

63,300 

279,300 

52,200 

TZ4,000 

874,100 

991,100 

-1/1978 prise leves. 

VInclues pump power oonvmuption @ !'O.25/kwh, gswer4 power and fuel flr vehicles. 

-/Inoludes chlorine osts 0 1.0/kg and laboratory chemicalu. 

Tnclu es mechanical equipmetl @ 2% per annus and other items @- anmnm. 
WBued an 1976 budget, increased * 10% per an==m. 
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The existing drainage facilities were constructed for the 
collection and disposal of storm water run-off. Most of the street 
canals are dry during non-rainy periods. During rainy periods ,sur
face run-off, as well as some miscellaneous solid waste, is carried 
by the street canals, with very little domestic sewage permitted to 
enter the system. 

Field observations of the drainn-ae system in Urdaneta are as 
follows:
 

1. 	The major disposal area for storm water run-off is the 
toalong River, which runs along the north side of the 
municipality, with some atorm water disposal into an irri
gation canal traversing the southern side of the area. 

2. 	 Domestic wastewater in discharged into septic tanks and 
pit privies. Some roof drainage is transported to these 
facilities, with occasional flooding during rainy periods.
Although direot discharge of domestic wastewater to storm 
water facilities is discouraged and uncommon, it is likely
that an appreciable amount of domestic wastewator travels 
overland during rainy periods. 

3. 	 The public market and slaughterhouse drain their waste
waters directly into the existing drainage systom. 

4. 	 The municipality maintains the existing drainage system 
with funds periodically allocated from municipal, provin
cial and national sources.
 

5. 	 There are no existing industries producing significant
 
wast ewat ers.
 

6. 	 Approximately 30 cumd of solid wantes are collected daily IY the 
Municipal Engineering Department, and disposed of either 
directly into the Maoalong River (near Camarquesan Street) 
or at a land-fill site near Bariio Camantiles(about 4 km 
from Urdaneta). The solid wastes from the slaughterhouse 
are included in the daily collections. 

7e 	 Clogging of drainage conduits is caused by depoition of 
looally eroded soils end the dumping of solid wastes into 
the drainage canals. Tie lack of gratings on drainage con
duit inlets aggravates this problem. 

8. 	 No significant flood problems have been experienced in 
Urdaneta. Periodic flooding does occur in the southwestern 
portion of the area, but persists only from 2 to 4 hours. 
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Koono~io Factors 

flio pro,,ioicn of sewerage ard 1rainagq fao ities within the 

URi-3)has a aignificant impaot or water supply and othPr infra,
structure co.iponents. Economics (pu'blio'e ability to pay) ane. the 
status o! publia health also affect directly the feaoibility of pro
viding sewerage and cdrainage facilities. 

In iew of tho current rol;itivo]y minor -torm water drainage 

problems being exp,,i.noer in the M1R-WD area, it appears that 

drainage facilities do not warrant high priority in Urdaneta'U list 
can be.made concernof infrastructure oomponantn. Before decisions 

ing the implernvetatior, or sewer3.o and/or drainge programs, additional 

technical and economic data v1Uct ba collected and evaluatod. 

Information from the Departmont of Health ildicates that in 

1975, 28 percent of Urdanota hoursoholdo had water-borno toilet faci
lities, 63 percent had clon-;d-pit type toilets and only 9 percent were 

without toilet facilitieso Althouh those statistice indicate that 
the general level of occurrence of eatisfactory toilet facilities is
 

higher in Ureaueta than in moot other compazable urban communities in
 

the Philippines, it is unlikely the.t such a low percentage of "mo

dern" facilities can economically justify a near-future sewerage
 
program.
 

The rationale for the prevision of wastewater facilities has
 

traditionally teen based on aesthotice and public health benefits.
 

At present, there is an obvious water supply problem in the URD-WD.
 

As the water supply problem is resolved, wastowater volumes will 

increas.. Related aesthetic and public health standards will improve 

in time, increasing the urgency for solution of the wastewater problem. 

Projected Wastewater Volumes
 

Wastewater floun in URD-WD have been projected for the years 
1990, 2005 and 2025. These estimates are shown in Table IX-13.
 

The service area conniderod for the wastewater projections was 
This area is thethe core area to reooive water supply by 1980. 

most densely populated area in the water district, and is the area 

where public health and nuisance problems associated with wastewater 

will be greatet. 

could be collected wts determinedThe wastewater volume which 


by estiriating the percentago of water supply connections (domestic
 
connections
and cowmercial.induotrial/inti-uttionl) reoeiving newer 


during the design period from 1990 to 2025. It was astumed tbat all
 

water supply connections would have sewer connections by 2025, and
 

that in 1990, 30 percent of domestic and 50 percent of commercial/
 
sewer
industrial/inbsitutional water supply connections would have 
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TABLE IZ-13 

AVERACE DAILY WASTEWAT FLOWS 
1tAI4TA WATE DISTRICT 

Percentage of Water 

Connections with Sewer 

Connections t 

Domestic 30% 6%100% 

Coeroal, eto... 50% 85% 100% 

Wastewater 

Flows, oumd t 

Domestio - 634 1,939 6,047 

Comeroial,. eto.o. 169" 549 1,512 

Infiltration 1,55 2,239 3,110 

To t a 1 2,358 4,727 10,669 
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connections. It was assumed that no unumually large water con
uming oonnections would oocur during the design period and that 

90 percent of water oonsumed would therefore be returned to the 
sewers* An allowance was made for groundwater infiltration into 
the sewers, based on projeoted percentage of physical area with sew
ers and an infiltration rate of 0.15 ips/hectare. The resultant 
number tof sewer connections required during the desig period was 
then checked to ensure that the annual rate of sewer connections was 
realistically within the physical capabilities of the water district. 

Alternatives Available 

The cost of sewerage/drainage facilities for the URD-D area 
is expected to be significant* 

7he provision of a financially self-sufficient sewerage/drainag 
system is seldom achieved even in developed countries. It is likelXy 
that the URD-WD is no exception to this rule. 

'Feasible alternatives for sewerage in the URD-WD area appear to 
be as follows:
 

1, individual (septio tanks) or unified public collection
 
systeml
 

2, 	 combined or separate sewerage/drainage system 

3. 	 various degrees of centralimed community sewage 
treatmentl 

4. 	 disposal iystem (river or land disposal) for treated 
swag 

fhe question of whether the URD-UD should construct a combined 
or a separate sewerage/drainae system depends on economic oir
cumstanoes. 

An alternative to the combined system which must be Investi
gated in detail during the sewerage feasibility study is the provi
sion of open canals (peripheral drains). 

Alternative treatment and disposal methods for intercepted 
wastewater may consist oft 

1. -Screening of gross solids, high-rate lagoons and ef
fluent discharge into the Macalong River.
 

2. 	 Some form of treatment such as conventional primary or 
high-rate secondary treatment may be applied. Treated 
wastes may potentially be used for agricultural irriga
tion. 
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Recozmmondat ions 

As soon as the first phase of the water supply ptogram 'is under%
way, a oomprehensive sewerage/drainage feasibility study should be 
undertaken. Thib study must address the issue of combined versus 
separate sewers. It should also update the population and water 
demand projeotions of this water supply study. 

Once the decision has been made to use either the combined or
 
separate system, the water district must embark as promptly as pos
sible, on a street sewering and house connection program.
 

A plumbing code should be developed IV the URIi-WD to ooordi
nate plumbing requirements for water, wastewater and surface run
off facilities. This oode becomes very important and meaningful
 
particularly if a separate system of sewers is adopted.
 

In the meantime, a house-to-house survey should be conducted
 
to inventory existing wastewater and toilet facilities. As-built 
drawings of storm drains and peripheral canals must be compiled and 
accurately recorded in preparation for the sewerage/drainage feasi
bility study. 

For residences and establishments that currently lack waste 
disposal facilities and are financially unable to provide the modern 
flush toilet with septio tank, the Department of Health (Division 
of Environmental Sanitation) has developed an inexpensive water
seal toilet. 

Permanent right-of-way should be acquired for the main routes 
that will be used for drainage/ceerage conduits. 

The current practice of dumping solid wastes into waterways, 
canals and manholes, should be strictly prohibited. Solid wastes
 
not only pollute the water, but also are very unsightly and serve 
as habitats for flies, rodents and parasites. The proper handling 
of solid wastes should be studied and planned oarefully. 

H. MANAGE T OF WATER RESOURCES 

In order to make the best use of water resources available for 
present and future use of URD-UD, 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 produced by the district, and a data storage and retrieval 
system which would provide easy access to those organizations dealing 
with the subject. These are discussed further in Appendix P, Volume II 
of this report. 

IX-33 



I 
UPDATING THE WATER SUPPLY MSTER FAN 

To be a meanigtul working document, this water supply mo.
tar plan must be periodioally updated. Changes related to techno
logical developmento social goals, land use conoepts, unfre
seen population growth or movementl eto., must be reviewed for 
possible long-rae impact on the programs reoommended in this 
report. An outline of the steps required for ouch periodic up
dating is presented in Appendix Q, Volume II. 

J. RV11WHNU~L CONSnTh1TON3S 

Appendix Rl Volume II discusses some of the ways the recoin
mended program may affect the environment of the study area. Some 
of the natural resources affected by the program are irreplaceable,
requiring due consideration before- actual construction. 
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DXSTRIBUTION SYSTEM GROWTH 



DI3TITION SYSTEM GROWTH 

General 

It is necessary to project the growth of the distribution qa
tern in order to estimate the required expenditures for internal net
work piping, service connections, and fire hydrant requirements. The 
projection of distribution system growth is based on (1) on appor
tionment of the nerved population among individual sections within 
the service area (2) the projected number of people erved IV each 
connection, and (3) the anticipated total area of individual served 
sections within 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-1 aooording to individual oouiiunity

served and respeotive servioe areas in 1976, 1980, 1990 and 2000.
 

Number of Pez'sons Per Connection 

Based on the pilot area study carried out within the present 
(1976) service area, the present number of people served lV a single
service connection is approximately 8.0. It is estimated that the 
overall served population per service connection within the water dio
trict service area. is slightly less. It has been assumed that the 
effecte of future inoreased living standards and family plan -, 
ning will be offset y the effects of future inward migration, and 
that the resultant per-connection population will remain at approxi
mately 7.8 persons throughout the study period. 

Total Served Area for Individual Communities 

he total areas of individual served communities have been pro
jected on the basis of field studies and locations with potential con
sumers of the URD-WD water suppl-,. These projections are presented 
in Annex Table IX-C-2. 

Area- Served I -Internal Net work System 

In order to project the net area to be served by internal net
work piping, the gross served areas presented in Annex Table IXU-C-2 
were reduced in proportion to the expected percentage of population 
served (as ohown in Annex Table I -C-1). Served populations in 1980, 
1990 and 2000 are expected to be approximately 65. 77 and 83 percent, 
respeotively, of the total population within the corresponding ser
vice areas. It has therefore been assumed that 80 and 87 percent of 
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ANX Tim I-401 

8MVED POPULATION YROJECTIONS 
URDAMMT WAT t DISTRICT 

1976 1980 
Servioe Servioe 

.danesta Poblaoion 2,997 8,736 
San Vioente Est 15 167 
San Vioente West 
 148 681 

IB.yao& 56 783

NfLnoyac&an 229 
Nancamliran Bast -
Na$camairan Wot -
Dilan-Paurido -
Sto. Domingo 
Pa1 n, Bst 



-
YAbanogbog -


aans-


-
Pinmaludpod 
 - -1 
Camnt iles -Cabuloan -


-

Baotad West  -

Total Served Population 3,216 10,590 


Total Sorvioe Area Population 9,192 16,300 

Peroeni Served 35 
 65 


1990 
Se.-vioe 


13,110 

1,277

3,410 
4,702 

4,609 

2t716 

2,079 
1,146 

490 
664 
474 

-

.34,677 


45,160 


77 

2000 
Sezrioe
 

17,086
 
2,712

.4,951 
6,814
 
7,436
 
3,913
 
4,805 
3,098 
1,809 
2,417
1,511 
19400 
1460
 
1,150


870 
440 

61,872
 

74,920
 

83 
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AMEX T iABE.4-) 

URMMU!~ Ware,~ ])ISTR!C 

Co.muniy 
Sed 

Urdamjeta Poblaon 
Sun Vlaarte Eant 
Zur Vicente Wot 
Bayaoae 
Nan cayuirz 
Na i cmal iran E-t 
Narmr. ] iran Went 
Dilan - Paurido 
S&.0 Doinmi-xM 
Pmlina Fast 
M .abanogbog 
C~m~a-
Pinmaludpod 
Cantiles 
Cabuloan 
Bactu West 

1976 
8ervioe 
Area 

107 
3 
7 
9 

-
-
" 

-

-23 
-

-
-

-
. 

-

-980 
Service 
Area 

117 
8 

.47 
25 
43 
" 

.36 
-
-10 

1990 
Seivioe 
Area 

117 
34 
69 

102 
131 
55 
37 

107' 

14 
36 
-
-

2000 
Servioe 
Ar" 

117 
71 

122 
126 
131 
85 
37 

107 
40 
48 
66 

123 
32 

28 

Total Servioe Area 126 240 725 1179 
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4he tolal eXLvikR'ua ivill otu.d2;jr c~iw ter ervice by the
 years 190 and 2000. rpactively. fr the 1980 servioe area, about
38 .peroent of the total azea or 92 heritare.1 ,,ill reoeivre 
 water rer
vice by 19of' 3aind.r o' the am.r-a will
he 1&) se.vwioe be aerved
 
fully b the year 1985-


Tn4 ' 
 to r v; .i'LenWl niet;',ork ysoyen, are tabulated in innex Table ocordin& to area, and Annex3,a.-C-3, service 

TOble IX.-C-4 accordrinC to Conetniction phase. It hau also been 
 llsuied that Ir'l.Yidi i rueiorn Pilines pa.soin through theseririce rf' wil provt'h.e ee0ie to he ar as within 50 meters on

e~oh side 
of the pipsin~e1, The ¢orrespondint areas served by the
diatrib1M:i(oy p. tem P±p.IAYM~ are 
tlbtlltod in Annex TaTl), IX-,C-5,acoording to nzit.tion ph%3.3 Thu xi-3t area to bca seried by inter
nal network 6ys+,em is tabvlatot ix)f nex Table IX-0-6, 

Numb3er of Se:,,vi ca i~ c i 'I 

'lie nu1ber Ofof s.viWoc-C nons to I)nat.lled is obtainedby divlding thi po. ,lion (aee1:. Annex Tabld IX-C-i) by the
 av rage numbar of porsonai ptn- o ,tj, The estimated nat ber of
 
service c.nneotions for each comsnunity 
 within the sezvice area iv
presentod in P-n-nex Tablo IX-C,-7 by earv"ico aea and .manex Table IU-10-8
 
by Constriot2.0 phae,
 

flurin t e a1:age suvrey to bo vinducted duz ina the immediateimpra¢ement progrn,, J t i expctrid that some existing servioe oon.neotions will be identified as major souroe of leakage. it has
therefore been v31tiOipated that 30 percent ot existing servioe conneetions 
will iequire ma.jor repair or rep.aotmeant by 1980, and thelthe remaining 70 percent will loe repaired or xaplaoed during Phase I-As
 
Areas Receivir1TFire Prot'e-.on
 

Mhe total uoea to receive watur supply sorvi ) 1tr 2000 will also receive fire proteo-tion service by the year, A high level of'
same 
fire protection iill. be pravided for areas where high proporty valuesor high population denities eXected.a.re feace the entire Urdanota Fablaoion and portiono of barrios San Vicente .ast t 5rn iVicente West
and Nanc-yasan wIll u'ece.'ve high Ywrel fire eotjatio=. *Tharest of the barriosa ierved will be provided. with normal residential-.
 
type fire hydrant scrwice, 1hie sohedule 
 for fire hvdrant installa
tion is 1i X-0-9.,l -inAnijex Table 

_D!,rribution SyLtp Comptor 13 intonte 

Te foZllowing two ,)Ump,.lt<,,pxin-tout (Annex Tahles IX-0-10 andIX-C-11) indicate the eutitia-tea hydraulic conditions within the ID-WDdiatribution system in the year 2000. The peak-hour and mininnizii-flowconditions are inoluded as reprtsen.tativw- of the design conditions atthat tine. "The critical conditions for some pipelines may not have 

IfC44
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AWMX TABL IX-C-3
 

TOTAL AREA SERVED BY I1TI'1AL I .NOR.,
 

SYSTEM* 

Community 

Srvedt 

Sdeneta Poblanion (70) 

San Vioente Eaat (2) 
Saz Vicentoe Wet (12) 
NByaoas (6) 
Nancakyasan ( 
Naucamliran East 
Nicamaliran West 

Dilan-Paurido 

Sto. Domingo 
Palina East 
banogbog 


Camunang 
Pinmaludpod 
Cantilee 
Cabuloan -
Bactad West. 

Cumulatlve' Total 

BY SERVICE AREA (Wa 

1980 1990 2000 
Servi9 Servio Servioe 

rs Area &717& 

117 117 117 
8 27 60 

47 62 116 
25 87 123 
43 ill 127 

46 82 
30 35 

- 10 91 
- 34 

6 41 
- 14 59 
- - 74 
- - 19 

- 21 
17 
10 

(9 2 )2 240 580 1,026 

!/Remainder of the 1980 serrioe area not served by 1980'Wili be 
served/by 1985,&VAres served 1V 1980, inoludi g -the ipediate improvement 9 

&am pipoline. 
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TOTAL AREA SERVED Br ITTMIL NETWORK SYTEN
 
BY CONSTRUCTION P ASE (.)
 

Com "unity 

Served 


thdaneta Poblaoioa (70) 

S Vioente East (2

San Vicents West ()42 

Bayaoas (6) 

Nancaya a, (2) 

Nanoamaliran Est 

Nancv aliran West 

Dilan - :,urido 

Sto, DomLingo 

Palina Ea't 

labanogboe 

Camanang 

Pinrnaludpog 

Camn iles 

Cabloan-

Baotad West 


Total (92W3/ 

-Cumulative Total 

Area served 1y 1980 

Phase I-A 
(1981=W5 

47-
15 

50 

75 
23 
15 
35 


-
-

-
-
" 
-

-

3oe 


394 

Phsee I-B 
1286=0 

10 
8 

31 

34 
23 
15 
35 

10 
6 

14 

-

-

-
-

186 

580 

Phaae II,. 
(1s1-25) 

-
17 
27 
18 

16 
18 
3 
11 

12 
18 
23 
37 

-

21 

17 
10 

248 

828 

Phase II-B 
(1226-2222) Zotal 

- 117 
16 60 
27 116 
18 123 
- 127 
18 82 
2 35 

10 91 
12 34 
17 .41 
22 59 
37 74 
19 19 

21 

- 17 
- 10 

198 Io26 

19026 1,026 

fC-.C-6 



AON TOEL IZ-C-5 

ITET AL IMZORK ALLOWI;CD FOR 
DISTRIBUTION PIPES (ha) 

Copumnity 
'Served 

Phase I-A Pboee I-B Phase II.4 
(192185) (1921-25) 

Phase IL-2 
(12§:w) u 

Urdaneta Poblaoion --
San Vicente Est 10 10 
SanVicente West 5 5 10 
Bayaoau 5 5 10 
Nanoayaan 
Nanoamaliran Wear 

19 
7 

9 28 
7 

Dan--oaairan Wool 7 7 
Dila.Paurido 5 5 10 
ISteMLWo . ODoig 

Palina East 
Ksbanogbo 

6 
9 

7 7 
6 
5• 

Camanang 
Pi ,aludpod - -

6 
- 7 

6 
7 

Caantiles 10 - 10 
Cabuloa - - 6 - 6 
Bactad West - 10 - 10 

Total 58 23 55 7 143 
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M AM 

Conflnity 

Served 


Urdaneta poblacion 
San Vicente East 

San Vicente Went 


,yauoas 
Nanca rasn 
Nancamaliran East 

Nanoailiran West 


Dilan.-Paurido 

Sto. Domingo 

Falins Eaet 

)tabanogbog 
Camanang 
Pinmaludpod 

Camant ilee 
Cabuloan 

B3actad West
 

Total 


Equivalent Internal Not.
work by 1980 (ha)

Area Served by Distri
bution Pipelines (ha) 

Ouulative Total Equi
valent Internal 
Network (ha) 

Am=z TADBL IZ-o-6
 

SRVM BY 1TER)UL IJMNOP SYST (ha)
 

Phaee I-4 Faue t-B Phase II- Pheos I..§1, 2 (1986190) 1 (1(9192900 

47 -
10 

37
45 

3 
26 

56 34 
16 23 
8 15 

30 35 
3 

- -
- 14 
- -
- -
-
- -

244 163 

92 

58 23 

394 580 

-
17 
27 
18 
7 
18 
3 

6 
12 
18 
14 
31 
-

11 
11 

16 

27 
18 
-
18 
2 

10 
12 
17 
22 
37 
12 

-

193 191 

55 7 

828 1,026 

IX-C



ANN=X M I-0-7 

SCIMDULE 	 F011 SiIE COQNMTI0N 
INSTALLATION 

1976 1980 1990 2000 
Commnity SoIVVioe Service Servioe Servioe

Served Area Am Area Area 

Urda23ota 	Poblaoion (386)*-" 719 582 512
San Vicente East (2 * 19 143 185
 
San Vioente West (19 * 69 351 198

Bayaoas 94 504 272

lanoayaa-i 
 - 29 564 364 

Nanoamaliran mt - - 349 155 
.Nanoairalan West - - 268 350 
Dilan - Oaurido " - 147 252 
,to. Doa aruo - - 63 170 
Palina EBat "-	 226
85 
Mbanobog 	 - 61-	 133
 
Camaang 	 -  - 180
 
Pinmaludpod  - - 188 
Camantilos 	 " - - 148 
Cabuloajn 	 "  - 112 
Ba tad West 	 - " - 57 

Total by Phase (414)e 930 3,117 3502 

Cumulative Total 414 1,344 4,461 7,963 

*imti lg servloe ooneneatins 

IX-C-9
 



AMTNEX TABlLE X.-

SCHEMULE FOR SERVICE CONNlFCTION INSTALlATION
 
BY CONSTRUCTION PHASE
 

Imediate 
Commity Ioprovemants Phaao I-A Phase I-B Phase 11- Phase 11-B 
Sorved 117-9 (IL&L-8) (19§k:49) (1921=25) (12-00 

Urdaneta Poblacion 719 291 291 256 
 256 
San Vicento £,abt 19 72 9271 93
 
San Vicente Went 69 175 176 99 99
 
bayaoaa 94 252 252 136 136
 
Nanoayanan 29 282 282 182 
 182
 
Nancamaliran East - 175 174 78 77 
ancaimaliran Nont - 134134 175 175 
Dilan - Pau'ido - 73 74 .126 126 
Sto. Domingo - 32 31 85 85 
PNlia EAst - 42 43 113 113 
Mabanogbog - 31 30 66 67 
Ca- - 90- 90
Pinnlludpod .... 
 188
 
Camantieu- - - 74 74 
CablI oan - - 56 56-
Baotad West-" - 29 28 

Total 930 1,559 1,558 1,657 1,845
 

Cu 1at Iv
Total (inalu
ding exist 
oonneotions) 1,344 2,903 4,461' 6,118 7,963
 

Rate pew year 465 260 312 331 369
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A TEX TABIE IY-C-9
 

SCHODtLE FOR FIRE MUZAINT DISTALLATIQK
 

o ity 
Served 

Ifrd~.neta Pol.,~n 
San Viomnte East 
San Vioente West 

lBayaoas 
Naoyaan 
Nnoara,.1irz Eatit 
Ilanc- ir.n West 
Dilan - x.urido 
Sto. Dcrdirno 
Palina Bast 
,abanogbog 

Carma 
Pin .ludpod 
Camantilon 
Calyaloan 
Bacrtad West 

Total 

Cumulative Total 

IY CSTRUCTION PI&,R 

Area 	Reoooivin Fire 	Protec+.ton.bL -Q-P'hase IA Pane I-B -aee 11-4. Phase 11-'B 
L",948-§8) (19W6-90) 1399-95 (1226-2Z91) Tol 

30) 30 (30) 30 29 2811
 
2 15 15 15 15 60
 
3 29 
 29 29 29 116
 

31 31 31 30 123
 
(5) 	 32 32 32 31 127
 

21 21 20 20 82
 
9 9 9 	 '8 35
 

23 23 	 22
23 91
 
10 12 12 34
 
- 21 20 41
 

- - 30 29 59
 
--	 37 37 74
 
- -1 - 9 19
 
- - .21 - 21
 
- - 17 17
 
- - 10 - 10
 

(40)190' (30)200* 336 300 1,0e6
 

190 390 726 IfU26 1,026
 

* Total &re3a reo iving fire protection inoludes both the high
value roidential, oomwroial and induatrial areas rnd the 
sinle-family residential areas, Figures in paxrenheses indioate 
areas to reoeivo higher level of hydrant servioe. 

Ix-C-11 
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boen the PnAk or Mirinam oonditicnro, bit the majority of proposedpipelnee are rr.;in capzci.ty frc-4. during iek-oir conditions. 

The fort.d of Annex Tablet UX-C-10 d X-c_-l i:, discussed 
ir. Chapter 7.I of the .. thodolopv :n.JSal. Pie1fne nrai;&tra from
0 to 42, Wio-ii cr Lhv comp.,vev" prinL;ute, E~re e)ibtin. pipelines.
If azi exiotirg pipeline is replaced, the "0 to 42" C-erier pipes
are roplacea6 by "300" nerie3 pipee. Mhe pipelin -i. with numbere
between 43 and 6.3 arc 'i,o..dinin.allcition Juring the im
mediate, impi'ovee,;l ,ro.'s'ui. T1.he "10C" ecrieau pi1plinej, are t9
satisfy .990 design nonditions. Thn! "200' 8cries pipelinos are to 
satisfy y&r .2000 C,..i,, coi) ioLs. 

SonMe Of the pit ,ncs in tLhe recommended conetruotion pro&ra,
Uay appear to be it ,, ocr1s;r-ction phase not lndioAted by appropriate p|ipo nul:bort.,. This -rreoiut from other conditions govern
ing the sti-ing of recomnmonded facilitice. An example might be a
"200" serio pir-A1ine inolh:d d within the Fhaua I-B (1986-90) con
etruction program. ThMe "200" seriesi indicates r pipeline requirod
for year 2000 uervie, to bu inatalied &.fCer 19'0. A well, re
quired before 1990, might be located along the "200" series pipe
line, and would require inotallatior, of the plpoline before 1990. 

IX-C-12
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AN= TAB IX-C-1O 

COMPUTER PRITOUT
 
YEAR 2000 P-AX-HO1DR
 

URDANETA WATER DISTRICT
 

UPJANETA WATF r)ISTQICT ?2"An P.PK Hlmp; r:}rJt1TION 

INPUT ANC. OUTPUT IN .1PS 
Nr OF NODES
 
NO AF PIPF.S 
MAX Nl OF ITERAT InNS 

iPFAKTNG FACTOR ],7rV000 

ALLfl, P-OROP FR/STATIC - pCT '.0-o 
STATIC HGL '.|.)F'Of P-FlROP CALC '
 
MAX UNPAL - LPS 0.lOiO0 
MAX ALL :}) VFL 
MIN Alt.h,1, VEL 

-?APS 
- MPS 

I. 
C.4OO 

MAX ALL )b, HL -

MIN ALLOW HI -

MAX AL1.OW PRESS 

M/1000 
M/.000 
- ATM 

M 
M 

10.0,) 
O.). 

7.k),3 
MIN AL LOW PRESS - ATM C.700 
NO IF HFAOS TOl iAE READ 1 
NO (iF UNKNOWN CINSUMPTICNS i
 
SUM OF FIXFD .)MANOS C;)
('Ar'jW IO.T I- if) 

ITFP 1. UNH.AI 15.)2 LPS 

ITFP ? IJNI3AL 6.23 LPS 
ITFQ 3 UNBAL 2?.35 LPS 
ITFR 4 UN9IAL 0.67 LPS 
ITFR i UNBAL 3.05 LPS 

SOLUTTCN NO. 1 '4 FACHFO IN 5.1TERATIliNS 
0.C490 IM UNALANCE 

IX-C-.1.
 



ANM X TABLE IX-C-1 0 @()flM U1) 

PIpF N(DES (VA L H-W K-VPM. 11F FLOW -- Vrl-- -- HADLOS S---
N,] FRflW-TO Mm MTRS r MPS--CK MT MT/!O00 CK 

"ci 1 
2 

9 

" 
3 

? 

150 
0 

100 

140. 1 ). 
0. 10") 

125.-).,]00 

I.j 0;: 
',. - :-07 

-

5.3 
. 

0.6 

0.?0 L 
0'.21 1.0 
o.O)8 L" 

01* 
rd?(.'7 
0.02 

, ? 

0. I10 L 
174 

4 
5 

5 
5 

? i00 
4 100 

.7 0 

125. 
155. 
145. 

100 
13) 
103 

0.31 F-OF 
C. 1#,r-O 
0 .,1"F-o0] 

0.65 
!.8q 
5.01 

0.,P 
P. 
0.s4 

LO 
LC 

0.02 
1. ... 

"1.23 

.0 

. 

1O 

110 

"! 

5 
7 

7 

7 100 
) 100 
8 100 

145. 
90. 

185. 

1.00 
103 
1.pt)0 

r ' Ft-O 1 
0. 1-" -01 

. 7 s'7-)1 

01 
1.40 
2.0 

0.' 4, 
1,L 

0.?I 

.'3 
U3) r0.07 
L.. 0 '... 

',( 

j'.%,t) 

9 
1n 
11 
12 

12'5 

1) 

9 
1 

10 
13 

14 

8 
9 

1 
11 
12 

12 

'00 
100 
100 
100 
10O 
100 

190. 
120. 
6), 

110. 
130. 

130. 

10) 0.A'-#F-0i 
100 o. t1'F-01 
rIf',".-, )-01 

10.) ,."74 -01 
103 3.A:)F-O 

1,1 '.r_'.F-,'1 

p.92 
3.67 

1.67 
0.81 
!.8 
1.84 

i.'7 
Q.,7 

0.71 
0.1 
0.3 
0.2' 

LJ 

L C 
LO 
.0 

L1 

O.AO 
0.C't 
0.0 
0.03 
0.17 
0.17 

?.p 
,e." 

1.12 
0.31 
1.34 
. 

1" 
14 

126 
I5' 

3 
14 
14 
13 

13 
1? 
13 
17 

100 
100 
1CO 
ICO 

760. 
12o. 
120. 
215. 

I00 
1X) 
1(0) 
10:) 

0. !.F 00 
0.,, ;i--J 

F7F-1 
0. )?t.F-31 

2.87 
?.2 

1.23 

0.17 L11 0.75 
.,' 1) 0.2' 
'.781.24LL.).3 
0. ic Li 0. ' 

1.0" 
1.31 
1.91 

C.,4 
16 
17 
18 
19 

1?9 

18 
5 

14 
15 
19 

17 
14 
15 
le 
18 

100 
150 
150 
150 
150 

120. 
255. 
145. 
70. 
70. 

10) 0.';17F-01 
101 1 *.' I-:)1 
10) t).3 7 F-07 
101 1.:.' ,-1? 
10) t*-.4 -1 

0.36 
7.15 
0.79 

10.95 
10.5 

0.09 
.4,. 
0.04 
0. 6.? 
0.62 

LO 

1 

0.01 
(..53 
0.01 

g 

f.i5 

0.)h Lf 
2.21) 
0.04 1O 

.3 
5*. 

20 38 19 150 90. 101) . ;4r-0? 10.36 0.54 O.'l04.54 
130 

21 
18 
19 

1Q 150
r')Q ! 0 

90. 
12o. 

i00 
10c 

O, 
r,." 

F,-0? 
- ).) 

10.3h 
8,.60 

0.3. ) 
'1.49 

0.41 
0.,9 

4.54 
3,.22 

131 
2? 

132 
?i 
24 

is 
2q 
29 
19 
?1 

29 
30 
30 
2-r, 
?? 

150 
150 
150 
103 
100 

120. 
80. 
80. 

16A. 
65. 

101) 
100 
103 
10) 
103 

0.71 IF-')? 
. 

0. 474F-01 
1.,:. W-01 
0. 2 OF-1) 

8.60 
8.1.7 
8.17 
I.'7 
0.40 

0.40 
0.4e 
0.46 
0.23 
0.05 

LO 
LO 

O.4C 
.23 

0.? i 

0.20 
0.01 

3.?2 
. .3 

3?.3 
1.24 
0.08 10 

-

76 
27 
?p 

?C 
2 I 
?0 
25 
1%,6 

.1 
23 
26 
16 

28 

,!30 
1 M 
100 
100 
100 

60. 
125. 
105. 

7c. 
135a 

10J 
1') 
13 ) 
100 
1)3 

3. 
-'."F-' 
. ': l 

.. ".- 1 
,.:K F-1 

. 
1.10 
0- 7 5 

0.79 
, 

0.? 
0.1: 
0.10 
0.10 
" 

0 
I 
Li) 
L1 
L.1) 

.14 
0.0;-

01Cf0. 
0.02 
0.03 

.,41 
0. 1 

LO 
o.26 [.0 
0.21 10 

10
1?0 n4? I 25

25 
100
1 0 

190.
190. 100

13U0 
0'.a4 -0! . 1)1 +r. -01 4.30 0.,

1.2 . ,:, 0.71 
1.2
1 21 " . " 

121 
11 

12 
127 

25 
25 
3o 
3C 

30. 1 50 
27 101) 
31 100 
1 1 50 

160. 
80. 
55. 
55. 

11) , . F-, 
101 0.1---l1 
100 0. F-01 
15'(1.17 - 2 

7.,7 
0.23 
?.'39 
3 3 

..4 
0. G 
0.3" 
r..47 

Ln 
LC 

r.4 2 
0.00 
0.17 
-. 17 

.6q 
0.0 
.XI 

'A*'17 

L 

3' 
1? 

1-334 

3l 
I 

?3 

32 
32 
32 

100 
150 

1 0 

420. 
4?0. 

225. 

10J 
10) 

1J) 

F.:16)01.1 
L'.''l1-Ol ' 1O.' 

I':.I F-o] 
4.3t 

5.3A 

0. 1 

:.A 

LO 
10 

tC 

0 .'IQ 

. 

0.r2 
%,'i 

I. . 
' 

AS 

64, 

37 

31 
30 
39 

38 

38 
3 
38 
37 

300 
p00 
200 

100 

355. 
320. 
400. 

110. 

]01 
11,) 
11 
10J 

0.-.J 1) 
,. ',r-)2 
U'' 4 r-J? 
0.: -V.*-0) 

1,104
10.q6 
1.25 

9..60 

0.173 
0.3, 
(., 

0,71 

L11 . 
Li o.l 3 
I.C .'i 

1.1.9 

0,4. 
1.04 
'.)? I0 

1.)47 HI 
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PIPE NnES IA L H-W K-VALUE FLOW -- VEL-- .-HEADLOSS---
N(U p MM MTPS C MPS--C< MT MT/100O CKROM-TO 


38 35 37 100 295. 1CO O.127E 00 4.23 0.54 1.84 6.24 
39 35 35 100 95. 100 0.409E-01 0.44 0.06 LO 0;01 0.09 L) 
40 ?5 3' 100 80. *30 0.45 :-01 0.35 0.04 L0 0.00 0.06 LO 
L2 40 41 200 75. 110 0.'26E-o3 25.20 0.90 0.36 4.86 
41 41 15 150 60. 10' 0.1 9E -o 2 8.71 0.49 0.20 3.29 

123 .1 15 200 60. 110 0.7.iE-0 20.41 0.65 0.20 3.29 
- 42 1 150 120. 100 O.'1PF-0? 6.97 0.39 LO 0.26 2.18 
44 42 43 150 300. 103 0.1 7 9F-01 11.08 0.63 1.54 5.14 
45 4? 33 150 320. 103 0. 1E-01 9.25 0.52 1.18 3.6P 
46 12 43 150 150. 100 0.H, 7F-02 2.90 O.1i LO 0.06 0.43 
7 44 100 110. 100 0.474F-01 4.67 0.5q 0.82 7.47 
8 44 45 3PO 105. 10') 0.(-F?E-0l 2.08 0.26 LO 0.18 1.67 

q9 46 45 100 175. 130 0,TS4 E--O 0.35 0,0l LO 0.01 0.06 L0 
50 44 9 100 180. 100 0.776F-01 0.85 0.11 LO 0.06 0.32 
51 46 1CO 1i1. 100 0.174E-ol 1,55 0.?0 LO 0.11 0,98 
R,? 11 46 100 65. 1I 0,280F-01 0.44 0.06 LO 0.01 0.10 LO 

23 11 100 330. 103 0.142r- 00 1.88 0.24 LO 0.46 1.39 
54 15 16 150 160. 10) 0.:57F-2 7.05 0.40 LO 0.36 2.22 
559, 16?5 20

3: 100
150 

195.
25. 

1O0
100 

0.840F-OI
O.150E-C? 

2.90
7.35 

-0.37 LO
0.42 

0.60
0.06 

3.09
2.40 

7 
58 

37 
49 

47 100 
39 00 

400. 
330. 

10') 
110 

'.17?2E 0 
O.4AE-02 

2.73 
9.70 

0.35 
0.31 

LO 
LO 

1.11 
0.33 

2.77. 
0,99 

59 4. 47 100 3. 100 1 0 4,04 0.51 2.06 5.72 
60 52 48 100 250. 100 . OnEnO 2.43 A.31 LO 1.44 2.22 
,- 51 49 200 280. 110 0.412-0? 30..64 0.98 2.33 8.33 
62 .51 52 100 130. 100 0.560E-01 5.73 0.73 1.42 10.93 HI 
13 

100 
50 
49 

51 250 
48 150 

50. 
140. 

11) 
I0 

0.2 )3F-03 
O.837E-0 2 

31.5D 
9.43 

0.64 
0.53 

0.12 
0.53 

2.48 
3.81 

101 4 ho 150 140. 100 0.837F-O? 9.62 0.54 0.55 3.95 
102 60 61 150 460. 100 0.275F-01 6.97 0.39 LO I.0 2.18 
103 61 62 100 320. 100 0.139F 00 2,53 0.32 LO 0.77 2.40 
104 63 62 100 360. 100 0.1'5E 00 1.22 0.15 LO 0.22 0.62 
105 12 63 100 280. 100 O.121E 00 3.96 0.5 i.55 5.52 
1C'6 65 51 200 420. 100 0.251E-01 8.34 0.47 1.27 3.0-4 
107 48 64 10 480. 100 0..07E 00 2.96 0.38 L0 !.55 3,22 
108 

0,9 
6 .7 
67 

24 200 
6Q 200 

600. 
1120, 

110 
11) 

0. 7 4-1F-02 
0.1:9E-01 

24.97 
0.23 

0.7q 
0.01 LO 

2.87 
0.00 

4.79 
:0.00 LO 

110 6q 70 200 720. 110 0.68 E-02 17.04 0.54 1.70 2.36 
1I1 70 7I 150 600. 100 0.?59E-o1 9.75 0.55 2.43 4.05 
112 72 5 200 700. 110 O.f864E-02 22.21 0.71 2.69 3.85 
113 73 v2 ? 50 680. 110 0,2'E -02 34.70 0.71 2.02 2.9" 
114 75 42 ?00 500. 110 0.617E-02 20.88 0.66 1.72 3.41 

116 ',8 67 250 50. 110 0.203E-0o 31.50 0.64 0.12 2.48 
117 74 73 250 5,p. iO O.?:)3E-03 31.50 0.64 0.12 2.48 
118 24 23 '00 200. 100 O.,3L2F-Ol 4.54 0.58 1.42 7.11 

133 76 75 200 500. 10 0.617F-02 25.06 0.80 2.41 4.81 

142 7 76 250 50. 110 0.2)8E- 03 31.50 0,.6 0.12 2.48 
200 66 78 100 1000. 100 0.431F 00 1.77 0.23 LO 1.24 1.24 
201 66 65 ?00 600. 11) n.7"IE-02 26.23 0.84 3.14 5,24 
202 6z 86 A50 520. 100 0.311E-Ol 15.15 0.86 4.77 9.17 

Ix-0-c15
 



AIR=~ TABLE IX--C-1O (GONTINUE)
 

PIPF NODES DIA L H-W K-VALUF FLOW --VEL-- --HEADLOSS---
NO FPCM-TO MM MTRS C MPS--CK MT MT/O00 CK 

?03 8e 64 150 540. 100 0.323F-01 6.08 0.34 L0 0.91 1.69 
214 
?05 

6q 
82 

81 
73 

150 
200 

900. 
940. 

10') 
110 

0.53BE-hi 
0. 11 ,)F-0] 

6.28 
17.87 

0.36 
0.57 

1O 1.62 
2.42 

1.80 
2. r7 

206 83 82 200 700. 110 0. 3 6 4E-02 25.62 0.2 3.51 5.01 

1)e 
7b 
7-

6?85 
( 

A50 
2 50 

1000. 
50. 

10) 
110 

0.5q3E-01 
0.208E-01 

4.64 
31.50 

0.26 
0.64-

LO) 1.02 
0.12 

1.02 
2.48 

2Qc, 80 bQ 250 50. 110 0.208E-03 31.50 0.64 0.12 2.48 
2to 84 83 250 50. Il) f,2W F-03 31.50 0.64 0.12 2.48 

X.ro..16 



AN=X TAL IX-c-10 (C0NTTNUED)
 

NOQE GROUND FtOW Hr,L HF --- --... PRLESSURE -------
ELFV -I.F MTRS. ATM---CK PCT DROP---CK 

1 23.0 -1.61 47.621J ?4.62 2.8 881 
2 2?,0 -1.70 47.4!U 24.43 2.37 P.51 
3 23.0 -2,08 4 !. 37U 24.37 2.36 9.75 
4 23.0 -1,89 47,171) 24.17 2.34 10,47 
5 23.0 -1.85 47.?au 24.3I -2.36 Q 6 6 
5 23.0 -1.43 t6.0.0 23.0q 2.23 14.50 
7 23.0 -1.89 4 . l.bj ?3.15 2.24 14.24 
8 23.0 -1.31 4,'. A5tJ 22.85 2.21 15.37 
0 23.0 -.. 29 4c .?PIJ 22.28 2.1o 17.49 

10 23.0 -0.84 45.2iU 22.21 2.15 17.74 
11 23.0 -2.27 49.18U ?2.18 2.15 17.87 
12 23.0 ,0.79 :46.41U 23.41 2.27 13.31 
13 23.0 -?.41 4-.5 Au 3.513 2.28 12,67 
14 24.0 -1.89 46.81U 22.41 2.21 12.28 
15 24.0 -0.96 4e-. OU 22.O 2.21 12.30 
16 24.0 -1.22 4b.45U 2?.4S 2.17 13.67 
17 24.0 -1.59: 46.44u 22.44 2.17 13.68 
19 24.0 -0.82 41.,45U 22.45 2.17 .13.65 
1C 24.0 -1.75 46.Ol-'4 22.04 2.13. 15.22 
20 24.0 -1.38 45.84U 21.84 2.11 i5.99 
21 24.0 -1.03 41.70U 2i.70 2,10 16.54. 
22 24.0 -0.40 45.69U 21.69 2.10 16.56 
23 23.0 -3.76 45.63U 22.63 2.19 16.17 
24 24.0 -3.64 47.06U 23.06 2.23 11,32 
25 24.0 -0.75 45,.64U 21.84 2.11 16.01 
26 24.0 -0.86 45*.82LI ?1.82 2.11 16.09 
27 24.0 -0.23 45.84U 21.84 2.11 16.02 
28 24.0 -0.68 45.7QU 21.7 2.11 16.20 

0 24.0 -0.86 4.t.66U 21.66 2.10 16.71 
30 24.0 -1.78 45.42iJ 21.42 2.07 17.61 
31 24.0 -4.34 45.25U 21.25 2.Ob 18.26 
32 24.0 -7.26 4'.•86U 20.86 2.02 19.75 
33 24.0 -3.92 4'.16U 21.16 2.05 18.60 
34 24.0 -0.35 45.77U 21.77 2.11 16.26 
3' 24.0 -2.33 45.78U 21.78 2.11 16.24 
36 24.0 -0.44 45.77U 21.77 2.11 16.27 
37 
38 

24.0 
24.0 

-7.10 
-7.65 

4 3.94U 
45 ,0CU 

19.94 
21.09 

1,93 
2.04 

23.32 
18.89 

39 24.0 -8.45 45.10U 21.10 2.04 18.86 
40 24.0 25.20 47.3AU 23.36 2.26 10.14 
41 24.0 3.92U 47.00 23.00 2.23 11.54 
42 24.0 -2.83 47.R80 23.88 2.31 8.15 
43 24.0 -4.72 46.t4U 22.3' 2.16 14.07 
44 24,0 -1.73 45.33U 21.33 ?.07 17.94 
45 24.0 -2.43 45.eU 21.16 2.05 18.62 
46 24.0 -1.64 45.17U 21.17 2.05 LB-58 
47 24.0 -6.77 4?.s83LJ 18.83 1.82 27.58 
48 24.0 -4.85 44,89u 20.A9 2.0' 19.66 
49 24.0 -1.89 45.42U 21.42 2.07 17.60 
50 24.0 31.50 47.88U 23.88 2.31 8.16 

IX.-0-7
 



ARM~ TA8LI IX-C-10 (('0fTINUED) 

No E GqOU WD FLOW HGL HAL -....... PRESSURE-----
FL.-V ELEV MTR. ATM---CK PCT D)ROP--- CK 

51 24.0 -3.46 47.75U 23.75 2.30 a.64 
52 24.0 -3.31 46.?2 U 22.3-, 2.16 -4.10 
0 24.0 -2.b4 44. 87V' 20.87 2.02 19.73 

61 
6? 

25.0 
26.0 

-4.44 
-A.74 

43. ttU 
'A,.l0U 

18.P7 
17.10 

1.87 
1.66 

24,54 
28.76 

2.-0-7.75 1.' U 18. 32 1.77 26.72 
S4 25.3 -9.05 4 3, 41) 1:1.34 1.7 26.63 
65 25.0 -2.75 4).O3U 24.03 2.33 3.88 

67 
72.0 
75.0 

-. .50 
-6.30 

5252.171J 
49.)?1) 

27.37 
24.q2 

2.63 
2.41 

-8.68 
0,30 

1 25.0 31.50 50.05) 25. C 2.42 -0.19 
9 26.) -1.40 4).92u 23.92 2.32 0.32 

70 ?1. .0 -7.30 4 q, 2 3 U 24.23 2.3.5 6.82 
71 24.3 -9.75 45.? 9U 21.7 2.11 16.18 
7? 23.0 -1?.4q 50.09u 27.08 2.62 -0.31 
73 
74 

22.0 
22.0 

-14.66 
31.50 

52.101!. 
52.22UJ 

30.13 
30.'2 

2. col 
2.93 

-7.50 
-7,94 

22.0 -4.18 44.60U 27.60 2.67 1.44 
7 23.0 -. 830 52.001 29.00 2.81 -7.42 
77 23.0 31.50 52.11U 29.1P 2.82 -7.88 
7 27.0 -1.77 50.viU 23,Q 2.32 -4.06 
79 25.0 31.50 52. ?OU 2". ? 2.64 -9.18 
$0 2&.0 31.50 n.(.du 24.()5 2.33 -0.20 
91 
82 

25.0 
22.0 

-6.28 
-7.75 

48.?IU 
54.=2U 

23.31 
32.52 

2.26 
3.15 

6.78 
-16.13 

83 22.0 -5.88 58.(,3U 36.03 3;49 -28.66 
.4 22.0 31.50 583.15U 36.15 3:50 -29.10 
8 24.0 -4.64 50-9qU 26.'8 2.61 -3.76 
R6 26.0 -9,06 44.26U 14.26 1.77 23.92 

TX-C-l8
 



ANNEX TABLE IX--C-11
 

COMPUTER PRIN1TOUT 
YEAR 2000 MINI4UM F OW 
U'jPJYZIETA WATER D)I3THICT 

uRDANETA WATER D1STR ICT 2000 IMIINDUI4 FLOW CONDITION 

iNPI'l AND OUPUT I1 PS 
,!?- 0 - NODES is 
N) VF PIPES 108 
tiAX NO OF ITLRATIONS 20 
F-ZAKING FACTOR 0.30000 
ALLOW P-DROP F,,ISTAVIC - PCT 30.0 
STATIC HGL FOR P-DROP CALC 50.0 
IA', IiAL - LPS 0.10000 
IIX ALILU VEL -HPS 3.OOC 
!AI ALLOW VEL - MPS 0.400 
:-,AX ALLOW VIL - 4/1000 M 10000 
*,N'i. ALLO1.. HL /1000 M 0.30 

,X ALLOW PRESS - ATM 7.000 
't4 ALLOW PRESS - ATM 0.700 

OF HE-ADS TU BE READ I 
t!.f (IF UNKNOWN CONSUMPTIONS I 

:AI CF C:IXEO DEMANDS -20.21 
L.,.O J ,TH* 10 
!TER I UN3AL 12.70 LPS 
-,P, 2 I,"38AL 7.45 LPS 

T..'" ?, U 3.53 LPSUN 6 .A 
.TF'A 4 UNUAL 1.16 LPS
 
!TER 5 UNBAL 0.82 LPS
 
I,.7 V 6 1JN3AL 0.33 LPS 

E, 7 Utf.AL 0.06 LPS 

YfLUIO[N NOa I PEACHED IN 7 ITERATIONS 
0, 557 IFS UNBALANCE 

Ix-C-.19 

t 

http:Ix-C-.19


A!Pr.YX TM4j~ r-c-i (coINrrTuE) 
PIPL MUUES OIA 1. H-k, t,-VALUE FLOW -- VEL-- -- HEADLOSS---


NO POM-TO MM MIRS C MPS--LK MT Mi/00 CK
 

301 2 1 150 40. 100 0.3iF-02 4.75 0.27 LO O.15 1.07 
302 3 1 150 100. 100 0 . -'2 5.04 0.29 LO 0.12 1.20 

3 5 3 1.00 125. 100 0.'"F -0. 3.76 0.48 0.62 4.99 

5 3 to0 125. 100 0.53(;E-0l 3.76 0.48 0.62 4.99 

4 5 4 100 155. 100 C.666E-OI 0.32 0.04 L0 O.Ol 0.05 LO 

5 5 7 100 145. 100 0.625E-01 3.23 0.41 0.55 3.79 

LI9 5 7 100 145. lOu o.625E-01 3.23 0.41 0.55 3.79 

b 7 6 10 90. 100 J.3 e-0ol 0.24 0.03 LO 0.00 0.03 LC 
1 7 0 100 185. l00 0.7ilE-01 2.7Y 0.36 L(U 0.53 2.88 

0 16 100 190. 100 U.,iE-OI 2.35 0.30 LO 0.40 2.09 

9 6 9 10 120. 100 c5il:-0I 0.22 0.03 LU 0.00 0.03 LC
. 9 _U 100 63. 100 C.259E-C1 0.92 0.12 LO 0.02 0.37 

1! .0 it 100 ic. 100 G.414E-G1 0.78 0.10 LU 0.03 0.2"s LO 

1-[ 12 t00 .!30. 100 0.56CE-01 0.37 0.05 LO 0.01 0.07 L-) 

: '1,3 12 1O0 1O. "0G 0.56CE-OL 0.31 0.05 LO 0.01 0.07 L'; 
I 13 00 26f). C)0 O. 2E 0C 2.11 ,).27 LO 0.45 1.72 

1. o14t£0 12. 101) 3.517L-01 0.43 0.05 LO 0.01 0.09 LO 

*3 10C -23.~ i.0 0 . ',1 F:-0. 0.43 0.05 L) 0.01 0.OV 1.) 

.5 13 ' '00 ?15. 1O0 0.'92*2--01 1.82 0.23 LU 0.28 1.3i 
1.6 . 7 i.9 ) . ,2 0.3. ' I3-01 1.55 0.20 LO 0.12 0.'I7 
. 5 1 133 253. 10 J. !5.;E-OI 9.88 0.56 1.06 4.1'J 

150 _4;15145. 0) 3.867F-02 8.10 0.49 0.48 3.29 

1'; " 151 "Z0 -0. 101 , '}-02 4.51 0.26 LO 0.07 0.97 

i2 9 I 2 5 50 70. LO0 0.419'.-c2 4.51 0.26 LO 0.01 0.97 
Lu I , I, 5 C 90. !CO 0.52CE-02 3.80 0.22 LO 0.06 0.0y 

..9 08i .". CO ',,532E-02 3.80 0.22 LO 0.06 0.7l 

. 2' 19 .5C 20. !.00 0.71d-02 4.37 0.25 L0 0.11 0.92 
L 1 2? 1') 50 130. L00 0.718E-02 4.37 0.25 LO 0.11 0.92 

212 
2
30 

"I'll
9 

r,0 
1', 

80. 
00. 

10O 
100 

0.47:7C-02 
C.'1 C-02 

4.44 
4.44 

0.25 L0 
0.25 LO 

0.08 
0.0 

0.,)5
0.95 

2" 19 ii0 160 ;00 O. 6 6-0l 0.83 0.11 LO 0.05 0.31 

2.. c.. -" .,)L 6,5. tO0 .2CGC.-01 0.07 0.01 LU 0.00 0.00 LL, 

20 .. C 60. 0 2 ,-11 0.56 0.07 1O 0.01 0.15 LI' 

26 J Col3 :23. i00 O, i%E-01 0.31 0.04 L( 0.01 0.05 0i. 
2 ZZ6 O lCO I05. 10 ,::r 2E-cl 0.48 0.06 L 0.01 0.;1 t' 

2J 25 2, "A 75. i.00 232 E-01 0.74 0.09 LO 0.02 0.25 L( 

(f 26 1 135. tCo 0.562E-0 0.12 0.01 LO 0.00 O.Ct I., 

.5 2' 130 Ll"..00.!92-01 1.51 0.19 LO 0.10 0.92 

'.2C 25 :4 L.3,193. !00 3.1!4-01 4,38 0.25 LO 0.18 0.';2 

1?i 0 25 !0 i60. 2.0O 0.957E-02 5.23 0.30 LO 0.20 I.,'i 
-2 2. ,,0 0 100 O.3'"-E-,). 0.04 0.00 LU 0.00 0.GO L. 

.) 3 ,0 .0 55. 'C.) 0,231E-01 0.65 O.O0 LU 0.01 0.19 LC 

7. it "0 ? 5: 1) 5 00O 0 .32:,--02 1.99 0.11 LO 0.01 0.19 LO 
37 31 100 "20. I00 O.181C 00 0.43 0.05 LO 0.04 0.(:9 LC 

2,5 .2 . "C 420. o.0. a-01 1.24 0.07 LO 0.04 0.09 LL 
334 33 32 :56 k23. 1.00 'J.135,E-0L 1.28 0.07 LO 0.02 0.10 Lt, 

3. 33 31 .00 355. 100 0.!53E 00 1.63 0.21 LO 0.3u 1.06 

.; 30 2.00 2-20. 11o %.35E-02 118 0.38 LU 0.39 1.,1 

4 39 3,) 200 40. L10 '.4S4E-02 lb.16 0.51 0.85 2.13 

37 3: 3? 103 .10. 100 0.474E-01 1.34 0.17 L0 0.0 0.14 

IX-C-20
 



AM M.X TABLE~ IX-c-11 (CONTnlUM)•. . ii.,,. " ',. -.. . - ADLG3S ....NU FROM-TO HM 1 TRS C MPS--CK MT MT/W00 CK 

j.
J9 

.,
35 

35 
36 

100 
100 

295 
95. 

5.00 
100 

0,':JTE 00 
0.4E-.l EO-

2 .t 
3.01 

G,.2"
0.01 

1-
LO 

I.51 1.7;1,
0.00 0 

40 35 34 t0 80. 100 0.345E-0 0.06 0.01 LO 0.00 0.00 LO 
4 
'I 

,0 
15 

41 
41 

200 
.50 

75, 
60. 

11.O 
1O0 

092E-03 
0.359E-. 

0.0 
6.04 

O.D 
0.34 

L 
LO 

0.0 
0.10 

0.0 
1.67 

LO 

La"3 15 4.1 200 60. 110 0.741E-03 1t4.17 0.45 0.10 1.61 
1• ,2 15.3 120. LO0 0.7L.6E-02 4.47 0.25 10 0.1? 0.96 

, 42 4.1 150 300. 10u O.IItE-01 2.07 0.12 LU. 0.08 0.25 L 
4'43 33 150 3204 PN'" 0.19H-91 1,96 O.11 LU 0.07 0.21 LO 

4,L 1? 43 150 150. 1GO 0.BS7E-02 0.60 0.03 LO 0.00 0.02 LO 
:0o 110, 100 0.414E--O 3412 0.40 LU039 3.54 

4,3 44 45 1)2 105. 00 0.452E-01 1.41 0.18 10 0.09 0.81 
49 ;5 4 1)0 175. 1O0 0O,75-Ei0- 0.99 0.13 (0 0.07 0.42 
5IV 44 9 1O0 180. 100 0.?176F-01 1.41 0.18 LO 3.15 0.82 
51 9 46 100 110. 103 0.474E-01 0.49 0.06 LO 0.01 0.11 LO 
52 46 LI, 100 65. 100 0.280E-01 1.20 0.15 LO 0.04 0.60 
' IL 23 100 330. 100 0.142E 00 1.58 0.20 LO 0.33 1.01 

4 16 15 150 160. 100 0.95E'-02 2.65 0.15 LO 0.06 0.36 
55 20 16 100 195. lOu 9- 0E-01 0.52 0.07 L0 0.02 0.13 LO 
56 
5? 

35 
4? 

25 
37 

15C 
100 

25. 
400. 

.100 
00 

0.150E-02 
0.172E 00 

1.58 
1.99 

0.09 
0.25 

L0 
LO 

0.00 
0.61 

0,14 LO 
l.50 

5b 49 39 200 330. 100 0.466E-02 17.61 0.56 0.99 2.99 
59 48 47 100 360. 100 0.155E 00 3.1.5 0.40 1.30 3.60 
• L 52 4,8 IU~ 250. 100 0.280E 00 2.03 0.26 LO 1.O4 1.60 

I S 1 49 2 0 200. 100 0.412E-32 22.81 0.73 1.36 4.85 
( 51 52 100 130. L0) C.560E-01 2.60 0.33 1.0 0.33 2.52 
63 5v 51 250 50. "LU 0.20f8-03 31.50 0.64 0.12 2.48 

10G 49 48 15 U 140. 100 0.837E-02 0.99 0.06 LO 0.01 0.06 LO 
Lu 49 oO 150 L4.0, 100 (h837E-02 3.95 0.22 L 0.11 0.76 
i0 iQ bi 150 460v 100 0.275E-01 13,50 0.20 LO 0.28 0.61 
1G3 C51 02 100 320. 100 0.136E OP 2.T3 0.35 10 0.89 2.78 
U4 s2 b. 100 360. LO 0.L55E 00 2.09 0.27 L0 0.61 1.69 
Lo5 6; 32 1;0 280. 100 0.121E 00 1.62 0.21 LO 0.30 1.05 
l0o 51 65 150 420. 100 0.251E-01 5.44 0.31 10 0.58 1.38 
137 4 4b 100 420, 100 0.207E 00 0.96 0.12 LO 0.19 0.40 
108 24 67 200 600. 110 0741E-02 6.52 0.21 LQ 0.24 0.40 
9 t9 200 IL20. L10 0.138E-01 5.44 0.7 L0 0.32 0.2e LO 

1H0 59 70 200 720. 110 0.*89E-02 2.92 0.09 LO 0.06 0.09 LO 
I. 101 71 150 bOO. L0 0.359E-01 1.67 0.09 LO 0.09 0.15 L0 
Ii2 72 5 200 700. 110 0.864E-02 24.51 0.78 3.23 4.62 
113 13 

02 

72 250 
75 

680. 
.,fr n.... 

110 
I 
0.293E-02

,7-7r,f^A.tPC-/' I. A 
%& 

26465 
1.82 

0.54 
0. O6 LO 

1.24 
0.02 

1.82 
0.04 La 

116 67 b8 250 50. 110 0.20BE-03 0.0 0.0 LO 0.0 0.0 LO 
111 74 13 250 50. 1i0 0.208E-03 31950 0.64 0.12 2.48 
118 23 24. 100 2004 100 0.862E-01 1.25 0.16 LO 0.13 0.65 
133 75 76 200 500. 110 0.617E-02 1.10 0.04 LO 0.03 0.01O0 
142 76 71 250 50. 110 0.208E-03 0.0 0.0 LO 0.0 0.0 LO 
200 66 TO 100 1000. 100 0.,31E 00 0.30 0.04 LO 0.05 0.05 L 
201 65 66 200 600. 110 0.741E-02 0.90 0.03 LO 0.01 0.01 L 
202 65 86 150 520. 100 0.311E-01 4.07 0.23 LO 0.42 0.80 

IX-C-21
 



ANIWX TABLE IEX---1 (conTrn) 

N G FROM-YO mM iIRS C MP-(.K Mr M1/Wooo CK 

,c-, 15 54.C. ).00 0.323E- l .,51 1). k4 LO 0.18 0,33 
2,)4 
205 

09 
73 

aL 15, 
a2 200 

900. 
940. 

100 
110 

0.5 3 aE-}. 
C.116E-O1 

;.0 
2.34 

0.06 LO 
0.07 LO 

0.06 
0.06 

0,07 LO 
0.06 LO 

•:.1 82 83 20a 700. 110 0.364E-02 1.01 0,03 LO 0.01 001 LO 
,'1 t6 85 ibG 1000, too ,459SE-01. 0,79 l.04 LO 0.04 0.04 LO 
2) 79 66 250 50. 110 0.208E-03 0.0 0.0 LO 0.0 0.0 LO 
23q 69 80 250 50. 110 0.208E-03 0.0 0.0 LO 0.0 0.0 LO 
21() P4 83 250 50o 110 0.208E-03 0.0 0.0 LO 0.0 0.0 .0 
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ANNX TABLE IX-C-11 (CONT NUE)
 

NODE GROUND FLOW HG" I; D --....... PRESSURE-.... 
ELEv ELEv MTRS ATK4--CK PCI OROP--CK 

L 
2 
3 
4 
5 

23.0 
23.0 
23.o 
23.0 
23.0 

-0.26 
-0.29 
-0.36 
-. 32 
-0.32 

4 7..2 
47.39U 
47.SLU 
48,. 13u 
4,. u 

24.24 
24.3,1 
24.51 
25.13 
25.,14 

2.35 
2.36 
2.37 
2.3 
2.43 

LO.21 
9.65 
9.21 
6.93 
6.90 

6 
7 
8 
9 

10 
11 

23.0 
Z3.0 
23.0 
23.0 
23.0 
23.0 

-0.2z, 
-0.32 
-0.22 
-0.22 
--0,14 
-0.39 

47.591 
47.59U 
4 7. M) 
47.05U 
47.03U 
47.00, 

24.59 
24.59 
24.o6 
24.05 
Z.o3 
24,.00 

2.38 
2.38 
2.33 
2.33 
2.33 
2.32 

8.94 
8o93 

10.90 
10.92 
11.00 
11.11 

[2 
13 
14 
15 

23.o 
23.0 
240. 
24.0 

-0.13 
-0.41 
-0.32 
-0.16 

4,.G6U 
47,07u 
47.oSu 
46.60U 

24.06 
24.0, 
23.08 
22.60 

2,33 
2.33 
2.23 
2.19 

10.90 
10.87 
11.,24 
13.o8 

16 
17 

24.0 
4.0 

-0.21 
-o*2 

46.66U 
46.TeU 

22.66 
22.78 

2.19 
2.21 

12.85 
12.37 

LS 
L9 

24.0 
24.0 

-0.,14 
-0.30 

46.67u 
46.73u 

2Z.67 
22.73 

2.19 
2.20 

12.81 
-1.57 

20 24.0 -0.24 46.68u 22.68 2.20 12.76 
21 24.0 -OoL8 46.67U 22467 2.20 12.79 
22 24.0 -0.07 46.67U 22.67 2.20 12.79 
23 23.0 -0.64 46.67U 23.67 2.29 12.34 
24 24.0 -o.62 46.54U 2Z.54 2.1 13.31 
25 
26 
27 

240. 
24.0 
24.0 

-0.13 
-0.15 
-0.04 

46.71u 
46.70u 
46.71u 

22.71 
Z2.70 
22.71 

2.20 
2.20 
2.20 

12.64 
z,.2 
12.64 

28 24.0 -0.12 46.69u 22.69 2.20 12.12 
Z9 24.0 -0.15 46.84U 22.84 2.21 12.14 
3U 
31 
32 

24.o 
24.0 
24.0 

-0.31 
-0.74 
-1.24 

46.9U 
46.93U 
46.9U 

22.92 
22.93 
22.97 

2.22 
2.22 
2.22 

L1.85 
11.81 
11.67 

33 
34 
35 
36 

24.0 
24.0 
24.0 
24.0 

-o.67 
-. 06 
-0.40) 
-0.001 

46.95tu 
46,.2U 
46*72* 
46.72u* 

22.99 
22.72 
22.72 
22.72 

2.23 
2.20 
2.20 
2.20 

11.59 
12.63 
12.63 
12..63 

31 24.0 -. 22 47.22u 23.22 2.25 10o.68 
38 24.o -1.31 47.30u 23.30 2.26 10.37 
39 24.0 -1.45 40.16u 24.16 2.34+ 1.08 
it0 24.0 020 '.6.501* CA2.0 G 2.16 13.4t6 
41 24.0 -20.21U 46.50 22.50 2.18 13.46 
42 
43 

24.0 
24.0 

-0.49 
-0.81 

47.13U* 
47.05U 

23.13 
23.05 

2.24 
2.23 

11.04 
11.33 

44 
45 
46 

24.0 
240. 
24.u 

-0.30 
-0.42 
-0.28 

47.20u 
47.11u 
47.04, 

23.20 
23.11 
23.04 

2.25 
2.24 
2.23 

o.77 
11.10 
11.38 

47 
48 

24.0 
24.0 

-L.16 
-0.83 

4,7.84U 
49.14U 

23.84 
25.14 

2.31 
2.43 

8.3L 
3.32 

49 240. -0.32 49.14u 25.14 2.43 3.29 
50 24.0 31.50 50.62U 26.62 2.58 -2.40 
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AM~EX TABLEI~ X-C..i (CONTIMuO)
 
NODE GRUUND FLOW HGI. N Al ........ PRESSURE-----

ELEV ELEV MTHfS ATM--CK PCT DROP---CK 

52 
60 
61 
bZ 
63 
64 
65 

24.0 
2i.o 
24. 
25.0 
26.0 
25.0 
25.0 
25.0 

-0.54 
-0.57 
-0.,4#5 
-0.76 
-0.64 
-0.47 
-1-55 
-0.47 

50.9-Ou 
50.17U 
49.04u 
48.76U 
47.81U 
4726U 
49.33u 
49.92U 

26.50 
26.17 
25.04 
23.16 
21.87 
22.26 
24.33 
24.92 

2.5 
2.53 
2.42 
2.30 
2.12 
2.16 
2.36 
2.41 

-1.93 
-0.67 
3.70 
4.97 
8.88 

10,96 
2.69 
0.31 

66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

25.0 
25.0 
25.0 
26.0 
24.0 
24.0 
23.0 
22.0 
22.0 
22.0 
23.0 
23.0 
27.0 

-0.60 
-1.0 
0.0 

-1.44 
-1.25 
-1.67 
-2.14 
-2.51 
31.50 
-0.72 
-0.31 

0.0 
-0.30 

49.92U 
46.30U 
4t,30U 
45.98U 
45.92U 
45.82U 
51.37U 
52.6LU 
52.73U 
47.1LU 
47.1OU 
47.1OU 
49.87U 

24.92 
21.30 
21.30 
14.98 
2.1.92 
21.82 
28.37 
30.61 
30.73 
25.I1 
24.10 
24.10 
22-87 

2.41 
2.06 
2.06 
1..93 
2.12 
2.11 
2.75 
2.96 
2.9? 
2.43 
2.33 
2.33 
2.21" 

0.33 
14.8,0 
14.80 
16.74 
15.71 
16.06 
-5.07 
-9.31 
-975 
10.32 
10.73 
10.73 
0.57 

79 
d0 
a1 
82 
83 
84 

25.0 
26.0 
25.0 
22.0 
22.0 
22.0 

.0 
0.0 

-1.08 
-1.33 
-1.01 
0.0 

49.92U 
45.98U 
4.5.92U 
52.55U 
52.54U 
52.54U 

24.92 
19.98 
20.92 
30.55 
30.54 
30.54 

2.41 
1.93 
2.03 
2.96 
2.96 
2.96 

0.33 
16.74 
16.32 
-9.11 
-9.08 
-9.08 

85 
86 

24.0 
26.0 

-0.79 
-1.55 

47.06U 
49.51U 

23.06 
23.51 

2.23 
2,,28 

11.29 
2.06 

IX-0--24
 



G6APR X ?fl1NCXJ. FZi TII'lVY ANAALYS3S 

A. GEMrAL 

The fin&naial analysis hereia entablishes a detailed set of VUide
lines that the water district mnaasment may use in maling orrucal 
decisions during the next few years. The technical asoects and Pro
jeot coat of the rocommendled plan h.ave been presented in Chapter Us. 
Its economic justification follows in Chapter XI. In this ohapter, a 
plan i& d ivloped to indioate how and when funds will be used to 
operate and maintain the oyatem, imploment the program, establish 
reoerve fund, and retire indebtedness. 

Water rates have been develops3 on the basic that tha system will 
be financially self-eupporting. Capital funds for the rooonmended 
plan will be dorived by borrowing from international lending agencie 
and LWUA. The water rates that luve boe developed appear to-be with

in the ability-"to-pMy of the average householder in the water district. 

The financial analysic ?0noludes only -hose revenues and dis

burasements for the proposed construction program from 1978 to 1990 
(Imediate Improvemonto, Flaso I-A anrl Phase I-B). All revenues a 
disburmements included for the period from 1991 to 2000 are those 

attributable to oontinued sorvice and expeuses resulting from the 
faoilition construoted from 1978 to 1990. 

B. TEE EXISTING SYSTE 

Personnel
 

As of mid-1976, the URD-WD waw operated by a 5-man organizatione 
Lak of funds has prevented the distriot from expanding Its ma1pOWer 
to the desired level. With the recent developments on the systamt 

priority has been given to the improvement in the quality and number 
o'A1 its personnel to meet the requirements of a growing water district* 

Water Rates
 

The present system has a total of 414 oorTnections with no 
on a flat rate basisefunctioning meters. Thus all billings are mado 

As of August 1, 1976, the dietriot offcoted an increase in rate from 

P6.00 per month to P16.80 per month plus P4.10 for every additional 
This uniform rate is charged for residentialfaucet in excess of two. 


and commercial users.
 

Financial Statements
 

Based on available records of monthly collection and expenditures, 
URD.D is operating on a defioit which is expected to increase if 
allowances are made for depreolation. Average monthly collection and 

P2,800 and F4,400, respectively.expenditure are roughly estimated to be 
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With the rooent inotallation of the Comwrcial Pr.ot'.ooa
 
Manual aa presribod by LWUA, a oystematio acoounting qotem will
 
be put to praotioe. This will take into aooount 
rigid billing

&nd olletMcn procadurea to improve the dietrio;'s collection
 
effioiency.
 

Inasmuch as data on past financea am inadequate to form 
mound basi', for future projections, it in r.eooesary that osrtain 
assumptions be made for the finwnoial feasibility analysis. These 
are diecumsed later in the ohaptor. Validity of these aVmp
tione will be 
tested as the proJoct ie implemented. 

C. DEVELOPENT CCSTS
 

The coot estimates of tho facilitiet6 needed to improve and
 
expand water sorvioca of the watar dAstriot over the development

planning period auo presented in Chapter X. Cost estimates of
 
the facilities are babed on the projected July 1978 
uAnit priose. 

Prjst Coet-i 

Projtot vosts of facilities rooom'zended for impleaentation by 1990 
are summarized on an annual basis i- Annex TNblo X-C-!. Engineer
ina sorviced for doi!;n and eostructon ouporvision are broken
 
down. It ban ben ao.uined that 70 percont P, the engineering

servio,s applies to surveys and desig" end 30 percent to cons
truoticn ffpervisim. Desin costo are ohown in the year pre
ceding oonstruoriion. Cntineanoien (15/10 poron 4 ) are
 
distributed uniformly durine th,% construction peri d. Foreign

exchange oomponnnt of total project ost includes 
oast of direct
 
and indirect import items, as well as a portion of the engineering
 
coato.
 

Escalation of Costo
 

To acount for the effects of Inflation, oapital cat estimatem
 
are ecoalated. This has been done etr 'byyear cn an itom by-item 
basis uain escalation factors computed from assumod inflationary
trends and applied to the basic ourrent cot data as shown in 
Annex Table X-C-2. 'The escalation fac-tors used are based on an 
average annual rate of inflation o' 10 percont por year from 1978
 
through 1980, 8 percent from 1981 to 1985 and 6 perr.Eint per year

thereafter. On the other hand, annial oporation and maintenance costs 
and famlJy inoome are escalated %t a rato of 8 percent through-out the23-year etudy porio'. Th o escalation factors have been assumed toapply equally to 'tho local and foreign exchange costs. 
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D. OPERATINI AMD MAINTIJANCE COSTS 

Mie coat category covers casb oxpenses required to keep the 
system operating and adefuntely maintained. It assures the on
tinued maintenance of the water d i3criotls i-venite-produoing 
capacity and proteotion of its investment. Included in this 
cost category arvi p3rsorne!, power, cheaioals, maintenance# 

and oth er mlacellaneous exponsos which are -neceasary to 
rim the ovorull ttater system. Peat items increase in a.oordtnos 
with thu qu.tity of vater produoed; the number of customers 
served; and the ertentt to which the physioal plant will be ope
rated and maintainjsi. 

The operating costs of the existing and future systems are 
presen-tod in Chpter IX. 

E. 	 FINANCING POLICIES COVERING LOCAL 
WATER DISTRICT DEVELOPMOT 

The following are the major potontial 9ouroes of funds
 

which can be utilied by the districts
 

Operating Source
 

To the 	extont that revonuen from the operations of the local
 

water distriot exoed annual cash requirements for all other pur
poses, funda omi le devoted to financing development coats. As 

a practical matter) it is highly dedirable to finano a oipifi
_-oant proportion of development costs in this manner in order to 

reduce the amount that must be borrowed and the associated debt 
service scoati. 

Non-Operat~ng -Sourcee 

Non-operating so.urces of funds for development inolude 3
 
baoio groupat
 

1. 	Loins -- funds moy be borrowed by the water district for 
development. One of LWUA's primary fniotions is lending 

funds for developwent to water districts. From the 

water digtriot'a poibt of view, LIUA io the primary, if 
not the only i oaliuti,) nource of funds. LWUA borrows 
both foreign oarrncieu end peuos at varying terms and 
relende needed funds to water district according to 
the composite terms needed to support the blend of debt 
service terms LIUA itself must meet. At present, LWUA's 
terms include t 
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i-nmedia.... I pbovonti,Leer Phae I-A .vd 1-11 Loan 

Interest - 9 peroent per u nnum to be 9 percent per annum to be
 
oompatell at -; percent por oApIUted monthly at Z per
month. lnrer dt oni-j the 'cont per month from the
 
local component is paid year following the date of
 
annually. Interest oD fo- disbursement.
 
reiv exobangx iq oapiva,
lised during oongtruction.
 
Total loan outatnding at
 
the end of oatru(ction
 
period earns another fall
 
year inturnet before re
payment.
 

Duration - 30-year loan, disbursement 30-year loan from the date 
assumed r.ade at mid-year, of initial disbursement. 
thus will ea interest for
 
6 months. 

Principal - amortizdc1 equally for 30 No prinoipal payments due 
years to otart one year during construction periods 
after oontruotion. (Construction periods of 

Stage I-Phases A and B are 
explained in Chapter IX).
Principal repayment period 
is 30 s,.'crs less the duration 
of thi-.isbuesoment period. 

2. 	 Charges and Assessments - consist Of r-i Jntn made by new 
customers and benefiting property owaor6 for the costs of 
specifio poetionv of tho faoilities beixt doveloped. 
Typically, such oharges .tre made for 	the costs of new 
conetruotien vnd atcr rroter3 and for all or a ofportion
the costs of new distribution system extensions. LWUA 
policy ci nw -to paV for canneotiona andna 	 outota'-
water moters, but currently does not inolude an aosessment 
for distributicn system coats. Thee "curoes referredaxre 
to as "contriLutions in aid of construction" in acoounting

terminology &iid have the efz'eot of reduoing the amotnts 
to be borrowed. Since many new customers will not be in a 
position to pay connection fees (or benefit assesament 
charges) in cash, it will be nucesuary to provide financing
assistance. Present practioo is to allow such payments to 
be made at a flat monthly rate of P5.00 over a period of 
10 years. 

X-4
 



3. 	 Grrata or Crsdita - LWUA hnu Rocesa to loan funds on oon
o0ailonary toitne and iii th; ablo to relond fundu at rates 
that are b3low market rates. Thi, in itself is a 'oredit' 
available to tho Ioca] water dietriot borrower. L-I aoie 

o~ur~r)OF.. ~i ~onil gvfrir3ny, .akos outriiht grtits 
to local viitr distrctu in r cog'niton of the overall 
national bnn-.A'it of bavin" utafo and rolisblo water oystems. 
Another approach iz) for th, gov-r~mort to advance r. portion
of the funds needod ,during the early y'ara of development 
at little or no Int.irect to acot the T.o&1 utility in 
building itf fina:cial capaci'ty. Thiu ie another formn of 
'credit' Ea ref'erred to tbvo. lr6rt ae the revonue base 
expands and d3VOlopmont o-z11nditurew deoline, the looal 
uti.licy rr(fvii ,-uchadvances a3 permittod by it3 oash 
position. h the pruosn'E tiel, .berevor, the local water 
dibtriot i orpooted to undertako its development, prog
rams with no equity ar'tioit-ation by eovernment or 
aesir..vicf, or than tho LWIUA loans. 

Sinco r.ocfrve requirerionts are tied directly to obtaining 
development loa:, from LlWULA, they are considered a funds required 
to support capital dev~l.,yvsnt, '.fter total revenue requirements 
ara dotormincd, IU41A gidelines suggest that 10 percent be set 
aside for rosorvn Funds. For purposes of this titudy, a lowr 
percentage itill ba used, s'arting at 3 percent pro -ressively
 
increaaing to 10 porcolnt. 

F. FUNDS F'0!t CAPITAL DELOPM'N'T 

Once tbo basic dnta raquirew,.'%its are rnt and the financing 
policies outlined, funds riquired ,o cover developmient costs are 
then determined. The most importanv .ocument in this regard is 
the breakdown of project ooeta as e .Blated and ehown in Annex 
Table X-C--2. 

Do reciablo Aaete/1)T-)reoi.ioen Ei-oens 

Capital aaost$c acquired oaeh yoar become subjeot to depre
ciation in their first full year of servicu, Thu,4 a pipeline 
completed in 1978 tateomen "deprsoi:ble" in 1979. If it has a 
50-year life, deprociation continues for 50 yearn and it is 
asaumed to be retired in the 51st year. The cout of large .faoi
lities that require several yeara to conatruct is carried as 
"work-in process" until completed. 
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Anrnox Tblo X-F-I showe thn water ditrict'm assetH and
 
depreciable value frIoocastu, the initial purpose of whilh is to
 
show the appropriate "depreciable" values for use in calculating
 
replacement cuota and annual depreciation oxpeuaeo. At the same
 
time, year-end bock valu.in rf arueta :we Lhosm a3 well as tho 
value of work-in--procaa.
 

Basod on the sched.te, of n:ti , annual depreciation expenses
 
were oalculatoa and rc- ahown in Annox Pablo X-F-2.
 

Revolving itd for GonnaoLions 

To aaeist new oustoznern in :financing service connetion 
ohar.es, it i..nenasusry to provide working capital for a revol
ving fund. It io proposed that LWUA's prevent policy which 
provides for the oosts to bo Pyable at ?5.00/month over a l0.-year 
period bo incrtaaed to p6.85 by 1973 to cover the incriasad unit 
price of metexs3. Nat inf]co fninds will bti required over a period
of 10 yearo to huild suliioiort In-,ome to iupport the annual costs 
of conneotions. At oi-3 f',zuro pcix , incomo exoc.edn a;mual 
axpenditureis and tho r-volvig f-ind can be used to refund the 
earlier advunc:su of :orkina' capital 

Aknex Table X-F--3 indicriOn tl working capital requirement.
 
In this table, twc key ro:
the 	 tuuptina 

1. 1he monthly iastallment Jay.outa aro l itaid on aotual 
coota of convtic-ting cirvioe connections and meters, 
Thus, the monthly paymenta by oustoaers connected to 
the system in 1981 would ba greator than those who 
wouid ba oonnaot.%d to tho syetem in 1978 to acoo'nt for 
the ecoalation of construotion costa. 

2. 	 Sixty (60) percent of all new cuotomers would utilize 
the installm.ent method of financing conneotion charges. 

Revenue Unit Forecact
 

The present LTUA rate policy incorporates the use of "revenue 
units" (HU) in doterimining the basic cost per cubic meter of water 
to domestic conouneru. Caroroial and industrial customers are 
charged twice the unit prioa for domestio use and wholecalo water 
distributorn are charged thrioa the basic price. As defined, a 
"revenue unit" is an arbitrary unit of meawaro mooording to 'ihxih dtaimrps 
from pipes of various vizes arc redu'ed to a 3/8-inch connection 
by the use of conversion factors. 
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Thu, the diuch~ao of a 3/8--iuoh oonuootion (atully a 
inch connertiort but r ia&ed by ai water rietnr to give the dis
charge oi a 3/8-inch connection) iemultiplied by 1.0: that of a 

rj-inoh by 2.,L; h t c a -'--iJnjcby 41; that of a -in(*, by 8; and 
so forth, to gx..the t- Lal id.:'ta di-va 


ho. . 
oharee and. the c.w.odAjty o:e ] survice ohargo is the fixed
charge which ccverj th-a fijost 10 c(-ur nf water. It varies 6ooor
ding to the siza of the oonctica. The omnmciwAty ohu.ga is 
payment for water &onsit.ed atftir the fir.d. IO ovin. 

Iw o1 i-j .vie, on meterad oonnectiorn - the servioe 

The unit
 
price is uniform for every rize amid type of oonnootion.
 

Anne,Yab.eeX-.*-4a/b give rvenuethe unit forseast. 

G. ANALYSIS OP WATER RATES 

Abilit-To--Pay Iinue 

Presidenti,.t Decree Noz 198 stipulates that water districts
 
must bo finroially oelf,-oufficiont. In the past, moat wato
 
systems have not beon able to generate suffioient revenues to 
cove r eve n the operiion and maintenance expenies, due to
 
various faotor,. inolw. n& poor pricing ochemee, defective aolleot
ion Oiy-toii wid inadequal*'5 consmnor promotion The major reason
 
for inoraftiGnt r6,onuoc, howvo:', is that certain coIou1imers
 
serve d by 
thc, . ater iairict. hivaiuoh lowincomes anI 
henco, they wi- in , "'bnuinroial position to pky the full osts 
of the oyaitem. Tho -afore. before a watir aystem is improved and
 
expanded, the abilit.y-tc-pay of the population trxguted fur
 
Garvice mu stirsth 'oortaiued. 

Sineo water distritts are not .. be extended governtxpeoted to 
ment aubsidg tlu anal,;;iu of the factorn affieotlng ability-to-pq
has "oo),, sjnifiantly si plified . The faotora that. affect 
abilty-to-pay ix, the a-inual Inov of ftwilliei o'cered by the 
water di3triot and the jArY-cn1,.- of their incomes allooable to 
water n4pply.
 

In March 1975, wi informal survey was conduoted arnong Water 
District Goncral Mans.gnra to holp -ather data needed for the 
ability-to-pay studies. Questionnaires were distributed to 15 
water diotriote covering provinoial areas that differed in size* 
location and eoonamio conditions. 
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The 	 anevere 4iven by the general managere of the 15 water 
districts are summarized ae followo: 

I. 	Though 10 c'' he water diitricts iiere revenuo-produoing
 
prior to the ohango in manr4 ,ementof the water di.triot, 
13 imposed incxased wator rates upon takeover. 

2. 	Water consuwera generally accepted the incresev after 
aoe explanations justifying it. Only five watr dfitriota reoeived 
formal o-plaint, About Lh8 increaued ratee while eight
reoeived formhl oomplainte aboAt the poor quality of 
water supplya

3. Ten water diatriolksa hLd Lf.oCuly in the collection arwalw bils 
primarily due to diauvtio"sf-tion of consumers reeardizw 
water service. 

4-	 Asauming that capital and uervice improroments will be made 
the gsneral manasrs indttaited they could Incroase their 
rates by as low as 25 percait t-d as high as 447 peroent 
for the averae and below average houmeholds. 

A formal suvCy we coniucted in April end. May 1975 in the 
city of Lipa and the Munioipality of 'Iaz,%utn. Thece pilot areas 
were seleoted boonnse (a) they are tit 
 presunt experiooing water
 
supply problemci, 
 (b) the income loval of their families is
 
similar to that of the national incomw fiureo, and (o)they aro
 
near Manila, only about 2 hours away by bua.
 

The survey owerod 556 families, olanaified into 4 inoome
 
oups. Approximately 28 peroent oame from the lou-inoome class
 

below P220/moth); 55 peroa-t from the lower-middle-inoome group 
(P221-750); 12 peront from the tmiddle-inoomo croup (P'51-1,50); and 
5 percent from the high-income Croup (above PI,5O0). 

The table below presents tho highlghts and pertinent fiudings 
of the survey. 

ETIMATED ABILI17Y.1O-PAY BY INCOME GROUPING 

Weiglted Average 

Income Group 
% Distribution 

220 
28% 

P221-750 
55% 

F751-1,500 ?1,500 
12% 

Probable Ability
to-Pay on Basis 
of Improved 
Service P13.50 P24.50 ?37.00 P67.50 P25.00/month 

Estimated Ave
rage Tnoome P220 ?660 P1,000 P2,700 P680/household 

Abi 1ity-to-Pay 
Divided by Ave

rage Inome 6.1% 3.7% 3-7% 2.' 3.7% 
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lhe foroegoirn table tnd.iat'eu that the low--.'nc,:e Croup may 
be able to pay a maximuim of 1013,50 r, month for wator (about 6.1 
percent of their avsrage-incorno). The high-income group 
may be a1l1o to pay rx maximuck of 167,50 a month 
for water (only 2-5 rirount of their avorag income). This 
disparity in th.i proentege of income allocated to wator by the 
2 incom groupu :?ay well be the bost argument of those advooating 
a soci.lized prive struoturo, 

The robablo mitXimim abilit.'-to py of the pilot area average 
houaehold in about P25.0O per montho:i/ 

Family Incomo 

In the Survey of Households Thilletin Series No. 34, published 
July 1973 by tba NCSO, Manila, (page 3, 'able 5), the following
 
data are givent
 

Manila Other 

Total Total and Urban 
Pniliea Urban Suburbe Areas Rural 

Median Family Annual 

InoomO, Pesos F2,454 P3;972 15r202 P3,650 P1,954 
Size of Sample, 

Families 6,347 1,913 525 1,388 4,434 

The above data are for the period from May 1970 to April 
1971, The figure Zor "other urban areal', P3,650 
median family annual. iaoime, may approximate, or may be a little 
less, than the mdieA ft ,ily inoome in1 the areas servod with piped 
water. As the Aiftigee cited above sh<rw, in genorl$ pople in 
urban areas tend to be financially botter off than poople in rural 
areas. The teor "urban areas" include. all urban areas in the 
country. TV' inhabie.ntR of the centra.1 -urban area of a oity or 
municipality s-o expoted to be samewhet wealthier than the other 
are" )fth city or munloipality, 

By July 1976, the anru .fmiyir.xae ir "cthpurban areas" ci'ted 
above, eac.l&ted at 10 percrnt per year, would be about ?6,200/yearo 

The report , 110, Filipino Family, Community, and Nation" by
 
Erma Porio, F'rajk Lynch and Mary R. Hollasteinor published by the
 
Institute of Philippine Culture of Ateneo de Manila University in
 

]-/rhis figure includes appropriate allowenoee for the reupondonte
 
understating their income or willingness to pay and the inorease in
 
amount they are willing to pay as a result of improved aervices.
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April 15 75k, ote in TdULe 49,, P ij_. 9c 'C rc,iulto :) t .iruoy in
 
April 1914. The families surveyed 1were dist.ributed arong 15 urbaw
 
arean, and iuoluded 373 fomilios in Metro Manila,* Ecoluding the
 
famlia i a otro 1 ii t monthly Aooro ff the 'o;.vitinC 1.599
M nanii
 
families was P572, or ?6r864 P.r yiar BOQalating tnit3 Income at an
 
annual rate of 10 peront, l.y 1 July 1978, it would be an income of
 

. 'bo10p r85iy--.r. 'h-. 14 nrhan aret.- .ac: nooitOj the mr') urbal
ized in the co-=ntry. They inoluded, fP)r iu taumce, only 3 munioipa
litien, the other ele3.n boing -latsified an citlea. The "dian
 
popula.iioz, of t oe 14 urban au-ean ii, the 1970 onrein waa sbot 70,O00.
 

Based on these dat&, the meau family income of the pooplo residing
in the w,to)r nor'ioe nP.qs of the com'wwnittoc whrse water qyetoms are 
proposed to be improviid might be, b.y 1 July 1976, rome:aher3 between the 
P6,200 per year (devolo-,Ad from the 1970/71 data of the NCSO) and the 
P8t510 per yr (devulopnd from the data of Pario, 1e"oh and 1krI~usLtai 
For lack of? othor dala, tho avura6e water-taiDg family naV hare an in.. 
come of aboot ?7,900 daring 1976 (or P1660 per month, which is olece 
to the Uipa household rurvey). Tbis is equivalent to an cnnual inoome 
of $1,Ofb for a fmily o1 six 'vr sever. 

Initial Rate Determination 

Several trials were made to come up with "revenue unit" (RU) pries
that can be used for a period of several yearn. It is good praotioe
for the water distriot to adjlst prioes every 3 years or so, instead of 
annmally, 

Based on the trials made, the water rates establiehed at 3-year 

intervals are as follows: 

Period Water Rate P/R, 

1978-1980 P.65 
1981-1983 1.15
1984-1987 1.40 
1988-1990 1.50 
1991-1993 1.60 
1994-1996 1.80 
1997-2000 2.00 

The rates frow 1990 to 2000 only cover dabt service and operation
and maintenance costs for faoilitiea constructed by 1990. The water 
rates from 1990 to 2000 would be higher if the RD-WD oontinued to oon
struot facilitios during this period. 

Ile first step of PO.65/RU was solected an an intermediate rate, 
in anticipation of the second step (,P1.15/RU) which is indicative of the 
required coot to mako the oyatem fin nitlly viable. The rate of P1.15/ 
RU in 1982 cost leveln is equivalent to ?0.79 in 1978 prices (based on 
10. percent discount rate). Likewise r1.40/AU ir, 1985 is equal to P0.72 
in 1978 prioes. 
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Feasibility of CJr.,o 

Tte que4stion of foaaibility is a matter Of analyzing whether 
or nrt thu oltoflert3 oW7 tn water, district aro able to pav the
required olakrvli both now and in the future in order to obtain 
safe emd reliable water ua3rvicas. Inamnuoh as the propooed water 
ra'L.q rsnreont the "mokrail, deter iration hrto been maida for that 
grc.1P of hofnueholdu who e Income (rioO/mo) also represents the"mean". 
 Trobabls 21ef of water by this group was calculated at24 crwi.pr month:!J For present pi pooa, tn, ut',y covers oon
sumo. jwith ,-Inh c~ono tio usi a mumch a te;7h coi rine the bulk 
of the domestic/cgvarn-ment coneumrs. Workilig *ack, the 1979 rate
of M).65 perrvrvonuc unit will yield a monthly dervioe oharge of
?16.25. Thq co!,nodity charge for a 24-aim coneumption i- P9.10
(?0165 : 14). Por newly oonneoted f,st.cero who avail of the 
O--ysar instalpuont plan, monthly exmcnditure for water wll

inorease by >6.83 to acoount roe= th, vvic conotion oharge.
Since both watV. eP-i household in,oaea inorease eaoh year, the 
impact of the Ii.stallnant 6harge on the expenditure pattern, of
the houashold will do line over the lO-yeor period of payment.The estimated impaot of the Lnoreaaud rates and coneotion ohargea 
on household p.tterns is ehown below for the mid-point of eaoh 
rate block. 

197 1982 2§ 22 ~ a I2 
Esoalated income of 
household earning
P70/mo in 1976 
(8peryr) 882 1,111 1,400 1,904 2,400 3,020 3,806 

Expenditure for 24 azm 
water coneumption.
service charge
(firnt 13 c m) 16.25 28.76 35.00 37.52 40.02 45.02 50.02 

Commodity charge
(Rate/RU x 1.4 oux) 9.10 16.10 19.60 21.00 22.40 25.20 28.00 

Income allocation to 
water for exietinr 
consmwra (%) 2.9 4.0 3-9 3.1 2.6 2.3 2.0 

Connection charge for 
new customer8s 
(P6.83/me in 1978) 7.51 9.63 12.13 15.31 18.23 21.71 25.65 

Income allocation 
to water for new 
customers (3) 3.7 4.9 4.8 3.9 3-4 3.0 2.7 

V2 obable use of water by income group. 

Inoome Below Upper Weighted

Uroupinr Average Averag Middle Hub .Mean 

Probable Water
 
Use QUI/mo 16 24 32 
 44 23.7
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Sirc the ,id-point of the period was sulected for oamparison, it
should bo notoO that the rroportione shown Wculd be ligkhtly higher
in the year preooding the mid-point and lower in the acooeding
 
yeer of oa-:I' r.tc blo.ck.
 

In the e)ample hcrwit above, the proportione of the houuehold 
income reuired f'or wai.er ervioee (exoep, in 1982 and 3985 whioh 
are the crue ar! jare) are consid.ored within the upper range limit
of the ability-to-p;V st'.dins dcne in Lipa City where willingness
to pay fonu for improved servi,.vet weas found to be about 3.7 per
cent of the houcahold inoome.
 

In the finarl analyis, if uiy itgnifioant improvment is to

be achieved in LhA e:oope eaie quatlity cf publio water w'%--vice

if the requirsment fsr r.cie]!y viable 

and 
and financially self

supporting water dietricta i to b, muintalnod, all groups of
 
water nustomoro will have to pay aub Atwtially highor chares for
 
water vervioes than ,.noy h~vo paid in the past.
 

Socializod Uator Hata 

A noliey 'itidelino in tho atructuring of water rate charges
is that they muot be r*.anonabia and realistio. Sinoe water is a 
prime copriodily both for the poor and the rich, the sooialized 
rate may be determined suoh that a 
gtmater financial burden is

carried by tho~e who can afford it (t not to the ipoint that 
becomes oppressiva to them). 

In the preooding sootiano, opeoific rates established 
meet the cash requirements for an improved system and at the same
time fall withln the average oonsumor's ability-o--pay. 1nder
this scheme, the coat for the first 10 cum oonsumd is ?16.25
and the eubuequent ouniumption, PO.651/a,. Thum the monthly
rates for the following water consumption will be: 

"dsago(cmio coat/month (r)* 

16 
 20.15
 
18 
 21.45 
20 
 22.75
 
22 
 24.05
 
24 
 25.35
 
30 
 29.25
 
32 30.55
 
44 
 38.35
 

*For _-inoh oi=etion, domestio elauififatione. 
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The eatimated impart on the averago iia;oi. household (ansumed
 
to have a monthly 1976 income of ?66o) and the below averago income
 
household (assumod to have an adjusted manthly 1976 incrmo of P300)
 
is as folxcwa
 

Projected 1978 Monthly Usage Coat of Percent of Income 
Iaccoe Level Mothsy Income of Water Wator/mo Alloonted to Meter 

Below Average P350 16 cum P20.15 5.8
 
Average 770 22 um 24.05 3.1
 

The preopding ible 9hows that the financial burden to the
 
below average income ,Loup is haavy.
 

A socialized pricing alternative has been developed to relievo
 
the low income greup3 of the high financial cost of water with the
 
following rate struoturet
 

firot 16 cuall/ni at ?0:75/0= 
from -7-24 aium/mo at P1.55/cu.
from 25 or more owm/mo at P2.35/own 

The resulting monthly rates for the various water usge4s 

will bes
 

U'gcost/eonth (PI 

16 12.00 
18 15.10
 
20 18.20
 
22 21.30
 
24 24.40
 
30 38.50
 
32 43.20
 
44 71.40 

The oorreepcnding impact on the various inoomG levels is as 

Frojected 1978 Monthly Usage Cog* of Percent of Income 
looms Level Month ome, of Water IW&ter/mo 11located to Water 

Below Averaga P 350 16 cim ?12.O0 3,4 
Average 770 24 Own 24.40 3.2 
Upper Middle 1,170 32 (Air 43.20 3.7 
High 2,700 44 Own 71.,4 2.6 

The preceding table tshow . that aorosa the inomo profile of 
tho oommunity, the monthly coata ran4,o from 2.6-3-.4 percent of 
household income. 
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Revenue Foreoasts 

Estimated future level of inowe from water sales are shown
 
in Annex Table X-0-1.
 

H. PINANCIAL SUMMARY 

Several trials have been conducted in developing the fore
casts of financial statements of the URD-WD. These statements
 
are based on the following major assumptions:
 

1. 	 Reserve k1und: 3 percent of sales for 1978-1990; 6 percent 
for 1991-1995; and 10 percent for 1996-2000. 

2. 	 Uncollectibless 2 percent of gross revenue requirements
for the first yvar of a new rate application, and 1 per
cent for the second and third years. 

3. 	 Accounts Receivables equivalent to 3 months of sales. 
4. 	 Accounts Payablet equivalent to 2 months of operating 

expenses. 

External Borrowing Required 

Annex Table X-H-1 shown a summary of the external borrowing
 
required and the annual debt servicing of the loans. Two separate
 
analyses were made for the immediate improvement loan and the
 
Phase I-A and I-B loans to comply with prevailing LWUA terms.
 

Borrowing will start in 1978 and continue through 1990. The 
imnediate improvement loan (1978-1981) will amount to P5e221 million. 
The Phase I-A loan will cover the 8-year period 1978-85 inclusive 
and will amount to ?12.616 million. The Phase I-B loan will cover 
the 5-year period 1986-90 inclusive and will be about P8.982 million. 

ProJections of Financial Statements 

Annex Table X-II-2 shows the net. income (loss) on a yearly 
basis. Net lose in forecasted for only four years. Net oumulative 
income will show positive values in 22 of the 23-year 
study period.
 

Other related data such as water production, water sales, 
unaccounted-for-water and rate of return based on net fixed assets* 
in operation are also presented in the table.
 

Cash Flow Statements
 

The cash flow statement provides an indication of the ade
quacy of working capital. It is not generally sufficient to cover 
cash outlays with revenues because of the tendency of cash receipts 
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to lag behind cash outlas. In goneralp an expanding organisation
 
with an active uapital development program and increasing level
 
of ativities will require similarly increasing quantities of
 
working capital.
 

Annex Tab!e X-H-3 preoents the annual "Sources and Applioa
tions of ihunds." Potential not decreases are expected in 1978, 
1994 and 2000. By 000, positive net cumulative cash balance will be
?6.384 million e f'ih ab -tho of 1978 is assumed equal to u.rO.inniag 


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-Hi-5) measures the true efficiency of mobilizing investments on 
the project from a broader peraseotive. Taken from a different
 
perepootive, it measures the effective utilization of total
 
investments employed in the project. It shows what the compounded
 
growth of investment within the project cyole would be based on
 
the interplay of cash outflows and the resulting inflows from such
 
investment.
 

Net asset value of P3.882 million is added to net cash
 
inflow in the year 2000. This is done based on the assumption
 
that the project will terminate in the last projection year.
 
Hence, assets are to be liquidated and all liabilities are to be
 
paid from the proceeds of the assets.
 

Several trials wure made in finding the rate of interest that 
equated the present value of the cash inflows to the unrecovered 
investments. In the LD-WDl the rate of return, with the assumptions 
mae, is estimated to be 7.37 percent. 

I. 	 FINANCIAL RECOMMNIDATIONS 

1. 	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 followsl
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Period ater-Rate 1P/RU 

1978-1980 Po.65 
1981-1983 1.15 
1984-1987 1.40 
1988-1990 1.50 
1991-1993 1.6o 
1994-1996 1.80 
1997-2000 2.oo 

It is reoomemnded, however, that in the implementation of these 
rates, -the water district follow the socialized pricing approaoh 
which will generate the same amount of income to meet its require
monte. 

3. 	 The reoommended plan for tle first oonstruotion phase (Phase 
I-A) of URD-WD is financially feasible. Borrowing for that 
period would be P12.616 million.
 

External borrowing would still be neoessary for the Phase I-B 
period.
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ANNEX X-C
 

DEVELOPMENT COSTS
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hdt l4Ji I- Structure 
2. Equix-int

t) Vehicles 
g) Xiscellansous Items 

" 8 

23 

933 
24 

3 
4 

11 
4 

735 

424 

1,044144 

263 
127 
419 
103 
139 
21 
44 

3,574 

290 
3,864 

_ 

69 
25100 
70 

8 
10 

32 
10 

237 
115 

676 

-

676 

9 12. ,. 

678 

247489 7 
- 341 
- 41 
- -

- 156 
- 50 

237 
115 

149 

990 "2,490 

95 -

1,085 2,490 

1962 

488 
683 

52 
405 
312 
100 

2,070 

-

2,070 

683 
82 

313 
100 

1,178 

-

178 

678 

247
21 

683 
82 

313 
too 

2,124 

-

2,124 

23 

10
21 

372 
47 

174
58 

705 

-

T03 

1 96 

23 

9
312-
260 
4T 

150 
57 

858 

10 
866 

6 
279
312 
456 
80 

263 
100 

2,173 

-

2,173 

19p 

456 
80 

263
100 

899 

-

899 

R-82 

456 
80 

263 
100 

899 

-

899 

M 

228 
41 

132 
50 

451 

-

451 

o te_ 

2,177 
626 

2053 
4,712 

673 
419 

2,382
829 
735 
424 

1,0441C.4 

737 
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the 

_1T lc'latd at pproximately I perent of total project cot. 
M ~u.deUdesj:gn (first year of eacb major segent of development), superviion of oonstruotjon ad contingencies spead unifoely dnrin 
pod of corstruction.

Does not include interest uring coetruzc .ion. For caloulated interest me nmax Table X--1. 
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FUNDS FIR CPITAL DEVELOPM12T
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5C29 
2-3 

993 913 
529 5029 
82-73 "27 

993 
5w? 

"7 

973 
5029 
6275 

rs-
Service Cc=:-otan - ftp . 
laakits Dtcti o p.lr 
AjzJa tra:tocl bdIn"- Str:*-- " 

-S. 
-
-
-. 

3 
274 
14 
419 

1 
5TO 
"1 

1 66 
85T 1961 
144 144 
All*19 4-

56 
1!2 

15,2 
1-

4" -

58b7-L5 7 7 5 73op7575 
307 442 526 615 TT5 
1979 2415 205 3Q3 3614 
144 1" 14.. 144 54 
!-V 19 -lQ1 ,9 

9,5 
4171 
1"4 
ZI 

75 587 
1125 1223 
4762 5C76 

1.4 1-.4 
419 294? 

567 
1223. 
5015 

14 
41-

5875 57587587 5S7 
1223 1213 1223 12.23 1223 1223 
540765076 5075 1076 507s 5C76 

144 I.= 14 1.4 144 144 
_ Z Z? 49 *,1 ?19 

587 
1223 
5076 

144 
At9 

537 
1223 
3T6 

144 
410 

:otal 50 Yea.-s o,- . 1141 U4 3530 3!3 63, 1IC) 10727 1231. 13!31 1-5Jal17303 1!.;Z3207)1 217"6 21745 2I746 21746 2 1-5 21::.6 21T46 217U6 21746 21745 
3. 30 Toe -S. -.1a Life 

$13,zI.21.i 3 o. - t z ? .72! 2? 722 224 22. 22A 22.- 224 224 22.t 2U 22-2 2-1 22t 22! 22 224 22£ 224 
T I 20.YewosT '.4rvicsLLf - 44 224 22 4 2 " 2:24 224 22422 2 224 22 22 222 2 4 - 22 .4 2242224 22 

C. 25 Te.sa Service Lif* 
DSs.Lffz a11±ie. 
2o. '.ce .a:i114.$s- oljs 

96 
-

8 
735 

96 
735 

56 
735 

96 
735 

9 
735 

8 098 96 
T75 2931 2.17 

96
2!37 42!5 

96
422S 98

925,425S6 98
.4256 96 9398286 .2e6 96Z2.6 4236 622 96d 989a99L236 *2.6 £286 

Total 25 Team Sorice o. 96 833 833 833 83 833 633 2935 2935 2?35 43! 4NP-. 43U 412 *3e 4 4!-% 434 4I3*X 33U A 3.U 84 4354 41k 
3. 15 Tears Seric, Lio 

5-1mc, rsl.lltl -Fes- ZupJ t 
Servl:o C ec*jlie - PMaten 
Al-dil.rttdea S.tli-lre  rrdpxsat
NI. l1necom. fec. 

-
-
-
-I 

424 
131 
103 
21 

424 
269 
103 
21 

424 
406 
103 

21 

424 
473 
103 

21 

424 
614 
103 
21 

424 
767 
103 
21 

1191 
992 
103 
21 

1191 
1035 

103 
21 

1191 
1143 

103 
21 

IT4 
1343 
103 
21 

17M 1714 
1555 1780 
103 103 
21 21 

1724 
189" 

10 
21 

;7U 
1899 

103 
21 

17&3 
l9or 
103 
21 

1350 
1?9 

-
-

25,3 
17576 
29a 

(0 

2553 
2203 
293 

60 

2553 
2-.-2 
20 

60 

2M53 
2464 
298 

60 

2553 
2691 
23 

60 

1784 
2928 
29d 
60 

?e*&. 15 To.- Sery Life 671 817 956 1021 1162 1315 2247 2350 253 3251 34) 368 3 3307 3807 3128 4!S7 514 5337 51t5 56M 57 
I. 7 Taws Uxvle

?ue=lA 
Life 

. - 119 M11 119 139 119 139 139 - 251 2 215 251 251 255 - 405 ,01 401 401 43 *o| 
Total7 Team Serice . - 139 139 139 139 137 139 139 - 253 253 21 253 253 25) 253 - 43 473 40J 403 40 403 

mum"Lr l-ZqsJ2T24= 
11= TA,0-or A=" 0. E LA= 

1239 
4813 

4759 
5540 

5363 
6712 

6535 
9941 

8555 
1263 

11167 
1460 

13238 134* 1940 20951 25415 2732 29340 34114 30144 3o414 22 31t4 31871 
A8083 19334 2-70 25415 720 29340 3094143044 301 W4344 31M 32010 3 2 

32094 32132 32359 38W9 
M332273 32761 34361 

Wo o290 £ 405 AM 4O 405 *4- 42* 24 A 424 4,24 4U 424 424 424 24 424 424 42424 424 

=tr- _Otvo C? =' C4732. A3- 5103 56!2 7117 1034S 13243 15014 1-05 197,3 214-34 25831 2774 29764 30838 3033 33 3083 3. o6 32434 32433 326w 32536 3w15 34785s 



A!. r_ TABLE X-F-2 

SCHEDULE OF 1)EPriECIATIOII EXPrflSE 
URDANETA WATER DISTICT( ooo) 

Net 

:ear 50 Years 
Service Life Category 

30 Years 25 Years 15 Yeara 7 Years 

T otal Annual 
Depreciation 

Expenses 

Accumulated 
Depreciation 
Frior Year 50 Years 

Book Valiue of Assets 
Retired D- the Year 
25 Yea~r 15 Tears 7 Years Total 

Aecuul ed 
Dopreciai ion 

aear Ed 

178 
1979 
1980 
19811982 

23 
61 
71 
.88127 

-
1 
1 
77 

4 
33 
33 
3333 

-
46 
54 
6468 

-
20 
20 
2020 

27 
161 
179 
212255 

408 
417 
560 
713899 

18 
18 
26 
2626 

18 
18 
26 
2626 

411 
567) 
T)3 
89Q

1823 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
).997 
1998 
1999 
2000 

182 
215 
251 
273 
30? 
346 
380 
416 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

33 
33 

117 
117 
117 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 

77 
88 
150 
157 
164 
217 
231 
246 
254 
254 
254 
209 
326 
341 
356 
358 
373 
383 

20 
20 
20 
-
36 
36 
36 
36 
36 
36 
36 
-
58 
58 
58 
58 
58 
58 

319 
363 
545 
554 
626 
781 
829 
880 
907 
907 
907 
826 

1,001 
1,016 
1,031 
1,033 
1,048 
1,013 

1,128 
1,421 
1,758 
2,303 
2,718 
3,344 
4,125 
4,954 
5,834 
6,741 
.7,648 
8,555 
8,449 
9,312 
10,189 
11,055 
11,947 
12,842 

26 
26 

679 
138 
139 
165 
141 
153 
932 

139 

253 

26 
26 

139 

932 
138 
139 
165 
141 
153 
932 

1,4-1 
1-755 
2;303 
2,718 
3,344 
4,125 
4,954 
5t814 
6,741
7,648 
8,535 
8,141 
9,312 
10,159 
11,O5 
11,947 
12,8,-.Z
12,923 

X-F-2
 



AM= TA31Z X-63
 

KM G CAPITAL MUVMaNM 

MD)JMTA WATER DISTRICT
 

P x 1000 
Total FaYing rthly C.&h Re ipta3nber of Vuber of Konthly Istallment MR14P-i:i5171 Annual Vorking mlative 

e 
New 

Ceneetilons 
Imtallment 
Plan Add 

nstallmaunt 
Pln- Ld 

Installasut
.Omlat.ive 

Plan 
(Escalated) 

Ina. 
Adda 

7
V 

DitIncr-tz: 
e 

Paymentev aF rente 
(Eaca Ioeemire,.nto(Emoalst94) (Cumulative) 

Total
PS3"ramto 

Caustrouvom
Cosrtm 

Capital
Itectue~n 

Capital 
, 

1978 
1979 
1e9o 
1981 
1982 
1983 
19e4 
19e5 
1986 
1987 
1588 
1989 
1990 
1991 
M 

310 
310 
310 
312 
312 
312 
312 
312 
312 
312 
311 
311 
311 
a 

386 

186 
187 
187 
18 
187 
187 
187 
187 
187 
187 
187 
a 

a 186 
365372j-558
745 
932 

1,119 
1,306 
1,493 
1,680 
1,86 

93 1,961 
l86 1,962 
186 1,963 
186 I,77 
M 1,403 

6.83. 
?.52 
8.26 
8.92 
9.63 

10.40 
11.23 
12.13 
12.86 
U3,63 
14.45 
15.31 
16.23 
17.20 
19.32 

15 
27 
18 
20 
22 
23 
25 
27 
29 
31 
32• 
34 
36 
a 

a 

8 
U 
18 
19 
23 

78 
86 
95 

102 
211 
120 
130 
140 
149 
158 
167 
177 
188 
a 

8 
31 
41 
60 
81 

104 
128 
154 
182 
212 
235 
257 
274 
273 
229 

86 
117 
136 
162 
292 
224 
258 
294 
331 
370 
402 
434 
462 
273 
229 

196 
216 
237 
256 
278 
300 
324 
350 
372 
394 
417 
442 
469 

110 
99 

201 
94 
86 
76 
66 
36 
41 
24 
15 
8 
7 

(273 
229 

110 
209 
310 
404 
490 
566 
632 
688 
729 
733 
768 
776 
783 
510 

2"87B 1,290 20.23 21 25 25 2581 
2595 1,029 21.71 26 179 279 19 355 

139715" Me 
1,e2 

65546 
23.01 
2483925.a3 

28 
08?3032 

2(151 
221e9 89 121(71 

506 
6276 

200 0 
19"287 
18 

281 
94 

27:40 
29.04 0 

33 
35 0 

56 
21 

5677. 
21 a 21 793) 

A/Loommilated .stallmt p t, are calculated m the basis o 100 percet Im2metal adMitions dwlng the pMe.nus years and 50 percent of 
the last year. 

i . c the assmptio that Istallen t plan wi be al ba* In 10 yea.
Ae8med to be 40 percent af coustotion cost. 

/mauot to be shouldered I' the c tutomrs Isa 2/3 of pipes + eters. 

X-F-3 



".A';l ? X-C ., 

____Im. 112 _____ _2 MIS I 

197S 

1560 

15 5 

195-3 

407 

755 

1,632 

2,5Ca 

74 

137 

297 

456 

42 

77 

170 

260 

2 

4 

7 

11 

2 

4 

7 

11 

2 

4 

"7 

11 

529 
981 

2,120 

3,257 

15C 
294 

C35 

975 

17 

33 

71 

108 

2C 
36 

78 

121 

195 

363 

784 

1,234 

724 

1,344 

2,931 

4,*.SI 

Tear 

1978 

1980 
1555 

1990 

1/2"
~JL.. 
1,018 

1,EE7 

4,080 

6,270 

3/4" 
(4.0) 

295 

548 

1,168 

1,E24 

Barest ic/oy 
1" i-

(8.0) (1-0 

336 2e 

616 56 

1,360 98 

2,080 154 

,7e:nat 
1;. 

(*.0 

40 

80 

140 

220 

2" 
('0-0) 

100 

200 

350 

550 

Sub-
tctal 

1,81e 

3,387 

7,216 

11,0?8 

1/2" 
L5j~ 

790 

1,470 

3,175 

4,875 

3/4" 1" 

136 320 

26, 576 

568 1,248 

86,4 1,936 

,Frtimated 
Su%- lrand 
+'.o tal~ "nt.I 

1,245 3,05t4 

2,310 5,6:-7 

4,591 12,207 

7,675 16,773 

Ccnou..ption 
_ _ _. I Ser-ice Cc--- it-' 
3--wi C---e'i1 C-'-.-- . tr 

282, 57 28,835 357,6E0 219,35 

405,E0 54,020 63,43 2-F.,'.3 

753,225 112,055 1,-'6,E43 535,E25 

1,5115,130 240,170 2,252,7!C 1,122,2530 

a c (7s) Total 
.2.L 

10,&70 597,945 

20,920 992,720 

35.9T) 2,C25,-!5 

191, 30 3,572,40 

VCcu-ataiton of revenue units based o =M3Aguidelinesm nstr-actutri water rale. 

X-F-4 



ANNMX X-0
 

ANALYSIS OF WATER RATES
 



AMEX TABLE X-G-1
 

R]UE ABECASTPS 
RAt-JPA WATER DISTRICT 

Estimated 71 x 1000 
Rate/RU Nubeor o'f RU i c BeA Other Total 

Year __P (Y1) -i n 0!) fror.Sal.es Debt Thnoz Not Inoome 

19?8 0.65 59 389 8 8 389 
1979 0.65 796 517 5 10 522 
1980 0.,65 993 645 6 13 652 
198] 1.15 1,202 1,382 28 28 1,382 
1982 1.15 1,411 1,623 16 32 1,639 
1983 
19 4 
1985 

1.15 
1.40 
1.40 

1,619 
1,828 
2,037 

1,862 
2,559 
2,852 

17 
51 
29 

37 
51 
57 

1,882 
2,559 
2,880 

1986 
1987 

3.40 
1.40 

2344 
2,651 

3,282
3,711 

33 
37 

66 
74 

3,315 
3,748 

1988 1.50 2,958 4,437 89 89 4,437 
1989 1.50 3,26.5 4,898 49 98 4,947 
1990 
1991 

1.50 
1.60 

3,572 
3,572 

5,358 
5,715 

54 
114 

107 
114 

5,411 
5,715 

1992 
1993 

1.60 
1.60 

3,572 
3,572 

5,715 
,715 

57 
57 

114 
114 

5,772 
5,772 

1994 
1995 

1.80 
1.80 

3,572 
3,572 

6,430 
6,430 

129 
64 

129 
129 

6,430 
69495 

1996 1.80 3,572 6,430 64 129 6o495 
1997 2,00 3,572 7,144 143 143 7v144 
1998 2.00 3,572 7,144 71 143 71216 
1999 2.00 3,572 7,144 71 143 7,216 
2000 2.00 3,572 7,144 71 143 7,216 

./Other inoome (derived from meter repllaaiment oharges,
continenoy fees of now conneotions, servico fees, otc), is about 
2l of sales. 

X-0-1
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FINANCIAL SUMMARY 



k:£4- T;LE X-3-1 

D=3- S:.I SCI-=1ZL or' -1?AL TROJZC IW 

Tear 

CitatandLzE Lcan 
id of Tear 

In iat.e 
1vXrc-;.-nt Thas I-A Pr.'t 7-) Totml 

CaDital ?g;k--t-ntu 
,T-ediate 

-..c-eset 7"h. 1-A and 1-3 Total 
-t--ediate 

X-iro-v=ent 

Interest Pa-.eno 

Fnhte 1-. e-ld1-3 ?otAl 

Total 
Debt 

Ze-vicc 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1938 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1959 
2000 

3,526 
4,367 
4,992 
5,221 
5,183 
5,141 
5,096 
5,047 
4,993 
4,934 
4,870 
4,800 
4,724 
4,6d1 
4,551 
4,453 
4,346 
4,229
4,102 
3,963 
3,812 
3,647
3,467 

25 
265 

1,016 
4,109 
6,840 
8,413 
11-,655 
12,616 
13,827 
17,707 
19,115 
20,559 
21,029 
20,820 
20,515 
20,212 
19,7E0 
19,348 
18,822 
18,228 
17,634 
16,973 
16,265 

3,651 
4,632 
6,008 
9,330 
12,023 
13,554 
16,751 
17,663 
18,e20 
22,641 
23,9S5 
25,359 
25,753 
25,461 
25,057 
24,i65 
24,126 
23,577 
22,924 
22,191 
21,445 
20,620 
19,732 

-
-
-

38 
42 
45 
49 
54 
59 
64 
70 
76 
83 
90 
96 

107 
117 
127 
139 
151 
165 
180 

-
-
-
-
-
-
-
-
95 
95 

-95. 
142 
142 
209 
34 
304 
432 
432 
526 
594 
594 
661 
708 

-
-
-

38 
42 
45 
49 
149 
154 
159 
212 
218 
292 
394 
402 
539 
549 
653 
733 
745 
E26 
88 

96 
199 
213 
220 
470 
466 
463 
459 
454 
449 
444 
438 
432 
425 
418 
410 
401 
31 
381 
369 
357 
343 
328 

-
2 

24 
91 
370 
616 
757 

1,049 
1,135 
1,244 
1,593 
1,720
i,e50 
1,592 
1,873 
1,86 
1,819 
1,750 
1,741
1,694 
1,6-'0 
1,5S7 
1,527 

95 
201 
237 
311 
840 

1,082 
1,220 
1,506 
1,589 
1,653 
2,037 
2,15F 
2,2E2 
2,317 
2,291 
2,256 
2,220 
2,171 
2,122
2,063 
1,997 
1,930 
1,55 

96 
201 
237 
311 
878 

1,124 
1,265 
1,557 
1,738 
1,E47 
2,195 
2,37a 
2,5C3 
2,609 
2,685 
2,658 
2,739 
2,720. 
2,'175
2,70 
2,742 
2,7"S 
2,741 

z-H-1 



J= TABLE X- -2 

URMIASEA WATIR D!SMXC? 
(z 1000) 

Water Production per Year (1,000 x am) 547 767 1371 243 2443 
Water SWlas per Year (1,000 z cMz) 12 460 92 1759 1759 
M oaunted-for-Water () 43 40 34 28 28 

.Conneotione - R3¢cred 724 1344 2904 4461 4461 
Ccn -=71on" (1jo) 136 119 229 139 139 

OPVMATING F 

WVt4.LSales 389 517 643 1382 1623 1862 2559 2852 A282 3711 4437 4698 5358 571-1 .5715 5715 6430 6.30 6430 7144 7144 7144 7144 
Lasts nOcollectiblea 8 5 6 28 16 17 51 29 33 37 89 49 54 114 57 57 129 64 64 143 71 71 17 
Oth r Revicue 8 10 13 28 32 37 51 57 66 74 89 96 107 114 114 114 129 129 129 143 143 143 143 

Total Rse 389 522 652 1382 1639 1882 2559 2880 3315 3748 4437 447 5411 5715 5772 5772 6430 6495 6495 7144 7216 7216 7216 

'A-1nstr&t1o ndA r.rcml 87 134 187 289 343 416 464 499 701 758 818 883 1020 1101 1190 1283 1433 1695 1832 1979 2134 2337 2528 
Pov.- and Pua1 28 44. 64 80 98 119 142 168 199 231 268 30) 356 421 477 548 629 718 618 929 1052 1188 1343 
Chelioale 3 9 12 16 19 23 28 33 38 45 52 6o 69 80 93 106 122 139 159 180 195 231 261 
Xci tcrw-tL* 2 2 3 3 4 4 5 6 7 9 10 '2 14 17 20 24 28 34 40 48 52 67 81 
Y.Ucell.teoua 20 38 60 74 90 109 130 153 188 215 245 277 315 385 441 502 572 648 756 847 914 1056 1180 
Depeciation M 161 179 212 255 119 363 UL5 554 626 7I 829 6-00 907 007 907 826 1001 1016 1o31 1o33 1e.,8 1013 

Total OperatLg fEyanu 167 387 505 674 809 99 1132 1404 1666 18.34 2174 2370 2654 2911 3128 3370 3610 4235 4621 5014 5360 5527 6406 

Ople. ng 1co0e 
Flue: ntrest on Reserveu 

222 
. 

135 
1 

147 
5 

708 
9 

830 
15 

892 
22 

1427 
31 

1476 
42 

1C29 
55 

1864 
70 

2263 
87 

2577 
107 

2757 
129 

2504 
16

d 
264 2402 
212 260 

2E20 
311 

2260 
365 

1874 
437 

2130 
32 

-236 
612 

12i9 
732 

810 
82 

l:¢tInomi e Before laterest 223 138 152 717 845 914r1458 1518 1634 1934U 2350 26e4 26b6 2968 26 6 2662 3131 2625 2311 2-62 2Z65 2021 !6,12 
in.creut on Debt 
Net c0m.(10) 
Cumulative Vet Inoom (loss) 

96 
127 
127 

2D1 
(63) 
64 

237 

21 

311 
406 

F.10 
5 

051-00 

108 
t16 
222 

1220 
23 
A60 

1503 
10 
470 

i-CQ 
95 
55 

16 3 2037 
241 313 

E06 .1119 

2158 
526 
1645 

2282 

2249 

2.17 2291 
51565 

2900 Y.65 

22r6 

3671 

2220 2171 
91145419 

z 7P2 r236 

2122 

r625 

2063 
599 
6024 

12-7 
471 
6 

1.30 
91(3 

6rF6 6's73 

p-rvlrtlon to Reerves 12 16 19 41 49 56 77 86 8 111 133 147 161 3.43 343 343 386 386 643 714 714 714 714 

Amrsao Wet lized Assets In Operation 2786 5034 6011 T710 9789 11870 13709 16275 18673 20209 22790 248-69 25561 25205 24299 23391 2374 24094 23462 22722 21970 21220 21756 

Pate of Retu 8.0 2.7 2.4 9.2 8.5 77 10.4 9.7 8.7 9.2 9.9 10.4 10.8 11.1 10.9 10.3 11.9 9.4 8.0 9.4 8.4 6.0 3.7 
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01=mZ TABLE X-ij-3
 

r&)4ECTD URECS AND LPPLICATZONS CFU1qM
 
=2&,,.WA WAT-:R DIMThXCT 

(? x 1000) 

1990~ 1981 19S 1 U 98 1986 108 1298 1M8 199 1951 222 1M5 ~ 1 122- 19= I= 2000 
SOURCES OF FM!D8 : 

rot Inco4 Beforl Iztormut 
AdM: Depreciation 

?ot-l bteronl aCu emratioa 

Lor4-Trm Erovizg 
Capite-2 Contributions 

Total te-al C"h Gtnration 

Totl Sow.-te of 7 . 

223 
27 

250 

3851 

86 
3537 

4187 

138 
161 

299 

781 

117 
88 

1157 

152 
179 

331 

1376 

136 
1512 

1843 

717 
212 

929 

3322 

162 
3484 

4413 

845 
255 

1100 

2731 

192 
2523 

4023 

914 
319 

1233 

1573 

2. 
1757 

3030 

1458 
363 

1821 

242 

25 
3500 

5321 

1518 
545 

2063 

961 

29--
1255 

3318 

1634 
55A 

2238 

1306 

331 
1637 

3875 

1934 
626 

2560 

3975 

370 
4345 

60. 

2-350 
781 

3131 

1503 

402 
1905 

5036 

2654 
829. 

3513 

1556 

L34 
2020 

5533 

2886 
850 

3766 

612 

4f2 
l0"4 

400 

2968 
907 

3875 

273 
273 

4148 

2856 
907 

3763 

252 
252 

4015 

2662 
901 

3569 

229 
229 

3798 

3131 
826 

3957 

205 
205 

4162 

2625 
1001 

3626 

179 
179 

380 

2311 
1016 

3327 

151 
151 

3478 

2662 
1031 

3693 

121 
1-1 

3814 

2468 
1033 

3501 

89 
89 

3590 

2021 
1048 

3069 

56 
56 

3125 

1642 
1013 

2655 

21 
21 

2676 
..?1ICL2.r0 :S0P F • 

Capita Ezpenmatures 
Capitalized Interect
Debt Servic4 Znterest 

Princip 

Srb-*total 

3864 
73 
96 
-

96 

745 
153 
201 
-

201 

1313 
199 
237 
-

237 

3255 
229 
311 
-

311 

2923 

840 
38 

878 

1797 

1082 
42 

1124 

3500 

1220 
45 

1265 

1255 

1508 
49 

1557 

1637 

1589 
149 

1738 

4345 

1693 
154 

1847 

1,05 

2037 
159 

2196 

2020 

2158 
212 

2370 

1074 

2282 
218 

2500 

2317 
292 

2609 

2291 
394 

2625 

2256 
402 

2658 

2220 
539 

27j59 

2171 
549 

2720 

2122 
653 

2775 

2063 
733 

2796 

1997 
745 

2742 

1930 1855 
E26 888 

2756 2743 

Increase In Worki~ng Captal 
Totl ,;pilitioaofFl=dm 

190 
4223 

32 
1131 

29 
1778 

106 
3901 

153 
39A4 

57 
2978 

175 
4940 

(,45) 
2767 

253 
54 

3682 
215 
6407 

-.63 
4264 

119 
4509 

(49) (105)__(18) 
3525 2504 2667 

2300 
(37) 22 
2621 5288 

366 
(47) 
3039 

368 
(48) 
3115 

179 
23 

3008 

360 
29 

3151 

402 2532 
47) (90) 

3111 5185 

_a-MAM(=m=-) i 
C;M B;!LJiC 1TD-
CAS53>iL4L4 

CA 
?F 

BAA= 
m 

(36) 
0 

66 
(36) 

65 
30 

512 
R 

69 
607 

52 
676 

381 
72811 

551 193 
1660 

493 
13 

772 
23j 
3 

1024 
123 
47 

1315 
4147 

1644 
462 
7106 

1348 
7106 

1177 (1126) 
84 63 
9531 6505 

766 
8 
9211 

363 
O271 
'. 4 

E06 
-

10 

439 14 
1 0 1C)7 
1 5o79 10M93 

(2509) 
102 
8'4 

-:7ET =M.=Pl. PJ1o 

RATIO OF f.iLIZ A7DCASE LES 
s - .- cAn-zL Ex z- ( ) 

2.6 1.5 

3.9 10.9 

1.4 3.0 

6.2 17.7 

1.3 

7.6 

1.1 

6.1 

1.4 

15.9 

1.3 

40.3 

1.3 

30.5 

1.4 

16,4 

1.4 

49.1 

1.5 1.5 

.56.6 117.9 

1.5 1.4 1.3 1.4 1.3 !.2 1.3' 1.3 1.1 0,57 

X-H-3
 



7,A WAZiER DL-MUCT 
(P x l000) 

197a ML!- 1930 1'81 8989 198 12I 

Pixel,Assetst• 
Gross 7alrs of ?i.ed Asset3 
Laos: Aactlate4 toprmoietion
Wet Vsl'.i..aJo.z* zla eta 

5143 
4174723 

59C5 
5605345 

7391 9640 11965 
11 899 11287 8741 10837 

14323 
142112502 

16273 20333 22C29 24451 28398 30418 31492 
1758 2303 2718 334 4125 4954 583414515 10d35 19311 21107 242173 254C4 2565 

31492 31492 31492 
6741 764 855524 1 2344 22937 

32860 33C8 33337 33:jl 33590 33339 35439 
8449 9312 1018 I105 119.7 I2-42 1292324411 23776 2314 3 20997 2251 

Work im Pro ess 36 151 151 1360 1932 1345 2869 59 119 2C42 - - - - - - - - - - - -

Total ? xed Jsset 4759 54 6 6829 10101 12769 14247 17334 18094 19430 23149 24273 25464 2565a 24751 2384 22937 24411 23776 23148 22296 21643 20997 22516 

Curr:'entCash L A,.23a's s (36) 30 95 607 676 728 1109 1660 1853 2351 3123 4147 5462 7105 8454 9631 8505 9271 9634 10440 10879 10893 8W 

ncc'-t ,$c~i~abll 
Provtiion for B Debtv 
Li7entor 

97 
2 

118 

-29 
1 

132 

161 
2 

146 

346 
7 

95 

406 
4 

200 

466 
5 

218 

640 
6 

236 

713 
7 

134 

821 
8 

127 

926 
9 

257 

1109 
22 
274 

1125 
12 

292 

1340 
13 

168 

1429 
28 
27 

1429 
14 
31 

1429 
14 
35 

1608 
32 

156 

16.8 
16 

168 

1608 
16 

182 

1786 
36 
120 

1786 
18 

192 

1736 
Is 

211 

1786 
18 

229 

Total Currat Issets 177 290 400 1041 1278 1407 1979 2500 2793 3527 4484 5652 6557 8534 9900 11081 10237 1*031 114C8 12310 12839 12894 10381 

Total A,e. 4936 5786 7229 11142 14047 15654 19363 20594 22223 26676 28757 31116 32615 33285 33744 34018 34648 34807 3455C 34606 34482 33891 32897 

N-UrI"T AND LIA3IL1T=S 

Ct T~tt bilitiest 

A ,,cto Vaaible 
Currant X luritoas on tan&-Tom Debt 

23 
-

*38 
-

54 
-

77 
38 

92 
42 

112 
45 

128 
49 

143 
149 

189 
154 

210 
159 

232 
212 

257 
218 

296 
292 

334 
394 

370 
4C2 

411 
539 

464 
549 

539 
653 

601 
733 

664 
745 

725 
826 

813 
888 

899 
971 

Total Cur.ent LiabIlities 23 38 54 113 134 157 177 292 341 369 444 475 588 728 772 950 1013 1192 1334 1409 1551 1701 1870 

lan4-Torm Debt (LAs Curr--t hlturiti.t) 3851 4632 6008 9292 11981 13509 16702 17514 1866 22482.23712 L5141 25461 25067 24665 24126 23577 22924 2219t 21446 20620 19732 18761 

Equit7: 
Govirr.t Contribvtion 
Capital Contribution 
Rteserves 

849 
86 
12 

84. 
203 
28 

849 
339 
47 

849 
501 
88 

849 
693 
137 

849 
917 
193 

849 
1175 
270 

849 
1469 
356 

849 
1800 
454 

849 
2170 
565 

849 
2572 
698 

B49 
3006 
845 

849 
3468 
1006 

849 
3741 
1349 

849 
39"3 
165? 

849 a49 
4222 4427 
235 2421 

849 
4606 
2807 

849 
4757 
3450 

849 P49 
4873 4967 
41a 4878 

849 
5023 
5592 

849 
"5044 
63-4 

Uap~rorLit.adRotafr.Ad Sarmrirg 115 36 (68) 297 253 29 190 114 111 241 421 800 1243 1551 1773 1836 2361 2-429 1775 1M6o 1617 9Q4 67 

Total ,:irity 1062 1116 1167 1735 1932 1983 24.84 278 3214 3825 4540 5500 6566 7490 8307 8942 10058 10691 11031 11751 12311 12458 12266 

Total EDdt7 and ULabilitien 4936 S786 7229 11142 14047 15654 19363 20594 22223 26676 28757 31116 32615 33285 33744 34018 34648 34807 34556 34606 344a2 33891 32897 

X-E-4
 



ANNE' TABLE X-)1-5
 

RATE O tETURN ON TOTAL INV!!STMENT 
(DraCOU o CASH FLOW mTr1IOD) 

URDANIFA WATER DISTRICT 
P x 1000 

Net Total Dlet let Triai ',dTrial
 
Debt Incre.ae Cash Ce.oh Present Value.:- Preoent ValueiT
 

Year Sorvice in Caah Lnflov I.voat-n~ate Inflow aotor Vauae Paotor V. uo
 

1978 96 (36) 60 3,937 (3t877) 1.000 (3)877 1.000 (3,877 
1979 201 66 267 898 (631) .909 (574 .952 1601
 
1980 237 65 302 1,512 :826j (999 6907 1,0O97 
1981 311 512 823 3,484 661 .751 1,9% .864 2,299 
1982 878 69 947 2,923 k1 976 .6A3 %1,350 .823 (1,626
1983 1,124 52 1,176 1,797 621 .621. (386 .784 (487 
1984 1,265 381 1,646 3,500 (1,854 .564 (1,046 .716 (1,383
1985 1,557 551 2,108 1,255 853 -513 438 .711 606 
1986 1,738 193 1,931 X,890 41 .467 19 .677 28 
1987 1,847 498 2,345 4,345 (2,000) .424 (848) .645 (1,290)
1988 2,196 772 2,968 1,905 1,063 .386 410 .614 653 
1989 2,370 1,024 3,394 2,020 1,374 .350 481 .585 804 
1990 2,500 1,315 3,815 1,O74 2,741 .319 874 .557 1,527 
1991 2,609 1,644 4,253 - 4,253 .290 1,233 .530 2,254 
1992 2,685 1,348 4,033 - 4,033 .263 1,061 .505 2,037 
1993 2,658 1,177 3,835 - 3,835 .239 917 .481 1 845 
1994 2,759 (1,126) 1,633 2,300 (667) .218 (145) .438 305)
1995 2,720 766 3,486 366 3,120 .198 618 .436 1,360
1996 2,775 363 3,138 388 2,750 .180 495 -416 1,144 
1997,2,796 806. 3,602 179 3,423 .164 561 .396 1,356
1998 2,742 439 3,181 380 2,801 .149 417 .377 1,056
1999 2,756 14 2,770 402 2,368 .135 320 .359 850 
2000 2,743 (2,509) 234 2,532 1,584* .123 195 .342 542 

-3,424 +3,097 

RATE OF RET1N 7.31% 

*Inoludes net aeaet value of F3,882
 
Total Aesets - P32,897 
Total Liabilities - (20,631) 
Cash - 034 
Net Asaet Value - M"2 
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C.J'Y. XI INOMIC ) ASIhIL1W AALasI 

A. W R AND TB ZCONONT 

troduoion 

Water ti a baaio requtPmnt in &ayoountryt' economio dwoelop
ment and no oeonomi, activity oaa take plaoe without its Howeverl 
this basto funotion diminichoa iu relative importaaoe as a higher 
level of eonnonio dtvelog.*t i. attinind by a country* In most 
instanoor- tbe availability oe water aloae -iil not spur Suonomio 
crowth for therm ar other s8tnircioarrt factorm that inluonoe 
developeentk such a - paom &rdordirr political tasbility, rute of 
taxation ard ava.la.~lty of other infrastructuro facilitioso Hkme, a 
water supply projeot .unt bo oonpidzi-d As only ono part of a 
regional d ,.ilori' progrwt# It zuu&t b, viewed within the oontext 
of the o,.-erall gover=n.t program. 

Conaldolrng that -the Philippini im atill a d.lopilng OOutry, 
water supply plays x f.irly importa', rple in the natioual or regional 
*oonoaV. Trotitionlly, ;r h, b available to the oon-.ha rrade 
sumin g piblio at viery neminal rates. Thore is a tendenoy for the 
oonsumers to use wator wastdtully. Ag a oon~quzuoe, the regard 
given to it ia far bolou it-, true importanoe. 

To the uwker cozernr, tho value of wator is m4azured by its 
contribution to the satiefaotion of the family Voup whioh uses the 
water. Rio parapeotivw inoludocr himsulf nd his household and 41 
the health, well-being and produotivity aapeots of family life. To 
the buuinosran" water iv valued Zor all it does to improve buinaoss. 
From the national vieopoint, the benefits to the water user, both 
householder and buoinvceman, are .nly a part of the total* 

Major Ules- !dWfter SuRpIy 

Domeftm2 . Water for doestio ,se ic usually given top priority 
because water in onoential to life and, up to a point, eeential to 
goneral well-boin., Estimation of tho benefcioal value of water fe 
domestio purposev is beat viewed in ter, of averae willinness to 
Pqy for water, It will be noted that willingnoos to pay ii higher 
than the price oharged in aofar as bioBt usare are 
conaorecd. 

Induutrial Use. Water is used by industry primarily as a factor 
of production, In some inatanoes, it goes into the production prooexs 
am an input. This is the onse for the soft drinks industry. One 
method of datermining the value of water to industry ia to analyme the 
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cost of alternative indutzim procosses which produce the awo
 
product but use lose waters This ie not, howvver, always possible
 
and ma be un4uLy iaborioum.
 

Other Us!oo Crop irrigation ia one of the major uses of water* 
The value of water mead for irrigation purposes can be estimated by 
an elaborate orloulation of "fith" and "without" projoat conditions. 
All other costs are assume& to be paid and water becomes the residual 
claimant nndar *aiihout" and "with" project oonditionse Dotailod 
analysic of the area to be 1rTited iv required 

Another importint use is bydropowor gsneratin. ater used for 
this purposs may be valued by coapuariton with the lowest-cost alter
native of providing eleotrio power. Lastly, bodies of water 'serve 
a basic role in many recreational aobivities. Ordinarilyt water 
qually is nt advereoly affected by reoreational use. Water value 
in thim oae depends on a niiabor of factors such as aooeasibilityp 
beauty and quality. 

In the Philippines, the National Water Resources Council
 
establishos the water priorities, in pursuanoe of the polioles laid
 
down by its oharter, Presidetial Deoreo No, 424. In general, the
 
system of priorities for the development, oonservation and utilizap
 
tion of the country's vater resouroes refloots the current usage of
 
water and ia responaive to the ohangiu demand for uater. Another
 
presidential deoree (Presidential Deoree No. 198) has declared that
 
the oreation$ operation. maintenanoe and expansion of wator supply

and wastewater disposal systema are a national polioy of high

priority.
 

B. IGTODOWOO 

Reoweended and Next-Bert Ebrstw 

One approach in determining the voonomlo fesibility of a water 
supply projeot involves a oomparison of the benefits and costs of 
the roosoendad system and those of the next best system* In this 
method, the oapital exoncliture oosto nd the operating and maintenance 
oots for both alternative systemo are tranformed to an equivalent 

annual cost basie dtring the projection period* 1The comparison will 
show whioh of tho alternativ systems will gonarato the same level 
of benefits at lower ooste
 

Benefit-Cost Ratio 

A second approach in determining the economic feasibility of 
water supply project involves the following stepet 
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U. The identifioation of the soonomlo benefits and oosts that 
oan b att ibuteod to the ootiliahmonzt, op*r1;ion mal 
maintenance of an impiowod oiator supply system; 

2, 	The A'o iLatloa of tht poenibls baas far quentil'Jig 
thesm bonfits and oo'tu; and 

3.The ~'xnnof tho prcaiant visrts of the banefits likely 
to be enerai d wid the pwant value of the oouts, 

The roeuik., of the eoouwmicLa&lyalL ea. then expressed as a 
single rati o clled the benefi.t-oowt rtts. The project in oonsidsred 
feasible if the ratio io ooual to or greator than 1 ile 

Internal Rate of Rodurn
 

Another mthiod involves the oaloulabion of the economtio internal
 
rate of ret.urn of tho proposed project* 'MO total &%ount of the
 
benefits au well as of the oosts i.s determined throughout the pro-
Jeotion period, By trial and error, the interest rate at whioh the 
present "ortL of tho benefitn is eque to the present worth of the. 
ooats is then caloulatud. Tho prmjeoat ig oonnidorod feasible if 
its utiornal -ooromlo rate of return ic higher than the minim= 
rate geasrally aooe-ytable in suoh projects, which is usually the 
opportunity ooot of oapital. 

Method(Ajtod 

Both the socoOrZ and tkird methods were employed in determining
 
this project's ooonomic feasibilitye Theue two were considered more
 
appropriato them the first method booause Li thii 
casel the reoeom
mended plan haa alroakV been seleoted from several alternatives on 
the 	basis of preoen- worth ooot oomporiens (as disoussed in Chapter 
VIII and IX). 

Caloulation of N~ne'it and Coot Streams 

The econowic atudies oover only Stae I of tho proposed watSr 
supply program, whioh oxtenda froo 1!,78 to 1990o Bansfits9 howeverg 
were projested up to 2000. Thin is 1Pb ause the benefits from the 
facilities to bo ooneiruotod up to 1990 would continue to aoorue 
bsyond their conntnot:1on pnrlode 

The 	 conatruoti,l coats included in tho analysis are those which 
will be inourred up to 1990t except replacement oosts and th. operation 
and maintenano costs whioh were projected up to 2000. This is due to 
the fact that proper maintenanoe of the facilities will have to be 
undertaken regularly for as long as benefits are to be realized 
from the uyrtem. 
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Estimates of benefits and osat wero baoed on 19$7 prioes. In
rooogpitiou of infltiono=y preagnrei, *1 banofita were euosalated
 
by 10 percent from 1978 to 1980, by 8 poroant frcm 1980 to 1985 and
by 6 percent from 1919 to 1990, All projeot oosto wore also edoop
lated in tbhe na.e runnor, "A.tb the ozooptio, of oprtion und

maintenanoR ooutn hioh t&r aoslr.t,d uniformly by 8 peroent all

throughout the uen.uv psriod., 
 In both oaeaes howoverv the esoalation 
faotor for 1990 iras ho2d orszta~nt up to 2000, This is beoause ouly
StaWe I of the propozd prj3vot iv,be.im 0noiarted in the eoonmio
 
analysis; benozoonly pt .! iufla,.;;Io, was wdoytodo
 

Tho eooocai.o boaw.fit, .he*t W.11 be derived fro the proposed

water supply improvomecnt I ram f o! -ho water &triot m.y be

classified into quaiti.t'irblo 2d ne.nqu-utit. able,e aumtifiable

benefits are thone which oin be erprssewd in monatary terms* On the

other hauln, nonuant.fiable bonfittn aro intanible but real, 
and
 
arf extroely ditfioult .,o *:--rose in moot.ny terms*
 

5enefits roculti tY~ ~ v:erm on ~ tho prop.s.nd pr.jeot ovaluated 

an inoretental basio, J..06, 
 on a "With" or 'VIithout" priuniple.

Heno@, the benofit fi&-ren rofloot only those that idl 
 coorue to

the serv~oo area u ; roLelt of tho iaprovement of the water supply

system. They vxcluie the benifitn arioing from the present gysteme
 

The qu*tifiable bonofits that ar disoussed in the followiun

seotions ar*: inoreni in 
 land value, improved health oonditionu9
reduation in fLir dimW anil benefioial value of water.
 

I.orsaoe in La.nd VaT.ou 

The implementation of the water oupply project will result in
 
an imorcana In the land valuor of the 
sexvioe area. Howeverl it muat
 
be pointed out that tho inorease in land values 
oannot be attributed
 
solely -to the water supply projqot. Arz differouae between the
 
aoquiaition cont and the present market value of a piece of land
 
evolves from a serios of marki and publio forces which exist whether 
or not the Weter snrip1,y projoot i..unertAek. Suoh force inolude 
the goneral pace of industrialization, construotion aotivity, inflation,
land speculationp taxation and public lad aquisition ant juelling.
More particula rly, uoh differenoe could b3 the rasult of a general re
eastio ion or productivity duo to Imfriwtruoture investments which 
include a wator supply pro ject. 

The portiou of land vulues attributable to the provisien of an
Improved public ifater supply system was estimated in the household 
survey in Lipa City (May 1975) to be about 22&6 peroent of the 
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market value of a piece of land. It i±6-teasonable to assume that 
this figure represents the incremental value of a piece of land 
given access to water supply. In a opecific instance, a residential 
lot cz ahbo 400 sqm has the following market values: 

Without Water 400 sqm x P50 - P20,000 
With Water 400 sqn x P65 - P26,000 

Ratio a 1.3 or 30%increase 

In this partioular case, the incremental cost of P6,000 closely 
represents the markot value of a private well (complete with pump, 
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* 

Assumptiono mada for this analyui3 are explained in Annex XI-C. 
Annex Table XI-C-1 ohows the oomputa'iono of this benefit, which has 
a present valu3 of Pl3.2million* 

Health Benefito 

The establishmont of a water supply system in a community will 
necessarily bring about herlth bonofit3 to the population. Undoubt

edly, the provision of safe# potable water to the population is a 
prerequirito for the maintenr.noo of r.nicm health standards. These 

health benefits are ordinarily maifeated in the followings 

1. A oignificant reduotion in the inoidence of water-borne 
diseases sueh as cholera, dysantery, gastro-enteritis, 
and typhoidipratyphoid. As a recult, there will be a 
dcreaoo in the ar.ount. of tiV. loct by inoome earners 
who 	 are afflicted with such diseoases. 

2. 	 A cubasquent :.-eduotion in premature deaths due to the 
lower inoidn,'9 of vater-borns diseases. 

3. 	 A correopondi.ng reduotion in medical expenses for the 
samne reason. 

Calculations of the health benefits end associated assumptions 
used are presented in Annex XI-C. Annex Table XI-C- shows the health 

benefits on a yearly basisq with a total present value of P1"IX951* 
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Reduction in Fire Damage 

With the installation of suitable fire bydrants,espeoially in
 
the high-value as well as the residential districts in the service
 
areaas part of the proposed project, 4avings due to reduced fir*

damages will result from the availability of an adequate amount of
 
water and increased water pressure for fire-fighting purposes*

Calculations relative to this benefit are explained in Annex XI-C
 
and shown in detail in Annex Table XI-G-3* The present value of
 
this benefit amounts to M3.8 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 oalled "consumer. satisfaction") is
 
quaitified by the additional revenue generated by the water distriot
 
as a result of an improved water supply project. In the case of a
 
oommmnity which previously did not have any piped water system, the
 
"oonsiner satisfaction" benefit may be measured by the full amount
 
of the economic value of the accounted-for-water.
 

For a community where the proposed project involves merely the
 
expansion and improvement of the existine system, this benefit may

be measured by the economic value of the incremental wtor 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 commeroial.
 
estgblishments are actually paying for water but also how much more

the oonsumors are willing to pay for this essential oomwdty. Calour. 
lationn for the betefioial value of water are shown in Annex XI-C and

Annex Table XI-O-4. The present value of this benefit amounts to ?12.9 
million.
 

D. NON.."QUANTIFIABLE BENFITS 

The non-quantifiable benefits arising from a water supply pro-.
jeot are generally as important as the quantifiable benefits. How
ever, they do not easily lend themselves ta 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 
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tto &vkilnbility of & deerft~lo waier anpplj Witliort aaoh oupplyo
ni,f j.-. 'tig 0ir.t'iuAI womit ba -a!' 'to 
develop their ciwn taulply ayftoe orw ralooat* cloewares Mae overall
 
cost of vroviJ., '-Uzgat water qyutoma ini ri-lly l' g s.uid
 

rep~aet. & latc;-rt.it to 4n"xrpt iiu th F--c &A,%uo.*sqTeiYjto
 

industrial dov~1oXc~oni,
 

B110Wafoe o~f : irpr-zt tr.eXby -,'e prjskt -hi-ned 
laborare mu'* ablit te vpe.I tdk8Pr vagvu f'or p1ivaoing g'oodx at 416e 
loo&A atarovsA ianoo, ',at'b ran* thoy -ipend in retjrnied to 
the iYncr)n uitrae-L 0 " tho l(wC,20l toonowty, Ii tk'e operati.on andi umint.
us3113 of t4* petot tLo tn*ir &atrinct noiad tird it R4VUmiagSous 
to purch,.o rarrutred supplian 1oa.lJy azrd ongap local serriao. 

z~b WCIONOIU2C OS~TS 

(Ienarakl 

The totdI oaot of tLw- propoed water supplay systemi is the mma of
 
all expanditu'eM renl~- to x-aaliso projeot objettves and benofitse
 

Costs have baqon d±vi6a inato the. fillovings 

2. Raplaot.ment coutn 
3. Orttrig wad maiinxcnnanoa cous 

In peirail, eccnocnii~n cna3L &arii*asiar to identify and quaity 
than bonefts. ITbi L.- beonus6 moat of the oosto &re Inourred in 
r*al LnM-O-4 t.rra to poy 'cr either goods or servioes while 

Pojeot Cootf. 

Pr1oject oo;t inli;d3 the oenctruotiors ooa+t of the proposed 
faoilitiaeu E-rih an pl~as m-sterv and n~TiJDnft# as voll ax, OVng1ZW6K" 

feeo., i'b ooi of the f,,asibllity studies haa &lso been~ iuoluded. 

Annex Tabla XI-2- Phow the ocnatirtion oostm of thu proposed 
water oupply project for tbtN vater diatxiot* They are listod bjy 
compouent &a to tna of 'orperdt in 198prioee They &-a further 
brolmn down in+, for-Ign a1cl domentic~ oopoa1tat 

The cost of unskilled labor 19o houn. copsprattcly from the doistic 
oomponent of the projsct ooict. Frant~b&Iazoe of tho doesetio cost, 
5 Percent w assumed to be iu the fors of bidden taxes* 
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In tho detoirnAtion of the project oosts, adjustments ware 
node for thcee itamu uihoh ar, not properly valued by the prioe 
meoiiani. Aprii~o yil& the ch~ow prica) ether than t%:hb maerkat 
prioe #as imputod lo these iteme. Ln thiu wa, moot of the effects 
of price dieoranoi-e which cozad be idnntlflod., wh'ther primary or 
3eoond=.L7, ve:re inoorprated direotly into tht p)r-jeot analysis and 
imputed au direct oosts to project Ic evtment, The 'shadou pr!oeW' 
used in this anoays . are those omployed ' y intrnational lan&tnc 
inatltutiora cnd the Planning vud rYoeot Devoloin.ot Offloe (PFO) 
of the Dprtment of Publio Worlea Trznaportatlou and Comnt.icatione 

One of th3 itozlamo ki4da'sbhadow prio.g was Pppiied Is the 
prics of unkdilled labor (otlharoio known a3 oomon labor), In a 
perfeotly oompoitive mxset, the price of labor in dotermined by the 
marginal valuo of its product. In this naea, therofore, the prioe 
of labor ifs equ&l to thavalue of the output which.an extra laborer 
hired would proauoe. 1ovwever, thin is not applioble in an noonody 
such as that of the Philippi's uh4r there Is , surplun of libor. 
Since thero Jls widespr3ad d0 uCised unamploy-mont in nuoh an eoonomy 
unskilled labor ia normal!,T valued '"low the actunl wage rate llk.y, 
to be paid. .In this stu.ly, the opportunity cost of usI lled labor 
or ito potential in other employment was valued M one half of its 
estim.aod oost IzA %te projeot. Th not effect is to reduce the cost 
of un'..,.Ued labor by 50 peroent, thoreby reduoing the 
projeo t cooio 

Skilled labor, on the other haud, was valued at its going rate* 
It was asoumed that if skilled labor were aot e nployed in the service 
area, it would probabl- migrate elsewhere to obtain emplogaent at 
better ttae. 

Adjustmento vera also made with respect to cost of projeot 
faolitiee whloh use u p li m ited foreign exohanW reerves. Foreipn 
exohange ured to import project oomponents was valued at 1.2 times 
aotual peso *oit. ThaL dffevtiV0,Y increasvid the foreii oxaheAge 
cost by 20 peroent, thereby affooting project osat in a similar 
manner. This was dono "La reflect the opportunity oost, or altornative 
value of foreign exohWuge. Doaastio omponentd, en the other hand 
were priced at their acitual oost, 

Interest was likvA,_e" not included nieo thie iconidored a 
financial inotead of an eoonomio oost* 

Annex Table XI---1 shoms the convmrsion of financial oosts to 
eoonoco ooeo through shadow pricing and other adjuatments. As 
converted from finaclal ocsts, tot al economic project os9t for 
UFO-RD amounts e P19.9 million, with a present value of P17.2 million 
as shown in Annex Table XI-.5-4. 
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Replacement Costs
 

Based on the criteria used in the financial studies, vehicles
 
have a life expectancy of seven years while meters are expected to
 
be replaced every 
 15 years. Other items which have a service life of
15 years are the equipment for 1!o u r c e facilities, the administra
tion building, the piumbAng Wsop and miscellaneous items of the 
immediate improvement prog:r-m. The feasibility studies were assumed 
to be good for 30 years, while the wells and their structures were
 
assumed to last for 25 years. Ail other facilities in the aystem
 
are expected to last for 50 years.
 

During thc. 23-year period from 1978 to 2000, therefore, vehicles, 
meters, equipm,nt with a service life of 15 years and the misoella,
neous items will have to be reploed. Annex Table XI-Z-2 shows the

replacement rjchodule and 
oouto of vehicles t meters, equipment and 
miscellaneous items. The present Nvalue of total escalated replacement
costs for Um)-.ID amounts to 1*657,200) (see Annex Table XI-E-4). 

Salvage Value
 

Annex Table XI-E-3 shows the salvage va1ue in 2001 of all the

capital equipment to be used in the project. The poroentage of 
salvage value was based on the remaining service life of the facilities
in 2001. Fcic URD-41D, the present worth of the salvage value is P1.8
 
million (see knnex Table XT-I>-A).
 

Operatiny and Maintenance Coste 

Operating and maintenance costs refer to the costs associated 
with the maintenance, operation and management of the projects

Otherwise known as annual 
costs, they include personnel, power,
chemicals, and other miscellaneous maintenance expenses such as fuel 
and lubrication, repairs, and communication needs. Onlyt h e ope ratin g and maintenance costs of the proposed project
(i.e., excluding those of the present system) were considered in this
 
study.
 

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 is ?3.6 million. 

Calculation of Economic Cost 

The economic coot may be expressed as the adjusted (shadow
priced) project cout plus replacement cost plus operating/mainte
nance cost Less salvage value. Appendix Table XI-E-4 shows the 
computation of total economic cost for URD-WD9 amounting to a present 
value of P19.7 million. 

XI-9
 



Fe BENEFIT-CST ANALYSIS 

The summary of the quantifiable economic benefits and economic 
costs for URD-WD is shown below. They are expressed in their present 
values (discounted at 12 percent) after the 1978 prices have been 
escalated. 

Summary of Benefits and Costs 
(in r106 ) 

Benefits Costs 

Increase in Land Values P1 3.226 Projeot Cost ?17.204 
health 	 .199 Replacement Cost o657 
Reduction 	in Fire D]ame 3.829 Operating and 
Beneficial Value 12.994 Maintenance Cost 3.52§ 

P30,248 	 Sub-total 21.459 
Salvage Value 1*779 

P19.680 

Benefit-Cost Ratio - 1.54:1 

The preceding table shows that the quantifiable benefits exceed 
the economic costs associated with the improvement of the water 
supply system in URD-WD. Under the principle of benefit-cost ratio, 
the project is, therefore, considered economically feasible. 

The actual benefits of the proposed project may be considerably 
greater than indicated by the benefit-coat ratio because the non
quantifiable benefits have not been incorporated into the analysis* 

G. INTERNAL ECONOMIC RATE OF RETURN 

The internal economic rate of return (IERR) is the interest rat6 
at which the present value of the quantifiable benefits would be equcl 
to the present value of the economic costs of the proposed project. 
It is generally held that for a project to be feasible, its IERR should 
be higher than the prevailing opportunity cost of capital. In this 
particular study, the opporttuity cost of capital is 12 percent. 

For URD;1D, the IERR is 28.1 percent as shown in Annex Table XI
G-1. On the basis of the above stated principle of IERR, thereforet 
the proposed project appears to be economically feasible and justified. 
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ANNEX XI-C
 

QUaTIFIABLE BENFITS 

Portion of Land Values Attributable to Water Suppy Project
 

Annex Table XI-C-1 shows the 	present value of the portion ofland values attributable to the proposed water eupply project, based 
on the 	following assumptions: 

1. 	 In accordance with the staging program of the constructionof facilities, the 1980 service area of 240 hectares waprojected to increase in the following manner; by 28hectares from 1980 to 311981; by hectares from 1981 to1982; by 35 heotares from 1982 to 1983; by 39 hectarevfrom 1983 to 1984; by 44 hectares from 1984 to
1985; by 49 hectares from 1985 to 1986; by 54 hectares from1986 to 1987; by 61 hectares from 1987 to 1988; by 68 heo
tares from 1988 to 1989; and 	by 76 hectares from 1989 to 
1990.
 

2e 
 Land use was assumed to be 88 percent residential and 12
percent commercial/institutional/industria throughout theprojection poriod. This classification was 	based on thewater demand projections in 1980 by consumer oatego, as
shown in Chapter Ve 

3. 	 The 1977 costs of land based on estimated asseedvalues are: 

Residential s P 10 per sqmIndustrial/Comaeroial/Intitutional I P 20 per sqm 

These costs were assumed to be constant over the projection
period*
 

4. 	 The portion of the total cost of land specifically attributable to the provision of water supply was assumed to be20 percent of the cost of land. This was 	escalated by 8percent from 1980 to 1985, by 6 percent from 1985 to 1990,after which the escalation factor was held conrtant up to 
2000. 

5. 	 A discount factor of 12 percent was used to obtain the present values of the benefits. This is the 	opportunity cost of
capital and is commonly used for public investment projects
like water supply development. 

For 	URD-WD, the land value benefit amounts to P13.2 million in 
present worth.
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AMEX TABL I-0-1 

FC'.~I C? LANID VAL1MZ A1M 1 "'A2Y2-70T PROMTC 
MRDJMTA "AA'R DISnTICT 

Land Us; (,,) Coet of land (P x 1000) 20 Percent 
Couemotal/ Ccwrcial/ Total Coat Benef it -ue scalated Discount Przent 7alue 

Tear Resi'ig--ti,1 
I-&.itnitL=al/ 
L--ustrial Re3id. 

Instituti;--%I/ 
I-.d1n.mrria. 

of Land 
(? 1XO0) 

to Project 
(P X 1'0) 

Escalation 
Fqctor 

Benefit 
(P x I ) 

Factor 
at 12 

of 3r.efit 
(?. x Ii.:O' 

1980 2,131,200 268,800 P21,312.0 P5,376.0 ,P26,68.o P5,337.6 1.210 P 6,458.5 .797 P 5,147.4 
1981 246,400 33,600 2,464.0 672.0 3,136.0 627.2 1.307 819.8 .712 5e3.7 
1982 
1983 

272,800 
308,000 

37,200 
42,000 

2,728.0 
3,080.0 

744.0 
840.0 

3,472.0 
3,920.0 

694.4 
784.0 

1.412 
1.525 

980.5 
1,195.6 

.636 

.567 
623.6 
677.9 

1984 
1985 

343,200 
387,2"0 

46,800 
:2,800 

3,432.0 
3,872.0 

936,0 
1,056.0 

4,368.0 
4,928.0 

873.6 
985.6 

1.647 
1.779 

1,438.8 
1,753.4 

.507 

.452 
729.5 
792.5 

1966 
1967 

431,200 
475,200 

58,800 
6d, 00 

4,312.0 
4,752.0 

1,176.0 
1,296.0 

5,486.0 
6,048.0 

1,097.6 
1,209.6 

i.8P6 
1.959 

2,070.1 
2,418.0 

.404 

.361 
836.3 
872.9 

1968 535,800 73,200 5,368.0 1,464.0 6,832.0 1,366.4 2.119 2,895.4 .323 935.2 
1989 
1990 

596,400 
668,800 

1iec'O 
j1, 200 

5,984.0 
6,68.0 

1,632.0 
1,824.0 

7,616.0 
8,512.0 

1,523.2 
1,702.4 

2.246 
2.381 

3,421.1 
4,053.4 

.288 

.257 
985.3 

1.041.l 

6'27.504.5 P13,225.0 
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Foulth Benefitr 

Ito detelvn~a tho arao~t of benefft arivine from~ thse ,eduOtio= 
of Anoomie loit of those affloted with wfttsz-bOr.'n ttio6As, rerti
nee.~~i or' "cr.*rditT, rt4 Fcro C'&thez'id from tb Departmnt 
of Haalth6 r~ors 1iy4 to 1!Y14t an average of 293.1 out z~f evemry 
1009000 p-,puJlation in the pmroiujo6 of P~#tia 'JY1 "ITdioted with 
primnar2' wa~rb-in i&~O6C. overy year, _-sgzrd.1eaa of apt, *fay and 
inoozme oluac, Thi. eav rto~ Uas ~aeiBumqd for the manfloiplty of 
tUrdetnta ini the 96bseaca of speoifio ilata, The morbidity rate in the 
servicei nonI n!lefi;3od to ra~nndir. Oonstzant ehaing the 2C.-3mar pro-
J6otica pterioa. 

Sic3n- ii of those, afflioted %11i1h said diuowa eo or 
earnao, .5ai t.uu was nd wcodr~gy. Buae,! on thw 19'10 
Cenaus on rauhicfloupii of the National. Covinsa anA Statle
'bicu Off icV., 27 po't ot of the wiuiioiwalitYt o POPT'latioa 'U~s 
ecoiorlioal].y ;, Una- It wax; xauxuns36 therofora,, that only 27 
N-rcent of 293,1 par 1tY,OW,3 ithoe roe r.flioted with prizary watsxr
borne diiseaaee were bonorjioap).y tvtive. Han"e, thic In tbo only 
nagnant oC -tin I;rpulntion whr.- wricld ov~ffP3r a~radicticon i?, L.oome due 
to stihi U6)eav, thxor~ t'ioue a.tfliotad waV'-9&rner were 
Roaumed -to be ora-'nIr,.. M3 ai dicy -zid an~able to v2ork for 15 days on the 
averk- beoiuo of *..oirilluneo. The fin.mI fiu-a orresponding 
to the sconon-.c oost ot tim. ioct da- to wator-burnn disasaes was 
thersby &rrii.zd ct be- rnaUip'Jyin tha niwmbsr of people aff~ioted v'th 
water-burne &in~exat by 27 jpx'oont by ?6~ a dazy ard ther. by 15 diay5 

Another hoal1th bofiefit thsnt vould be asooi&at'od uith the 
ontablishment of s e.aCc publIjo wwta-r uupi &uyatemto the roduotion 
of the soonio o~ai of the pr~m~tin death of those afflicted iith 
Wator-borwa dicoaues3 in 'the oxbvvica tirae # ()bviottolyt the meduotion. 
of the life npan or the populta~oa ocuced by naid diseases In an 
*00r101i3 losa to tho aoewmityo 

This eoononmio 2cej duxv tn pr~zaturt aeath was dotormined by 
multiplying the nuImbcr of people, 'iho die beeowiue of wat-borne 
dissaaa3 (unstiolnE thqit a. we.-ter aupply Improvetment program were not 
undertakein) by 27 MreT-ent nnd tben by p11,629. The projected 
number of stuoh ,atho waB bsed on the average of the l1--yoar m)or
tality r&Ae for primnaxy wataxwborno dinaas3 in tho province of 
Paiugazinar., as Catherucl fromn the lDcpartaent of Helth. These 
fismres indioated that 41*1 peroona died of the 293.1 per 100,000 who 

i/ZICoMiolIY active population inoludes those who are 10 
yeaus old and ovort whether employed *4- unemp1oyedg emoluding retired 
persons, studenits end. houzo'wdvie 
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were ffliotod witb vaterbt-hi,i discozes, This mc;tallty rate Ws 
aeauvied to bt MoP.-aa&-' ojor th yr',-stic. yriod, he 27 pa~oi 
oorresponss to The portion of the !orvioa 3A-a population who Lminookle..q: 1%8 ?11,629 on U-iJ other havd, raprauonta the 

m~onetary v~7a.1U o* vetzh 6at, This Yous dorSlved 1;:ow the tatiftated 
inoome to be *a-n d by the averae wage-oaraer over L perion of 
five yearn lecenuntd . 12 peroent plu 20 pareent aowooiated 
ooonomio Loato (&camatlon of P200 a month ;: 12 tionths x diaoount fao
tor + 20 percent aswcoiated oats). 

The third health bonutit that oan be derivsd from the ixprvi*u 
ment of the w.ter supply in the st,rvio oaea is h3 .rvuotior of the 
medioal ewen , of persori fflioted witI'. water-borne &toess.e 
Aooordibg to the ipa City pilot grarvW on lAbililby-o-PV"I- an 
afflicted perozi spends P1.3,O0 unua.iv or th average oi madoal 
expense,, whioh inoludiA hospitalizatiorn, ieodioixe *ad &oto'o' fee. 
Based on, this finling, thb total mod-iol ctpaou ircurrod due to 
water-orne diri,-ase wera xr-ivod ixt by --ultipling P113.00 by tU 
nimber of p-ioplcr aff.ioted with suoh di.ienev in th* 8srvice a. 

The m of all thrmo eooociio oostis related to health benefits 
li: to uulerfir thar.v fni edJuatt o arriv, at more meaningful
figures. Firat, 40 Ipar.oen of the tote-l ooonoaic locos 4u to water
borne diaea oe was taken as the hsalth bncefit dirootly resulting
from tbe wat*r vaipply impvcvmsnt program, Thin r'eootion was made 
to account far thu ftot tnt not .11 wator-borne diceases are oaused 
by a poor water mystem and aV also be dae to less than idoal per-. 
sonal bygienc o lac-k of aeverap faoilite . 2-ooond, the 40 perorat
health benefit waa ecor lated by 8 percent from 1980 to 1985, %y6 
peroent from 1985 to 1990. ater which the ocoalation faakor was 
held oonstant ip to 2000. TIhird, the epoated health benefit was 
dscounted. to Ito present wcrth at 12 peroent. Annsx TTLlv A,--v 

shows th6 oaloulationa associated with the health benefits for UJW-
WDe The total present 7alus of naid benefits ufter tho adjuwtments 
amounto to P198?,951. 

Reduction in Yire :1,tIr 

Th6 propoaed water oupply improvoment progfr will result in 
inoreased water preusu-e and reliable ouppl7 lor doment.o as vell 
as for fire-fighting purpoees. At present, of the 14 fire hydrants
in Urdanota one is hiperabla and low system preasiure renders the 
others ineffootira. With th3 impleL 3ntation of the recommendad 

-/Refer to Mothodolojy Manual Chapter 20 for "Ability-oto-Pq" 
studies*
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A= TIM-- Xr-C-2 

TeLr 

1930 
1981 
1982 
1983 
1984 
1985 
1956 
1887 
1988 
1969 
1990 
1991 

1993 

1994 
1996 
1997 

1998
2090
2000 

Served 
.%P-ation 

10,590 
11,524 
13,426 
15,116 
17,020 
19, 14 
21,578 
2A,295 
27,355 
30,801 
34,6E0 

I 

1 

, 

3
34,680 

Cost of Time 
Log. due to 

Illees(1) 

P1,006 
1,132 
1,275 
1,436 
1,616 
1,820 
2,049 
2,307 
2,598 
20925 
3,253 

I 

3,293 

Eooma=Ic toan 
&a to 

Pre-s.at-e Death(2) 

P13,66 
15,383 
17,326 
19,507 
21,964 
24,731 
27,846 
31,352 
35,301 
39,748 
44,754 

1993.205 

199 

44,754 

UtL.=A WAME DISM2C-7 

Total Ecoc-_io Reduction dne 
Cost of lacies due to to Prject 

rei±csl De?.-.e(3) ll! uu (Nenefit) 

P 3,507 r18,179 P 7,272 
3,949 20,469 8,18 
4,447 23,048 9,219 
5,007 25,950 10,380 
5,637 29,217 11,637 
6,347 32,698 13,159
7,147 37,042 14,817 
3,047 41,706 16,682
9,060 46,959 18,7a3 

10,201 52,874 21,150
11,46 59,533 23,813

*1 , 

I i 
1 

11,486 59,533 23,813 

Escalation 
Facter 

1.210 
1.307 
1.412 
1.525 
1.647 
1-779 
1.88 
1.999 
2.119 
2.246 
2.381 

2.381 

Esoalctd 
Reduction due 
to Pr*oect 

P 8,799 
10,702 
13,018 
15,830 
19,248 
23,410 
27,945 
33,347 
39,802 
47,503 
56,699 

Disoont 
Factor at 
12 r- ent 

.797 
.712 
.636 
.567 
.507 
.452 
.404 
.361 
.322 
.2e8 
.257 
.229 

.183 

.163 
o46 
.130 
.116 

104
.093 .,083 

Present Value 
of Bealth 
Eer flt 

P 7,013 
7,620 
8,209 
8,975 
9,759 
10,581 
11,290 
12,038 
12,816 
13,631 
14,572 
12,984 

11,623
10,376 

9g,242 
8,278 
7,37, 
6,577 

5,897
5,273A.706 

?ote: 
"63,293 F193,951 

Total Mmioipal Ibpltim.on(9o 6,690
All pwrocc 10 Y eam rever 40,593
Econ=ic ly Active 15,775 or 27% 

Y)Arbilty Rzte: 293.1 per ICO,000 '-ole 
yo-tality Rate, 41,1 per 10.'C90 ;.ople 

(1) 2 x _2.1 zS. xx 15 
1003,000 

(2) 27:: x_41.1 x S.1's z P1 1,629 
100,000 

(3) 293.1 z S.PI z P113 
100,000 

*Served Popalztion 
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program,*,ioh will involve the install&tion of new fire hydrants, fire 
protection oovere wi l be txtonded to the cervioe area on an in.
oroasing bamis. Henoo, a reduotion in fire dAma& is axrpeotsd in the 
service are . 

Iis roduoion vas awninhd to be 0,75 paroont of the oombined 
assessed valuefs of aLl ctruotures in the eervioe area. For Urdazta, 
the aver ar."osed vluu of casoh vtruotur& was aseumed to be 
P18,800,/ The number of atruoturaa wis drived from the projected
population to be servvd by theAatem, assuming that each household 
has an Avoarn of 5*9 rmrmbez.*1 

The fire protootion benefit was based on the assumed overall 
reduotion lu fir- d&i*o but oorrelated with the schedule of fire 
hydrant installation in tha sarvioe axea Peroentage of fire pro-. 
teotion starts &t 6 paroant in 1980: gradually inoreasing to 35 
percent in 1990 in aoordana with the extent of the service area to 
be covered "ny the !iAr hydrants. 

The net reduction in fire dam4-9 was esoalated by 8 peroent from 
1980 to 1985, by 5 parcent from 1985 to 1990, after which the emoalm.
tion factor wao held oonstant up to 2000. It was then disoounted at 
12 percont. The preseut value of the fire protection bensfitt as 
shown in Ainox Table XI-C-3,amounts to!.8 million, 

Denefoial Value of later 

Sinoe wator is essential to human lifel all members of the 
served poapuatirn in the servioe area presumably would be willinc to 
obtain it in suffiolent quantities at some given price. With the 
proposed improvemont of the system's facilities, the volume of water 
produottvn is &xpeoted to increase considerably to serve the needs 
of the growing populetion. This will brdng about additional reve se 
to the water district, ospeoally since a price increase of water 
may b justified in view of the improved servioe. 

In general, water rates oharged by the water district do not 
refleot the true value of water. Mrsever, it is recognized that 
households cmd comarcial users are really willing to pay more than 
what they are aotually being charged for ater oonsumed. From the 
eoono7io viewpoint, therefore, there in a oonsumers' surplus. This 
oonsumers' surplus refere to the additional amount consumers are 
willing to My over and above what they aot gyfor water. Flor 

/Based on the records of the asseubor's office in Oapan, in 
the a of similar data on Urdanta. 

'zed on the 1970 Cenau on Housing in Pangainanprovinoe. 
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-,= 1-C-3 

~~ZIN FIFO DAMUM 
WA;P DAS-3IC7 

Net Reductlen Escalated Present .alueotal Valre OrwralU Reb.tic Psr-enta s - e Value of of "et
 
r=ber of at P1S00 
 In l.-e -DaC aff ?I (3eme.it) Zscala;l Net Reduction Disoomt5-_ 	 Fae.or q=e.ritS.---s... 
 e; h Y- (.Co:-5) P x I000 Pr.tectiom *. 1-' ?act;r./ NotPx1 MO at 12 Pe.-et P
 

1980 1,795 P 33,746.0 P253.1 
 0 P -	 1.210 - .7971981 2,021 37,994.8 2E5.0 25 
 71.2 1.3C7 P 93.1 .712 P 66.3
1982 2,276 42,7r8.8 320.9 29 93.1 	 83.6
1.412 131.4 .636
1983 2,562 48,165.6 361.2 35 126.4 1.525 192.8 
 .567 109.3
1.4 2,E85 54,238.0 406.8 41 166.8 1.647 274.7 
 .507 139.3
1905 3,248 61,062.4 458.0 48 219.8 
 1.779 391.1 .452 
 176.8
i.c6 3,657 68,751.6 515.6 51 263.0 1.E56 496.0 
 .4C4 200.4
1987 4,118 77,418.4 580.6 55 319.4 1.999 
 63S.4 .361 230.5
1988 4,636 87,156.8 653.7 59 
 385.7 2.119 817.2 
 .322 263.1
1969 5,221 98,154.8 736.2 
 63 463.8 	 2.246 1,041.7 .268 300.0
1990 5,878 110,506.4 625.8 67 555.3 	 2.381 1,322.2 .257 339.8
1991 

.229 302.8
1992 
.205 271.1
1993 .183 242.01994 

.163 215.5
1995 

.146 193.0
1996 
.130 171.9
1997 
.116 153.4
1998 

.104 137.5
1999 
093 123.0
2000 5,878 110,506.4 828.8 67 

..
 

555.3 	 2.381 1.V22.2 .083 101 

P18,620.6 P3,229.0 

!/-'e.-ivd f'rem the served population pro*,ecticna, aumrLr.C that the-* are 5.9 cerbers per hoasehold according to the 157to Cenuzs 
e H"aSxi In -iansaza=. 

§Us~ed an te asessed ra1i- records izGapan in he absence, of L-tilar data cn Urdaneta. 
Vfz=alated annually by 10 percent from 1978 to 1980, by 8 percent from 1980 to 1985 ad by 6 perce t fro 
 1985 to 1990, after which 

the esca ztjc- factor van held constant or to 2000. 
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purposes of this study, this additional value has been estimated to be25 percent higher than commercial/industrial/insttutional water rates 
and 50 percent higher than domestic water rates.8/ 

In the determination of this benefit, the following steps were 
taken. 

1. 	 Only the incremental volume of accounted-for-water was 
considered; hence, the 1977 accounted-for-water amounting
to 194,702 cum was 	 deducted from total accounted-for-water 
projections in Chapter VI. The 	water demand projections
in Chapter VI, expreused in liters per capita per day,
 
were converted to cubic meters per 	year. 

2. 	 Classification of accounted-for-water into domestic and 
others (commecial/institutional/industrial) was 	based 
likewise on Chapter VI. For UID-4iD, water use was classi
fied into 88 percent domestic and 12 percent commercial/
institutional.inductrial. 

3. 	 The price of water per cum for domestic use was derived by
de-escalatinC the rate per revenue unit of water in Annex 
Table X-4-11 the rate of water for other uses (commercial/
institutional/industrial) was assumed to be twice that for

domestic use. The rates were, however, adjusted upwards to 
reflect conmmers' 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 !ThD-4JD of 131,600 from total economic 
revenues. The net economic revenues ma 
be considered as
 
benefits of the proposed project since revenues of the exist
ing 	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 which the esclation factor 
was 	held constant up to 2000. Finally, the escalated values
 
were discounted at 12 percent to obtain their present values. 

For URD-4D, the benefioial value of water amounts to F12.9 million, 
as shown in Annex Table XI-C-4. 

L/lefer to Procedures for the Economic and Financial Analysis
of ,Jater Projects, UJUA, lay 1976. 
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AN= TABIZ Xr-C-4 

ZMEIcIAL VALUE OF WATER 
URDANIETA WATER DISTRICT 

Yea' 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Inoresental 
Accounted'or-Mater 

,Dma/year 

133,600
151,100 
227,800 
326,300 
393,600 
467,700 
555,900 
654,000 
767,4MC) 
896,600 

1,042,300 
1,210,300 
1,398,800 
1,6249500 

i624t5O0 

Domestic; Others 

132,968 18,132 
200,464 27336 
287,144 39,156 
346,368 47,282 
411,576 56,124 
489,192 66,708 
575,520 7d,480 
675 31'- 92,088 
789,008 107,592 
917,224 125,076 

1,065t064 145,236 
1,230,944 .167,856 
1,429,560 194,940 

12956O 194,940 

Price per cum 
Doestic Others 

P.65 .130 
.60 1.20 
.56 1.12 
.91 1.82 
.85 1.70 
.78 1.56 
.88 1.76 
.82 1.64 
.76 1.52 
.70 1.40 
.69 1.38 
.64 1.28 
.60 1.20 
-.59 1,-F; 
o54 1.ob 
.50 1.00 
.53 1.06 
,49 .96 
.45 .90 
.46 .92 
-43 .86 
.40 .80 
.37 74 

Economio Value 
per cu= 

Domestic Others 

P .98 P1.62 
.90 1.50 
.84 1.40 
1.36 2.27 
1.27 2.12 
1.17 1.95 
1.32 2.20 
1.23 2.05 
1.14 1.90 
1.05 1.75 
1.03 1.72 
.96 1.60 
-90 1.50 
.88 1.47 
.81 1.35 
075 1.25 
079 1.32 
.73 1.22 
.67 1.12 
.69 1.15 
.64 1.07 
.60 1.00 
.55 .92 

Economic 
Water Revenues 
Doect*c Others 

130.3 29.4 
180.4 41.0 
241.2 54.8 
471.1 107.2 
522.7 119.0 
572.4 130.1 
759.7 172.7 
830.6 183.8 
899.5 20A.4 
963.1 218.9 

1,097.0 249.8 
1,181.7 268.6 
1,286.6 292.4 
1,258.0 286.6 
1,157.9 263.2 
1,072.2 243.7 
1,129.4 257.3 
1,043.6 237.8 

957.8 218.3 
986.4 224.2 
914.9 208.6 
857.7 194.9 
786.3 179.3 

Total 
Economla 
Revenues 

159.7 
221.4 
296.0 
578.3 
641.7 
702.5 
932.4 

1,019.4 
1,103.9 
1,182.0 
1,346.8 
1,450.3 
1,579.0 
1,544.6 
1,421.1 
1,315.9 
1,386.7 
1,281.4 
1,176.1 
1,210.6 
1,123.5 
1,052.6 

965.6 

Escalation 
_ator 

1.000 
1.100 
1.210 
1.307 
1.412 
1.525 
1.647 
1.779 
1.886 
1.9?9 
2.119 
2.246 
2.381 

2.381 

Escalated 
Economio 
Revenues 

159.7 
243.5 
358.2" 
755.8 
906.1 

IO71.3 
1,535.7 
1,813.5 
2,082.0 
2,362.8 
2,853.9 
3,257.4 
3,759.6 
3,677.7 
3,383.6 
3,133.2 
3,301.7 
3,051.0 
2,800.3 
2,882.4 
2,675.1 
2,506.2 
2.2991 

Discount 
Factor 
a 

1.00 
.83 
-797 
.712 
.636 
.567 
.507 
.452 
.4(' 
.361 
.3? 
.2P 3 
--57 
.229 
.205 
.183 
.163 
.146 
.130 
116 
.104 
.093 
.083 

7 of 
Econolio 
Revenes 

159.7 
217.5 
285.5 
538.2 
576.3 
607.4 
778.6 
819.7 
841.1 
853.0 
918.9 
938.1 
966.2 
842.2 
693.6 
573.4 
538.2 
445.4 
364.0 
334.4 
278.2 
233.1 

-

50,869.8 12,993.5 

Xla-" 
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AM= ?*A,l ZZ-8-1 

OO WI OF L 0C7OST 0MUOTO 0= 

Planowa pore1= Balance or tralau xohnee i 41ne Uoe.Pr.ot ftobazzie DomeftLo, tkaiI~e&. Domestic Tt~ 
o at e

Others Com soent Labor Others Project~, 0.aizuo404 

Source VFaciltiesW)lls 2,177,000 577,144 19599,856 117,338 1,482,518 74:126 1,400,352 692:573826,000 58,669 1,405,392 2,159,634 1,707,220716,594 109,406 8,c24 01,328 5,069 96,313 859,913 4,012Ditribution Pipes 2,753,000 1,419,581 1,333,419 270,963 
96,313 960,238 759,0811,062,456 53,123 1,009,333 1,703,497 135,482Internal etvork 4,712,000 2,023,457 2,688,543 549,896 2,138,647 106,932 2,031,715 

1,009,333 2,848,312 2,251,630 
Fire lbrants 29428,148 274,948 2,O31,715 4,734,811 4,099,403673,000 392,394 280,606 67,221 213,385 10,669 202,716 470,873 33,611 202,716FlubimC Shop 707,200 612,294419,000 12,977 406,C23 62,832 343,191 17,160 326,031 15,572 31,416 326,031 373,019 322,960Service Conrectiona 

a PIpes 2,382,000 1,337,524 1,044,476 328,745 725,731 35,787 679,944 19609029 164,373 679,944 2,449,346 2,120,C.
b tter

limedia4 &o pjroveents 829,000 513,881 315,119 99 ,183 215,936 10,797 205,139 616,657 49,592 205,139 871,38 754,448 
a) Well 735,00 192,952, 5,0 39,9 52,02 25*103 476,949n)rui uent 424,000 360,856 630144 4,659 58,485 

231,542. 19,598 6,949 728,489 575,681 
2. Distribution Facilities 1,044,000 519,491 

2,924 5561 4 33 t0271 2,330 55,561 490,918 388,077524,59 111,320 413,189 20,659 392,530 623,389 55,660 392#5303. Loekaes Dietction/Ro]par 144,000 112,269 31,131 -
1,071o579 847,09831,731 1,587 30,144 134,723  30,144 16,867 142,7424. ServicePipe.Connectiona 

737,000 421,108 315,892 115,371 200,521 10,026 150j495 50:330 57,686 190495Xotera 357,000 235,780 753,511 652,390121,220- 4C72 76,948 3,847 73,101 282,936 22,136 378,173 327,4235., dnmiastratiou Buildinga) Structure 419,000 12,977 406, -3 64,988 341,035 17,052 323*583.b) Equip=-t 103,000 799083 23~o17 3,828 20,089 
15 ,5721 32,494 323,983 372,049 322,120 

6. vehicles 1,004 19O085 94,500' 1,914 19,085 115,899 100,345139,000 70,290 68,710 - 68,710 3,436 6574 8,3487. EIacellaeoua 21,000 12,744 8,256 - 8,256 
- 65t274 149,622 129,43 

Peasibilit7 Studies 193.000 108.00 &.920 
413 7,843 15,293. - 7,843 23,136 20,031- 84,920 4.246 80674 129.6961 80,674 210,370 166.,3005ub-totmL 1t908,000 9,119,182 9,967,818 1,888,636 8,079,182 403,960 7,675,222 10,943,018 944,321 7,675,222 19,562,561 16,299,6321An& . .00O - 395,000 - 95.000 19.750 .250  - 31. 75.250 296-640Total 19,482,00 9,119,182 10,362,818 1,888,636 8,474,182 423,710 8,050,472 10,943,18 944,321 8,00,472 "19t937,811 16,59,272 

2Doneatio cost ocepon at le, ak.lltd 8lbo. oSt.
S et of e o dedted from It.Pby ai t oether foreign mhange coat, au.fle( labor cost and cost of 'otherso aftr tbq have been adxad thwvq 8"-..w piang.bD aubtJr ooutiageotos and se rn e rom the eomaio p'rjeot cost. 
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ANI TABLE ZI-19.2 

RPLAEr COST 
MMANNA VATER DISTRICT 

1978 PRICES 
(p x 1000) 

Year votiol~s m rp( Item Z 
1978 
1579 
1980 
1981 
1982 
1983 
1984 
1905 
1986 P129.5 0129.5 
1987 
1988 
1989 

1991 
19901992 1. 2. 3. 

1993 
1994 
199 
1996 

129.5 
139. 

P120.3 
114.5 
105.4 

P496.8 
22.8 

no0*0 766.6 
137.3 
105.4 

1W9 
1998 

44.5 
91.3 

227.0 271.5 
91.3 

1999 91.3 91.3 
2000 91.3 227.0 318.3 

P259.0 P658.6 P973.6 20.0 P,91192 
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L2 TAL3 XZI-,-3 

$ALUAG V1W3 = 2001 

MW&=A WAMK DE77ZXC 

(P x l00o) 

Tear 

50 
£cocacdc 

Tal* 

Thea-i 
SalIrzo

value 

30 !*%rs 
UcoAnio Salv2gs
7 Talt. 

21 
Ec.ooic 
Value 

Yaa-s 
SAlnVi~ 

TKLU. 

15 
EcoCCOIc 
Talue 

Tern-
U Sae 
Vae 

7 
Ecouwai@ 

ValuewTaus 

Tae-3 Ifiu 
SaX 7S& Economic 

Talus 
Sa1vav 
Value 

TOWa 
z~*:I 
TAI.,1 

1978 
1979 
1980 
19<1 
192s 
1983

.1984 

1985 
1986 
1967 
1988 
1989 
1990 
1991 
1972 
1993 
1994 
1995 
1996 
199FT 
1998 
1999 
2000 

r 1,608.0' 
397.4 
610.9 

1,271.2 
.1,657.4 

946.9 
964.9 

541.7 
656.4 
958.2 
703.3 
703.8 
350.8 

P11,371.4 

5o4 P 900.5 
58 230.5 
60 366.5 
62 738.1 
6: 1,06o.7 
66 623.0 
68 656.1 

70 3792 
72 472.6 
74 709.1 
76 534.9 
78 549.0 
80 280.6 

P7,552.8 

P 37.9 
123.4 

P166.3 

27'% 
30 

Pie°.3 
38.5 

P140,8 

P 59.17 
54.6 

530.9 

530.9 
18.8 
18.8 

534-4 

P2,283.1 

12"% 
16 

24 

36 
40 
44 
4R 

P 71.4 
8.7 

127.4 

191.1 
7.5 
8.3 

236.5 

P670.9 

P 60.2 
347.9 
91.3 
91.3 
45.3 

637.1 
137.3 
105.4 
271.5 
91.3 
91.3 

379.5 

P2,349.4 

7 
13 
20 
27 
33 

60 
67 
73 
80 
87 
93 

100 

P 4.2 
45.2 
18.3 
24.7 
14.9 

382.3 
92.0 
76.9 
217.2 
79.4 
84.9 

379. 

P1,419.5 

19.5 

P129.5 

14% P1 .1 

P18.1 

P 217.7 

71.5 

7.4 

r 296.6 

100e, 

100 

100 

P217.7 

71.5 

74 

n296.6 

r 1,291.9 
277,7 
438.0 
915.5 

1,060.7 
625.0 
E47.2 
386.7 
492.5 

1,010.8 
553.2 
573.7 
295.5 

4G0.4 
92.0 
76.9 
217.2 
79.4 
84.9 

V9.5 

P10,093.7 

Tot l 
Tota 

,ono.io Talus 
Salvage waus 

P16'591.3 
P10? 298.7 

VW3slvu-s values tor ech 7ear r p.esent the salvag value of the item in year 2001. 
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StC.4A. OP ZO5O O 0OSTS 

UMD""TA VAE2 DZ3MICT 
(Px1000) 

Year Pr,1e't Cast RaplacezentCost Salyas%/O wd XVal,- JCort: TotalCats 

BECAalStoM 
-Factor For /OtC.er Corta-

Ecalation 
Fatr -oatsA/ 

Eza.ts i E-aoslat.de 
Project Iepla.azeetCoat Co-t 

Esoalated 
0 ad XCat 

Zsoalated 
TotalCosta 

Dicouat 
Factor at*12 Percent 

Present 
Value 
of 

ProjectCoat 

Preaont 
VTaus of 
Replaze-

mentC:t 

Priaen. 
Value 
of 

0 ad XOCoats 

Prnese. 
Value 
of 

TotalCosts 

i978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
19W3 
1989 
1990 
1951 
1992 
1993 
1994 
199" 
1996 
17 
1998 
1999 

113,938.2 
698.1 

1i124.2 
2,566.3 
2,063.6 
1,199.1 
2,130.7 

723.0 
880.5 129.5 

2,250-1 
918.3 
918.3 
4574 

766.6 
137.3 
105.4 
271.5 
91.3 
91.3 

- 1 

19937.8 P1,911.2 

3alvape Talue 

1,291.9 36.8 3,995.0 
277.7 73.5 771.6 
438.0 110.2 1,234.4 
915.5 197.5 2,763.8 

1,060.7 202.0 2,265.6 
625.0 233.3 1,432.4 
847.2 242.1 2,422.8 
386.7 242.1 965.1 
492.5 328.9 1,338.9 

1,010.8 328.9 2,579.0 
553.2 328.9 1,247.2 
573.7 328.9 1,247.2 
295.5 354.7 812.1 

354.7 
- 354.7 
- £ 354.7 
400.4 1,121.3 
92.0 492.0 
76.9 i 460.1 
217.2 626.2 
79.4 ' 446.0 
84.9 446,0 

318 43 673.0 

P6,554.8 f28,403.8 

P10,098.7 

1.000 
1.100 
1.210 
1.307 
1.412 
1.525 
1.647 
1.779 
1.886 
1.999 
2.119 
2.246 
2.381 

, 

1 

2.381 

2.381 

1.000 
1.o00 
1.166 
1.260 
1.360 
1.469 
1.537 
1.714 
1.851 
1.M9 
21539 
2.332 
2.518 

J. 

2.518 

3,958.2 
767.9 

1,360.3 
3,354.2 
2,913.8 
1,828.6 
3,591.6 
1,286.2 
1,660.6 
41497.9 
1,945-.9 
2,c62.5 
1,089.1 

P30,316.8 

244.2 

1,825.3 
326.9 
251.0 
646.4 
217.4 
217.4
fl1 

P4,486.5 

36.8 
79.4 

128.5 
248.9 
274.7 
342.7 
384.2 
415.0 
608.8 
657.5 
710.1 
7670 
893,1 
893.1 
893.1 
893.1 
893.1 
893.1 
893.1 
893.1 
893.1 
893.1 
8 

P14,477.7 

3,95.0 
847.3 

1,488.9 
3,603.0 
3,183.5 
2,171.3 
3,97.8 
1,701.2 
2,513.7 
5,155.4 
2,636.0 
2,829.5 
1,982.2 
893.1 
893.1 
833.1 

2,718.4 
1,220.0 
1,144.1 
1,539-5 
1,110.5 
1,110.5 
1,151.0 

P49,281.0 

24.CA;o 
?25,236.0 

1.000 
.893 
.797 
.712 
.636 
.567 
.50T 
.452 
.404 
.361 
.322 
.283 
.257 
.229 
.205 
.183 
.163 
.146 
.130 
0116 
.104 
.093 
.083 

'17,203.8 

.074 

3,958.2 
685.7 

1,084.2 
2,388.2 
1,853.2 
1,036.8 
1,820.9 
581.4 
670.9 

1,623.8 
626.6 
594.0 
279.9 

36.8 3,995.3 
70.9 756.5 
102.4 1,186.6 
177.2 2,565.3 
174.7 2,027.9 
194.3 1,231.2 
194.8 2,015.7 
187.6 763.9 

98.7 246.0 1,015.5 
237.3 1,861.1 
228.7 855.2 
220.9 814.9 
229.5 509.4 
204.5 204.-5 
183.1 183.1 
163.4 163.4 

297.5 145.6 443.1 
47.7 130.4 178.1 
32.6 116.1 148.7 
75.0 103.6 178.6 
22.6 92.9 115-5 
20.2 83.1 103.3 
6.9 74,1 137.0 

M'57.2 P3,597.9 P21,458.9 

-. M.3 
P19,679.6 

Y"The ax..Itl aalvage values were not escalated since they represent values for 20011 hence, only their aum u" esoalated by 

the factor used ror pr*,4tct a replacement oste. 
7/.?roject cost ard replacement €oit were escalated annually by 10 percent froan 1978 to 1980, h7 8 percent froe 1980 to 1953 

and by 6 ;ercent fra 1985 to 1990, after which the eacalation factor wa held onstant up to 2000. 
8O;rsteir and caintenanca costs were escalate& -all. by 8 percent from 1978 to 190, after which the escalation factor 

as hld co.-ta-t up to 2000. 
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INTERNAL ECONOIC RATE OF RETURN
 



INTERNAL RATE OF RE'IJRN 
URDAIETA D~~ISTRICT

(F x 1ooo) 

Discount - Discount 
Escalated Values Factor at Present Vlue8 Factor at Present Values 

Year Benefits Costs 25 Percent Benefits Costs 35 ?ercent 3enefits Costs 

1978 P 159.7 P 3,995.0 1.000 P 159.7 P 3,?95.0 1.000 159.7 P 3,995.0 
1979, 283.t 47.3 00 19. 677.8 .769 187.3 651.5

952.8
1980 _o40 ,-,.8 C?°.t c,365.9 .392 '4,038.4 881.4195'1 1,9.2 
 3,603.0 .512 
 59.9 1,844.7 .455 764.1 1,639.4 
19F2 2,031.0 3,18E.5 .410 832.7 1,307.3 .350 710.9 1,116.0 
1983 2,475.5 2,171.3 .32P 812.0 712.2 .269 665.9 584.1 
1.,,4 3 26 5 3,975.2 .262 055.3 1,041.7 .207 676.6 823.0 
1985 ,981.4 1,701.2 .210 F36.1 357.3 •.159 633.0 270.0 
19P 4,57.0 2,513.7 .168 7e5.6 422.3 .123 575.1 309.2
197 5,452.6 5,155.4 .134 730.6 590.8 .094 512.5 484.6
 

1988 15,606.3 2,656.0 .107 706.9 24.2 .073 482.3 193.9 
1989 7 757.7 2, 29.5 .o6 66F.0 243.3 .056 435.0 158.5 
1990 9,191.9 1,9V2.2 .069 534.2 136.7 .043 395.3 85.2 
1991 - o56.6 F,3.1 .055 272.1 49.1 .033 166.9 29.5 
1992 4?62.5 -93.1 .044 209.6 39.3 .025 119.1 22.3 
1.93 4,512.1 P913.1 .035 157.9 31.1 .020 .90.2 17.9
 
1994 0C.6 2,713.4 .028 131.1 76.1 .015 70.2 40.8

1'95 4,429.9 1,220.0 .023 101.9 28.1 .012 53.2 14.6
 

199 .,179.2 1,144.1 .018 75.2 20.6 .009 37.6 10.3 
1997 4,2(1.3 1,539.5 .014 59.7 21.6 .007 29.8 10.8 
1598 4,054.0 1,11..5 .012 48.6 13.3 .005 20.3 5.6 
1999 3,885.1 1 11C.5 .009 35.0 10.0 .004 15.5 4.4 
2000 3.678.0 1.651.0 .007 25.7 11.6 .003 11.0 5.0 

Total Benefits 97,54.4 13,565.4 10,849.9
 
Total Costs 49,281.0 12,967.1 11,353.6 

Less: Salvage Value 24,045.0 .o06 144.3 002 48.1 

3.86 25.236.0 1.06 12j822.8 11.305.5
 

.-Gaent Value at 25 = '42.6 
Present Value at 30, = (455.6) 

IER= 125+197.6.09 (7A2.61, 

1,19t.2
 
- .25 + .031 

. = 28.1' 
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CAMP DRESSER Z MaKEE INTERNATIONAL INC 

kethodology Memorandum No. 1 

To : Lo V. Outierrez, Jr.*" 

From : A. de Vera 

Date : 4 January 197 

Subjeot: 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 nocessary, Information on capacity 
and 	willingness-to-pay would greatly aid financial analysis. 
In all oaso, these data are not ?eadily available in the 
Philippines. The only way to get these data would be to actually 
perform a house-to-house survey within the served aireas of the 
water district (WD). Considering time and financial constraints, 
a pilot area survey would be the best approach. This is merely 
surveying a representative area within the WD and projecting the 
data obtained for the entire served area of the 11D. 

8. 	 Methodoloy 

1. 	 Choose a pilot area within the WD. Desirable requirements 
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 connections for the area 
must not exceed that for the entire 0; 

d. 	 representative income levels of the concessionaires. 

2. 	 Devise a one-page questionnaire so that it: 

a. is easily understood by WD personnel (who will serve as 
interviewers);


b. 	 provides relevant information; 
c. 	provides a means of cross-ohecking some answers given 

by respondents; 
d. 	 would make tabular analysis easy. 

A sample questionnaire is attached. 
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3. 	 Get assistance from the WD personnel in the houoe-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 proced on 
their own, it is neoeseary thats 

a. 	 the enumerators be given a thorough briefing on the 
importance of the survey, as well as the purpose of 
each item in the queationnaire. 

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 mialeading.

b. 	 in asking for estimates of consumption, avoid using 
technical terms, i.e., liters, gallons, 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 persona/houaehold 
3. 	 Borrowers from connected households and percentage of 

households dependent on the WD 
4. Potential concessionaires
 
5- Consumption estimates
 
6. 	 Income levels and the respeotive rates showing 

willingness to pay for improved service
 
7. 	 Water accountability 
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WATER DISTRICT 
PILOT AREA QUESTIONNAIRE 

DATE
lTDI 

1f:7RVflDiEE ADDRESS 

TPE OP DWELLING CONSTRUCTION MArRIAL 

WlD CONCESSIONAIRE NON-AD FOR ALL ]DUSMOLDSCONCESSIONAIRE
 

I. NO. OF OCCUPANTS: l1 NO. OF OCCUPANTS: - 1. WD-4UATER AVAILABLE: 
No. of hours

2. CLASSIPI';ATION: 2. SOUCE OF SUPPLY: Time 
E Domostio Eiown private well 2. FAUCETS:
 
0 Commercial O3 rainwater 0 1 03 05
 
0 Institutional Ospring 03 2 0 4 0 _3 .
 
03 Industrial Opublio faucet
 
0 OWD concessionaire 3. SHO 23:3_3 


39 OF COTr.]CTION: HH Code No* -10 0

3Cpublic 
well 4. FLUSH ,iATER CWOSkT: 

0 " 0 1" 02" c0others' private well C31 032 03 El __ 

4 0.1" 010 5. MANUAL 'lATER CLOSET: e 
 0 02 03 0 _._TYVE OO.OECTION: 3. CONSUMPT'ION: 6. 0 w/septio cJw/o septic 

Ometered: meter functioning 0free tank tank
 
Ometered: meter damaged 0paying AGE MOTHLY: 
0 flat rate (unmetered) volume used per 7* AVA 

day W~tConsumption Billinn/PM.IT 
5. APPURTENANCES (Connected to Paying F' WD ls.... wells:_____ 

System)
O3with hand pump ERK= for '_____ others:
 

Owith electric motor pump 
 8. USER:
 
MRS used/day 
 0_ w/ borrowers 
Pump rated HP _2 w/o borrowers 

GPK 
 Total no. of HH 
borrowers 

Total no. of HH borrowers
6. OTf;lR SOUAiCE ASIDE FROM WD: occupants
Own Other HH 9. How muoh would you be 

rwells D wells willing to pay if 
C0springs 0 springs water service were 
0 rainwater 0 rainwater improved?
 

0.. 
 /month.
 

(TO B; FILLED UP AT PFlE WD OFFICE) 

1. HOUSRfOLD CODE NO. 3. WD CONCESSIONAIRE: 

UMERATOR
C3 registered
2. INCOME: 0 unregistered 

Obelow average (P220 below) PSITION
 
Oaveraae (P221 - 750) 4. PAYMSNTS:
 
Oupper middle P751 - 1,500) 0 up-to-date

EOhigh tP1,500 above) C3 delinquent
 

http:Billinn/PM.IT


CAMP DRESSEIR S M6KEE INTERIATIONAL INC. 

ethodology Memorandum No. 2 

To : Lo V. Gutierrezs, Jr. 

From I A. do Vera 

Date t 31 January 1977. . 

Subjeot, Estimating Water Aooountability 

A. 	 Need 

To be able to determine future water demand per capita t
 
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 acoountedefor and unaccounted
for-water.
 

2. 	 Ratio of wastage and leakage in relation 
to total production. 

3. 	 Domestic 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 aoouracy
desired. Acoounted-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 connections.
 

B. 	Methodology
 

1. 	 Pilot Area Survey 

a. 	ObJective - To be able to estimate total accounted
for and unacounted-for-water. Accuracy will depend 
on the reliability of the consumptr figures an 
obtained in the pilot area survey.-r 

b. 	Data Neoessary - Monthly production; number of metered 
and unmetered connections; water rate schedule; pilot 
area data; and total monthly metered consumption. 

1/Refer to Methodology Memorandum No. 1. 
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o. 	Steps
 

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 cervico ores. C..pv.to for numtor of 
primary and secondary users. 

2) 	 Compute for inferred flat-rate use per month. 

3) 	 Compute total aooounted-for-imter by adding average 
monthly metered oonsumption and total inferred 
flat-rate use per month. 

4) 	 Unaccounted-for-water is total produotion loss 
accounted-for-water. It also theis total of 
potentially billable water plus wastage, leakage 
and 	 other uses* 

5) Potentially billable water-is the sum ofs 

o Usage of borrowers from flat-rate
 
primary user.; 

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 usage billed 
as flat-rate, computing for water accountability is 
impossible without .'eeorting to detailed surveys. How
ever, this method implies that the figures obtained 
during the first 10-area survey (CD - 1975) approximate
those of other water districts. Accuracy, however, is 
not determined, 

b. 	 Data Neoessary - Total monthly produotion and figures
 
obtained durine the First 10-Area Survey of CDL°
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0. 	 Stete 

Multiply monthly production byt
 

.31 to get aocounted-for-water
 

.11 to get underestimated flat-rate use


.26 	to rot waztaga
 

.25 to get leakage
 

.07 for others
 

3. 	 Field Stud Method 

a. 	Objective - To be able to determine within - 5 percent
 
accuracy water accountability 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. 

c. 	Steps
 

1) 	For each section of transmission and distribution
 
line in the water system, appropriate measuring devices
 
shall be installed in order to determine the amount
 
of water flowing in and out, water used by the con
cessionaires, and water leakage.
 

2) 	Desk-top analysis is then necessary to determine
 
water accountability.
 

MM2-3
 



CAMP 	 DRESSER & McKEE INTERNATIONAL INC. 

Iwtx?=IDfr XIM NiO*o 3
 

To 	 L. V. Qtierres, Jr. 

Prim a 	 Pe del Rosario 

Date s 	8 February 1977 

Subjeots 	 Classifioation of Water istriotas ooozdiug to 
Nature Water Requireents 

,. Introdnot ion 

The purpose of this methodology manual is to olassity water
 
distriertm (N) so that future water rquirements mWy be estimated.
 
The factors to be considered in classifying WD's are economio and
 
social development in the dietrict a boundaries, probable sources
 
of additional water supply and the people's ability-to-pay for
 
improved water service.
 

The group with the probable highest per oapita oonsumption
 
is labelled Group I; and the group with the probable lowest
 
water consumption, Group V. Affluent and highly urbanized
 
water distriots may fall under Group Iq while less developed
 
and small water distriots, under Group V.
 

B. Mothodology 

The initial service area of the WD will most likely include
 
the central urban area or core city (poblaoion). To olassify it
 
according to future water demandn1 the WD and its central urban
 
area are Judged aooording to 5 grouping oriteria - 1975 urban
 
inoomet 1975 standard of living, 1975 business index, 1980 cost
 
of water, and served population in 1980. For each criterion, a
 
number of poiz-te, 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 !he WD can be
 
classified, and the points allotted to rankbngs in eaoh ori.
terion.
 

The grouping of the WD's based on tY" range of "otal pointof
 
under the 5 criteria is as follows:
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VWA DISTRIO? aRMP1M CRI& 
1915 

Urban mooso 
Inoome .e ' 
Paid by Urban Points 
Residents (P) 20 

197 
Standard of L -vin, 

Inooe Txesof oushols 
-- o ouseods of Households 
with Refrigerators Points with Flush Toilets 

in Urban .r 10 in Urtan Area 
Points 

10 

1975 
Business TInde 

of Comerolal 
Establishmenta. points 
In Urban Area-

19602 
Coat 98ater.Served 
Cst t Wter- vvdPopulat ionSource of Pepil&tion

Additional Points Served in Pints 
W 20 frmaLAlIA20 

more than 30,000,000 

10,000 O-3OtOOOt000 
5,000,O01-10,O00,00 

1,000,001- 5,000000 

20 

18 
16 

24 

more than 30 

25.1  30 
20.1 . 25 

25.1 - 20 

10 

9 
8 

more than 60 

504 - 60 
40.1 - 5O 

30.1 - 40 

10 

9 
8 

7 

mors than 6.6 

4.6 6.6 
.1 - 4-5 

1.7 - 3.0 

20 

16 
11 

7 

Spring, gravity 20 

Spring withboostqr pmp 17 

Infiltrationwmls 

More thau 150,000 

100001 - 150,000 
80,O01 - 100,000 

20 

18 

16 

with short traza

500,001-
100,001-

1,000,000 
500,000 

12 
10 

i0.i - 35 
-ID 

6 
55 

20.1 
10 

- 30 
-20 

6 
5" 

5 ."1.0 - 1.6 
lena than 1 

4 
2 

mission 1L/
well points 14 

Infiltration. wello 

65,001
52,001 80,000

65:,000 
14 

wit long barnsaff.. 

50,001--
50001-
20,001-

100,000
000 

50,000 

.8 
a 
6 

less 
lesh31,001 

4 less tha 10 - 4 
Sion line/msl1s 

in area 

Surface water 

b
11 41,001 -

-
529000 
41,000 

10 
9 

without 
8,001-
4#01-4,000 or 

20,000 
8000,00 

4 
21 

resrvoirSurfac water 

with reservoir 

7 

5 

22001 - 31,000 

.159,001 - 22,00010,001 - 15,000lss than 10,000 

8 

765 

30
 



Total Points 

S70 and above 
n 60 -69 
111 50 - 59 
IV 40 - 49 
V 39 and below 

In allotting points under eaoh criterion, readily available
data are taken from the latest NCSO report (1970 or 1975 oensus).
These data ares total population in the city or muioipality;
total households; number of urban bouseholda; number of oomner
olal establishments; number of industrial establishments; nusbar
of bouseholdo with refrigerators; and number of households uing
flush water-acaled toilets. The data on total income taxes paid
in the oity/munioiPality in 1975 wera obtained from the BIR ofie.
Data on the probable sources of additional water oupply were
taken from the rooent preliminary hydro-eurvey oonduoted by I.dUA 
and the WD. 

The following is a procedure for assigning points to a WD 
on the basis of the 5 oritelra. 

I 1975 Urban Inoowe, 

Urban income is based on the total inoome taxes 
paid by individualo and. business entities and the per
oentage of urban houeeholds with respect to total house
holds in the city/munioipality. If the 1975 data are ot
available, the porpentage of urban households is projected
to 1975 by applyipg pn"inorease of 0.1 to 0.4 percent

•per year. In projeoting the peroontago of urban house
holds, growth charotoribtios and urban development
must be considered. The projected percentage is mul
tiplied by 1975 tqt'4 'inoome. Table MH 3-lehowe the
breakdown of the a l income with points ranging 
from to 20o. 

2. 1975 Standard of "i*ing 

The standard of 'livig 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
atorr, with respoot to total urban households is projeried
to 19(5, if the 1975 census is not available. An inuream 
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of 1 to 4 peroent per annm, is applied, depending uponthe recent economio and sodial development in the oity/
munioipality. The same procedure is applied to thepercentage of urban households using flush water-sealed
toilets. Table MM 3-1 shows the percentages of households
with refrigerators and those with flush toilets with teOpeot to total urban households, with points ranging from
4 to 10. 

3. 1975 Business Index 

The business index is measured by the percentageof oomercial establishments with respeot to total urban
households in 1975. One industrial establishment (datafrom NCSO oensus) is assumed to be equivalent to 10 oom
mroial establishments (except when the 1975 census is
available). An inorease of 1 to 20 ectablishments peryear is appliedj depending on the recent business aotivities and urban development in the oity/munioipality. The
number of urban iouseholds in 1975 is obtained by multi
plying the 1975 total households (total population +
 
average of 7 persons/household) by the 1975 peroentage
of urban households as derived in the methodology for1975 urban inoome. The 1975 sum of commercial establishments divided by the number of 1975 urban households 
is the business index of the oity/munioipality. Table

MM 3-1 shows the various levels of business indexg with 
corresponding points ranging from 2 to 20. 

4. 1980 Cost of Water
 

The cost of water is inferred from the probable
souroe of additional water supply by 1980. The probable
source of additional water supply is weighted acoord
ing to its apparent eoonomio viability. A spring source
that is located within the 1980 sorvioe area and can flowby gravity is considered the mout eoonomioal. Surface
 
water requiring oomplete water treatment with impounding

reservoir is the most expensive. Infiltration wells 
with short or long transmiasion lines, wells, or spring
souroo requiring booster pump, are considered to haveweights between the andmost 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/municipality 
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. 

C. Epeoted Water Demand By Class of WD 

The experienoe of the IMUA-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 axpected 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 Silasy City are taken from the NCSO and BIR reports,
 
and from the preliminary h dro-sur'ty by L.4UA and the SIL-WD.
 
The following data were obtained:
 

Total income taxes paid in the city - P20,049,139 (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 oity - 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 servioe area - 21,280 (1980) 

To determine the speoifio weights of the above data for each
 
grouping criterion, the methodology developed is applied as follows:
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TABLE MM 3-2 

WATER DEMAND OF WATER DISTRICT GROUPINGS 

Year 
Classification 1980 2000 

Group I 

Domestic use, ipod 
Comme rclal/Indust rial/Institut iona 

% of domestic 
Equivalent, lpod 

Accounted-for-water, lpcd 
Unaccounted-for-water 

%of production 
Equivalent, 

Total production required, 1pcd 

140 

17 
2 

12 

40 
1_9 

273 

155 

21 

28 
-pcd 

261 

175 

20 

210 

20 

262 

Group II 

Domestic use, lpcd 
Commercial/Indus trial/InsttutionaI 

% of domestic 
Equivalent, lpd

Accounted-for-water, lpcd 
Unaccounted-for-water 

% of production 
Equivalent, lpcd 

Total production required, lpod 

120 

15 
18 
137 

40 
92 

230 

135 

17 

15 

28 
-_6 
220 

150 

20 

10 

20 
42 

225 

Group III 

Domestic use, lpod
Commercial/Indus tri al/Institutional

%of domestic 
Equivalent, lpcd

Acco"-ted-for-water, lpod 
Unaccounted-for-water 

, of production 
Equivalent, lpcd 

105 

13 
_a 
119 

40 

.U 

120 

16 
.a 

139 

28 
.a 

135 

18 
24 

159 

20 

40 
T... al production required, Ipcd 198 193 199 
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TABLE MM 3-2 (Continued)
 

WATER DEMAND OF WATER DISTRICT GROUPINGS
 

Classification 

Group IV
 

Domestic use, lpcd. 

Commercial/Industrial/Institutionaa
 

of domestic 

Equivalent, Ipod 


Accounted-for-wvater, lpod 
Unaccount ed-for-water
 

€. of production 
Equivalent, lpcd 

Total production required, ipod 

Group V
 

Domestic use, lpcd 
Commercial/Induatrial/Institutiona1 

' of domestic 

Equivalent, Ipcd 


Accounted-for-water, iped 

Unaccounted-for-water
 

%of production 

Equivalent, Ipcd 


Total production required, ipod 

Year 

1980 19 2000
 

95 110 125
 

12 14. 16
 
12 20
 

107 125 145
 

40 28 20
 
-1 -V 36
 

178 174 181
 

90 100 110
 

10 13 15
 
9 1U 17
 

99 113 127
 

40 28 20
 
66 J442
 

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 ban in
come taxes which amount to about ?7.017 million. 
Table MM 3-1 gives this a weight of 16 points. 

2. 1975 Standard of Living 

This is measured by: 

a. 1975 urban households using refrigerators 

In 1970, 7.2 percent of the urban house
holds had refrigerators. Due to economic and 
housing developments, the percentage was esti
mated to increase to about 12 percent in 1975. 
Table MM 3-1 gives this a weight of 6 points.
 

b. 1975 urban households using flush water-sealed
 
toilet facilities
 

In 1970, the households with toilet faoili
ties represented 21.9 percent of urban households. 
Due t3 the recent housing developments in the 
urban area, the households with toilet facili
ties were projected to be about 32 percent in 1975. 
Table MM 3-1 gives this a weight of 7 points. 

3. 1975 Business Index 

It is asaumed 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). Thece establishments were expected to 
have increased to 96 (at 10 establishments per year) 
in 1975. Total urban households increased from 3,693 
in 1970 to about 5,180 in 1975 (1975 population of 
103,493 * average 7 persons/household). Hence, the 
business index in 1975 was 1.9 percent (commercial estab
lishments divided by the number of urba2n households in 
1975). Table MM 3-1 gives this a weight of 7 points. 
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4. 1980 Coat of dater 

Based on the hydro-esurvey of LMUAI-CDX and SIL-ND, 
deepwells appear to be the most probable eocnomioal 
source of additional supply. Table Yo 3-1 gives a 
weight of 11 points for this source. 

5. 1980 Served Population 

By 1980 the served population is expeoted to be 
about 15,63O!/as projected frw the 1975 NCSO Census 
of Population and Houcing. Table MM 3-1 gives this a 
weight of 7 points.
 

Therefore, the SIIWD has a total of 54 points under the 
5 criteria, indicoating 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 MY 3-3 classifies 24 water distriots in the 
Philippines aooording to the 5 grouping oriteria. 

See Chapter VI, Table VI-39 of the Silay City Feasibility 
Study Report. 



TABLE Ko 3-3 

SmouI op CiTsA CIPAuLTIrs sUBCD 
TO THE WATR DISTRICT GROUPING CRrIMhA 

1975 
Urban 
Inmae 

1975 Standaid, of Liviz 
Urban Urban 

Households Households 
with Rafri- with Flush 
gerators Toilets 

1975 
Iusiness 

Indez 

1980 Cost 
of Wa.er 
Source of 
supply 

1980 
Served 

Popalation Total 

Rislig, Surigao del Sur 14 
Urdane-ta, Paz4gasinan 6 
Cgs1r~ba, Lamina 14 

caagNaagia6
Si1ay City 16 
Cebu City 20 
Davao City 16 
33a0od City 20 
Ztbo&zo City 1
Dgst Daaodl Sur .12 
Baoacayj Alby 1
Bangued, Abra, 1 
Dalaqueteo Cebu 1 
Bqbay, Leyte 10 
Boya City 10 
Cotabato City 12 
Olcapa City, 18 
Subic 4 
&m Fenando (pmmanca) 14 
Tarlav n2 

Cbzxucity 12 
Lips City 8a 
Lacena-pagm'iao-fPau"a 14 
Dst 10 . 

6 
7 
9 
e9 

.6. 
i" 

9 
7-
6 
5 
6 
5 
9 
9 
9. 
9 
5 
6 
8 

.6 
5 

9 

7 
9 

10 

7 
10 

9 
9 
9 
9 
8 
8 
8 
8 
a 

10 
6 
7 
a 

is1 
10 
8 
4 

11 
11 

7 
7 
7 
7 

16 
7 
7 
7 

11* 20 
7 
4 

16 
16 
11 
20 
16 
20 
16 
11 
16 

7 
4 

14 
11 
17 
11 
11 

5 
11 
f 

.7 
*11 

20 
11 
9 
7 

21 
11 
11 
n1 
11 
n1 
11 
17 
20 

7 
6 
6 
6 

.7 
20 
10 
18 
16 
5 
5 
6 
5 
6 
6 
7 

5 
7 
a 
9 
7 

12 
10 

59 
50 
63 
47 
54 
72 
71 
74 
62 
50 
51 
48 
34 
58 
56 
58 

47 
65 
63 
61 
60 
64 
53. 

3 
3 
2 
4 
3 
1 
1 
1 
2 
3 
3 
4 
5 
3 
3 
3 
1 
4 
2 
2 
2 
2 
2 
3 
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CAMP DRESSER & MaKEE gNTERNATIONAL INC. 

Methodology Memorandum No. 4 

To t L. V. Outierres, 3r, 

from I E. Jaoildo 

Date : 20 January 1977 

3ubject Probability Analysis of Stream Flows by Oumbel 

A* Need
 

In evaluating the surfaoe water souroes for water supply 
purposes, the analyst has his interest onto focus statistioal 
frequenoy of extreme low flows., Since the exaot aequenoe of 
streawflow for future years oan'not be predioted t he also has 
to oonsider tho prcbable variations in flows in order to 
develop a design on the bajia of calculated rink. 

In 1941, E. J. Ombol devisod a probability rethod by
which reourring flows oen be computod for design requirements.
Under this method, the hydrologic data aro analyzod as an 
"extreme value" distribution and the sets of hydrologio data 
are plotted as straight lines. Oumbwi's method has been found 
advantageous to use.
 

B. Basic Data 

The hydrologic data are found In Surface Water Supply
Bulletins published by the rater Resouroes Division of the 
Bureau of Public Works (BNW). Data are presented in the follow
ing sequenoo 

1o Name of river basin 
2. Name of stream 
3. Location of gaging station in latitude and lngitude
4. Drainage area in square kilometers 
5. Reoords availablet months and year
6. Gage elevation 
7. Extremes; magnitude and dates of maximum and miniare 

flows
 
8. Remarks 
9. Revisiona 

10. Presentation of daily disoharge for one year 
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It should be noted that Surface Water Supply Bulletins 
after 1967 have not been published; they are on file at the BPW 
Water Resources Division. 

C. 	 Methodologr 

Below are the steps in Gumbel's probability analysis of 
streamflows. 

Table MM-l 

1. 	 Tabulate the monthly flows (mean, minimum or 
maximum, whatever is desired). 

2. 	 Take note of any changes in the yearly records as 
stated under "Remarks" or "Revisions" of the 
Bulletin. Write them under remarka in Table M14-1. 

Table M4-2 

1. 	 Arrange all monthly flows in ascending order, i.e., 
from lowest to highest. Any flow that occurs 
more than once should be listed. 

2. 	Rank the arranged flows under "m". 
3. 	Take the logarithm of Q.
 
4. 	Solve for the probability flow by the formula
 

m
 
n+l X 100 

where, m is the rank of a particular flow 
n is the total number of recorded flows. 

5. Solve for the returnperiod by the formula 
n+l 

m 

1. 	 Plot log Q as ordinate against probability as 
abscissa. Figure MM4-1 is (umbel's special proba
bility paper. 

2. 	 Draw a straight line (month linj 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. Any 
return period which falls on the line is in month's 
term. The line may be extended in order to reach 
periods not overed by it. 

3e 	 Take the antilogarithms of the values of return 
periods in months as projected on the log 'Q seale 
(ordinate). Te antilogs are the recurring flows in 
cubio meters per day. 
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TABLE .4-1 

MEAN-DAr DISCHARGE PER WITH 

Basin: Pampanga (San Vicente) Gage Elevation: 11,050 m 

Station: Pefaranda River Units: cumd x 1,000 

Location: lat. 15018'46"; long. 120056'30" 

Drainage Area: 575 sqk

Minirum-DayDischarge/ 
Tear Jan Fb Xar run Jul Oct 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 1t413 9,801 5,380 

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 32 336 689 664 301 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 6,915 

1971 3,123 642 732 294 1,499 4,567 4,021 1,824 1,377 11,161 5,229 15,007 

1972 5,992 4,873 406 1,461 767 415 18,347 15,977 6,306 216 4,701 2,896 

1973 697 823 82 108 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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TAI)LX 1T.14-2 

MNF'LOW (PERARAND RIVER, SAN viCmE ) 
GAPAN WATER DISTRICT 

Retur nPeriod 

Probability (Nonths) 

__ L (oLx lOO) (ai) 

1 17 4.230 0.93 108.00 
2 17 4.230 1.85 54.00 
3 32 4.505 2.78 36.00 
4 66 4.820 3.70 27.00 
5 77 4.886 4.63 21.60 
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 5033 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 ',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 5.61 20.37 4.91 
23 425 5.6211 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 
30 

664 
686 

5.822 
5.836 

26,85 
2748 

3.72 
3.60 

31 689 5.838 28.70 3.48 
32 697 5.e43 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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TAJBLU 14M4-2 (continued) 

MWOLM (PEiWWWA RIVER, SAN VICENTE)
 
GAPAN WATER DISTRICT
 

Return Priod 
Probability (Months) 

n Qx 103 100) Oil)1 

39 873 5.941 36.11 2.77 
40 1,o12 6.005 37.04 2.70 
41 1,175 6.070 37.96 2.63 
42 1,189 6.075 38.889 2.57 
43 1,313 6.118 39.815 2.51 
44 
45 

1,332 
1,377 

6.124 
6.139 

40.741 
41.667 

2.45 
2.40 

46 1,405 6.148 42.592 2.35 
47 1,413 6.150 43.518 2.30 
48 1,461 6.165 44.444 2.25 
49 1,499 6.176 45.370 2.20 
50 1,595 6.203 46.296 2.16 
51 1,628 6.P12 47.222 2.12 
52 1,785 6.252 48.148 2.08 
53 1,824 6.261 49.074 2.04 
54 1,989 6.299 50.000 2.00 
55 2,124 6.327 50.926 1.96 
56 2,190 6.340 51.852 1.93 
57 2,191 6.341 52.778 .89 
58 2,248 6.352 53.704 .86 
59 2,283 6.358 54.630 J.83 
60 2,394 6.379 55.555 1.80 
61 2,525 6.402 56.481 1.77 
62 2,650 6.423 57.407 1.74 
63 2,680 6.428 58.333 1.71 
64 2,896 6.462 59.259 1.69 
65 29915 6.465 6o.185 1.66 
66 2,928 6.466 61.111 1.64 
67 3,123 6.494 62.037 1,C1 
68 3,203 6.506 62.963 1.59 
69 3,209 6.510 63.889 1.56 
70 3,497 6.544 64.815 1.54 
71 3,561 6.552 65.741 1.52 
72 3,781 6.578 66.667 1.50 
73 4,021 6.604 67.592 1.48 
74 4,149 6.618 68.518 1.46 
75 4,215 6.625 69.444 1.44 
76 4,358 6.639 70.370 1.42 
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TABI2 Ia.4-2 (continued) 

MILO (PERARMA RIVER, Sa vICTEr)
 
GAPAN WATER DISTRICT
 

Return Period 

Q Probabilitym x100 (Months) 

m mm x lO3 Loa(2--- 100) 

77 4,405 6.644 71.296 1.40 
78 
79 
80 

4,415 
4,567 
4.701 

6.645 
6.660 
6.672 

72.222 
73.148 
74.074 

1.38 
1,37 
1.35 

81 4,873 6.688 75.000 1.33 
82 4,922 6.697 75.926 1.32 
83 5,156 6712 76.852 1.30 
84 5,229 6.718 77.778 1.28 
85 5,380 6e731 78.704 1.27 
86 5,425 6.734 79.630 1.26 
87 5,707 6.756 80.556 1.24 
88 5,896 6.770 81.481 1.23 
89 5,992 6.778 82.407 1.21 
90 6,3o6 6.800 83.333 1.20 
91 6,614 6.820 84.259 1.19 
92 6,915 6.840 85.185. 1.17 
93 8,941 6.951 86.111 1.16 
94 9,590 6,982 87.037 1.15 
95 
96 

9,689 
9,801 

6.986 
6.991 

87.963 
88.889 

1.14 
1.12 

97 10,014 7.001 89.815 1.11 
98 10,761 7.032 90.741 1.10 
99 11,161 7.048 91.667 1.09 

100 11,726 7.069 92.592 1.08 
101 12,567 7.099 93.518 1.07 
102 13,693 7.136 94.444 1.06 
103 14,582 7.164 95.370 1.05 
104 15,007 7.176 96.296 1.04 
105 15,977 7.203 97.222 1.03 
106 16,317 7.213 98.148 1.02 
107 18,347 7.264 99.074 1.01 
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Methodology Memorandum No. 5 

To t 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 uniform,
 
therefore, the system must be designed to supply water at 
varying rates of demand. 

One common method of supplying water at varying rates 
is to provide a specific amount of source pumping capacity 
and supply the difference between demand and pumping capa
city from a water storage facility. 

The most economical amount of pumping capacity and
 
storage volume is selected basod on cost studies of alter
native combinations of facilities that would meet a com
munity's needs. Some of the factors that should be considered 
in these coot studies and some basic guidelines for selecting 
properly sized facilities are presented in this memorandum. 

B. 	Discussion
 

The amount of water a oomunity needs at any particular 
instant is primarily dependent on the following factors: 

1. 	The number of people within the community 

2. 	 The number of water-consuming facilities within the 
average home (faucets, toilets, showers, automatic 
washing appliances, etc.) 

3. 	 The habits of people (what times people eat, shower, 
sleep, etc.) 
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In general, daily usage of water follows a pattern with 
two peak usage periods during the day and low usage late at 
night. Figure K5-I chows 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 community. The sta
tistical peak is an average of es-h person's peak usage and 
has two important properties: 

1. 	 The statistical peak is a function of the number 
of people in the community. The fewer people, the 
higher the pea-z may be because each person's peak usage 
could more easily affect the total flow. 

2. 	 The statistical peak should 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 common engineering practice for 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 capacity must equal maximum-day 
demand beoause it would be impractical to store sufficient
 
water to supply maximum-day demand 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 where demand exceeds supply. Stored
 
water is used to meet this short period of excess demand and is
 
called operational storar,'e. I should be noted at this time that 
there are three categories of storages 

1, 	 Operational storage - used to meet hourlY fluctuations 
in demand. 

2. 	&ergenoy storage - used to meet demands in case of 
breakdowns in source facilities; typically equal to 
a full day's demand.
 

3. 	 Fire storage - used to meet the required volume of 
water used to extinguish the worst fire expected in 
the 	community. 
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Storage requirements for the last two categories have been 
largely neglected in these studies because of the excessive cost 
involved to provide the storage. 

C. Methodology 

The engineer must determine the amount of storage and source 
capacity to meet the demands in a specific community. A set of 
curves that relate the peak hourly usage to the numbl of people 
in a community has been developed by CDM and others.-V Practice 
has shown that a volume of about 15 to 20 percent of the maximum
day usage is required as operational storage if couroe facilities 
can supply maexinram-day demands. Combining the "peaking curves" with 
the operational storage requirement, a second set of curves relating 
the quantity of storage to the number of people, at different rates
 
of source supply, has been developed (see Figure M*5P-2)o 

Up to this point, the only option that has been discussed is
 
to supply peak-hour demands from storage facilities. In many oases, 
the cost of storage facilities is so high that it may be more eco
nomical to provide additional source capacity and reduce the quan
tity of storage. This is especially true where storage i provided 
in elevated structures that are very costly, since they are built 
to withstand earthquakes. The curves in Figure MM5-2 have been 
used in this study to determine the requirements for storage at 
various supply rates in order to prepare cost comparisons of alter
native supply and storage combinations. 

-/ASCE Manual of Praotioe No. 37. 

I15-3
 



____ 

25 I11~ j 

w 

Si Pt 
o> Sor•.
 

00 

4
 

iI t i
 

I I ! I 

INI 

=EL I~.ZIUI ,______" ___________ Ii 

' I 

"im 
, , o r , . " I ; I 

I

0 5 -7 ~ ii I , I ': 
,u__.Y
 

',F
 

POUATO SERVED3 
So.PL Cr SEZIOMD 7EB., LWACM . . ALY PEA WAE DEMAND 

1000 ,000 i i i 00 1 p 

POPULATION SERVED 
FIGURE MM57-2
 

STORAGE REQU IRED
 
TO MEET
 

A., STUoY-- ,,TY coR WATERLUACD DAILY PEAK WATER DEMAND 
r 

S,.PPLY C SECGHD -. E4 URBAN C.REAS L U - D 



CAMP DRESSLR & McKEE INTERNATIONAL INC. 

Methodology Memorandum No. 6 

To $ L. V. Gutierrez, Jr. 

From : J. Arbuthnot; B. Conklin 

Date : 22 March 1977 

Subject: Economical Sizing of Pumped Waterlines 

A. General 

This memorandum develops an expression for the most eco
nomic size of a pipeline for pumped water systems based on two 
cost factors: cost of pipe-in-place and cost of pumping 
(energy). The larger the pipe the greater the cout of con
struction. Also, the larger the pipe the lessor the cost of
 
ener&ty required to pump water through the pipe. The moat 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 cout faotors are the most 
important factors in determining the economical size of trans
mission mpin. F~en when these are not the cnly 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 - C C p 

To determine the most economic pipe diamitor both the fac
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 expression was equal to
 
zero. 

i/Total Annual Cost m Annual Construotion Cost + Annual 
Pumping Cost. 

~d(Ct) 

dx 

d( 0 ) 
dx 

d(C 

dx 

) 0, where X  pipe diameter 
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C. Annual Constriction "cst 

Th: conutrction coat of the pipe was takten from Table3 G-4 
of Appendix G, Basis oi Cost Estimates, in Volum6 II of the final 
report. Costs were adjusted by adding a value for necessary
valvn, and by oscaluting these by 10 percent per yluar for 2 years 
to obtain July 1973 construction coats. These costs were then
 
increased by 15 percent for contingencioe and then by 10 percent
 
for engineering. The following equation was derived and represents

the adjusted conotruction costs in Table G-4 in terms of the dia
mter.
 

292
C - 2845 (Dia.)1. Equation 1
 

C is the installed coot of pipe in pesos per meter, and Dia, the
 
diameter of the pipe in meters.
 

The amortized annual cost of construction is the cost of con
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 28 45(Dia.) I 2,2 
---- Equation 2 

where CRF is the capital recovery factor; for n = 50 years, dis
count rate l2l,,CR 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: 

Annual Cost of Pumping Energy = Mass/Year x g xlf x 
efficierioy 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 leas of energy in the pipe may be axpressed in
 
terms of the diameter utilizing the Hazen-Williams (H&W)equation,
 

L x MLD
1.8 52 

f 361.27 C1 852 D4.87 - -- Equation 4 

where L is the lenth of pipe in meters; MLD, the flow of water in 
million liters per day; C, the Fazen & Williams roughness coffi
oient; and Dia, the diameter of the pipe in meters. 
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1.Minimum Cost RI=Gmter
 

The expression for minimum cost diameter may be obtained IW
 
inserting the expreosion for Ef in the equation for -the cost of
 
pumping enerey, caobining this with the expression for the annual
 
cost of construction1 differenliating setting the resulting
 
expression equal to zero and solving for the diameter:
 

...0.4628 , ,.. 0, 2 
" h 0.1623Minimum.Cot M 80 

using a C vlue of 120 "nd a capital recovery factor of 00120429 
the following equation is obtaineds 

0.,DO,4628,, . o1623 
Minimum Cost .D.. . (esos/kwh) - - - - Equation 5 

0 1623 Diameter 7.149 (efficiency)


The above equation is expressed graphically in Figure MM 6-1.
 

F* Livitations of the Analys!S
 

How reliable isthe preceding r~lationship (Equation 5)t

between water carried and economic pipe diameter? The derivation
 
is rigorous but the relatior& isno more exact than are the simpli
fying assumptions upon which the derivation was baseds
 

I* Construction Cost Relationship
 

The construction cost relation (Equation 1)h a stand
ard deviation of just under 10 percent. This mean# that two
thirds of tho time the formula will represent the adjusted 
oosts tabulated, within 10 peroant. The largest difference 
observed was 20 percent, Even so, eoonomio eonditions and the 
cost of pipe may ohange in time. Probably. a new table 
of pipe cots has to be made every 2 or :',.4ars, and the 
formula , along with Figure M 6-1, adjusted accordingly. 

20 Other Assumptions 

Other assumptions are:
 

C w 120 (Hazen & Williams ooeffioient)
 
i n 12% (Diuoount rate)
 
n -,50 years (Economical life of pipe)
 

The derivation also assumes that for the chanees in
 
pumping head, using various pipe sizes for a design flow the
 
total construction cost of the pumping station remains onstant.
 
This assumption is reasonable aire the difference in cost
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between one pump selection and another for different heads 
at the same flow would not alter the oost of the complete 
sta;tior, by sil.,mificant amount* Ocnerally, the installed 
motor horsepower would also be the same since the motors 
come in sten.dard sizes and one aize may be used for a 
number of different pump selections at a given flow. 

The relative rata of inflation for pipeline construction 

is assumed equal to that of power coats. 

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 oocur
 
only part of the time. The flow in a transmission main
 
could be expected to nearly equal the design flow for long

period of time. However, in a distribution main, sized for
 
peak-hour flows, the flow may not be eual 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 ba caloulated and applied to 
adjust the most economic pipe diameter determined from Pigure
101 6-1. This so-called "energy variability factor" is dis
cussed in the following section. 

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 expooted rate of flow. If the 
flow through the pipeline is leca than the desig-n flov the pump
ing head (which directly affects eneri;y costs) would decreaae 
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 "eneray variability factor" (EVF).
 
The design flow for the pipe isused as the base flow and the
 
aotual flow to the design flow over the day is expressed as a
 
percent.
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ECONOMIC WATER TRANSMISSION
FEASIBILITY STUDY FOR WATER I~IIA~~AMOST 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM'J IV 



The method uued iE, to raise the difference between actual flow 
and the lu3, flow (expresnsed a a ,1evcntage) to the 2.852 power. 
The ratio of th ,uiim Fui- ht d! of Che actLal "iw '.o the design 
flow each raised to the 2.b')2 power io eqial Lo the I.. Figure 
11-i 6-2 atnd T-able W-6i (-? prteis.qt twu posublu I'low vavriations and 
the oaloulated enrgy 1-d.*,: i .y fz.otor Lor u;hch, 

The two flow p:i. e s:-rniehct;d for Fieiire 1, , are not 
commonly used Yt.:-vev. I selected show that.n }:tter'n was to 
if a higher rate of OlK tha-, tioe design flow is pumped through 
the pipeline duia'ng a portion o'f the day, the 1sV1" is greater than 
1.0. Pattern '2how:s that itf tihc actual flow rate iu nearly equal 
to the desitgn flow, 'h(; L7.P would bo nearly equal to 1.0. 

An EFX of lein than 1.0 would be a more common occurrence 
since the mnajority of pipelines are designed for some maximum future 
flow. The u ;outed .Vi' in a following section is an example of 
in EV' less than ).0. 

I. Application of OJF 

The EVT can be used with Figure mY* 6-1 in calcauat.ng the 

minimum cost p)ip, diameter. The EVF is inserted into the annual 
ener- cost equation (equation 3) and then included in the dif
ferentiation, resulting in a revised equation as fcllows: 

Minimum Cost Ev0.1623 iYLD 0 46 Fesos/kwh)O 623 - Euation 6 
Diameter 7.149 (officielcy) O 1623 

The application of EVIF roquirces 2 step3 first, design a 
minimum economio pipeline for nome flow using Figure M4 6-1;and 
second, calculate the EVF for the actual flow variation and
 
multiply the pipe size oalculated in Step 1 by the EVF raised to
 
the 0.1623 power.
 

J. Supn,ted EVF 

Th- feasibility report on the Second Ten Provincial Urban 
Areas deals mainly with distribution pipelines; therefore, a 
suggested EVF that is apklicable to distributon systems is pro
cented herein.
 

The calculation of an EVF depends entirely on the flow data 
or asoumed flow within a specific pipeline. The only accurate 
data produced during the feasibility Btudiet are the diurnal 
flowwuriations measured in a portion of Cehu. The reak flow in 
the Cebu data was 2.06 which is greater thpn -the design flows 

http:calcauat.ng
http:prteis.qt


iBDE MM 6-1 

SAMPTE "EVF" FOR DIFFRIT FLOW PA-214S 

Flow Pattern No. 1 Flow Pattern No. 2
 

Hour 
Percent of Average 

Demar 
Yhery 

Variation 
Foront of Avero 
_ ay Dem.d 

Ener" 
Variation 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

31 
36 
39 
33 
46 
95 
193 
206 
198 
156 
169 
129 
123 
95 
99 
96 
107 
133 
130 
87 

0,039 
0.054 
0.068 
0.042 
0.109 
0.864 
6.522 
7.855 
7.o16 
3.554 
4.466 
2.067 
1.805 
0.864 
0.972 
0.890 
1.212 
2.255 
2.113 
0.672 

48 
48 
48 
100 
100 
100 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
100 

0.123 
0.123 
O.123 
1.000 
1.000 
1.000 
1.682 
1.682 
1.682 
1.682 
1.682 
1.682 
1.682 
1.682 
1'682 
1.682 
1.682 
1.682 
1.682 
1.000 

21 
22 
23 
24 

64 
54 
42 
38 

0.280 
0.172 
0.084 
0.063 

100 
100 
48 
48 

1.000 
1.000 
0.123 
02123 

44.038 28.481 

4 28.481 

'-E'l 24.000 1.83 EV' 2 24.000 U1.19 

,.1.i6-6 
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used for this study. Figure Y31 6-3 presents an adjusted graph of
 
diurnal flow using the shape of the Cebu curve but a maximum 
peak of 1.75. The EVF for thid ourve i equal to 0.32 (see Table 
0. 6-2) and when raised to the 0.1623 power,equals 0.83. 

In practice the EVE used for distribution systems in this 
study is only significant when tie pipeline size is greater than
 
300 mm (significant means that EVF changes the recommended pipe 
size by u large incremental size).
 

Problem: Select an eoonomioal distribution pipe size to cor
vey a peak-hour flow of 20 MLD. The cost of power is 49 centavos 
per kilowatt how-, the pump efficiency is 81 peroentand the 
motor efficiency is equal to 90 peroent. 

Solution: 

•f - say .675
;-.T .672,
Pesoa/kwh .49±2. 62 .~.7Rf ". x .90 

ftrom Figure )94 6-1 using the flow of 20 RLD and Pesos/kwh/ 
Eff - .675 select a pipe size of 500 mm.* 

For a flow variation in a distribution main, the EV? is equal 
to 0.32 and the EVF raised to the 0.1623 power is equal to 0.83. 
The most economical pipe size for the actual flow variation .e
 
equal to 0.83 x 500 m or 415 nvn; so choose 400 mm pipe size. 

1:7 



TA3LE M 6-2 

"EVF" FOR DISTRIBUTION SYSTEM 

Percent of Average Percent of Design Energy 
Hour Day Demand PlowV ion.ariat _ 

1 35 20 0.010 
2 40 23 0015 
3 39 22 0.o13 
4 37 21 0.012 
5 73 42 09084 
6 134 77 0.475 
7 164 94 0.838 
8 175 100 1.000 
9 114 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 

7.716 

F 7,716 -,32 E 0e1623 0.8324-000* 

2;-stg 175 percent of average day an bane flow for pipe design. 
2/Equals Percent Design Flow raisod to the 2.852 power. 
* Energy variation at constant flow 

r~m6-43
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