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FOHEWORD

This feasibility siudy presentis the recommended plan for the
upgrading and expansion of the water gupply system of the Gapan
Water District (CAP-HD)., This study was made by the Local Hater
Utilities Administration (LWUA), wilh the technical assistance of
Camp Dresser and McKee Iuternational Ino., This study is the result
of many montha of work in the muniocipalidy of Gapan i3 Nueva Eoija
2rovincs, and is supported by extensive oxperisnce with other water
districts in the Philippines during the First Ten Provincial Urban
Areas PFaasibility Studiea,

This study was prepared in two volumess Volume I, the main
report, which contains the recommendsd plan and the methodology
memoranda; and Volume 1I, which containa detailed background
information relating to specific sections of Volume I. A complete
understanding cof the two volumss would require reading the previously
published Water Supply Feasibility Studies Methodology Manual (Volumes
I and II), a compilation of the handouts used in the six-month long
training seminar conmductcd in 1975 by CDM during the Firet Ten-Area
Feasibility Studies.

The recommended nlan is a %echnically and economically feasible
program for providing the GAP-WD adequate water supply up to the yeax
2000, The plan should not be viewed as a rigid rlan; every attempt
was made to develop a plan compatible with the needs and desires of
the water distriot and of the people. However, during the finail
engireering design of the recommended faoilitiss, changes could still
be made. Design changes would be based or more recent field data,
changing priorities of the water district and more economical methods
of providing the recommended fecilities. Any changes considered in
the final design should holp to further reduce the expected financial
impact of the project.

While the main objective of the Second Ten Provinoial Urban
Areas Feasibility Studies was the preparation of feasibility reports,
another important objective was the training of Filipine counterpart
engineers in water supply project planning. The training program which
included lecturas and on~the~job training aimed to developmental plan—
ning capability for water supply projects. The Filipino engineers
learned by actually doing the work, with the CDM consultants providing
the necessary expertise and guidsnce,.

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

James Arbuthnot, Chief Engineer
Eugene Rumph, Hydrogeologist



James leYoung, Water Supply Engineer

Bruce Conklin, Systems Engineer

Peter West, Distribution Engineer

Antonio de Vera, Counterpart Project Manager
Wilfredo Sevilleja, Counterpart Chief Enginser
Reginald Abustan, Group Leader

Dslia Castafied-, Fconomist

Jean Casten, Economist

Lourdes Gutierrez, Technical Writer

Isagani Manuel, Former GAP.!j) General Manager
Arserio Ancheta, GAP-WD General Manager

The following projoct staff members have also comtributed to the
technical/non=tachnical work of the studiess

Reynaldo Tabac, Staff Engineer

Miguel Duenavides, Junior Staff Engineer
Pedrito Camilet, Jr., Field Techniocian
Rommel Liamoo, Cadet Engineer

Salvador Ner, Cadet Engineer

Cesar Matig-a, Chief Draftsman

Angel Angeles, Draftsman

Meredith Marafio, Secretary/Typist

Cesar Florendo, Printing Assistant
Diosdade Piroca, Printing Assistant
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CDM Camp Dresser & McKee International Inc.
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a.d Development
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CHAPTER I SUMMARY AND RECOMMENDATIONS

A. SUMHMARY OF 3TUDIES

Deeorigtion

The Gapan Water District (GARID) was formed an 14 October 1975
by wirtue of Resolution No. 46 of the Sangguniang Bayan (municipal
council) of Gapan. The GAP-WD includer the entire municipality of
Gapan in ihe Nueva Eoija Prevince. Following its formation, GAP-WD
aoquired the ownership and management of the entire water aystem in
accordance with Presidsntial Decree (PD) Noe 198 (The Provincial
Water Utilities Act of 1973).

Gapan is situated in the southern portion of Nueva Ecija Province
on the island of Luzon about 85 kilometers north of Manilae Gapan
consists of 18 barrios and its poblacion with a total land area of
15,590 hectares.

Gapan is located in the Central Luzon Plain at an elevation of
about 18 meters above mean sea level.

The population of Gapan was 45,426 in 1970 of which 77 percent
Were considered rural and 23 peroent urbaa. The majority of the
population is employed in agriculture or manufacturinge

Existing Water Syatem

The existing water system of GAP-WD was largely constructed in
1932-34 with a new well and some distribution pipeline constructed in
1955« The source of water today is the 184-meter deep well con-
structed in 1955 and loocated along Bonifacio Street in Barrio San
Lorenzo, The production from the well is estimated to be 470 oumd.

Storage facilities for GAP-WD consist of one 380-ocum conorete
elevated storage tank located near the public market., The tank pre-
sently leaks badly.

The distribution system consists of 13.7 m of 62, 75, 100, 125
and 150-mm pipeline. The majority of the pipeline was constructed in
1932-34 and is cast irone There are very few known valves in the
system and most of the existing fire hydrants do not operate.

Projections

The present service area of GAP-WD only includes the poblacion
and portions of the barrios of San Nicolas, Santo Niflo, Mangino and
Pambuane The service area is expected to include the barrios of






Alternctive Studles

Studies on alternative sources of water supply for GAP-D
indicate that wells Withdrawing water from the aguifers benzavh GAP=~
WD would be most economical over the project planning period. Sur—
face water and induced infiltration wells from the Pampanga River
were also investigated and found not ic be cost effective foi GAP-WD.

The requirements for the distribution system were analyzed witia
the aid of a computer and the recomuended system is included in detail
in Chapter IX. An analysis of pressure requirements in GAP-WD indi-
ocates that the system could be operated satisfactorily from the over—
flow elevation of the existing elevated storage tank.

B. RECOMMENDATIONS
General

A water supply system utilizing wells located throughout the
GAP-#D as the source is recommended for GAP-#D, Construotion of new
wells and improvement of the distribution system and administrative
facilities will be implemented during an immediate improvement pro-
gram gnd a long-range construction program divided into four phases,
The salient features of the recommended long-term projsct for GAP-WD
are summarized on Table I-1 and shown in Figure IX-1 (appended).

Source

In the year 2000 a total of 8 wells will supply 1% times the
maximum—day water demand to meet most peak-hour demand conditions.
Each well will be constructed complete with pumphouse, miscellansous
mechanical equipment and chlorination facilities. Some wWells will
be equipped with dual drive facilities to meet aversgo-—uay water
demands during power outages.

The GAP-¥D should file an application with the National Water
Resources Council to secure rights to water sources that they intend
to exploit in the future,

Distribution Facilities

The existing distribution system will be largely replaced by
the year 1390 and the system will be expanded to serve 7 barrios in
addition to the poblacion. Approximately 29 km of pipeline varying
from 100 to 350 mm in diameter will be constructed as replacement
pipelines or new pipelines by 1990, By 2000 another 18 km of distri~
bution pipelines will be constructed,

1=}



TABLE I=1

SUFMARY OF PRCPOSED WATER SUFPLY IMPROVENENTS
GAPAN WATER DISTRICT

Construction Pericd
Total Project Cost
(F x 1000)
Foreign Exchange
Component* (® x 1000)
Source Development

Distribution

Storage

Internzl Network
Service Connections

Add
Hydrants

¥iscellaneous

*ALL foreiIs eRIRILIE

Repair

Te te conrizters with previ
$740 & Z.F. ¥ e0a 7o ctiziz
Tziic 2f +the tutrTent evotans

Immediate
Terrovement

Pregran
1978-1979
5,831

2,654
Obtain legal water
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2 new well pump
stations,

leakage survey
and repair (see
Table IX=1),

100 mm = 444 km
150 BT - 2.5 o
200 B - 1-4 o
300 o2 - JO30km
350w - O km
Repair exieting
360 cum tank.
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g8
1,400
Repair existing
hydrerts.
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equiprent, pluwrb=
ing shop and
equipment, vehi-
clee,

{

1580~13985
1053
,,588

ALY

Construst one acddie

tional well pump
station; enlarge
punpset in one
eristing well,

Sre Table IX=3,
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15C o = 2.4 Xk
200 mr - 9.2 km

166 ha
Repair 3G
Adc 2,27¢C
27 ba

I-4
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irn oue oxrieting
welle

See Table IX-5. See Table IX~7, See Table IX=3,
100 Mo = 3.85km 200 m3 = 13.3kn 200 o = 4,3 km
150 mm = 1.5ke
250 o = JLOBkm

- - Congtruct new
12C cur elevated
storage tank.

22 ha 216 ha 216 ha

ade 2,270 A3d  £,470 Add 4,470
112 bha 157 ha 158 ha
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The GAP-WD will install internal network pipelines to cover about
690 heotares ani add 14,900 new service connestions to the existing
syatem by 2000, All of the exieting and new services will bs metered.

Stcrage

The existirg 380-cum elovated storage tank will be adequate
through Phase II-A. The tank will have to be repaired in the imme~
diate improvement program to eliminate leakags, During Phase II=3 a
snall amount of additional storage will have to be constructed at the
site of the new test well.

Capit. Cost Summary

The oapitul cosis for eanch phase of oonstruotion, inoluding the
immediate improvement program, are summarised in Table J-2. A more
detailed breakdown of costs for the imwsdiate improvement progras and
Phoss I-A 1s given in Table I-3 (July 1978 priee levels).

Apnual Operation and Maintenanoe Costp

Annmial operation and maintenance costs are expenses incurred for
personnsl salaries and benefits, power, cheaiocals, maintenasce and
misoellaneous expenses. Estimates of the anmual operation and main-
tenance ocosts of the water distriot (based on July 1978 prioce levels)
are given in Table I-4, i

Finanoial Feasibility

The financial feasibility anslysis =ade for the study establishes
a detalled set of guidelines that the water distriot management may
use in making decisions during the next few yearse 4i plan har been
developed to indicate the manner and time funds will be used te
operate and maintain the systemj. implement the pregram; establish
ressrved funds; snd retire the indsbtedness. Water rates have been
developed on the basis that the aystem will be finanolally self-
supportinge These rates appear {0 be within the ability-to-pay of the
average GAR-WD householdsr,

The recommended water rates by revenus unit are as followss

Rate/RU
1978-1980 P 0,70
19811583 1.20
1984-~1989 1650
1995 1,60

15



TABIE I-2
. CAPITAL COST SUMMARY

Construotion Censtruotion Constructien Frejeot Cost j?}

Phase_ Peried Coss_(F) Lecal FEC* Totsl
Immediate |

Improveament :

Program 19970, 4,717,500 3,176,600 2,654,200  5,530,800.
I~A 1980-85 70486,600 4,464,900 4,588,000 9,052,900
I“B 1986—% 4’890’100 2,879'3(» 2'%3’@ 5.862,”
II-A 1991-95 11,018,200 6,342,700 6,933,900 13,276,600
11-B 1996-2000 10,570,600 _6,884,500 _5,832,100 12,716,600

Total . 38,683,000 23,748,000 22,991,800 46,739,800
TABLE I3

COST SUMMARY OF IMMEDIATE IMPROVEMENT
. PROGRAM AND CONSTRUCTION
STAGE I PHASE A
(Cost in P x 1000)
Ttem Loocal Foreign® Total
Immediate Improvement Program
Source Faoilities

Well and Pumphouse 415,000 275,000 690,000

Pumphouse 100,000 170,000 270,000

Disinfeotion Facilities 14,400 34,600 49,000
Distribution Facilities

loakage Deteotion and Repair 35,000 107,000 142,000

Distribution System Pipelines 690,100 622,100 1,312,200
Servioe Conneotions

Installation, Convsrsjon 534,800 788,500 19323,300

and Repair '

Administrative and Miscellansous
Administrative Building and

Equipment 381,000 26,000 407,000
Vehicles 3650:000 gg.g ;ggog
Plunbing Shop and Equipment 5 4000 ’ ’

Miscsllansous 5,000 8,000 13,000

*us 81000 = P7°00
I=6



TABLE T=3 (Continued)

Item

Total Construction Cost
Contingencies

ngineering

Land Costs

TOTAL ROJECT COST .

Stage 1 Phase A Construction

Source Development
Pipelines and Valves
Internal Network
Service Connections
Fire Hydrants

Total Construction Cost

Contingencies

Engineering
land Costa

TOTAL PROJECT COST

local

2y

3y

600,300
322,800
142,500
111,000
176,600

422,200

1,437,500

3y

966,800
907,700
34,300

768,500

469,900
220,500
6,000

4,464,900

TABLE I~{

Foreign*

2,117,200
272,200
264,800

2,654,200

292,300
1,482,200
695,400
1,200,800
47,400

3,718,100

460,600
409,300

4,588,000

ANNUAL OPERATION AND MAINTENANCE COSTS ()

Jtem

Administration and Personnel
Power and Fusl

Chemicals

Maintenanoce

Miscellaneous

Total

*US $1,00 = P7,00

1976

62,700
55,4100

9,300
—31300

130,400

1980 199
142,500 376,800
62,700 147,900
48,900 98,100
4,800 12,500
270,300 662,600

Total

44717,500
595,000
407,300
111,000

5,830,800

714,500
2,919,700
1,662,200
2,108,500

81,700

7,486,600

930,500
629,800
6,000

9,052,900

2000

509, 600
387,900

63.700
227,800

32,600
1,221,600



It is recommended that the implementation of these rates follow
a socialized pricing policy to make the financial burden on the cone
sumers proportionata to their ability-to-pay. A saniple sosialized
rats structure for 1978-1980 that woul? generate sufficient revenue
is as followas

Usage Cost
smrmmnh[ fmrcmﬂ
firat 16 cum PC.85
from 17 to 24 cum 1.70
greater than 24 cun 2,70

Borrowing requirements will include P6.914 million from 1978 to
1981 for the immediate improvement program; P11,098 million from
1980 to 1985 for Phase I-A improvements; and 9,226 million from
1986 to 1990 for Fhase I~B improvements,

Economic Feasibilggx

The recommended improvements to the GAP-WD water supply system
will bring aboul nwumerous economic benefits to the study area,
Economic feasibility sudies show that the benefits will exceed the
costs associated with the development and operation of the water
system,

Two approaches were adopted to determine economic feasibility:
the benefit-cost ratio and internal economic rate of return (IERR).
In both approaches, four benefits valued at 1978 prices were included
and discounted at 1” percent, The benefits considered are increuse
in land values, health, reduction in fire damege and beneficial value
of water, Analysis shows a benefit—cost retio of 1.24:1 and an JTERR of
20.6 percent,
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CHAPTER II INTRODUCTION

FARST TEN PROVINCIAL UREAN AREAS

1

Ealy

A.

The giudy contract signed by the local Water UGiiiities Admin=~
istratioui;(INUﬁ) and Camp Dresser & McKes International Ino. (coM)
on 14 October 1974 provided for gye foagibility studies for ths

First Tou Provincisl Usban Aveasw (Figare II~1)s Tho fessibility
studies are part of LUA's effori to develop basio water supply plans
for provincial urtan sreas of tha Fhilipnines,

Daring the tiret 10-ares project, training seminers for ILWUA
engineers were conducted by the CDM staffe “The Mathodology Manual
for Water Supply Feasibility Studieu™ was also developed and printed.
In addition to the 10 areas, gyefeasibility ctudies were also made
for 131 cities/municipalities®¥ , 4s of August 1976, the Feasibility
studies were completed and submitted to IWUA.

The studies for five of the first 10 areas - Cebu, Zamboanga,
Daet, Ozamiz and Buiuan ~ have been appraised by the Asian Dovelop-
ment Bank (ADB). On the basis of the interim reports, the ADB
extenced a $1648 million loan to LHUA in December 1975 to provide
design enginesring services to these 5 areas and to implement Phase
I~A of the recommended long=term construction program (sxcept Cebu
whose share of the loan covered only engineering services)., In
August 1576, the United States Agency for In*srnational Development
(USAID) signed a $10 million loan with LWUA to provide engineering
sorvioes and funds for the implementation of the interim improvements
of selentad waterworks covsred by the prefeasibility studies, In
April 1977, the International Bank for Reconstruction and Development (XBRD)
allooated $18.8 million towards the final design and intiial phase of implemene
tation of the remaining five of the first 10 areas, namely: Lipa, Lucena,
Tarlas, Cabanatuan and San Fernando (La Uhion).

l/A.background on LMUA is given in Volume II, Appendix D,

2 Rarfer t5 Appondix B for summary of first 10-area feasibllity
studiesn.

é/ﬁefbr to Appendix C for summary cf prefeasibility studies on
131 cities/munjcipalitien,

II=-1



B, SECOND TER PROVINCIAL URBAN AREAS

On 10 August 1976, LWUA and CDN signed an amendmert to the original
gtady ooniract, axiending the feasibility stulies to inolude the
Second Ten Provinocial Urban Area These areas ara: Urdaneta,

- Gapan, Calambs, Bislig, Silay City, Bangued, Baybay, Roxas City,
Cotabato City, San Fernmando (Pampangu), Olongapo City and los
Bafios (see Figure II-1). This report includes the techniocal,
financial and economic studies for the improvement of the water
supply system in Gapan, Nueva Eoija.

The dollar component of the second 10-area feasibility studies
has been financed from proceeds of & loan to the Goverament of the
Republic of the Philippines from the United States of America through
the USAID, Loan No. 492-T704001 dated 9 September 1976, The peso
ocomponent of the studies, approximately 41 peroent, has been funded
hy the Government of the Philippines.

The = oontract for the second 10 areags includes the follow=
ing 4aaks:

T¢ Training of counterpart LWUA engineers through on-the-job
assignmenis on various aspects of water mupply feasibility
studies;

2, Preparing water supply feasibility studies for 5 provincial
urban areas, using the expatriate and local consultant per-
sonnel for conduoting such studies;

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

The studies began on 1 September 1976 for a period of 18 months.
The project stuff was composed of 6 US engineers and 26 Filipino per=
sonnel, The personnel of the respective water distriots also assisted
during the course of the studies.

C. HISTORICAL BACKGROUND OF GAPAN WATER DISTRICT

The GAP-WD was formed on 14 Ootober 1975 by Resolution No, 46
of the Sangguniang Bayan (munioipal council) of Gapan to inolude
the entire municipality of Gapan. The formation of the GAP-WD was
prompted primarily by the need for adequate water supply and an

Alilthough the inclusion of 10 areas is stipulated in the ocontract,
feasidbylity studies for 12 areas have actually been made,

Refer te Appendix A, Volums II for oomplete Terms ef Referencs.
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upgraded vaver aysien.  Liwited Deding preventod substantial

improvenenic 6 the systes. Horoovar, the looal offisisals re-
cognized the potential role of the water disiriot in providing
sufficient, safe snd potabvle water supply.

The eximting water system of (span was comstrvoted in 1932-34
by the municipal government. In 1956, the Raticns) Waterworks and
Sewerage Authority (ourrently the Hetropolitan Waterworks and Sewerw
age Systam), took over the water syplen bat in 196§ control of the water sys—
tem, agailn reverted to the murdcipal gevernment. Pollwing its formstion, the
GAP-WD aoquired the owership snd mankgoment of the entire eyatem in
aocordance with Presidential Decres (PD} No. 198 (The Prowinoial
Water Utilities 4ct of 1973).

The GAF-WD war established for the purposes of aocquiring,
installing, improving, maintaining and operating the watsr supply
gyatem, as we¢ll ap tha vastewster collection, treatment and dipe
posal faciliti~s., 7To perform ilase Turctiona, the CGAP~WD can obtain
finanoilal and technioal assistancae frow LWUA, FD No. 198 provides that
the water distriot shall operats aventually on & financially self-
sufficient bvasis,

The GAP-WD is a quasi-public corporation and is politically
independent from the local govermment, As constituted, the waier
distriotl is subject to the provisicnms of PD No, 198 and the rules
and regulations of IWUA, The CAP-WD can promilgate its own operat—
ing laws through its S-member board of directors who are appointed

by the municipal mayor. The district can only be dissolved through
the act of this board.

On 30 March 1976, LWUA swarded the Conditional Certificate of
Conformance to tne GAP~WD after it had complied with the minimum
requirements of LWUA's certification program. This certificate

entitlgs the GAP-WD to rights and privileges authorized under PD
No. 19 .
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CHAPTER III DESCRIPTION OF THE WATER DISTRIOTY
A PHYSICAL DESCRIPTION

loocation
/

2
" P ‘e i . —— Ay - K7
Gapan 1n lovated in the seuthern portion of Nueva Ecija province=

on the island of Luzone With an arca of 13/590 hectares, Gapan is
divided into the poblacion¥ and 18 barriogt o

4
The present service urews-/ e¢f the GAP-HD includes the poblacion

(oomposed of barrics San Lorerzo and Sax Vicente) and the barrios of
San Nicelas, Ste. Nifie, Bayanihan and Mangino, The service area in
the year 2000 extends to the barrlos of Pambuan; 3ie. Cristo Norte,
S3to. Cristo Sur; Malimba, San Roque and Sta. Craze By that time,

the poblacion and barrio Malapit In San YIsidro muwicipality; located
weat of Gapan, sre expected to be served Uy the Water system. (See

Figures II(-1,)

Phyaiocal Features

Gapen is mostly flat, with elevations ranging from 10 o 30 meters
above mean aea levels The service area averages 18 meters above mean
g8ea level.

The most important river in Gapan is the Psfiaranda River. I%
flows through the northern boundary of the service area and empties
westward into the Pampanga Rivers

Gapan is olassified under the 7 IV climate characterized by
even rainfall throughout the year (Figure III-2), The average
annual rainfall for the periocd 1960-69 wag 2,127 mme During the same
years, temparature ranged from 25.5°C in January to 29.4°C in May,
with the average at 27.6°C, The climatological dsta are listed in
Table III-1.

A ——TORT—

1/ The GAP-WD oovers all lands within the geographioc boundaries

of th oipality of Gupane

Nueva Ecija ie located in the center of Central Luzone Ite bardaring
provinces are Bulacan on the southy Nueva Vizcaya and Pangassinan on
the northeast and rorthwest; Pampanga on the southwest; Tarlac on
the w§72; and Quezon on the east,

Town proper

‘4 barrio is a political divieion of a oity or muniocipality,

The service area represents sections of the water district
whioh are ourrently served or intended to be served by the water
system,
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TABLR IXI-1

CLIMATOLOGICAL DATAE/

(1960-69)

Avorags Average

Rainfall (mm) Temperature (°¢)
JBI'LU.BI'}’ 5e5 25 .5
F'ebruary 7.9 2661
March 177 279
May 19042 2944
June 330e2 29,0
July 330,0 2863
August 405 .4 28,1
September 361.6 2749
October 16841 2745
November 11347 2644
December 10643 26.0
Yearly Average 2,127.1 2746

Bs POFULATION

Gapan’s population in 1970 was 45,426, an incresase of 40 percent
~ar the 1550 total of 32,514. The 1970 population was composed of
79501 households, or an average of 6.1 members per household. The
general characteristics of the population are listed in Table III-2,

Cs LIVING CONDITIONS

Physical indicators showing the standard of living in the
municipality are listed in Table III=3, Thase indicators include
types of dwelling units, household facilities and utilities,

Health

Waterwborne diseages occur particularly in the more densely
populated sections ot the municipality. Public health authorities
recognize the correlation between the lack of safe water supply and
sewerage facilities and the inoldenoce of water~borne dimeases,
Table IIT-4 shows the recorded morbidity and mortality rates per
100,000 popE}ation due to water-borne diseases in the province ef
Nueva Ecijad/ from 1964 to 1974, During this period,the national
average morbidity of 6665 per annum was 9 times higher than Nueva
Ecija's averagoe of 70,9, Tts average mortality of 14.9 was much
lower than the national average of 48.1.

%&éouroe: PAGASA Station in Cubanatuan City, Nueva Ecija.
The only records available are for the province. The morbidity
and mortality trends in Gapan are assumed from these data.
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TARLE I1I7-2

HUNICIPAL POFULATION GH@.RAC—TERISTICSg/ {1970)

1, Total Popuiatien
2. Growth Fate {1960-7C)
3¢ Density
4, Urban/Rural Cempesitien
5« Sex Compcsition
6. MAge Componition
7« Employment
(% of those 10 years
and over)
a) By clasa of worker
(¢ of labor force)
b) By industry
(% of lahor forcs)
. 8+ Educatiom (% of those
6 years and over)
a) Ry attainment
(% of those 25 years
and over)
b) Number of schools
9. Dialeots
10. Religion

45,426

3:4% par anvum

2.9 persons per hectare

urban, 23%; rural, 774

mala, 49%; female, 514

O-14 years, 46%; 15-64 years, 50%;
65 years and over, 4%

10 years and over, 31,276
employed, 40%; unemployed, 60%

wage and swlary, 45%; own business,
424; unpaid family workers, 13%

agriculture, forestry and fishing,
37%; manufacturing, 21%; commeroe,
124; services, 15¢; oconsiruction,
utilitiez, and other industries, 154

6 years and over, 36,149
literate, 84%; illiterate, 16%

25 years and over, 15,662

elementary grades, &§7%; high achool,
11%; college, 7%; no formal education,
15%

public elementary, 25; private
elementary, 1; publio high school,

4; private high school, 1l; private
oollege, 1; vooational, 5

Tagalog, 98%; others, 2%

Catholio, 97%; Iglesia ni Cristo,
2%; others, 14

§/ Sourcet 1970 Census of Population and Housing, National Census
and Statistios Office (NCS0)

These data apply to the muniocipality of Gapsn as & whole.
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1.
2,
3.

4.

6o
Te
8.

9.

TAPLE XIT~}

CLASSIFTCATION OF HOUSEHOLDS BY TYPR oF PACILITIESY (1970)

Total Households
Averags Household Sizg

Water Facilities
(# of total households)

Total Facilities
(% or total heuseholda )

Solid Waste Disposal
Service

Lighting Facilities
(% of total houssholds)

Appliances
(% of total households)

Cooking Fuel
(% of total households)

Total Dwelling Units

8) Type of dwelling
wit (% of total
units)

b) Roofing material
(% ot total units)

7;501
6.1 membera per household

piped weter, 17%;artesian well, 26%;
pump, 56%; open wsll, epring, other
sources, 1%

flush/wator cealed, 28%; oclomed pit, 12%;
open pit, 15%; publio toilet, 1%; no
faoilities, 394

About 20 ound of solid westes is collected
by the muniocipal staff. These wastes are
dispored in an area adjacent to the
Pefiarands River near the Gapan-Cabanatuan
Road.

electricity, 22%; kerosene, 77%; oil
and others, 1%
radio, 74%; TV, 5%; refrigeracor, 4%

electricity, 1%; kerosene, 17%; LPG, 64;
wood, 74%; oharcoal and other fuel, 2%

74501

aingle type, 97%; apartment, commercial,
eto-, 3%

durable materials (aluminum/galvanized
iron, asbestos, tile/concrete), 70%;
non-durable materials (cogon, nipa,
others), 304

2/éouroe: 1970 Census of' Population and Housing, NCSO
These data apply to the municipality of Gapan as a whole.
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TABIE Iil-

REFORTED MORBIDITY AND :8-7
DUE ) WATER=BORNE DISEASE (1964 74)

(PER 100,000 POPULATION)

Nueva Ecija Philippines

Year Morbidity Mortality  Morbidity Mortality
1964 4948 1763 84643 6042
1965 109,2 18,0 71548 5146
1966 2342 2249 71541 6149
1967 1842 1345 5721 4746
1968 1742 14.9 56448 4645
1969 19,8 11,2 70649 4640
1970 23,8 Ted 612.8 39.0
197 3841 9e7 42245 35.8
1972 99.1 1945 143 ¢4 4944
1973 1952 1643 76844 3044
1974 186,8 1340 66348 4044

Total 78044 16367 7943319 52848

Average 7049 1449 66645 4841

D, ECONOMY 3-1/
Fami Incomelg/

In 1971, the province of Nueva Ecija had about 143,800 families,
with a combined annual income of ™00.5 millione The average family
income of P4,871 was higher than the country's average of P3,736.
Majority of the total number of families, 51 percent, comprised the
middle income (®3,000-®5,999) group. About 26 percent belonged to
the low=-income (less than P500-92,999) bracket; 23 percent had annual
earninge of ™6,000 and over.

19/Sourca: Disease Intelligence Center, Department of Healths

The water-borne diseases,of which records are available,
inolude typhoid, cholera, dysentery and gastro-enteritis.

ll/The Philiprine economy from 1946 to 1976 is discussed in

Appen? E, Velums II.
Only provincial data on family income are available at the

NCSO,.
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Agriculture, Commeros and Indusiry

Agrioculture is the most important sector of Gapan's esconomy,
with rice as the main orop. Secondary crops are corn, fruits
(watermelons), onions and other vegetables.

Gapan has about 170 manufacturing establishments engaged in
smaell and msdium-scale industries, Slipper-making is the biggest
cottage industrye. The Sevilla Farma is popular for its fine fruit
wines. Other manufactured goods includs olay and ceramic products.

There are over 400 cemmercial establishments, many of whioch are
rice mills and warehouses.
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CHAPTER IV TEXISTING WATER SUPPLY FACILITIES
A. GENERAL

Gapsn is serwved by a uater system constructed in 193234 The
original source of supply was a deep weil which supplied e distribuw=
tion oystem covering basically ike same service area as todays In
1955, ancther well wam constructed and the original aouroe was sube
sequently abandoneds Other waterworks facilities inolude a reinforced
corcrete elevatad tank and a diessl-driven {triplex booster pump, soume
14 Ym of distribution pipinz, and valves and hydranis. Flgure IVt
ig a schematic plan uf ths existing water systems

B. HWATERWORKS FACILITIES

Water Scurce Facilitles

The existing GARWD oupply sourse is a deep wWell lcoatad along
Bonifaoio Street, Barrio Sen lorenge in Gepan poblaoion. The deep
well was drilled in 1955 by the now defunot National Waterworks and
Sewerage Authority (WWASA) to a dopth of obcut 184 meters, with
casing diwmeters of 200 mm and 150 mme The pump, which was installed
in 1956, is an 8-etags dsep well turbine pump with & 100 mm diameter
discharge pipe and iz set at a depth of 30 meters below ground levels
The pump is driven by a 65 horsepower diesel engine. Produotion from
the wel)l was meagursd in December 1976 to be 470 cumd. No additional
information is available.

Storexe Facilities

A reinforced concrete elevated stofage tank located at the market
site wap constructed in 1932-34 as part of the original systeme. It
has a capaoity of 380 oum and cverflow elevation of about 45 meters
above mean ses level,

Yhe storsge tsnk is being used on & "f1ll-and=draw® basis,
Water fror ihe deep well is pumped into this tank for 22 hours by &
diegel-d-~iven triplex booster pump located at the base of the tanke
Water isthan rationed from the tank by operating the valves, whioh
divide the disiritution system inio the eaet side and the west sidey
for one half hour to each side, The tank is ordinarily kepi halfe~
full for flre raserve purposes. This is controlled, during rationing,
by means of a float gauge installed in the tank,

Treatmsnt
The only treatment of the waler supply ie done at the storage
tank, Powdered chlorine is applied to the water in the etorage tank

every 15th and 30tk of the month. Dosage per appliocation is compu-
ted to be 0,17 mg/l.
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Dlsgribativy Svotan

) Ths digtridution system hes wndergone only a minimal expansion
{in lsoeih of piping) wince 1t was instellsd in 1932-34.

A 150-4mn czxpt dron aleng Tinio Strest in 1hs downtown ares
serves an the backbone of tha disiribatlon zrid of woetly 125-om pipes
with some €2gam, TH-mwm snd 130-wn pipsas  Fhere is ususlly no pressurs
in momt of the distribuiion syaism ozoept butweon the axisiing pump
gtation and the rewerveir. KEost concesgionairss rsoelve water for
only 30 mimuteg zach dnye Yalsr Uroem the reservoir is distributed frem
the tank, in turn, for oms-hall hour to the oast slds and snother one-
half hour to th» west aide ef the distribution system early in ths
morning. 4ahont 23 pavoent of {the concossionairss are commeoted to the
plpe carrying vwater from the wall to the elevaled tank,so water is avail-
able nozt of the time, 4 dlogrem of the present distribution system
is shiown in Flgure It-2,

Pipe Sigas snd Lengihm, At prassnt, the dlutribution gystem has
about 13,73 km of piping ranging in size from 62 to 150 mne Detalls
of the dietribution pips are given la Figure IV-1, Sixty~four (64)
percent of the piping is 125 mm in diemeter and 28 percent, 150 mm in
diameter., Ninety~thrse (93) psroent of the piping is cast iron that
is about 43 yeara old,

System Pressure. Pressures eover the distribution system are
generally cero except betwaen the oxisting pump station and the reser
voir where pressures gomstimes rise io a meisr or two., Hater is availw
able to mest concessicnaires for one~half hour esach morning onlyse

Valves and Hydranis, Aocording to available information, about
5 valves are rogularly opsrated in the existing systems Thare are
about 27 looally made firs hydrants, most of which have T5-wm (S riger
pipes ("wet-burrel™) and tes, with gate valve and nipple. Host hydrants
are inoparatlvs,

Service Conneotiuvns and Public Faucets. As of September, 1976,
the GAP-ND had 440 registersd conreotions, all unmeterad. Figure IVl
sho¥s the number of service conneotions by consumer oategory and ba=
8is of billing,

There ore no public faucets connecied to the GAP-WD system at pre—
gsent,

Oporaticn and Haintenance

The GAP-WD operates and maintains the deep well socurce and dige
tribution mystem, Present staffing includes the administrative officer
who also aots as produstion supervisor, 6 pump operators and one plumber.
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DISTRIBUTION SYSTEM

[ DIAMETER | CENGTH(M) OF PIFE BY
; , TYPE YEAR INSTALLED TCTAL
(MM) 1932 — 1934 | 1955 — 1965
62 GS - 470 470
75 GS -- 480 480
100 cl - 200 200
125 cl 8780 - 8780
150 cl 2800 - 3800
TOTAL 12,580 1,150 13730
APPURTENANCES
SIZE NUMBER REMARKS
VALVES 25MM 8 I150MM 5 *
HYDRANTS 75 MMGS RISER 27 MOST ARE INOPERATIVE
PUBLIC FAUCETS NONE

¥ THESE VALVES ARE ALL LOCATED NEAR THE STORAGE TANK.
THERE IS NO AVAILABLE DATA ON THE SIZE, NUMBER OR

LOCATION OF OTHER VALVES

SERVICE CONNECTIONS,

IN THE SYSTEM.

SEPTEMBER 1976

{77 TYPE FLAT - RATE
DOMESTIC 395
COMMERC!AL : 42

, "NSTITUTIONAL ; 3

| 440

TOTAL

FEASIBILITY STUDY FOR WATER
SUPPLY OF SECOND TEN URBAW AREAS

LWUA-CDM

BOOSTER F

® PISTON PU
POWERED
DIESEL E!

®* DISCHARG!

TREATME

®* POWDEREC
TANK TWw!
DOSAGE P




L]

SAN NICOLAS

SANTO

BOOSTER PUMP (1932) AT BASE OF STORAGE TANK---

* PISTON PUMP, 3— CYLINDER
POWERED BY A I5HP, 2-CYLINDER
DIESEL ENGINE
¢ DISCHARGE = 190 CUMD TO STORAGE TANK

TREATMENT

* POWDERED CHLORINE IS APPLIED TO THE STORAGE
TANK TWICE EVERY MONTH (I5th AND 30th)
DOSAGE PER APPLICATION IS O0.17 MG/L

BAYANIHAN

STORAGE TANK (1932)— — -~

® CAPACITY = 380 CUM

® OVERFLOW ELEVATION = 45M M

¢ REINFORCED CONCRETE

¢ WATER 1S PUMPED INTO THIS RES
FOR 22 HOURS A DAY BY THE B

¢FOR I/2 HOUR WATER IS RATIOMN
EAST SIDE AND TO THE WEST S

¢ ORDINARILY KEPT HALF FULL FO

SYSTEM PRESSURE

*NO PRESSURE IN MOST OF THE
SYSTEM EXCEPT OCCASIONALLY
RESERVOIR




PAMBUAN

SAN VICENTE

/7 >

JRAGE TANK (1932)

LPACITY = 380 CUM

VERFLOW ELEVATION = 45M MSL

IINFORCED CONCRETE

ATER 1S PUMPED INTO THIS RESERVOIR

“R 22 HOURS A DAY BY THE BOOSTER PUMP

R ;2 HOUR WATER 1S RATIONED TO THE

LST SIZE AND TO THE WEST SIDE ALSO FOR /2 HOUR
RTINAR!L! KEPT HALF FULL FOR FIRE RESEREVE

'STEM PRESSURE

 PREZSSUREI !N MOST OF THE DISTRIBUTION
1STEM EXCEPT OCCASIONALLY NEAR THE
Z3ERVOIR

v
VA A S— 4

MANGINO

—---— DEEP WELL 8 PUMP STATION (I956)

¢ TURBINE PUMP WiTH A 65 HP DIESEL ENGINE
¢ CASING DIAMETER = 200 MM AND 150 MM

* WELL DEPTH = 184 M

¢ DISCHARGE = 470 CUMD

* DISCHARGE PRESSURE = 0.05 KG/SQCM

¢ ELEVATION = 19 M ABOVE MSL

* PUMPS TO DISTRIBUTION SYSTEM AND
BOOSTER PUMP

SERVICE AREA OPERATION

¢ MOST CONSUMERS ARE LOCATED IN THE

SAN LORENZO AREA, PREDOMINANTLY A
COMMERCIAL AREA

*W. R IS RATIONED TC SAN VICENTE AREA
FRUWM 0530 TO 0600 HOURS WHILE THE
SAN LORENZO AREA RECEIVES WATER FROM
0600 TO 0630 HOURS

FIGURE TV- |
EXISTING FACILITIES
GAPAN WNATER DISTRICT
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SCHEMATIC
PIPE LAYOUT AT
REINFORCED CONCRETE
ELEVATED TANK
(380 CUM CAPACITY)
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SCALE IN METERS

LEGEND:

EXISTING PIPELINE

_ @  FIRE HYDRANT

—3 DEAD END

WELL & PUMP STATION

EXISTING STORAGE TANK

0
O
LD  8o0osTER PUMP

—-DEEP WELL & FPUMP STATION

FIGURE IV -2

EXISTING WATER DISTRIBUTION SYSTEM
GAPAN WATER DISTRICT




Tha eperatiounl program conslsts primarily of eperatingtoe deep
woll punping station zad pumaing facilitiea at the gtorams tank and
emptying and refilling tho storapes tank, The maintenance program
consists privavilyof servicing tho pumping vnita and rapairing service
linea,

Ca  WATEDR QUALITY

Water samplsc wore token Irom the present deep well source and d
other deep viella in dafferent barrics near ihe poblacione. Hhesults
of the laeberatery analdysis of tho water samplos arv listed and
compared with the Ihilippine Naticnal Standards for Drinking Water
in Table IV~t, Water quality parameters for the present source
appear %o be within the parmiegsible limdts. The waler from one deep
well has slisghily higher value than the povmissible limits of 0.1
mg/l for mangnnees i

Do WATER USEH PROFIIE
General

The current water demands of Gapan have been anelyzed in order
to predict falure water requiremsntse Data on revenue produced from
the sale of water were obtained from the water distiricts Other data
were taken from field measursmenis on water production and from the
pilot erea study conducted in December 1976.

A pilot area was selectad within the present service area where
e purvey was made to establish the present water use profile,
(Methodology Memoranda 1 and 2). Household members in the pllot area
were interviewed to determine their source of water gapply, numbsr of hours
water is available, approximate duily or monthly water oconsumption,
amount paid to the water district per month, number of neighbors
asking for water (borrowers), and numbsr of faucets. The number of
persons in ecach houschold,; the family income bracket and the emount
each houseinold is willing to pay for improved water service were
also determineds The sumnary of the pilot area study is presented
in Annex IV-D,

l/fhese limits have been sstablished on the basis of aesthetic
and econcmic considerations rathor then physiological hazards. In
concentrations not caueing unpleasant tastes, manganese is regarded
to be of wo toxicological smignificance in drinking water, Observa~
tions in the GAP-WD indicate that the people using water from the
said sources have raised no complainte on the ohemical/physical
quality of their waters
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TABLE IV-~1

WATER QUALITY TEST RESULTS
GAPAN WATER DISTRICT

Water Digtrict Well Hell - Well dell
Well Barrio rio Bafrioe Barrio Stoce. Zarric
Permissible San Lorenzo Stae Cruz Stoe Cristo Cristo Sur Mzlimba
Test Unit linits 1 Sept 76 2 Sept 76 1 Sept 76 1 Sept 76 Sept 74
Physical
Color APHA 15 c & 0 0 0
Turbidity FTU 5 v 5 0 0 0
Total Dissolved
Solids #+ mg/1 500 221 211 250 280 306
Conductivity micromhos/cm 340 325 385 430 470
Chemical
pH T~545 8e4 845 8a3 8ad 852
Total Alkalinity ng/1
CaCo3 190 160 1590 210 175
Phenolphthalein mg/1
CaCo3 30 25 15 20 20
Total Hardnesg¥#* mg/l
CaCo03 400 0 ¢ o) o) )
Calcium mg/1 15 0 0 ) 0 s}
Magnesium mg/1 50 0 c o 0 C
Total Iron ng/1
Fe 0.3 Dil 0.03 0002 0.04 an_i
Fluoride mg/1
F 145 nil nil nil nil
Chloride mg/1 200 5 18 18 18 42
Sulfate me/1 200 4405 35 5e4 802 10,2
Nitrate#ss i 50 3657 8.24 9e3 7e66 8433
Manganese mg/l
Mn 0.1 0.1 0.1 Oe' Oe1 Ca25%

*Exceeds the permissible limits set by the Philippine National Standards for Drinking Water.
**Computed as 65% of conductivitye
**%¥Limit inferred from limits of individual metals causing hardnege,

HEFL Mty to 1005,5/1 may cause infant desease zccording to Philippine National Standards for Irinking Water.



Fopulation Servad

From tha pilet area analysis, it is egtimated that approzimstsly
44200 parsons are enlirely depondent on the GAPND for water supply,
from 440 sarvics comnsctions (see Annex IV-D)s Bused on theme nume
bers, for evory connectionyan average of 9,5 perscons are served,

Since the avorage nwaber of persons pec household in the pilot study
wag found to bte 7, ths implication im that about 1 1/3 households

are served by cne connections Thare is more than 1 house-~
hold surved per connsction; therc ars primary usera or consumers resid-
1.g in the house of the osnoeseionaire. There zre almo seasondary

ugers or comnsumers obtalning water by handoarried buckets from tha

the oconcegsionairese. The sacondary users arse also
termed "borrovers'.

Water Consumption

Hater consumptien in the GAP-4ID waa caloulated on the basgis of
pilot area survey data and informatjon on the existing water supply
systems Tha prerent production of the existing deecp well was gaged
in December 1976 to be 470 cumds About 190 cumd is pumped into the
reservoir and distributed the following morning. The remaining 280
cumd is presumably consumed along the pipelines from the deep well
pur atation to the reservoir. Of the 440 service connections in the
system, 97 commections, representing 737 primary ueers, are along the
line from the punp station to the reservoir, Based on the pilot area
survey data, there are about 203 secondary users. Total demand then
is 380 lpcd /including wastage and leakage. Assuming wastage to be
40 psroente of the total consumption and leakage tc Le 25 percentw,
consumption along the line from pump station to reservoir is
gunmarized as follows:

Flat-rate consuaption 112 1pod 91 cumd
Berrowers 17 1pcd 4 cumd
Hastage 152 lpcd 112 cumd
Laakage 99 lped cumd

Total 380 1pod 280 oumd

g/water accountability for the first 10 urban areas indicates
that the weighted composite for the different categories of water use
is as follows; accounted-for-water, 31 pervent of production; under~
estimated flat-rate use, 11 percent of production; wastage, 26 percent;
leakagu, 25 perceant; and other uses, 7 percent of production,

Hastage along this portion of the distribution system was assumed
to be 60 percent higher than the weighted composite for wastage for
the first 10 urban areas,irom chservations draing the pilot area survey,
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The remaining eervice comnections in the distribution system get
water for only 30 minutes & day. Thaere are about 2,53C persouns who
are primary users, and gbout 70U paraone, who are gecondary userg,
gerved by thece connectionu, Total demand is estimuted to be only 75
1pcd ircluding leakago and wminimum wastage. Agsuvming leakage 1o /be
25 percent of ithe total consurption and wactage to be 5 percentl ’
congumption in the rest of the distribution system is pummarized
below:

Flat=rate consumption 34 1ped 117 cumd
Borrowers 17 1lped 12 cumd
Hastage 4 lpcd 10 cumd
leakage 20 lpod 51 cumd

Total 75 1ped 190 cumd

E. HYDRAULIC STUDIES

ing the first week of lecember 1976, field meagurements wers
corductad to detarmine thas hydroulic conditions in the Gapan water systeme
The purpose of thece field measurements is to provide data for a
computer model of the existing system and to isolate any areas with
major operational protlems. The rcsults of the field obeervations
in Gapan are as follows:

Decp Well Pump Stations The packing in the stuffing box of the
pump could not withstand more than 7 meters (0,70 kg/apm§ pressure
without significant leakage, smo that a pump test could not be conduoted,
The water level in thie well could not be measured due to a thick layer
of 0il in the wells The operating discharge pressure of the pump was
0,53 meter (05 kg/sum)e

Booster Pump at the Storage Tanke The piston booster pump
discharged betwesn 2.2 and 2.3 lps to the storage tank while creating
a vacuum of 0.84 meter pressure (0008 kg/gem) within the adjacent
digtribution pipeline during testinge

Pipsline from Pump Station to Tinic Streete The 100 mm cast
iron pipeline from the pump station was tapped near Tinio Street and
the pressure was 1.06 meters (0,10 kg/agem)e A flow measurement
indicated that about 5.44 lps was entering the distribution system from
ths pump statione Pressures within the distribution system were ator
near zerc during the test period,

yWas‘tage along this portion of the distribution system was
assumed to be a minimal 5 percent due to extreme rationing as observed
during the pilot area surveye.
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Fo COMFUTER STUDIES

The purpose of oenduecting computer sivdies on the existing
tranamission cad distribution syatem is to dupliocate, to the greatest
extent praoticsble, the hydraulic conditions obrerved in the field,
By doing this, it i pessible ts evaluate the impast of ilmprovemsnts
onn the exieting syvetoem,

In ordsr te provide deta fer ocmputer wtudiee thars pust be a
signifiocant positive pressure over the sntire distribution aystem
during field teste. Thare were very little significunt fleld data
gathered in Gapan Yor the existing system as dlsocussed in Section E,
thersfora, oomputer studies on the sxisting system were not conducted,

Portions of the sxisting syutem that ocouid be utilized in the
future were retained and included in cemputer studies on the future
systeme. The data for these facllities were based on visual inspection
of existing faoilitise.

G. DEFICIENCIES OF THE EXISTING SYSTEH

The present level of mervice in the GAR-WD has many defioiencies.
There ip not sufficient water for 211 consumers due to leakage,
wastage and ineufficient pump ocapacity. Hater is normally rationed
for 30 minutes each day to each half of the towne

Leakage is primarily due to the age of the existing pipslines,
Most were oconsiructed in 1332-34 and,after 45 years of service;are
leaking badly., The elevated storege tank also leaks badlye

The existing well pump does not have sufficient ocapacity to sup-
ply ths requirements of GARND and is alse in a atate of disrepair,
The packing of the pump is so detericrated that the pump ocan not
oreate more than 7 meters (0.70 kg/sqom) of preasure.

The GAP-~ID syastem also oreates potential health hazards to the
people of Gapans There are several pipelines that are laid in polluted
drainage ditohes that could contaminate the water supply. Chlorine is
only applied pericdically, which defeats its main purposs of maintain-
ing & ohlorine residual in the system to kill pathogenic organiams
that may enter the system.

Only a small portion of the population (13 percent) is served
by the GARWD and none of the usage is metered,

There are insufficient equipment, tools and spare parts for the
GAP-WD personnel to effeotively maintain the water system. There are
ne laboratory facilities, plumbing shops or sampling and testing pro-
gramse
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ANNEX IV-D

SUMMARY OF PILOT AREA
SURVEY OF GAP-WD
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AVNEX IVeD

Memorandum

YJI

F» o nms

£

.
.

L. 7T¢ Gutierres, Jra

R. P. Abustan

Dates 20 Decerber 1974

Subjects Suimmary of Pilo! Arsa Survey of GAP-AD

I.

IT,

GENERAL TNFORMATION

Ae The pllot area covers about one half bliock where water from
the WD iz available to congumers from 5 to 24 howrs, The
pillot area is along Bonifacic and Tinto Struets, and
includes about 1,78 hectarvese

Be 4 total of 45 houscholds ware rurveyed within the pilet area,
with a total household popuiation of 315, The average
number of persons per housshold is 7 and the demsity, 177
persons/heotaree

Ce The survey was made in December 7 and 8, 1976 with Pablo
Yuzon, Isagani Pineda and Domingo Sison (WD) sp enumeratorse
The resulis were checked and verified by Avelino Gamboa (WD)
Mel Liamco and Re Abustan (CDM-INUA),

SURVEY RESULTS

As Primery and Secondary Useras
Noe of connacted households 26 (2ll flat-rate,

domostic)

Nos of household horrcwers

from conneoted households 19 3%
Noe of households relylng solely

on own private wolls 8
No, of househcld borrowers solely

using public/private wells g9

Total households 45

Bs Consumption Figures '
Flat-rate concessionaire No data
Private well owners No data
Borrowcra 9 1ped (for drinking purposss

| only)
17 1pcd (maximum horrowed
congumption)
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Ce Willingness to pay for improved servios,/menth
Average Tncome P20.76 233 b,ounaholdm;
Uppar Klddle 24417 (12 hoageholds
IIT, Pilot Area Data

4. Total Neuthly Productiion = 30 gpm for 24 hours @ 30 days
= 470 cumd
= 14,115 oum/mo

Bs DNoe. of oonnestions
Flat-rate = 440 Consunption = no data

Ce Totul housseholds 45
Total noe of sounnectad
households o 26 Persons/housshold = 7

Fousehold borrowers
from connected
households |

36

Households relying solsly

on own private wella - 8
Noe. of household

borrowsrs solely from

publio/private wells -_1
9

Total Connectio — w26 0,72
Total Dependant on Syetem w= 38 " Uo7

Do 7Total households dependsut on aystem m 449

0,72 “ 610 houssholds

or 4,200 per-
sons

Total borrowers from ocomnected households m 510-440 =
170 households
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CHAFTER V TFEASIBILITY STUDY CRITERYIA
4. CGENERAL

The planning, design, cconomic, and financial oriteria used in
the water supply feasihility studies have been derived from studies
of local conditions, accepted practices, standards and methods de-
veloped in the Firat Ten Frovinoizl Urban Areas Feasibility Studies.
These criteria, together with the developed basis of cosmt estimates,
have been utilized to evaluate and compare the various alternatives
identified in the e¢ourse of the study.

In the analysis and evaluation of alternutives, feasibility
study criteria need not be as refined as thoso usad in the detailed
development c¢f ihe rscommended schems, Consistency is, however,
essential. As long as each alternative to be analyzed is judged by
similar oriteria (or rules),evaluationof alternatives will be
accomplished in a fair and consistent manner.

B. PLARNING CRITERIA

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

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

2. Source of Waters GCroundwater and surface water have been
given egual conslderation as potential sources of water.
However, based on the first 10 feasibility studies,
groundwater derived from wells, when available, is
expected generally to be more sconomioal than conven—
tionally treated surface water.

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

4. Comservationt In the selection among alternative plans,
water, power, chemicals and foreign exchange are considered
raluable resources which must bs conserved to the greatest
axtent possidle,

5 Siage Development: The recommended long-rangs construction
program has been divided into several stagss, each of which
satisfies the projected requirements for a specific design
year:
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Conatruotion Started Target

Stage by Calendsr Yaar Des Year
Immediate Improvemant 1978 1980
Phase I-A 1980 1985
Phage I.B 1986 1990
Phase Il-A 1991 1995
Phase II-B 1996 2000

6. Alternatiye Plan Scresnipg and Seleotions From an array
of identified plan alternatives, the rscommended plan has

been selecied on the basis of least (present worth) cost
and other non~economic parameters. The seleoted plan has
been tested for economic/financial feasibility.

T. Skilled Manpower Shortage: The recommended plan has re~
cognized, in the short term, the apparent shortage in
skilled, technical and managerial axpertise., Emphasis
has been given to the need for distriot personnel training
and certification,

8. Hater Qality: The feasibility study has identified pre-
sent and fuiure water quality problems and includea re-
comnendations for providing a water supply that is safe,
healthful and wholesome.

9« BSocial Soundness: The successful ocompletion of any pro-
Jjoot must take into account the social acceptability of

its recommended programs (Appendix S, Volume II),
C. DESIGK CRITERIA

The basie of design for these feasibility studies is presented
in detail in Appendix F, Volume II of this Report., The design ori-
teria are basiocally similar to those utilized in the Firat Ten
Provinoial 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 Accountability

Aa much as possible, water acoountability has been determined
through field testing and measurement procedures, augmented by data
gathered in the pilot area study surveys (see Methodology Memoranda
No. 1 and 2), Where field data were not svailable and the pilot
area study survey resulis were not conclusive, the weighted average
of the water accountability results of the Firast Ten Provincial
Areas was used (see Figure V-1).
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WATER ACCOUNTABILITY FOR FIRST TEN CITIES
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The breakdown of the water accountability is as followst

Percent of Water Production

Metered Billing 14.5
Flat-Rate Billing 16.8
Underestimated Flat-Rate Use 10.2
Wastage 2Tl
Leakage 24.5
Others 6.9

100,0

Water Demand Grouping

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

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

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, aotual metered (or
connected) customers and "borrowers" are considered separately
(see Methodology Memorandum No. 2). However, for short— and long-
range plamning, it has been assumed that "borrowers" would even-
tually become rictered oonsumers. Per capita domestic use has been
inoreased each year to account for economic growth within the com—
munity. Institutional and commercial water demands have been esti-
mated)as a percentage of domestic demand (see Methodology Memorandum
N0930

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

field data and avallable records. For the basic analysis of the
water supply facilities, the following ratios have been useds
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maximum~-day to average~day ratic w= 1,211
peak~hour to average-day ratio w1511 ~ 17511

D. ECONOMIC AND FINANCIAL CRITERIA

Discount Rate

The opportunity cost of capital or discount rate used in this
feaBibility study is 12 percent. The discount rate has been used
for economio sureening of the technically viable alternatives (see
Chapter IX, Methodology Manusl on Water Supply Peasibility Stndies,
Volume I),

Inflationary Trends

The national economy of the Fhilippines iz disocussed in
Appen. ..x E, Volume II,

Projections made in this feasibility study assume & general
cost escalation rate of 10 peroent for the period 1978 through 1980
'8 percent for the period 1981-1989; and € percent thereafter. The
cost of maintenance and operation is assumed to esoalate at 8 per-
cent per annum,

Economic Justification

The economic feasibility of this water supply project is based
on 2 parameterss benefit-cost ratio (B/C) and the internsl eocnomio
rate of return (TERR), Thess parameters are disoussed in Chapter XI.

Fipancial CriLeris

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

E. BASIS OF COST ESTINATES

Construotion cost curves have been developed for inplace costs
of pipelines, deep wells, water iresatment plants, pump stations, and
storage reservoirs. These cosi ourves have teen used for estimating
the relative cost magnitudes of alterrative water supply plans.
Esoalation faotors used in ocaloulating the capital cost of recommended
improvements in July 1978 prioee, as well as the above unit costs,
are presented in Appendix G, Volume IX.
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F. IMPLEMENTATION SCHEDULE

For purposes of feasibility mtudy and economic/financial
analyses, an implementation schadule has been assumede Figure V-2
shows the probable time~table which covers the planning, desigm,
and implementation of the immediate improvement program and Fhase
I-Ae It is assumed in these feamibility studies that the recome
mended immediate improvement program is to be fully implemented Yy
the INUA Interim Demonstration Program by 1979

Estimated Phagse I=A Schedule

Final Report Submission 3eptember 1977
Select Final Design Engineer September 1978
Start Final Design Octobsr 1978
Complete Final Design Septembar 1979
Start Construotion January 1980
Complete Construotion!

a) Source Early 1981

b) Distribution ©  Barly 1982

¢) Internal Network Late 1985
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CHAPTER VI POPULATION AND WATER DEMAND PROJECTIONS
A. GENERAL

A necessary step in developing the preliminary design of a
water system is the projeotion of future population and water
demand for the delineated service area, These projections mate-
rially affect faocility layouts and sizes, oconstruction staging and
the cost of the projects. Frojections for the GAP~WD are developed
in this chapter,

B. POPULATION PROJECTIONS

The population of Gapan as meagured in the past has indicated
fluctuating growth rates through the cemsal years ocovered, as shown
below:

Gapan National Anmual
Iear  _Popylatjon Anpual Opowth (%) Growth Rate (fe)
1948 25,719
1960 32,514 2.10 (1948-1960 3.10
1970 45.426 3.33 21960-19702 3.00
1975 50,488 2,14 (1970~1975 2,66

The average anrual growth rate from 1948 to 1975 of Gapan was
2,57 percent. The inorease in population from 1960 to 1970 with an
anmal growth rate of 3.33 percent, compared to 2,10 percent in 1948-
1960, oan be attributed to oonsiderable migration from the rural to
the urban areas. This growth rate was higher than the national growth
rate of 3.00 percent for the period 1960-1970. The deorease in growth
rate (2,14 percent) in 1570-1975 can be correlated to the decrease in
the national growth rate also for the same period.

Population projections for the years 1970-2000 for Gapan were
done by the National Economic Development Authority (NEDA) and the
Commission on Population, (POPCOM) using high, medium and low assumpe
tions, The methodology of these projeotions is discussed in Appendix
H, Volume II. Field observations and data gathered indicate a popula~—
tion trend which could surpass the NEDA-POPCOM projections although
NCSO population tally for 1975 is lower tham the NEDA-POPCOM projections
for the same year,

The present, immediate, and the projected 1990 and year 2000

servioe areas of GAP-WD have been developed based on field inspection,
discussions with water district and local officials, land use or
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development plans and current and proposed public facilities (see
Figure VI-1). By the year 2000, the prin.ipal portions of Gapan
Poblacion, barrios Sen iicolas, sSto. Nifio, Mangino, Pambuan, Baya-
nihan, Sto. Cristu Norte, Sto, Cristo Sur, Malimba, Sen Roque,
Sta. Cruz, the poblacion and Barrio Malapit in San Il~idr¢ mnici-
pality will be served by the GAP-WD,

The method of projecting population used in this report is
baged on development oft annual growth rates for the poblacion and
barrios in the service area derived from historical rates, field
observation and discussions with water district and local officials
and citizens. The population grovth rutes were determined after
considering the service area populatic, densities and development
plans. The growth rates used in Table VI~] ure higher than the
basic growth rates of the NEDA-PUPCON high assumption projections
for the municipality of Gapan as a whole,

Relatively fast population growth anticipated in the service
area is based on the following factors:

(1) Migration from the rural areas to the urban areas of
Gapan is occurriug. Therefore, the growth rate in the
service areas is expected to be higher than the town
as a whole,

(2) 1Industry and commerce are expanding in the area, New
industries include bentonite, marble, fruit- and wine-
making and a proposed paper factory. Present commercial
enterprises that are increasing operations in the area
include hollow-block meking, shirte, slipper— and shoe-
making and construction contractors.

(3) According to the land use and development plan prepared
by the Municipal Development Office, a strip of land
along the National Highway from Gapan to Manila and another
along the Gapan-Olongapo Highway have been designated as
industrial zones. These areas cover parts of the barrios
Bayanihan, Sto. Cristo Norte, Sto. Cristo Sur, Milimba, an
Roque, Sto, Nifio, San Nicolas, the poblacion and Barrioc
Malapit in San Isidro.

(4) There are about 15 active housing subdivisions (about
900 houses) in barrios Bayanihan, Sto. Cristo Norte,
Mangino, Pambuan, Sto, Nifio and San Roque.

Projected populations are shown in Table Vi-1 and Migure V1-2
and summarized as follows:
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TABLE VI-1

SERVICE AREA POPULATION PROJECTICSS
CAPAN WATER DISTRICT

. Prenant Sarviea fvea Trradiata Servica Ares 1390 Sarvice Acen 2000 Servios Area
Fopalatica Siivices Famulatica Sarvice FPoprmlatio  Servics Population Sexrvioa
Tepulatica im Zardice lraa Ieasity i3 Sorvics  Aram  Deacity in Servies  Arcs Duonsity in Service Arcs Density
1515 Area _ (b4n)_ rersoms/ha iraa (ra} povecoafhe _ Area (ha) _ rsrscan/he Area {ha) _ persona/bs
GAPAN:
Poblacion 10,526 - 10,526 75 140 13,300 114 17 17,900 114 157 22,500 114 200
Szn Hicolas 74109 T,109 57 125 9,000 84 108 13,450 112 120 19,550 112 148
Sto. Nifo 3,836 3,836 28 137 4,800 40 120 6,450 40 151 8,100 40 252
Mangino 3,526 353 5 71 2,640 35 75 6,500 g8 14 11,200 110 104
Pambtuen T 4,280 214 - 4 54 1,050 16 65 6,600 50 132 12,570 101 124
Payanihan 871 - - - . 540 12 48 1,600 68 24 2,760 128 22
Sto. Cristo Horte 2,266 - - - - - - 3,780 55 65 6,160 100 €2
Sto. Cristo Sar 2,160 - - - - - - - - - 5,400 108 50
¥alimba 1,766 - - - - - - - - - 3,500 43 88
San Roque 3,327 - - - - - - - - - 7,600 5 138
Sta. Crus 4,400 - - - - - - - - - 8,100 115 70
SR ISIDROt

Poblacian 5,100 - - - - - - - - 11,350 75 151
Malapit 4,800 - - - 7550 - 84 X 11,900 118 101

Total 53,967 22,038 169 3130 31,330 301 104 63,830 611 104 131,290 1,235 105
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Average

Density in
Fopulation Service Service

Total _ Overall Annual In Service Area Area

Year Population Growth Rate (%)  Area (ha) (persons/ha)
1975 (Present) 53,967 22,038 169 130
1980 (Immediate) 66,200 4417 (1979~1980) 31,330 301 104
1990 95,530 3474 §1980—1990§ 63,830 611 104
2000 133,940 3.44 (1990~2000) 131,290 1,239 109

*Includes Poblacion of San Isidro and Barrio Malipit.

The analysis sitows that the population in the service area will
increase from 22,038 in 1975 to 131,290 in the year 2000, The total
population of the poblacilones of Gapan and San Isidro and other
barrios will increase {rom 53,967 in 1975 to 133,940 in the year
2000 o1 ubout 24 times nure than the 1975 population within a span of 25 yearse
Densities in the service area will average between104=~130 persons
per hectarc, Overall annual growth rates in this area will decline
from .17 percent in 1975-1980 to 3.44 percent in 1990=2000,

C. PROJECTIONS FOR GERVED POPULATION

Served populations in the GAP-WD have been projected to inorease
significantly in the next 2 decades. The inorease will be a result
of's

(1) The intense campaign of the GAP-WD to connect and
reconnect as many customers as possible;

(2) The desire of residents in the GAP-WD to partake of
the benefits of modern piped water system;

(3) The inorease in population and in the geographiocal
coverage of the GAP-ID,

Tables VI-2 and VI-3 show the detalled breakdown of the served
population projections for the poblaciones of Gapan and San Isidro
and the associated barrios, Figure VI~2 shows that served popula~-
tion in the year 2000 will incrcase 7 +times more than the 1980
served population. The present service area will have faster growth
in served population than the future service area extensions,
Generally, the increase in the total served population would be
greater in 1990-2000 than in 1980-1950, The served population proe
Jections are summarized as follows:

Projeoted Population

Served in the Percent
Year Population Service Area Served
1975 EPresent) 2,860 22,038 13
1980 (Immediate) 12,880 31,330 4
1990 38,300 63,830 60
2000 91,900 131,290 70
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TABLE VI-2

SERVED POPULATION PROJECTIONS
GAPAN WATER DISTHICT

1980
Present Immediate 1990 2000

Service Area Service Area Service Area Service Ar
Poblacion~Gapan
a. Population in Service Area 10,526 13,300 17,900 22,800
be Number of Service Connections 399 950 1,900 3,220
ce Connected Population 2,5% 6,650 11,400 19,300
de % Connected 255 50% 645 859
San Nicolas
ae Population in Service Area 7,109 9,000 13,450 19,550
be Number of Service Connections 8 420 1,400 2,300
ce Connected Population 51 2,940 8,400 13,800
de ¢ Connected : 0s7% 33% 624 T1%
Stoe. Niiio
ae Population in Service Area 3,836 4,800 64450 8,100
be Number of Service Connections 30 - 215 680 970
co Connected Population 19 1,505 4,080 5,820
de % Connected 5% 31% 63% T72%
Mangino
a&e Population in Service Area 353 2,640 6,500 11,200
be Number of Service Connections 2 140 600 1,250
ce Connected Population 13 980 3,600 7,500
de &% Comnected 45 375 55% 675
Pambuan
a. Population in Service Area 214 1,050 6,600 12,570
be Number of Service Connections 1 45 630 1,430
ce Connected Population 6 315 3,800 8,580
de 9 Connected 3% . 306 589 68¢:
Bayanihan
as Population in Service Area - 540 1,600 2,760 -
be Number of Service Connections - T0 250 450
ce Connected Population - 490 1,500 2,700
de ¢ Connected - 9147 9455 98¢
Stoe. Cristo Norte
a. Population in Service Area - - 3,780 6,610
be Number of Service Connections - - 220 670
o« Connected Population - - 1,320 4,020
de §: Connected - - 354 655
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TABLE VI-2 (Continued)

1980
Present Immediate 1990 2000
Service Area Service Area Service Area Service Area

VII. Stoe. Cristo Sur

ao Population in Service Area - - - 5,400
be Number of Service Connections - - - 550
os Connected Populetion - - - 3,300'
de & Connected - - - 615:
IXe Malimba
as Population in Service Area - - - 3,800
be. Number of Service Connections - - - 370
ce Connected Population - - - 2,220
de 9% Connected - - - 585

Xe San Roque

ae Population in Service Area - - - 7,600
be Number of Service Connections - - - 800
ce Connected Population - - - 4,800
de % Conneoted - - - 635
XI. Sta. Cruz
ae Population in Service Area - - - 8,100
be Number of Service Connections - - - 150
ce Connected Population - - - 4,500
de % Connected - - - 565
XII. San Isidro Poblacion
2e¢ Population in Service Area - - - 114350
be Number of Service Connections - - - 1,160
ce Connected Population - - - 6,960
de § Connected - - -~ 614
XIII. Malapit

as Population in Service Area - - 7,550 11,900
be Number of Service Connections - - 700 1,400
ce Connected Population - - 4,200 8,400
de § Connected - - 565 71
Total Number of Connections 440 1,840 6,380 154320
Total Population 22,038 31,330 63,830 131,290
Total Population Served 2,860% 12,880 38,300 91,900
Served Population (¢) 134 414! 605 70!

*The figure of 6.5 persons per household was used for the present service area based
on the 1975 census data. However, foi 1980, the figure of 7 persons per household
was used to conform with the pilot arca figures,
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D. WATER DEMAND PROJECTIONS

The water demand of the GAP-WD has been projected to increase
significantly as a result of contimuous growth in served population.

Per oapita domestic water use, commercial/industrial/institu-
tional use, asg well as unaccounted-for-watur (expressed as peroent
of production) have been e ‘imated for the years 1980, 1990 and
2000 for the service area. :ised on analyses (see Methodology
Memorandum No. 3), GAP-WD has been classified under Group IV which
has the following water use parameters:

1980 1990 2000

Domestic use, lpcd 95 110 125
Commercial/Industrial/Institue ,

tional, lpod 2 J5 20
Accounted-for-water, lpcd 107 125 145
% Unaccounted-for-water (40) (28) (20)
Unaccounted-for-water, lpcd il A9 36
Total Water Demand, lpcd 178 174 181

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

1980 1290 2000
Water demand, lpcd 178 174 181
Served population 12,880 38,300 91,900
Average daily water demand,
Maximum~day water demand-,
oumd g/ 24750 7990 19,960
Peak~hour water demand=, cumd 4,010 11,660 29,110

The unaccounted-for-water will diminish from 56 percent of pre-
gent total water demand to 40 percent of the total water demand in
1980 with the implementation of the immediate improvement program.
The factors that will contribute to the deorease in unaccounted—for-—
water are: (1) the extensive leak detection program; (2) system
repair campaign; and (3) metering of all service connectionse

ljsaeed on 1.2 times average daily water demand.

g/Based on 1,75 times average daily water demand.
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TABLE VI3

YEAR-BY-YEAR PROJECTIONS OF SERVED POPULATION AND WATER DEMAND
GAPAN WATER DISTRICT

Served Average~Day Haximum=Day Peak-Hour
Year Population Demand, cumd Demand, cumd Demand, cumd
1978 7,950 1,385 1,660 2,425
1979 10,415 1,835 2,200 3,210
1980 12,880 2,290 2,750 4,010
1982 16,020 2,840 3,410 4,970
1983 17,860 3,160 3,790 59530
1994 19,920 3,510 4,220 6,150
1985 22,210 3,910 4,690 6,840
1986 24,770 : 4,350 5,220 74610
1987 27,620 4,840 5,810 84470
1988 30,800 5,380 6,460 9,420
1989 34,350 54990 74190 10,480
1990 38,300 6,660 74990 11,660
1991 41,800 74300 8,760 12,7€0
1992 45,630 8,000 9,600 14,010
1993 49,800 8,770 10,520 15,350
1994 54,360 9,610 11,530 16,820
1995 59,330 10,530 12,640 18,430
1996 64,750 11,540 13,850 20,190
1997 70,680 12,640 15,170 22,130

" 1998 77,140 13,860 16,630 24,4250

1999 84,200 15,180 18,220 26,570
2000 91,900 16,630 19,960 29,110
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CBAPTER VII WATER RESOURCES

A, COFNERAL

The Gapan Water Dimstrict currenily cbtains all of its watsr
supply from one cld well of small capacity. The possible sources of
water for munlcipal supply are groundwater and surfece water from the
Pampeanga and Peharanda Rivers. Water rights to the chosen source must
be obtained from the National Water Rosources Council {NWRC) in order
to prctect the GAR-WD from encrcachment by other private or govern-
rent water consumers in the region.

B. GROUNDWATER RESOURCES

GAR-WD iz locsted in the eastern part of +the Central Plain of
Luzon and the entire present mervice srea lies within the Central
Plain, a very prroductive groundwater region. The service area pro~
Jected for the year 2000 appreaches and may overlap the less pro-
ductive older rocke that border the Central Plain. Wells nsar Gapan
are in almost all cases umed For city, private and industrial water
supply but ars not currently in use for large-scale irrigation. Most
of the wells in the immedlate vicinity cf the GAR-WD considered for
this study are shown in Figure VII-1. Numerous additional distant
vwelle are mtudied for regionai analysis., Relevant information on wells
is shown in Annex Table VII-B~{. The oritical factor in groundwater
exploitation is control to avoid overproduction, rather than the tech-
nical problems of production.

Geology

The Central Plain of Lugon is the physiographic expression of
& large structural trough separating the Zambales Mountains to the west
from Sierra Madres to the east and the Caraballo Mountains to the north.
This trough was depressed below sea level repeatedly during Tertiary
and Early Quaternary times, The trough was last filled to ite present
extent with material washed down from the mountain slopes and deposited
in the form of fan and deltaic depomits and, later, flood plain depo--
sits. The deepest well in the Gapan ares is over 400 meters deep and
may penetrate through a thin wedge of the Recent &lluvium into the old-
er sediments. However, the underlying rocks best can ke inferred from
exposures of older rocks in the hills and mountains that lie to the
easto

The basement complex exposed in the Sierra Madres consists of
basic igneous and metamorphic rocks probebly of Cretaceous tc Early
Tertiary Age. Overlying the basement are tuffaceous clastic sedi-
mentary rocks (shales, siltstones, sandstones, conglomerates) of
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Middle to Late Tertiary Age. Limestones are obmerved locally. The
Tertiary sediments in part are overiain by the Quaternary Omadalups
tuff, compossd of waterlsin, angular volcanic debris, as well as
other marine and terrestial sediments. These ssdiments in turn,
are cverlain by the alluvium that fills the depreased plain.

The Recent alluvium is an intricately interbedded sequencs
of clays, sauds and gravels with a mmall amount of local cementa~
tiony probably a mixture of fan, stream, delta and beack deposits.
Most of the beds are relatively thin and sach bed is of limited
axtent, The original complex pattorn of deposition and reworking
has resulted in & mazs of fingers ard lenges of sanis and gravels
that are diffisult to trage and prediot. Annex Figures VII-B-1 through
VII-B-9 are stratigraphic logs of wslle in the area that illustrate
the situatien. Many .of the major units logged are groups
of thin beds lumped under the name of the major oconstituent, such
as "oclay with come gravel" or even just "clay" and do not reflect
the trus complexity of the etratigraphy. The Recent alluvium is
more than 200 meisrs thick in the deep wells in the Japan area and
thins to zero thickness on the gentle hill flanks a short distance
to the easi., Ocoasional bede of adobe (tuff) and limesione are
snocountered in some wells as would be expeoted in e depositional
environmeat at the edge of voloanic islands. In the Gapan area,
most of the alluvial sediments are derived, reocently or remotely,
from voloanios although this is not specified in the available loga.

Gapan poblaocion is Bituated about 5 km west of the contaot bet-
ween the Recent alluvium and the slightly older {earlier Quater-
nary?) sediments that form low hills between tbe Central Luzon Plain
and the mountains. These older sediments are similar in general
appearanos to tihs Recent alluvium and are diffieult to delineats in
well logé. OCa the ground, the heavily mantled oontast shows only
as a very slight bresk in topographie slope. These older sediments
are less permeable than the Recent alluvium and may produce saline
water from wells in plaoces where cognate salt water has not been
flushed out of the less permeable rocks or where interstidial water
in the older rocks has dissolved considerable mineral salts.

Existing Wells

Wolls in the Gapar area range from shallcw, hand-dug wella to
bored holes over 400 meters deep. Tables VI™«:, VII-2 and Aunex Tshle
VII-B~1 are summaries of pertinent reserds of 210 BEW wells and three
NIA test wells for whioh legs, static water levels and yumping data
are available, These wells were studied to evaluate the aquifer and
to derive production waell parameters,
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Depth

10=20
20-30
30-40
40-50
50~60
60-.T70
70~-80
80~90
90100
100=150
150--200
200-250

Smallest
Casing
. Diameter

mm
10C
112
150
200

8
TABLE VII-}
SPECIFIC CAPACITY VERSUS DEPTH

Average Maxinum ¥inimum
Number Specific Specifio 8pecifio
of Wells Capacity Capacity Capaoity
in Sample (1ps/m) (1ps/m) (1ps/m)
15 140 201 Ol 1
56 Te3 945 0.1
49 0.8 442 0,02
14 0.8 5e3 0.03
T 0.4 1.2 042
9 0e¢5 1.6 0.1
4 04 0.8 Oe1
4 07 1.6 0.2
7 0.8 1e4 Oe1
7 063 048 0.1
4 0.4 144 0,01
1 0.5 0.5 0e5
176
TABLE VII-2
SPECIFIC CAPACITY VERSUS CASING DIAMETER
Average Haxirmm Minimum
Number Specifio Specific Speocirfio
of Wells Capacity Capacity Capacity
Jn _Bample glps[mz SlgaZml glgs[ml
106 0.8 9eb 0,03
18 0.6 2.1 0,03
49 0.9 5e3 0.01
3 0.3 " Qa7 Os1

176
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The BFW wells ranged froxm 12 4o 250 metors deep, were onged with
100 to 200 mm casing, ware constructed by psrounssion drilling methods,
and produes from either open~holes or slotted pipe at the bodtox of
the hols. The smocticn tarped is gonerally net the only, or oven the
beat, water-producing formation. fTheee wolls are of poor construction
end design and of low yield and low speoific DADPROLLY .

Data from a large number of BF{ welils are tabulated in Tables
VII-1l and VII=2 to show the reletionships bstween apscifie capacity
(rate of water produciion psr mstor of drowdown) snd construotion
parametierg of depth and casing sige, It 18 noted that there is little
statistically significent veriation in speoifie capasity with well )
depth or casing diamster. Walls of 200 mm diasmeter are unususlly
poor but hers the sample im zmall. Wslls betwoen 10-m and 30-m depth
are generally better than deepar walle but tho difrerencs is minor and
all of the average spscific capacities are pooz.

The implicetion -cf these data is that the specifie oapacity,
loomely the productivity at a reascansble pumping level, is inde-
pendent of the depth and diameter cf the wsll (except as noted
above); and furthermore that the productivity of almost all these
wellm is very low. This ie a result of the poor design where only the
bottom of the hole ia productive, regardless of depth. It is assumed
that weils betwecn 10-m and 20-m dopth are located in areas of knowa
good aquifer and conssquently have slightly bettor cpecifie sgpacities.

Without other dats, this almost uniformly poor performancs ocould
be taken to indicate a poor aquifer in the area. Nowsver, poor par-
formanoce of most existing water supply welle in the Cantral luzon
Plain is sxpected because of poor wall doeign end oconstruotion prao—-
tioes.

A faw igolated wells have much better specific ecapacities than
average es oan be gesn from the above tables, although it im be-
lieved that even those wells with spsoific ocapacities of over 4
lpn/h (implying transmissivities of over 480 cumd/h) do not repre-
sent ths full pctential of the equifer becauss of partial pene-
tration sffects. Thus the woll data, taken in conjunotion with the
oxperiences in other srsas of NIA and others using superior well
oonstruction methods, indicate the rossiblity of s good aquifer
capable of supporiing wells with minimum spscifio capacities of about
4 lpa/m throughout moot of the GAP-WD area (excspt the eastern
portion).

In nany places where other wells are no better than those shown .
here, the NIA and few qualified commercial drillers have been comstruc-
ting excellent, large-capaoity wells., This is not true in the Gapan
area because the only NIA wella were located poorly, either bayond or
in the fringe urea of the good aquifer.

VII-4



Thraes weils wers drilled by BI& in 1571 aboul § kn southeast
of the poblacion. They were located in sn area where surfaoce water
irrigation ip inconvenient and groundwater irrigation would be de-
sirabls. The hivtory of theso wells follows:

1) NIA Pl was drilled to 155.2-m depth and abandoned without
Tegt baomuse no produstive aquifer was encountered,

2) NIA P2 was ariiled %o 40l-m depth and soreon was set from
300 meters to 327 meters in olsyey gravel. The well was
free flouing {static water lsvel 1.3 m above ground sur—
face) at 0.4 1ps. 4An S-hour pump test was run at 4.0 1ps
g€lving & poor speoifioc capacity of 0.2 lps/h. The water
vas very aaiinsj sn gnalysis is given in Table VII-4, The
well is still flowing freely and the water damages the local
rioe crop if it ia allowed to inundate it.

3) NIA P3 was drilled to 242w depth, then backfilled to 28
meters bevauss no production aguifer was discovered in the
lower hole. Screen was ret from 11.8 meters to 15.8 meters
and from 21.25 meters to 24.65 roters in gravel. A.five-
hour pump test wes run at T.4 lps giving a poor speoifio
oapacity of 0.4 lps/ﬁ and a low transmissivity of 43.5 culd/h.
The water quality is excellent at the shallow production
depth for either agriocultursl or domestic use; an analysis ie
given in Table VII-4o

The three NIA tes’t wells ars drilled close to the geologic con~
tact betwsen the surface exposuras of the Recent alluvium of the
Central Luzon Plain and the similar but less permeable rocks of the
older formations of the hills to ths eaet. This conteot is very
indefinite end not readily recognized, showing as only a very slight
change in itopographioc slope. The very poor psrformancs of the NIA
wells is believed to regult either from drilling into these older
sediments or:from drilling into a clayey zone at ths base (or edge)
of the Recent alluvial aquifer whers it rosts on the older sediments.
The very poor quality water from well NIA P2 is believed to result
from cognate saline water which hae never beex flushed fror the re—
latively impermsuble seotion because groundwater flow is so slow, or
from a long pariod of slow solution of minerals from the older eedi-
ments by relatively immobile groundwater. Thus, the aquifer tested
by NIA walls is not typical ¢f Reoant alluvial aquifer of the Central
Lugon Plain farther west of the contact with the older sediments.
These wells show that less productive wells ocan be expeoted east of
Gapan poblacion.
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Test Hall

In order to proporly evaluate tiy use of wells for GAP-WD supply,
it was neosssary to oconstruot a test wall. The BPW wall records did
not provide suificisnt definitive data on squifer chersoteristics in
the Gapan araa and the KIA test welils delimed an unproductive agquifer
containing very msaline water at 30C-m depth only 5 km from the pob-
laclon. 7The test well in Gapen was required to determine if produetion
wolls could be drilled, to defina aguifer parameters, and to sample
water underlying the poblasicn at dspihe

A sits wap providsd by the municipality of Gapan in Freedom Park
and the test well wux drilled by the rotary method by Katwell; Ine.,
starting 22 November 1976 and completing test and final oleanup 26
Maroh 1977, 3pscificationa were nimilar to those in Appendix I, Volume II,

A pilot nolo was drilled %o 200-m depth. 4 stratigraphic log
was praparsd from amsplze collocted during driiling and self-potentisl
end resgistivity eleciris logs wers rum in the pilot hole. The most
permeable zoude iara delinested using the alestric logs supplemented
by the sample data. fhe piloi hols was onlarged to 500-mm diamster
to a depth of 130 metsrm and 250-mn caning was installed with 66.5
meters of slotted caging oppozite the seleciad permeable mones. The
well was clsaned and devaloped by bailing, surging (with & detergent
added) and pumping, and a 48-hour puzping tewt was run, Annex Figures
VIII-B~3 and VII~B-10 show the stratigraphio log and the eleotrio logs.
Annex Figures VII-B-i1 and VII-p~12 ara photographs of drilling
operation,

A gansa ray lcg was run for oorrelation purposes after the hole
was casdd bacauss the equipment did not arrive in time to use it
earlisr. However,thst log, alao shown in Amex Figure VII-B-10,is anotalons
and does not olsarly ssparats slayey zonsz from other rocks un&oubtodly
becauss the parent volcanic rooks from whioh some of the zediments are
derived are alightly radioaotive. Thin problem has been noted elso-
whers in the volocanic provinoss of the Philippines and indicates that
gamma ray logs musti be interproted with great caution.

The pumping test was run for 48 hours at an averags discharge
rate of 37.8 lpu.Annex Table VII-R-2 lists the test data, The pump dis-
oharge was diff.ocult to oontrol with the available equipment making
the drawdowm data somswhai erratie. Figurs VII-2 ahows an analysis
of the drawdown data according to the Jacob's modifioation of their
non-equilibrium formula. The soattering of data indiocates that the
pumping rate fluctuated aboui 5 peroent above and below the average
rate, The indicated iransmissivity is about 404 cumd/m. Mgure
VII«3 is a aimilar plot and analysis of the recovery data imme-
diately following the pumping pericd. The recovery analysis shows a
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transntiesiviiy of about 443 aumd/h wiich 1s belijisved 1o Y» more reli-
able thaan the drawdown cnalysis. The specific ocapaoity of the well
after 48 houre of puamping was 3.7 lpa/h, which is closely compatible
with the trancmissivity figure of 443 ound/m indicating an efi{iocisnt
well with low losaes. A step-drawdown teat to separately determine
well effioienoy was attempted but the pumping oquipment was operating
too orratically to provide meaningful data.

The siratigraphic log, Amnex Figure VII-B-9, indicates a section
largsly of gand und gravel with some olay; however, clay ir often
miswed in rotary-drilling eamples and the elsotric logs, Anmuex Figure
VII-B~10, indicates ‘hat many of the sands shown to be clay~free in
the stratigraphic log are actually clayey. A section with somewhat
moro clay than shown in the stratigraphic log also is occmpatidle with
the tranemissivity and speoifio eapaoity shown by tha pumping test.
The clayey seotion at the bottom of the wall may be a zone within
the aquifer or may represent the base of the permeable Reocent alluvial
aquifer. 1If in? permeabls aquifer continued to greater depth, overall
aquifer transmissivity will be greater than 443 ousd/m, thus 500 cumd/m
is used herein as a conservative estimate to compute overall aquifer
reLporss.,

Aquifer

The Cantral Luzon Plain is filled with Recent alluvium that
forma a very productive aquifer almost sverywhere it existe. The
maximum thiokness of this aquifer is wnknown but it appears tc en-—
oonpass mozt of the 2lluvium which is at least several hundred
metiers thiok locally and is ascumed io bs mmch thinker. This arte-
sian aquifer systom may include some older wnderlying beds at depth
and way be contiguous with the aquifer system in the surrounding
hills, The aquifer consists of lenses of water-bearing material
ranging from fine sands to gravels dsposited in . oomplex and ran-
dom patterns and oonfined by 3qually oomplex clay lenses.

Within the projected servioce area of the CAP-HD, tbe aquifer
is very thin to ithe sast where it feathers out against the older
scdiments, and thickens to several hundred meters or more to the
west. Consequently, squifer tranamissiviiy will inorease toward
the west. The woll logs indiouste olay at the surfaoce in essentially
all oases, which inhibits direot recharge in the Gapan vioinity.
Recharge to this aquifer is through infiliration from direet preci-
pitation and {rom stresms into the exposed permeable beds along the
edge of the foothills east of Gapan. Initially the recharge water
is underwater—table conditions but becomes confined upon moving be-
low the clay beds as shown by free-flowing wells in the Gapan ares.
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Additiona) recharge wmay resch the ¥scent allueiws from infiltratica
of previpitatica ir the wmounteins and foothills to the east through
trangfer from older permesble beds where the alluvium abuts these
beds along the burisd edge of tae hllls, Although the sands and
gravela of ths Feapuinga ané Pofiaranda River channels probably extsnd
through the surfaes clays, the ashape of the contours of the pileso-
astric surfaoe; Figure VII-l, and the relative alevations of this
surface and river levels indicate that little eor no recharge ocur—
rently comes from the rivers near CGapan, except (psrhsps) at high
flood stags. In faot, groundwater dischargs into the rivers may
ocour &t low stagee.

The aquifer ic anisetropic and will ast us a semi~confined
aquifer in that early respouse ts purping will be in the artesiasn
aquifer range, but if the pieromsiric head falls below the surfaoe
clay zons response vill be in the unconfined (water tabls) aguifer
range. The spresding of the piescmetris surface contours (Fig.
ure VII-4)near Gapan indicetes a gsneral aree of increased aquifer
tranesissivity to the wset, as would be expested where the zquifer
thickens in this direction. Overall irsnsmissivity at the poblasion
is estimated to be about 500 cumd beocoming much less to the east
as the aquifer thins and mveh more to the weat as the aquirer
thiokens into ths osnter of the busin. The long-term storage
coefficiant will be variable depending on depth of aquifer dewater—
od and the oonizsined olays in the dawatered sone.

Groundweter Flow, Recharge and Discharge Relationships -

Before large—scale artificial withdrawal of water (pumping
from large-capacity wells), the looal and regional groundwater
balance is in & stais of dynamic equilibriume In the Gapan area,
there im little local recharge because of the widsspread surfaoce
olays and the near-surface piszometrio levels. There is alsc little
natural discharge, perhaps with some groundwater discharging into
the Pampanga and Pefiaranda River syetems where groundwater pieso-
metrio levels are above river levels. Thus the axisting system is
essentlally cue of groundwater underflow entering the Gapan area
from recharge scuross in the northeast and east and leaving the
area to the southwest. The oontour map of the groundwater pieso-
metric surfaos of the Gapén area (Figure VII) illustrates this
oondition, showing the regional situation with the souroe of the
groundwater underflow to the northeast and east of Gapan and the ulii-
mate disohargs of the groundwester underflow to Manila Bay southweust
of Gapan. Howsver, the goundwaier gradient becomes smo flat in the
middle of the Central iuson Plain thai all of the groundwater flow-
ing from the emat, north and west cannot be flowing imto Manila Bay.
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Much, if not most, of the groundwater underflow into the Pampanga
River basin must rise ito lhe Burface in seeps into the swamps and
gtreames of the scuthern Central Plain where the artesian head is
above ihe ground surface. All of ikis water is lost by non-benefi--
cial evapotranspiration and surface runoff into the Bay. The

iezometric levels shown are generally characteristic of the upper
part of the aquifer and higher levels may exiet in the lower part
of the aquifer in scme areas,

All well water produced must come from one or more of a limited
number of sources; groundwater storage, increased recharge, or di-
verted groundwater discharge. Thc natural state is normally one of
equilibrium with total recharge equal ito total discharge and stable
groundwater storage. When a well first begins to operate, all the
pumped water comes trom local grourdwater storags (immediately
surrounding the well) as a result of tho decroased pressure in the
well caused by pumpinge This zone of dacreased pressure (or lowered
piezometrio head) spreads radially from the well as stored ground-
water flows from the agquifer to the well, and it continues to spread
until the area of depressed piezometric levels causes either an
increase in recharge (local or distant) or a decrease in pre-
established groundweter discharge (local or distant) equal to the
pumping rate of the well, When this occurs, a new equilibrium will
be established with no further depletion of groundwater storage. If
the increased recharge or diverted discharge (or combination thereof)
is local, equilibrium will be quickly established with minimal lower-
ing of the areal piezcmetric surface. However, if the recharge or
diverted discharge is distant, equilibrium will be delayed resulting
in a widespread and large depressicn in groundwater levels. If no
sources of increased recharges or diverted discharge large enough to
equal the pumped withdrawal rate can be tapped, then the ground-
water levels will continue to drop until the well becomes inopera-
tive or the aquifer is depleted.

In the oase of Gapan, there are a number of prospective sources
of additional recharge. The Pampanga River (and other local streams
to a lesser extent) probably will contribute considerable recharge
once the piezomstric levels in the aquifer are depressed below
stream level. At the seame time, an appreciable amount of the gene=-
rally olayey surface beds. These local effects will begin fairly
soon after large scale pumping begins and will inorease with time
a8 the area of depressed groundwater levels (cone of depression)
Bpreads. Also, the major existing source of recharge to the Gapan
area is in the hills to the east aud additional recharge from this
source probably will begin when the depressed groundwater reaches
this source and reduces the existing groundwater flow into surface
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runoff channels. Another, and more significant coniribution to
the water to be pumped at Gapan will be the reduction of existing
natural groundwaler discharge which is now flowing to surfaoce
seeps in the Central Plain and to underground flow into Manila Bay.
This will occur as a result as the expanding and deepening cone of
depression (resulting from pumping) diverts groundwater underflow
(now escaping to the west) to the welle te be installed in Gapan.

Current recharge t5 the aquifer is largely restricted to the
edges of the aquifer where infiliration and transfer from surrounding
areas can occur,as has been previously noted. Neither current recharge
nor future additional recharge induced by pumping can be quantified
With existing data, but groundwater underflow can be estimated.
Groundwater flow is to the southwest ut «# gradient of abont 0.002 in
the poblacion ar:an. The average overall transmissivity of the
aquifer in this area is entimated at 500 cumdﬁn. According to
Darcy's Law of flow:

(/km (of aquifer width) « T x G x 1000 m/km

wbhere;

Q = Croundwater underflow (cund)

T = Aquifer transmissivity (oumd/m)

G = Gradient of the piezometric surface
or:

Q/km = 500 cumd/m x 0.002 x 1000 m/km = 1000 cumd/km.

The underflow of groundwater can be used to roughly determine the
groundwater available for exploitation. The GAP-WD) average daily
demand is projected to be 6,660 cumd in 1990 and 16,630 cumd in
2000, To obtain all this water from underflow would require diverting
and capturing all the underflow in a band about 6.7 km wide by the
Yyear 1990 and 17 km wide by the year 2000, Much less than this com-
puted amount of underflow would have to be captiured because induced
additional recharge, as noted previously, would supply much of the
water to be pumped. Although projecting accurate pumping levels
would require producing a model based on more data than available,
it is apparent that diverted groundwater underflow and induced
additional local recharge would provide for Capan's requirements
beyond the year 2000 without a prohibitive decline in pumping and
groundwater levels. However, this is true only if Gapan is the
major large~scale user of pgroundwater in the locality that surrounds
it.
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Unfortunately, there are several other fairly large towns with-
in 10 Jm of Gapan and if they grow at the same rate and ultimately
consume the same per capita water quantities as Gapan, the total
domestic water requirements will be several times that projected for
Gapan. Groundwater will undoubtedly be used to meet these require-
ments,

In addition, the area is short of irrigation water and, consider—
ing the fairly good underlying aquifer, large-scale groundwater irri-
gation will undoubtedly be introduced. Assuming that one meier net
of irrigation water will be required to supplement rainfall, an annual
average of about 2,700 cumd of irrigation water would be required per
100 hectares (one square kilometer) of irrigated land. Thus, 615
hectares of groundweter-irrigated land would consune the equivalent
of GAP-WD total requirement in the year 2000, Considering that there
are tens of thousanda of hectares of irrigable land plus numerous
water—demanding towne in the Oapan area, total water demand by the
year 2000 could greatly exoeed the sum of groundwater underflow and
probable potential induced recharge. With available data, it is not
poasible to prediot groundwater levels at various future dates with
any oertainty; but, as more data on aquifer oharacteristios and res—
ponse becomes available, predictions should be made based on model
studies. One favorable factor is that as groundwater piezometric
levels drop below the clayey surfacs beds, the storage coeffioient
of the aquifer will inorease greatly and more groundwater will be -
available from storage thus slowing the drop in groundwater levels,

The implications are that the GAP=-WD must obtain firm water
rights to its long-range requirements from the NWRC and introduce s
groundwater monitoring and study program for planning purposes. It
is fortunately true that agriculturists cannot afford to pay as much
for water as municipalities and if groundwater is depleted to sn
oxtreme degree, groundwater irrigation will be curtailed by economic
faotors leaving the munioipal water systems still viable (but with
increased production costs).

Well Design and Drilling Programs

A genaral design for an effioient production well for Gapan
oan be developed from available data., Such design is ill:strated in An-
nex Pigure VII-B-13. For greatest efficiency, to avoid exocessive
drawdown, and to minimize operating costs, these wells should be
drilled to the same standards as the recsnt NIA wells, that iss
rotary-drilled with careful mud oontrol, carefully zampled, eleo-
tric logged, screened with oontinmucus wire-wound soreen, gravel
packed, thorougly developed, and tested to determine effioient
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pump parameters. For the same reasons, all stratigraphio zones

down to a depth of 200 to 300 meters that are indicated as productive
by the electrioc and stratigraphic logs should be screened, because

in an anisotropic aquifer such as this, the specific capacity will
increase greatly as the soreened percentage of {otal permeable sso-
tion inocreases. However, caution as to depth drilled mu.t be obe
served. At the test woll site in the poblacion, a clay section

at the bottom (190 to 200 meters) may repressnt the base of the coarse
alluvial aquifer, and wells there should be restricted to 200-meter
depth unless a deeper test is first conducted. To the east at

Barrio Santa Cruz, the NIA wells encountered very olayey sediments and
saline groundwater at that depth:so further drilling to the east

of the poblacion shculd be done with eaution and with the expecta~
tion of compleiing ths well: at shallow depthes To the west the
aquifer wndoubtedly thickens and deeper wells (to 300 meters or more )
can bs successfully constructed to yield higher specific capacities,

It is anticipated that such wells in the poblacion area should
produce 63 lps at an average of about 20 meters of initial drawdown,
with the poorest wells at about 30 meters of initial drawdown. This
is believed to be conservative and is used for preliminary design and
estimation purposes because reliable data are very limited. The wells
should be located so as to minimize the cost and operational complexi-
ty of the distribution system, taking into account that the spaoing
between wells should be as great as practical (preferably an average
of 1 km or more) to minimize drawdown interference. It should be
recognized that few, if any, existing privaie well drilling firms
have the necessary experienoce, equipment and ability to design and
construct rotary-drilled wells of good quality without external pro-
fessional supervision.

A drilling program consisting of wells of 63 lpe capacity,
spaced 1 to 2 km, in the existing GAP-WD servioe area, is recommend-
ed. These wells should be caref:'ly tested and the results from
them used to modify the design .. . 1000ding wellse They should be
pumpsd intensively for several - - and the aquifer response moni-
toreds The data can then be u:' -+ :+« guidance for further develop~
ment of the well system which proosuly will consist of 31 and 63 1ps
wells spaced about 1to 2km apart, Wells designed to producs 63 1lpa
may be pumped at a lesser rate for the period that t.) looal con-
sumption does not require full produotion. However, this preliminary
estimate must be revised and phased into the overall groundwater
development plan for the Gapan area. Any future development of
groundwater for irrigation must be taken into consideration in the
design of OAP-WD wells,
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Induced Infiltration Wells

In anticipation of a possible sirmiticant over—exploitation of
the deep aquifer, mukin:; total reliance on deej wells undesirable,
the design and use of relatively shallow, induced infiltration wellg
drilled in the sands and gravels of the Pampunga or Peiiaranda River
channel was considered. USuch wells would have to produce as much
water at about the same pumping levels as the deep wells discussed
previously to warrani seérious consideration. since production
would quickly be replaced by induced recharge from the associated
river, total well field production would bhe limited only by the
low flow in the river and conflicting ri;hts to this water. How—
ever, such wells are usually shallow with limited available draw—
down and screen length because they do not penetrate helow the
buried river valiey floor. Coneequently,they must produce from
sands and gravels of high porosity to match the productive capacity
of deeper wells producing from a thick section of permeable material
such as widespread alluvium of the Ceniral Luzon Plaine.

The Periaranda River floodplain is considered unsuitable for
such wells because the recorded minimum flow at Gapan is too low
(40 1ps in 1957) as a result of the NIA taking out the full dry
season flow at the dam at Peﬁaranda, about 10 km upstiream of CGapan.
Also, although the Peiiaranda River at Gapan has moderately broad
floodplains, the visible river sediments (mostly sand with a little
gravel and mich admixed s8ilt and clay) appear dirty and poorly per-
meable.

The Pampanga River at San Isidro shows wide floodpluins with
no visible gravel but much sand and some silt and clay in the visible
section, The sand appears clean and fairly permeable. Infiliration
wells of moderate capacily could probably be constructed there but
test wells would he necessary to confirm this assumption. The cost
of a test program is not justified as long as good deep wells can
be constructed. However, the Fampangu River carries much more wa 'c
than the GAF-WD recuirements in the year 2000 at all seasonse

Induced infiltration wells would be of much the same design
and construction as deep wells, but being shallower would be less
costly. However, the welle would be 4 or 5 km from the point of use
and transmission costs (pipeline plus pumping costs) would be high.
Also the wells would preferably Le located in the river floodplain or
on the river banks and flood protection works mizht increase the
overall costs of each well. PFurther, the transmission pipeline
would act as a point source requiring a somewhat more expensive
distribution system than that based on scatiered deep wells locatud
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near the centers of demand. These considerations will probably meke

induced infiltration wells economically inferisr to deep wells
unless future aquifer ove- -xploitation makes deep well water very
costly. A further analysis is included in Chapter VIII.

Monitoring

Basic planning for_ overall exploitation of groundwater re—
sources in the fGapan area will be based on the limited data ocurrent-
ly available and those derived from tests of the first production
wells. However, records of water production from all larse—capacity
wells and of aquifer response to pumping are necessary Lo refine the
preliminary aquifer parameters and 1o revise the planning as neces-
sary to avoid the dangers of over-exploitation or the waste of under-
exploitation. The GAP=WD should monitor the performance of each of
their production wells and observation wells both to provide data
and information for water district use and for distribution to other
agencies for overall planning and conirol. In turn, other water
districts and other croundwater users should monitor their operation
and provide appropriate data to JAV=WD.

Each production well should have facilities for measuring the
total amount of production or rate of production, times of operation
and water levels, Routine monthly observations of static and pumping
water levels should be recorded and daily records of pumping should
be kept. Water samples for bacterial analysis should be collected
monthly and for chemical analysis, annually. It would also be
désirable to monitor static water levels in several observation
wells located within the area spanned by GAP-WD wells but far enough
from any well to minimize local drawdown effects. Similar routine
static water level measurements should be taken in numerous obser—
vation wells surrounding the well field at a distance.

The data from this monitoring program will provide better
aquifer parameters, indicate the magnitude or recharge, give early
warning to JAI-WD of deterioration in water quality or pump perfor—
mance so that remedial action can be taken, and indicate any un-
foreseen decline in regional water level so that individual well
yields (which affeci local pumping levels) and design and spacing
of future wells can be adjusted as necessary. For these purposes,
copies . all GAP-~WD well monitoring data should be analyzed routinely
by GAP-WD (if they have competent staff for such analysis) or by some
associated agency competent to perform such analysis.

Summary of Groundwater Resources

Gapan is located over an excellent, widespread, relatively uni-
form aquifer that can readily supply all its projected water demands
past the year 2000 from deep wells each producing wp to 63 lps. Caution must
be observed in lrcating wells toward the east and southeast of the poblacion.
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However, the regional drawdown of groundwater levels resulting from
such pumping cannot be accurately quantified because available data
on aguifer parameters and recharge are insufficient. Other data will
become available from pumping tests of the new production wells and
from the monitoring program of production and observation wells.
Future well design and well field planning must be modified on the
basis of the new datu to maintain groundwater production for long—
term use. '

Induced infiltration wells at the Pampanga River are tech-
nologically feasible but may be economically undesirable,

If the intensive use of groundwater irrigation eventually occurs
in the Gapan area, over—exploitation of the aquifer with its con-
sequent dangers of failing wells and higher water costs will result
unless careful and intelligent contrcl of this muliiple use is en-
forced. Consequently, it is very important that GAP=WD acquire firm
rights te all the groundwater for which the GAT=iD can anticipate
a future need from NWRC., These water rights will confirm access to
the water that is vital to the development of Gapan.

C. SURFACE WATER RESOURCES

The only large potential surface water sources within reasonable
distance of Gapan are the Pampanga and Penaranda Rivers. The Pampanga
River originates in the mountains northeast of Gapan, flows south
from where it leaves the mountains to pass about 4 km west of the pob-
lacion, and then turns southwest and south to discharge ultimately in-
to Manila Bay. The Pefiaranda River originates in the mountains east
of Gapan and flows in a sgenerally westerly direction to pass adjacent
to the poblacion and to join the Pampanga River at San Isidro, 4 km
west of Gapan. There is an NIA dam at Penaranda on the Periaranda
River about 10 lkm upstream of Gapan which diverts all the dry season
flow for irrigatjioa usage, leaving only seepage water in the down-
stream stretch of the river.

Surface water data from rivers within the vicinity of Gapan have
been compiled ard unalyzed to establish statisiical recurrence of
average and minimum flows. DPW records of 4 gaging stations
with monthly records spanning from 9 to 22 years were tabulated and
analyzed ueing the Gumbel probability method (see Methodology Memo—
randum No. 4) of establishing 10-year, S5-year, and l-year recurring
flows. The results are shown in Table ViT-3. The recorded minimum
flow of the Pefiaranda River at Gapan poblacion is 34500 cumd (40 1lps)
in 1957, and the recorded minimum flow of the Pampanga River at San
Antonio, about & km downstream of Gapan poblaoion, is 640,000 cumd

(7,400 1ps) in 1963.
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TABLE VII-3

RECURRENCE OF MILIMUL FLOWS
GAPAL WATER DISTRICT

Drainage Minimum Flow (cumd/sqkm)
Longitude/ Years of Area __at Return Period of
Station Latitude  Records _(sqkm) 10 Years 5 Years 1 Year

Pefiaranda River® 12056150
Gapan Poblacion 15%19¢11n 2o . ST3 6 6 17

Pefiaranda Riverw 120056'30"
San Vicente,

Gapan 15°18146" 9 575 4 6 31
Peﬁéranda River» 121018'46" '

San Jose 15°210'10" 12 512 3 3 10
Pampanga liver 120%541 30

San Antonio 15%200 45" 9 2,851 237 243 . 313

The preceding table shows that the Pefiaranda River has very
minimal: flow (abont 3,400 cumd, minimum at lO-~year frequency), in-
sufficient for the future requirements of GAF=WD. On the other hand,
the Pampanga River (at San Antonio) has a probable 10~-year mininmum
flow of at least (75,000 cumd. This is obviously sufficient to pro-
vide the maximum-day requirements of the GAP-WD for the Yyear 2000,

Many of the general considerations that apply to infiltration
wells apply to surface sources. The Periaranda River is unsuitable
because NIA diverts practically all the dry season flow for irrigation.
Thus, at least, a reservoir would be required with the Pefiaranda River
as a source; however, no praotical reservoir site can be found down-
stream of the NIA dam in the vicinity of Gapan.

The low flow of the Pampanga River would suffice for the GAP-WD,
but costs of intake structure, water treatment and transmission would
make the water much more expensive than well water,

D. WATER 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

*Significantly affected by irrigation diversion by the Pefiaranda
River irrigation system.
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resrect to potability and treatment requirements. The resulis of
these analyses are shown in Tables IV-1 and VII-4, and are briefly
discussed below,

Greundwater

Sinoce groundwater essentially passes through a filtration process
while flowing through a granular aguifer (such as in the GAPND area),
and is not exposed to surface pollution, color and turbidity or sus-
pended solids are usually not present. For this reason, unless other
deleterious substances (such as excessive hardness, dissolved gases
or dissolved iron) are present, treatment, other than disinfeotion,
is generally not required.

Water analyses of samples taken from the existing "AR-WD well
and 4 other Gapan wells are shown in Table IV-1, All of the wsll
water analyzed fall below the “excessive" limits of the Philippine
National Standards for drinking water, and below the "permissible”
limits in all respects except for manganese content in the Barrio
Malimba well, However, the "permissible” limits are noi prohibitive
but only guidelines, and in this case where the manganese content is
not extremely high and where no known complaints about the water have
been received, the water is acceptable for domestic use without ex~
tensive treatment,

Water analyses of samples taken from two NIA wells are shown in
Table VII=4o The water from NIA P2 (CDM No, 3) is extremely saline,
The sample comes from over 300-meter depth and probably is contami-
nated with cognate salt water remaining in marine sediments that are
too impermeable to have been completely flushed out by non—saline
groundvater movement, This production zone should be avoided in
future wells. The water from the nearby well NIA P3 (CDN No. 4) is of
good quality for domestic use, but the sample comes from shallow depth,
between 10 and 25 meters.

A water analysis of a sample taken from the Gapan test well (CDN
No. 1) is also shown in Table VII-4., The water is of good quality fer
domestic use except for high iron content, turbidity and color. It
is possible that the sample was taken before the well was completely
flushed of residual drilling mud, which would account for these effects,
or it is possible that the water in the tapped aquifer actually ocontains
excessive iron which would produce the reported turbidity and color by
precipitations No other well waters tested from Gapan showed excessive
iron, so the first explanation is oonsidered most likely, Further
samples will have to be analyzed (aftar a punp is installed) to deter-
mine the true situation, but if the well continues to produce high-
iron water, treatment for removal of iron may be necessary. It is
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gL-TIA

Test
Yhysical

Color

Turbidity

Total Dissolved
Solidsw*

Conductivity

Chemical

pH
Total Alkalinity

Phenolphthalein
Total Hardnegg*#*
Calcium
Magnesium
Total Iren
Fluoride
Chloride

Sulfate
Nitrate##ss

Manganese

Unit

APHA

BPTU

mg/1
micromhos/cm

mg/1
CaCo03
mg/1
CaCo03
ng/1
CacCo03
mg/1

1l
mg/1
Fe
mg/1
e/
mg/l
mg/l
mg/1

mg/l
Mn

TABLE VII-4

WATER QUALITY TEST R=3ULTS
GAPAN WATER DISTRICT

Pefiaranda
CDX No., 1 Pampanga Sumacbao River CD¥ Noe 3 CDN No. 4
Test Well River River Gapan NIA P2 NIA P3
Permissible Gapan Cabanatuan Minalungao Poblacion Maburac Sta. Cruz
Limits 290 Maxr 77 4 Mar 75 2 Sept 76 3 Sept 76 1971 1971
15 65 * 20 0 0
5 50* 5 0 0
500 229 154 140 182 3,149+ 326
352 215 280 4,499 469
7-845 7.8 Be6% 7.8 Te3 Te4 78
184 148 105 04 185 250
0 4 0 0 0 0
400 o 70 98 127
5 Y 30 34 43 123> 28
50 o 10 3 5 90 * 15
003 506* 0038 0.07 . 0.04
15 O3 0.3 nil nil
200 13 12 2 10 1,628% 8
200 1146 1141 3.8 6e7 55 65
50 8.2 8.2 3.6
Oe1 0 0,03 0s45* Ce2%

*Exceeds the permissible limits set by the Philippine National Standards for Drinking Water.
**Computed as 65% of conductivity, except for CDE Ko. 3 and 4.
#*4Limit inferred from limits of individual metals causing hardness,

P by to 100 mg/l m2y cause infant disease according to FPhilippine National Standards for Drinking Water.



also pomsidle, if water of high-iron content ie determined to be
coming from = limitad zone in the aguifer, to neal off the contaminate
ing rone, ihe water tast would be preduced rom new QAD-HD wells
generally can be expsoted to be eimilar to the tested well waters,

that is of good quaiity and requiring no treatment exoept chlorination,

Surface Hater

Water from surfacs sourcas is generslly high im ccler, turbidity
and euspended solids during periods of rainfalle Even during non-
rainy perieds surface waver usually requires compleie trsatment in-
oluding chemical sdditicn, mixing, ceagulstlon, fleooulation; sedimsn~
tution, filtration and dieinfection.

The results of chemical analyses performed on 3 samples of water
from the Pampangz River and several tribi'aries are shown 3n Table
VII-4. The results indicete that conocencration of coler and turbidity
is relatively low for surface waters in general, but ocmplete trest—
ment would nevertheless be required partioularly during the rainy
geason when turbidity would be much higher. Two of the samples showed
manganese content ezceeding the permissible 1limits set by the Philip~
pine Fational Standards for Drinking Water, but high dissolved
nanganese content is unusual in aprated surface waters of normal
ohemistry and it is osraidared that the manganese is rot in sclution
but is in pariioculate matter oontained in the watere
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ANNEX VII=-B
GROUNDWATER RESOURCES



CDH
Well

Well

FNumber Rumber

\O 0o~ VT8 v N -2

HIA R
NIA F2
FIA P}
15073
5053
40668
20573
50572
6406
9324
6905
50570
9325
7808

7811
15082
406621
9421
50578

Location

Test Well, Gapan
Kapalangan, Gapan
Maburac, Gapan

Sta. Cruz, Gapan
Msburac, Gapan
¥aburac, Gapan
Kapalangan, Gapan
Pambuan Forth, Gapan
Pambuan Center, Gapan
Pambuan, Gapan

. Pambuan, Gapan

Capulangan, Gapan
HMangino, Gapan
Margino, Gapan

San Lorenzo, Gapan WD Vell

High School Comp.,Gapan

Kababao, Gapan

San Nioclas, Gapan
San Nicolae, Gapan
San Nicolas, Gapan

ANNEX TABLE VII-B~{

GAPAY WATER DISTRICT

Depth From Ground
Surface In Metsrs

WATER WELL DATA SUMMARY

Static Pumping Test

Rominal Specific
Diameter Water Water Yield Capaciiy
(em) = Total Cased Level _Level (lps) (lps/m’
250 200.0 188.0 -=3.7 -14.0 37.8 347

200 155.2 ‘
165 401 327 1.8 ~15.8  3.97 0.2
305 242 25 =0.3 ~20.9  T.43 0.4
112 2l.3 21.3 3.0 1.13
112 22.8 -9.1 -12.2 0.50 0a.2
112 64 51.5 4.3 5.1 0.95 0.5
100 19.8 19.2 -4u6 "5.5 0.63 007
100 2580 1T.8 4,9 ~5.2 055 3.2
150 T0ed 5606 =1,2 2.7 1.26 0,8
150 62.5 59.4 3.1 ~5.8 1,26 Oe5
150 4.2 38,7 %.8 9 1.26 0.3
100 25.6 18,31 -1,2 =19 0.5 O.1
54.9 53.0 <1.2 647 1.26 0.2
200 183.5 125.6 1.2 ~2.4 5.04 1.4
150 183.5 .
15‘0 65.5 63‘ -300 "6.1 1-26 0-4
15.9 1.8 1.26 B
115 97.6 88,4 ~2.4 ~5a1 1.57 0.4
150 137.2 136.6 0,9 1.26
100 36.6 3401 "3.6 -'-?-.3 0'63 059

ViI-B~1

Yoar
Completed

577
1971
1971
1371
1956
1568
1966
1959
1959
1955
1955
1955
1559
1955
1355

1355
1357
1967
1956
3958



ANNEX TABLE VII-B~1 (Continued)

Denth From Ground
Surface In Keters

CDN , Nominal Static Pumping Test Specific

Well Well . Diemeter Hater Water Yield Capacity Year

Number Number - location fmm} Total Cased lLevel Level (1ps) 1125@2 Completed
21 15079 San Nicolas, Gapan 112 3243 32,3 =466 =76 1426 0.4 1957
22 15(8‘0 mupm’ Gapan 112 37.8 37.8 406 —601 1.26 008 1957
23 15074 Sta. Cruz, Gapan 112 18e3 183 2.4 o ! 1956
24 15076 Malimba, Gapan 112 1662 1446 =145 , . 1956
25 406617 Bungo, Gapan 112 TOed 40,5 =1242 -19.8 0.95 Oe1 1966
27 406620 Malupan, Gapan 112 39.6 28,7 deb =3,2 1.89 0.4 1966
28 50574 Puting Pubig, Gapan 100 34e1 33s5 =641 2143 0632 0,02 1959
29 50576 Pylong Surot, Gapan 100 23s8 2044 446 =5e2 0.50 0.8 1959
30 50577 Sta. Cruz, Gapan 100 5Te¢0 52¢1 =141 ~124,2 0.38 0.03 1959
31 50571 Puting Tubig, Gapan 100 341 32,0 =122 =12.8 0432 0.5 15959
33 17338  Sapang Canayan, Gapan 100 25 1843 ~3.7 =562 0.76 0.5 1958
34 50579 Guinandosan, Gapan 100 835 8345 w36 -5e5 0.38 0.2 1959
35 50580 Malimba, Gapan 100 23,8 21,9 =244 -4 e9 0.5 0,2 1859
36 173394 San Isidro, San Isidre 100 387 3401 =1.8 =37 0.50 1959
37 13169 Bo. Calaba, San Isidro 150 12,2 116 =3,.7 =iob 0.95 1.1 1956
38 50633 Bo. Calaba, San Isidro 100 34e1 3246 =3.4 55 0650 0.2 1958
39 50632 Bo. Calaba, San Isidro 100 25.0 2342 2,1 ~3e7 C.50 03 1959
40 13171 Bo. Ste. Cristo, San Isidro 112 12,2 11,0  =3,7 1956
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ANNEX TABIE VII-B-1 (Contimmed)

Depth From Ground
Surface In Meters

CDM Nominal Static Pumping Test Specific
Well Hell Diameter Water Water Yield Capacity Year
Number Number Location (mm) Total Cased Level Level (1ps) (lps/m) Completed
41 406616 Sto. Cristo, San Isidro 112 2744 19.8 =3,0 =4.0 0.63 0.6 1966
42 15077 Sto. Cristo, San Isidro 112 15.2 15,2 =1,2 1l.26 1356
43 5491 Poblacion, San Isidro 150 61.0 43.6 4.6 =52 0.95 1.6 13952
44 396054 Manga, San Isidro 100 15,2 14.6 <=5,1 1360
45 396053 Tabon, San Isidro 100 16.5 16,2 ~5.1 1660
46 7809 Calaba, San Isidro 150 53¢4 5l.5 =2.4 ~3.7 1.58 1.2 1955
47 13170 Alva, San Isidro 150 25,9 25.2 =6.1 =Te6 1.26 0.8 1956
48 13169 Calaba, San Isidro 150 12,2 11.6 ~3.7 ~4e6 0.95 1.0 1956
49 7810 San Roque, San Isidro 150 42,7 41.5 ~43 ~4.6 1,58 5.3 1955
50 396051 Malapit, San Isidro 112 32.9 31.7 1560
51 39594 Malapit, San Isidro 100 38s7 29.6 6.1 -%.8  0.95 C.3 1659
52 14419 Pulo, San Isidre 100 3943  38.4 1.8 ~3.0 0.95 0,8 1957
53 50631 Llua East, San Isidro 100 3.1 30.8 4.8 ~5.2 0,83 1.0 1859
54 17393 Calaba, San Isidro 1GC 25'0 22.9 "406 ‘-4.9 0.44 1¢5 1959
55 14418 Kalapit, San Isidro : 100 363 33.5 =6.1 -8.2 0495 0.4 1957
56 50637 Sto. Cristo, San Isidro 10C 34l 27.7 =3.0 =3.4 0.49 1.7 1959
57 50635 Sto. Cristo, San Isidro 100 34.1 32,0 <3.C =3.7 0.44 0.6 1959
58 50634 San Isidro, San Isidro 100 38.7 348 4.9 ~7.6 0.63 0.2 1559
59 8332 San Isidro, San Isidro 150 122,0 117.1 0 =37 3.15 0.8 1959
60 396014 Langla, Jaen 100 22.3 21,3 =5.5 -5.8 0.63 2.1 1960
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ANREX TABLE VII-B-1 (Continued)

Depth From Ground
Surface In Meters

CDK Kominal Static Pumping  Test Specific
Well HWell Diameter Water Water Yield Capacity Year
Number Number Location (mm) Total Cased Level Level (1ps) (1ps/m) Complete

61 396013 Helera, Jaen 100 14.0 13.7 =3.0 -3.4 0,63 1.6 1950
62 396012 Supang Mahaba, Jaen 100 13,5 17.9 -=3.7 ~3.7 0.63 196G
63 40675 Manaul, Jaen 112 40.5 39.6 =2.1 -6.1 0.63 0.2 19567
64 395922 Kiyugan, Jaen 100 32,9 28.4 =4.6 . ” 1959
65 40674 Pitak-Ulanin, Jaen 112 19.8 18.3 =2.1 ~3.C 1.25 1.4 1967
66 396015 Sapang, Jaen 100 18.0 16.5 =6.1 ~5.1 0.63 1660
67 13165  St. Joseph, Jaen 150 12.5 10.7 =3.7 ~4.6 1.26 1.4 1556
68 13166 Lambakin, Jaen 112 22.9 21.3 -4.6 ~5e2 1.26 2.1 1956
69 13162 Dampulan, Jaen 150 13.7 11,0 =2.4 =440 0.595 0.6 1956
70 13167 Putlod, Jaen 112 22,3 20.7 =6.1 =76 0.95 0.63 1956
71 13476 Labunia, Jaen 100 18,3 16.8 =3.0 195¢
72 21755 Labunia, Jaen 100 18.3 16.8 =3.0 ~4.0 0.76 0.8 195%
73 396112 Lambakin, Jaen 100 15.5 13.4 =3.0 -3.4 D57 1.4 1961
74 6408 Poblacion, Jaen 150 188.4 185.4 +l.2 0 0.25 0.2 1955
T5 6407 San Vicente, Jaen 150 64.0 59.8 -6el =13.7 0.63 0.1 1955
76 50596 Langla North, Jaen 100 46.9 43.9 4.7 -10.2 1.25 0.2 1956
78 50598 Burgos St., Poblacion Jaen 100 25.0 22.6 =4.9 —=5¢5 0.44 0.7 1959
79 50599 Yuson St., Poblacion, Jaen 100 38.7  36.3  =6.1 =64 0.32 1.4 1958
80 50600 Kueva St., Poblacion, Jaen 100 34.1 32.0 =4.6 =55 0.76 0.8 1959
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ARNEX T4BLE VII-B~1 {Continued)

Depth From Cround
Surface In Meters

CDM Fominal Static Pumping Test Specific
Well Well Diamater Water Hater TYield Capacity Year
Kumber Number Location . (mm) Total Cased Level Level {1ps) (i1ps/m) Compleied
81 50601 Scout Rivera, Ocampo St.,
Poblacion, Jaen 100 4343 39.5 <5.8 5.8 0.35 0.9 1959
&2 50603 Campugo, Sto. Tomas, Jaen 100 29.6 24.1 <4.6 ~4.9 1,26 4.2 185¢
83 395923 Jampulan, Jaen 100 13.3 15,3 =4e3 -5.2 0.63 0.7 1955
84 8122 Sto. Tomas Yorth, Jaen 150 45.7 39.3 =5.8 -9.1 1.8 0.6 1955
85 9034 Sto. Temas, Jaen 15G 29.6 38.4 ~5e2 ~8.2 1.2¢ Ced - 1988
86 9035  Sapang Liyugan, Jaen 150 38,1 36,0 -3.4  =3,7 1,26 1.z 1933
87 17365 Langla South, Jaen 100 341 27.4 -3.7 ~4.6 0.38 0.4 1955
88& 17364 Bantug, Jaexn 100 29.5 20.4 -2.1 -3.0 Ge63 0.7 1953
€9 21756 Pamacpacan, Jaen 100 38.6 0.0 ~1l.5 ~4e6 .53 C,2 1959
0 39592 Pamacpacan, Jzen 100 36.6  30.0 =1.53 1559
91 396018 Pinangaan, Jaen 100 17«7 I1Te ~2ad -3.0 0463 1.0 196G
g2 395913 Saparg Niyugan, Jaen 100 3249 28,4 -4.6 ~6,1 0.76 0.5 1959
93 17366 Marawa, Jaen 100 25.0 21.0 2.0 -2 218 3e5 1859
94 17367 Yuson St., Poblacion, Jaen 100 38e7 3640 ~5e2 ~5.8 C.44 Ca7 1954
95 17368 San Pablo, Jaen 100 3.1 30.0 -4.0 ~5ef 04,95 0.5 1659
96 17369 San Vicente X, Jaen 100 34.1 30.8 2,1 -3.4 1.9 1.4 185%
97 50602  Caingin, Sto. Tomes, Jaen 100 32,3 08,4 -4, 4.6 1,26 2,1 1559
98 396016 Putlod, Jaen 100 20.7 19.8 —-5.5 =55 463 19560
99 396017  Futlod Sur, Jaen 100 23,8 22,9 -2.4 =3.4 2450 0.5 196¢
100 9036 Putlod, Jaen 150 36,6 34.1 ~3eT ~4,0 1e13 3.8 1955
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ANNEX TABLE VII-B~1 (Continued)

Depth From Meters
Surface In Neters

CDK Kominal Static Pumping Test Specific
Well Well Diameter Water Water Yield Capacity  Year
Number Number Location {(mm) Total GCased Level Level (lps) (lps/m) Completed

101 40672 Castillo, San Leonardo 112 118.0 118.0 =3.0 ~647 1.26 0.3 1657
102 50645 ¥allorca, San Leonardo 100 2044 17.7 —4.9 ~5e2 0.63 2.1 1953
103 8391 kManbangan, San Leonardo 150 39.7 87.8 -4.6 ~16.8 1.26 C.1 1855
104 17411 Abuating, San Leonardo 100 25,0 21.0 =449 -6,1 0.63 0.5 1955
105 50651 Tambo Tumana, San Leonardo 100 20.4 i7.1 -4 6 : 1.20 1959
106 7806 Mallorca, San Leonardo 150 80.8 7847 ~4e6 -6e4 1l.26 07 1955
107 5581 ¥Mambargnan, San Leonardo 112 97.6 9643 -3.0 -3.7 0.95 1.4 1652
108 50650 Magpapalayok Tambo,

San Leonardo 100 25.0 22.3 -601 -7.6 0.63 004 1959
109 50649 Adorable Tambo, San Leonardo 100 25.0 18.6 ~6.1 =70 0.44 0.5 1859
110 17410 Fagpapalayok Tambo, San

Leonardo 100 29.6 25.3 ~6.4 ~Te6 0.95 0.8 1959
111 17407 Adorable S.5., San Leonardo 100 25.0 2246 -5.8 ~6.1 D.44 1.5 1959
112 17408 Castellano, San Leonardo 100 38.7 18.3 4.6 -5e¢5 0.95 1.1 1459
113 8392 Nieves, San Leonardo 150 48.8 37.8 -=4.6 -8.2 0.€3 0.2 1655
114 50648  San Anton North, San

Leonardo 29.6 26,2 1959
115 50646 San Anton, San Leonardo 100 26.5 21.6 =4.0 -5e2 0.38 0.3 1659
116 17409 San Anton, San Leonardo 100 29.6 2642 =5.2 ~5¢3 0.95 9.5 1959
117 50647 San Anton, San Leonardo 100 34.1 29.9 =52 =55 0.63 2.1 1659
118 50644 Corner Reyes St, and Rizal St. .

¥Mallorca, San Leonardo 100 25.0 17.4 =5.2 6.4 0.95 0.8 1959
119 8389 Poblacion Mabini St.,

San Leonardo . ‘ 150 25.9 24.1 -4 46 =52 1.26 2.1 1955
120 8392 Nieves, San Leonardo 150 48.8 48.2 -4.6 ~8e2 0.63 0.2 1955
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ANNEX TABIE VII-B-1 (Continued)

Depth From Ground
Surface In lMeters

CDM Nominal Static Pumping Test Specific
Well Nell Diameter Water Water Yield Capaocity Year
Number Number Location (mm) Total Cased Level Level (lps) {lps/m) Completed

121 17392  Ste. Cruz, San Leonarde 100 25.0 23,5 =344 =49 1.58 1,0 105
122 6879  Magpapalayok, San Leomardo 150 26.5 25.3 —=5.5 =T.3 1.26 0.7 1954
123 8393  Tabuating, San Leonardo 150 94.5 £9.5 =2.1 2.4 1,26 1.0
124 8390 Karsadang Putol, San Lezcrardo 150 99.1 97,6 =3.0 =46 1.26 0.8 1955
125 £5045 Castellano, San Leonardo 100 25.0 21l.3 ~4.6 ~4.9 0.38 1.3 1659
126 16232 Tanebo Sunction, San Leonardo 112 15.9 15,2 =5.2 1557
127 16231 Tambo Magpapalayok, San

Leconardo 112 2243 21,3 ~T.6 1957
128 4527 Poblacion, San Leonardo 100 145.4 145.4 +0.3 1948
129 196261 Hambangnan, San Leonardo 100 119.8 113.7 ~T«6 ~10.7 0.32 0.1 1662
130 13173 Lieves, San Leonardo 112 26.0 2T7.9 -6.1 ~Tub 1.26 0.8 1257
il 16233 Mallorca, San Leonardo 100 4749 47.3 -5.2 1558
132 16234 Balanga Lanmto, San Leonardo 100 2444 23.5 -5,.1 1957
133 7807 Burgos St., San Leonardo 150 59.5 53.0 4.6 -8.2 1,26 0.3 1955
134 4570 Mallorca, San lLeonardo 100 158.8 158.5 +0.6 -Teb 0.76 0.1 1948
135 4636 Mambangnan, San Leonardo 100 67.1 62.5 =5,5 ~5.5 0.88 1548
136 13172 Poblacion, San Leonardo 112 15.2 13,7 =4.6 1656
137 13174 Poblacion, San Leonardo 112 16.8 1545 1557
138 396231 Papaya, San Antonio 100 27«4 25.7 =2.4 ~3.0 1.58 2.6 1562
139 40631 South Malayo, San Antonio 100 35.1 21,3 =6.1 =T.6 0.95 0.6 1963
140 7645 Luyas, San Antonio 150 22.6 22,0 4.9 -T7.0 0.63 0.3 1655
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ANNEX TABLE VII-B~1 (Contirmed)

Depth From Ground
Surface In Meters

CDK Nominal Static Pumping Test
Well HWell Diameter Water Hater 7Yield Capacity Year
Number Number Location (mm) Total Cased Level Level (1ps) (lps/m) Completed

141 7646  Sta. Barbara, San Antenio 150 18.6 16,9 =1.&  =3.4 Ce95 0.6 1955
142 9778 San Francisco, San Antonio 150 96.0 92.7 -1.8 -3.0 1.26 1.0
143 11102 Poblacion, San Antonio 150 87.6 94.5 =3.0 -4.9 1.26 0.7 1955
144 9780 San Mariano, San Antonio 150 64.0 59.4 -3.0 1956
145 11101 Buliran, San Antonio 150 61.0 50.0 ~-Z.1 ~Teb 1.26 0.8 1955
146 97717 Papaya, San Antonio 150 108.2 107.6 ~0.9 -3.0 0.95 0.4 1955
147 9779 Kupang Lauang, San Antonio 150 19.5 19.5 3.0 ~f4 o6 1.13 0.7 1956
148 50629 San Mariano West, San Antonio 100 2243 22,3 =l.2 -35.2 1.26 0.3 1955
149 50628 San Mariano, San Antonio 100 38.7 375 -2 7 =52 0.38 0.1 1359
150 11103 Fanabingan, San Antonio 150 30.5 30.5 ~4.6 ~5.1 1.26 0.8 1656
151 50630 Sta, Barbara, San Antonio 100 34.1 31.1 -.18 =37 0.63 0.2 1952
152 50627 Camias, San Francisco,

San Antonio 100 29.6 25.3 -1.5 ~4a7 2.20 0.7 1955
153 50625 Sta. Barbara, San Antonio 100 29.6 25.9 -1.8 ~2¢4 0.63 1.0 1959
154 50626 San Francisco, San Antonio 100 25.0 22,56 =1.8 ~2.1 1.8 6.3 1959
155 17391 ¥augat, San Antonio 100 38.7 35.1 ~3.0 -4 .6 0.50 0.3 1959
156 50624 Julo, San Antonio 100 25.0 22.3 4.0 -4¢3 0.44 1.4 1959
157 17390 Jule School Site, San

Antonio 100 29.6 25.6 —4a3 =4.4 .63 63 1259
158 11104 Coma Juan, San Antonio 150 31.4 31.4 =3.0 =4.0 1.26 1.3 1956
159 396251 Maungat, San Antonio 100 40,1 38,3 =8.5 =17.4 0.63 0.07 1962
160 18283 Poblacicn, Penaranda 100 26,2 25.9 =5.5 =12.2 1.26 0.2 1957
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ANNEX TABLE VII-B~1 (Continued)

Depth From Ground
Surface In Meters

CDH Nominal Static Pumping Test Specific
Well Hell Diameter Water Water Yield Capacity Year
Number HNumber Location (mm) Total Cased Level Level (1ps) (ips/m) Complesed

161 6404 Sto. Tomas, Pefaranda 150 22.9 17.4 -6.1 ~7e3 1.26 1.0 1954
162 6402 Callas, Penaranda 150 240.9 229.3 =3.0 ~6.1 1,58 0.5 1954
163 58527 Poblacion, Pefaranda - 150 131.1 114.9 +0.6 0,32 1952
164 4957 Real St., Penaranda 112 122.0 118.¢C +1.2 ~5.1 194¢
165 5021 Sto. Tomas, Pefaranda 100 132.6 129.9 +3.0 -1.8 1.26 0.3 194G
166 17385 Sinisahan, Pefiaranda 100 41.8 372 -4.0 ~Te3 0.95 0.3 1259
167 50619 Sinisahan, Pefiaranda 100 34.1 32.5 -4.6 ~T7e9 0.32 0.1 19584
168 6403 San Josef, Pefiaranda 150 51.8 32.0 ~5.8 =12,2 1.26 0.2 1954
169 50620 San Josef, Pefiaranda 100 25.0 22.6 ~5e2 —6.7 0.50 0.3 1954
170 396055 San Josef, Pefiaranda 100 35.4 34.8 ~Q.1 -13.7 0.39 Oet 1965
171 18282 Sto. Tomas, Pefaranda 112 64.3 64.3 ~0.1 1.89 1957
172 4933 Poblacion, General Tinio 100 70.1 €4.6 ~9.,1 =12,2 1.26 Ced 1949
173 4831 Rizal St., General Tinio 100 70.1 6.5 5.1 -1242 1.26 0.2 1949
174 4804 Foblacion, General Tirio 100 29.3 86,9 =-5.2 ~5.8 0,95 1.6 1849
175 7812 Pulong Sampaloc, General

Tinio 150 83.& 80.5 <~G5.1 ~12.2 0.63 0.2 1655
176 21753 Tabuating, Seneral Tirio 100 13.7 13ed =46 ~10.4 0.35 0.2 1959
177 396026 Bonifacio St., Fotlacion

Generzl Tinio 100 2444 22.4 =641 7.9 Dedd4d 042 1960
178 39623 San Pedro, General Tinio 100 35.7 26.2 =7.0 -£.5 0«76 0.5 1962
179 396025 Poblacion, General Tinio 100 3643 34 =8.4 <10.7 0463 0.3 1960
180 396027 Lico, General Tinio 100 21.3 18.8 ~5e7 ~9.1 0.4 0.2 1961
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ANNEX TABLE VII-B-1 (Continued)

Depth From Ground
Surface In Meters

CDM Static Pumping Test Specific
Well Well Diameter Water Water Yield Capacity Year
Number Number Location (mm) Total Cased Level Level (lpe) (1ps/m) Completed

181 9456 Rio Chico, General Tinio 150 16341 161.6 ~5.8 -48,8 0.32 0.01 1956
1862 5127 Poblacion, General Tinio 100 85¢5 45,7 =845 -13.7 1.26 0.2 1849
183 5140 Rio Chico, General Minio 100 100.6 £0.8 6.1 =11.0 1.26 0.3 194¢
184 4860 Calle H. S., General Tinio 100 108.2 104.9 -4.6 -12.2 1.26 0.2 1949
185 17418 San Gregorio, Sta. Rosa 100 35,7 29.9 -5,8 =Te5 0.35 0.4 1a58&
186 17416 Mapalad, Sta. Rosa 100 33.5 32,6 -12.2  -13.1 Q.44 0.5 1958
187 50652 San Mariano, Sta. Rosa 1QC 38.7  37.2 =5.8 ~T7.6 0.50 0.3 195¢&
188 17412 La Fuente School Site,

Sta. Rosa 100 25.0 23.0 ~5.5 ~6.1 D44 0.7 1955
189 17419 San Gregorio, 3ta. Rosa 100 26,5  23.8 =8.2 10,1 0.63 0,3 1952
190 17417 Bajal School Site, '

Sta, Rosa , 10C 24,4 16,0 =2,1 -2,0 1.58 1.3 1658
151 17415 Kalillo Seouth, Sta. Rosa 100 22.4 28.0 4.6 -6.1 1.26 0.8 1958
192 17414 Halidlid, S+ta, Rosa 100 29.6 27.4 =4.9 =Za3 C.d4 0.7 1938
193 17413 La rFuente Old, Sta. Rosa 100 25.0 22,6 8.1 ~5e7 0.32 0.5 1958
194 39621 Sinaguing Rajal, Sta. Rosa 100 21.3 21.2 4.0 -6.1 0.63 2.3 1962
195 39611 Valencia St., Peblacion,

Sta. Rosa 100 3943 39.3 =12.2 12,8 Ce78 1e3 1961
196 6401 Poblacicn, Sia. Rosa 15¢ 216.5 157.0 0 =627 1654
137 3968111 Ste. Rosario, Sta. Rosa 160 J3.7  13e4 =3.7 =440 Ca63 2.1 1961
198 39€0€1 Sclecdad, Siz. Rose 100 34.8 32.0 -9,1 -9.68 0.63 0.9 1961
199 20z42 Div. Housing Proj., Sta. Rosa 200 610 42,7 =15.2 ~=29.3 2.21 Q.2 1958
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AVNEY TABLE VII-B-1 {Continued)

Depth From Ground
Surface Ir leters

CDi Kominal static Pumping Test Specific
Hell Kell Diamster Yater Water Yield Capacity Year
Number Number Location (mm) Total Cased Level Level  (ips) (1ps/m) Completed
200 20243 Div. Eousing Proj.,
Sta. Rosa 200 55.5 52.6 13,7 -16.8 2.21 0.7 1658
201 40671 Sapsap 112 18.6 17.7 —~54 3 ~3.1 0.32 0.1 1867
202 20244 Sta. Rosa Div. Site,
Sta. Rosa 200 6l.0  47.0 =6.1 =36.6 2.65 0.1 1958
203 406612 Siripit, Catiao 112 44.2 44.2 ~0.3 244 1.26 0.6 1566
204 6285 Entabtlado, Cabiac 150 47.9  39.0 =3.4 -6.1 0s95 0.3 1954
205 7638 Bagong Buhay, Cabiao 150 3.0 23.5 =l1l.8 ~243 l.26 2.5 1955
206 406619 Bagong Silang, Cabiao 112 46.6 45.7 -4.9 =16.8 0.32 0,03 1966
207 11405 San Vicente Scuth, Cabiao 150 42,7 42.4  =3.7 3 0.95 1.6 1956
208 11706 San Fernando, Cabiao 150 20.4 20,4 =344 ~3e2 0.95 0.5 1656
209 11404 Cabiao ¥.3., Czbiao 150 24.4 21.6 =4.0 4.6 0.95 1.6 1356
210 17345 Ste., Rita, Cabiao 100 5644 552 =2.1 -3.4 0.38 0.3 1959
211 17344 San foque, Cabiao 100 31.7 29.8 ~2.7 ~4e3 J.63 0.4 1959
212 17343 Poblacion, Cabiao 100 38.7  37.5 =2.1 ~2.4 0.50 1.7 1959
213 17342 Pantalan, Cabiao 100 29.6 28,1 ~4.6 -5¢2 0.44 0.7 1959
214 Sinipit, Catiao 150 30.2 2844 -1.8 ~4.3 0.95 0.4 1955
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DESCRIPTIVE  DATS GRAPHIC L0G

. ‘)’EP'(” =~ casing STRATIFICATION
WELL NO.CCOM) 2 M) [ (F
(OTHER) —__NIA- P!
LOCATION BARRIO KAPALANGAN o —~GROUND SURFACE
CITY GAPAN o = TOP 8OIL , CLAYEY
PROVINGE NUEVA ECIJA SAND , CLAYEY
CONST. BY BPW ‘:': ORAVEL
i8.
DRILLER 9.0 —_CLAY
STARTED EI:O SANDY ORAVEL , CLAYEY
COMPLETED 1971 23.0 SANDY CLAY
OWNER _Nia cL AY
STATUS ABANDONED ¢4 [ CLAY WITH ORAVEL
CASING DIAMETER __UNCASED ’ ==
L~ = CLAY
DRILLER'S TEST DATA: ===
4.0 *.'_“‘___“:
DATE ;_?;_: CLAY WITH GRAVEL
STATIC WATER LEVEL =
a8.0 ECAY
PUMPING WATER LEVEL es.7
TEST PUMP Y‘ELD CLAY WITH OGRAVEL
A 75.0
REMARKS: ==
_'_Tx_”_:: CLAY WITH SOME
DRILLED BY ROTARY METHOD = GRAVEL
HOLE DIAMETER: 200 MM{ 7 7gIN.) -
DEPTH: 165.2 M. 100.6 :
SURFACE PIPE MAY EXIST ’ M.TO C.GR. SAND
HOLE FILLED WITH DRILLING WITH GLAY
MUD AND ABANDONER 6.0
CLAY WITH GRAVEL
118.0
CLAY
{126.0
129.0 = CLAY SANDY
WATER QUALITY DATA: iy
== CLAY WITH GRAVEL
188.2 ==

ANNEX FIGURE VII-B-I|

WELL DATA SHEET
R e ten oo 14728 LWUA-CDM WELL CDM-2




DESCRIPTIVE DATA

GRAPHIC LOG

WELL NO. (CDM) k)

DEPTH

(M) | (FT)

CASING STRATIFICATION

(OTHER) _ NIA-P 2

LOCATION SITIO MABURAC
BARRIO SANTA CRUZ
CITY__ GAPAN
PROVINGE NUEVA ECIJA
GONST. BY NTA
DRILLER
* STARTED ___ 1971
COMPLETED 1971
OVINER N1A

8YATUS FREE FLOWING { 24 BEPT (378)

CASING DIAMETER 165 M (6 e IN. )0-300M

CASING LENGTH 300 M

SLOTTED PIPE 300 TO 327 M.

DRILLER'S TEST CATA:
DATE __S_(;;PTEMBER a7l

STATIC WATER LEVEL _|.83 M _ABOVE G.L.

FREE FLOWING __7 GPM (044 LPS)

PUMPING WATER LEVEL I577 M BELOW G.L.

TEST PUMP YIELD _83 6Pt (3.97 LPS)

SPECIFIC CAPACITY 0.23 LPS/M{1.I aPM/FT.)

REMARKS:

ROTARY DRILLED 58M. 7O 15 3/4 IN.
58-40IM. TO I3 IN.
ELECTRIC LOBGED SP2R D-240 M.
ELEVATION: 25.45 M.
LOCATION:
COORDINATES |
LAT. 120%59" N
LONG I5°I8' E
WATER TEMPERATURE
; 29.5° ¢ FREE FLOW
! 32 ° ¢ PUMPING

WATER QUALITY DATA:
FREE FLOWING SAMPLE
LABORATORY ANALYSIS 197!
q_gno,4499 MICROMHOS/AM
S. 3149 PPM

SAR. 165
pH 74
Ca 6. .42 Meg/!
Mg 7.40 Meq/|
Na 43.48 Meq/|
K 2.56 Meq/!
Cl  45.90 Meq/|
804 ©.43 Meqg/!
CO  0.00 Meq/l
HCOx 1. 85 Maq/|

ADDITIONAL  SAMPLES

10/9/71 TDS 2460 PPM FREE FLOW

I8/9/7! TDS 3700PPM PUMPED

7/10/71 TDS 3600PPM FRE; FLOW

24/ 9/7! COND. 48.00 MMHO/CM
FREE FLOW

, CLAY, BHOWH
5 SANDY CLAY, BROWN
SAND , BROWN
GLAY, DROWN AND QREY
.z SAHD
50 CLAY, GREY, GRAVELLY
B2 CLAY, BROWH
) CLAY, SANDY, GREY
" CLAYEY ORAVEL ,GREY
80
o8 CLAY, BROWN, SONE ORAVEL
104 __CLAYEY QRAVEL, GREY |
CLAY, BROWN SOME GRAVEL
e
CLAYEY SAND,M TO OR.
143
== E=
St I CLAY, OREY~ BROWN WITH
= SOME GRAVEL
p—0—
EX e
221 —
227 == CLAY, BLUE
237 CLAYEY ORAVEL ,0REY
F
o CLAY, BROWN , GRAVELLY
IN PART
==
278 ==
L]
=] CLAY, SBLUE AND BROWN
==
304 H CLAYEY ORAVEL
58 [ GRAVEL , CLATEY IN PARY
gg% CLAY, BLUE
GRAVEL , COARSE CLAYEY
237 CLAY, ORAVELLY BLUE
e CLAY , BLUE
= CLAY, BROWN
370 = S S ———
ORAVEL , CLAYEY OREY
:’," ey = CLAY, BLUE
GRAVEL ,CLAYEY, BROWN
40! —-

suppLy of ‘sxcono Ten wnaan sneas  LWUA-CDM

ANNEX FIGURE YT-B-2
WELL DATA SHEET
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http:CONST.BY

DESCRIPTIVE  DATA CRAPHIC LOG
T
DEP TH CASING STRATIFICATION
WELL MG (CDI) 4 (M) J(FT)
(OTHER) . _N!A- P3 :
LOCATION SITIO BALANTE GROJND SURFACE
BARR'O SANTA CRUZ 4 OLAY.HROWP‘.SANDY,SOWQAVEL
U?—’ SREAR ; GRAVEL , SANDY, BROWN
S NUEY GRAVEL ,V COARSE ,SOMF. CLAY
PRovINeE e 2 CLaY, BROWN, SOME GRAVEL |
DRILLER 2 GRAVEL , COARSE , 50ME CLAY |
STARTED . o7l
COMPLETED
OWNER HiA i
STATUS _SCREEN AND CASIti; REMOVED i
— WEL L _ABANDONED
CASING 300 MM(I2 IN.)D-24.65 M.
SCREEN 300MM (12 IN.)
11.B0OM-15.80 14, 21.26-24.65M. CLAY, GREY
DRILLERS TEST DATA:
DATE ___ CCTOBER 1971
{  STATIC WATER LEVEL _G-30 M
FUMPING WATEX LEVEL ._20-9 M.
TEST PUMP YIELD 118 GPM (7.43 LPS)
SPECIFIC CAPACITY _C-38LPS/ii (1.86 BGRPM/FT) o8 = =
TRANSMISSIVITY 44 CUMD/M (3500 GPD/FT) -| 3 Y S| CLAY.SCME GRAVELDROWN
=23 =5
S35 B3
REMARKS: -'5’35:__2 :_v:-?_—“-: CLAY, SOME SAND, BROWN
ROTARY DRILLED 10%, |INGHES UP TO I [EES
243M , REAMED 153, INCHES UP TO 142 == ==
28 M. ' == E=F
—— s ni
ELECTRIC LOGGED 0-i90 M s+ SP FAILED == ===
TO FUNCTION ==& o] CLAY, SOME GRAVEL , BROWN
== = =]
SURFACE ELEFVATION 14.95 M, 68 Ee= MR
GRAVEL  CLAYEY , GREY
178 <
180 é‘b___: CLAY, DARK BLUE | SOME GRAVEL
E‘_—‘?:i CLAY, DARX B8LUE
WATER QUALITY DATA! 182 =33 €L, RATELLY; DARKBLTE
== f RK DLUE
?’EIA%BEZRS\ 5!‘?2 'z%é‘ 3{-:‘_ CLAY, GRAVELLY , DARK BLUE
COND. 469 MiCROMHOS /CM. =3 [EE3
TDS 326 PPM =3 g==
SAR 3.03 | EE9
78 = <= CLAY, OREY
Ca 1,40 Meg/! =5
Mg 0.62 Meg/| e
MHa  3.04 Meq/! =II
K C.13 Megq/! 242 =
¢l 0.23 Meq/!
S04 0.5 Meq/)
COs 0.00 Meq/l
HCOz 2.90 Meq/!
ANNEX FIGURE YI-B-3
ersiiry ar WELL DATA SHEET
CASIBILLTY STUDY FOR WATER -
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DESCRIPTIVE DATA

GRAPHIC LOG

0 QEFTH CASING STRATIFICAT ION
WELL NO. (COM) FY
(OTHER! BPW NO. 64086
LOCATION BARRIO PAMBUAN [l OROUND SURFAGE
CITY GAPAN EEES
PROVINCE NUEVA ECLIA - =] ESZ] vecow cuar
CONST. BY o == ===
DRILLER NICASIO TANDOGC 58 2 =] === o
STARTED JANUARY14 1965 o] EEGE] mEo sawp
JANUARY 1%, 1555 11.0 re Py ey R
COMPLETED ! et Il oy
STATUS == |[F=
CASING DIAMETER _LQQ_ka (61N s 'g:._:— Tz
CASING LENGTH 56.6 M(IB5 FT AND 7 IN. == =2
LPS]M (46 ? / T’ < = '::.";._T YELLOW SANDY CL AY
SPECIFIC CAPACITY_O8 PMZF ) EE
DRILLER'S TEST DATA' mged I E
ol s i
STATIC WATER LEVEL = !22 M (4 FT) o= Bl e
PUMPING WATER LEVEL —2.74 M(9 FT) Sy I et
TEST PUMP YIELD 20 GPM. “.26 LPS) 'ii:; '_'13-:_’.
REMARKS : veoer B EE BT ]
WHEN PUMPING 20 GPM (1.26 LPS) == 8
DRAWDOWN:= 2.74 M (9 FT.) =] =S _,
WHEN PUMPING 25 GPM (1.58 LPS) =3 EE '
DRAWDCOWN: 32 M. (102 FT) =2 1SS SLUE SANDY CLAY b
WATER BEARING STRATA AT see | we o=
86.6—70.4 M. (216- 231 FT.) ' TR
=7
==
|
6.8 28 e ]
WATER QUALITY DATA: "LoE sAND
0.4 231 = -

FZASIBILITY STUDY

FOR WATER
SUPPLY OF SECOND TEN URBAN AREAS

LWUA-CDM

ANNEX FIGURE YII-B-4
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DESCRIPTIVE DATA

« v

GRAPHIC LOG

WL Mo, (ens: 2 oo
{oTHER) __8PW 6305
LocaTion - SARRIO. CAPULANGAN

Givy ___ BAPAN e e e e
FRGVU‘IE& B N—GE%«H“IJ,&

CONST.BY . .. -
DRILLER . NICASIO  TANDOG - eonn
STARTED __ DECEMBER 20,1854

COMPLETED “ANUARY 3, 1968
OWNER
STATUS - .
CASING DIAMETER __ {55 Mt (€M)
CASING LENGTH ___38 7 M (127 FT)

DEPTH

(#) 1 {FY)

CASING STRATIFICATION

DRILLERS TEST DATA.

DATE I 9.8

STATICWAVER LEVEL=5-8 M (19 IN.}

PUMPING WATER LEVEL-9.4 M (31 F1}

TEST PUMP YIELD _20GPM(1.3 LPS)

SPECGIFIC Garaciry 0.3 LPS/M (1.7 GPM/FT.)

REMARKS:

36.6
38.7
&1
4.2

WATER GUALITY DATA:

FEASIBILITY 8TUDY FOR WATER
SUPPLY OF SECOND TEN URBAM AREAS

LWUA-CDM

-~ GROUND SURFACE

YELLOW CLAY

AT
Wiyl

]

ﬂirx
Ml

a4

RURNILU
M .
ittt

fit

1

i

fopn

SLUE BANDY, CLAY

I

iy

it
T

il

h”..]l 3

Y
[
s

Iy

LT

t

iy

i

120

f
[l

if
! hJ.
l‘f

:;]

|
1

1s

127 [mxS

r

iy
(Y

YELLOW , 8ANDY,CLAY

u}
{Hy1

|

138

BLUE SAND

i43
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DESCRIPTIVE DATA GRAPHIC LOG

DEPTH
WELL N, (COM) . s CASING STRATIFICATION
(OTHER) BPW NO. 7808 j - -

LOCATION BARRIO SAN LORENZO ~ | 4 —GROUND SURFACE
CITY GAPAN =
PROVINCE NUEVA ECIJA ==
CONST, 8Y BPW ==| vELLOW CLAY
DRILLER BASTON DE LOS PRIMOS =
STARTED MAY 16,1985 =
COMPLETED AUGUST 5, 1955 24.4| 60 P
OWNER GAPAN WATER DISTRICT N COARSE  ORAVEL
STATUS SOURCE WELL . 2] YELLOW RTICKY CLAY
CASING _200 MM(BIN.)-0 TO I25.6M ss.0| 128 =

150 MM (6 IN.)-1256 TO 1835 M ' ==

: =]

DRILLER'S TEST DATA! TTI| YELLOW sANDY CLAY

i
it

DATE
STATIC WATER LEVEL + (.22 M (4 FT)
ABOVE GROUND LEVEL
PUMPING WATER LEVEL ~2 33MTB FTT | . | ...
TEST PUMP YIELD ___ B0 GPM (58.04LpPS)

SPECIFIC CAPACITY [.38LPS/M

T
]
[

n
2

1
RN

MM UL

It

!
i
if

l!l

I
¥
!

xp
lIII
,T
i

REMARKS:

1,
|
I
t
|
L

BLUE STICKY CLAY

i
H
1N
T
]
1

WELL WAS FREE - FLOWING AT
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120. 4 398
SANDSTONE

128. ¢ 412
129.8 428
-~
ADOBE CLAY
1400 440
. YELLOW CLAY
WATER QUALITY DATA:
148,0 488
BLUE FINE SAND -
158.8 820
BLUE STICKY CLAY
187.6 880
FINE SAND
176.3 880
1800 890 SAND AND GRAVEL
COARSE SAND
183.8 €02

WELL DATA SHEET
RS Yo S e WNEES LWUA-CDM WELL COM-15
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DESCRIFPTIVE DATA GRAPHIC LOS
S | OEFTH CASING STRATIFICATION
WELL NO. (CDM) o W) T
{OTHER) ...BPW NG _78ii i
W SCHO : LI — - -GROUND WACE
LOCATION T HiGH SCHOOL COMPOUND . --GROUNE SURFACE
POBLACION 4 - -
ey GAPAR YILLOW STICKY LAY
PROVINCE NUEVA ECiJA 4 # 5| BLUE STICKY CLAY !
CONST.BY 8PW - 76 | 18 = O
DRILLER GASTON DE LOS PRIMOS 555 STICKY CLAY WITH ORAVES
STARTED SEPTEMBER 5, 1955 el U
COMPLETED SEPTEMBER 156, {565 == YELLOW STICKY CLAY
OWNER . '5;, b’o E“E _— Nat e s m ara @ aiie a e heens semem s o Amaem—. o
STATUS ~ 2] YELLOW STICKY
CASING DIAMETER 50 MM (6 I ] o T CLAY WivH GRAvEL
CASING LENGTH 62.7 M (207F7) e
240 | @0 —
DPRILLER’S TEST DATA: =
DATE B
STATIC WATER LEVEL. __ 3.3 M LI0 FT) e
PUMPING WATER LEVEL ..6.6 M_.(20FT.) =
BELOW GROUND | EVEL =]
TEST PUMP YIELD 20 opM (126 4p5) -
WATER BEARING STRATA _62.5-855M = YRLLOw STICKY clay
( 205-215 FT.) DEEP. =3
SPECIFIC CAPACGITY 042 | ps/w{2.0GPM/ET) ==
REMARKS: ==
= |-
el I Kt
- b -
€2.0 208 =
SAND
883 218
WATER QUALITY DATA:
WATER, FRESH AND GLE AR
ANNEX‘ FIGURE YI-B-7
WELL DATA SHEEYT
SUreLy o srcons Tem oman try LWUA-CDM WELL CDM-6

R




DESCRHIPTIVE  DATA GRAFPKHIC LOG
DEP';" CASING STRATIFICATION
WELL NO.(cOM) ___22 (M) [(FT)
(0THER) ___BPW 15080 ‘
LOCATION BARRIO MALUPAN .--GROUND SURFACE
oITyY GAPAN , =
PROVINCE NUEVA ECIJA X
CONST BY “ ADOBE CLAY
DRILLER QUIRING CRUZ
STARTED FEBRUARY 7,1957 43 4
COMPLETED MARCH 2l, 1957
OWNER ADOBE
STATUS
CASING DIAMETER _ 112 MM (.4 1/2 N}
CASING LENGTH__37.8 M ( 124 FT.) se | 29
’ GRAVEL
DRILLER'S TEST DATA:
DATE 5
- 3.1
STATIC WATER LEVEL =36 M (15 FT) ' HARD ORAVEL
PUMPING WATER LEVEL .—6.1 M (20 FT)) s -
TEST PUMP YIELD .20 GPM.(1.3 LPS) ' =
SPECIFIC CAPACITY 0.8 LPS/M(4GPMAFT) S HaRD cLAY AND GRAVEL
18.0 .3
REMARKS
HARD ADOBE
28.0 (.1
Z;_::_j ::-—:T-_;'; BLUE CLAY
WATER QUALITY DATA: —= ==
BT \'——‘\ (\"\ ADOBE STONE
38.7 Hr i:'i_'"a:cs "iiﬁ'.'f"-
:‘-”-‘Zsi;-'a‘f Ta%o] 3SAND AND GRAVEL
AR U A
370 124 i

FEASIBILITY STUDY

SUPPLYOF SECOND TEN Jnolnau ‘A’ft:: LWUA'CDM

ANNEX FIGURE YII-B-8
WELL DATA SHEET

WELL CDM-22




FEASIBILITY
SUPPLY OF SECOND TEN URBAN AREAS

pH 7.75

STUDY FOR WATER

DESCRIPTIVE  SATR SRAPHIC oG
DEPTH "
CAZING STRATIFICATION
WELLNO (CDM) _GAPAN TEST WELL-NO.1_ _ [ (MY [(FD) -
{OTHER) ‘
LOCATION FREEDCM _PARK GROUND SURFACE
. o 30 10 BROWN CLAY (YQZ SOiL )
CITY GAPAN o s VERY FINE SAND , SUB-RDD
PROVINCE NUEVA EClJA 5.2 . FINE SAND, ANGULAR
CONST. BY KATWELL INC. 213 70 MEDIUM SANC, ANGULAR
DRILLER ELMER PAYNC ' :,nl
STARTED NOVEMBER 22, 1976 ‘a8 GRAVEL , ANGLLAR
COMPLETED MARCH 26, 1977 SUB-AGULAR, CLAYEY
OWNER LWUA :?:; BUB- ANQULAK, CLAVEY
STATUS 1;: NOULAR,CL i
CASING DIAMETER 2?808'#:: 834 v \Qua-nomncn,cuvcv,me SAHD
TOTAL DEPTH CASED 6E w0 °“"""13“‘?fé’dg§“§*ﬂ'a'_"“‘
TOTAL SLOTTED CASING 2SO M 2.4 cLav _
GRAVEL SHROUDED 2.2 TQ IS0 M - \_SILT AND CLAY
- AHGULAR , COARSE SAND
DRILLER S TEST DATA: 75.0
AT MARGH 22,1977 ol SUB~ANGULAR, COARSE 944D |
el ~3.68 M 84, ANGULAR , COARSE _SAND
STATIC WATER LEVEL . - ANGULAR , COARSE SAND
PUMFING WATERLEVEL —+:0 M WITH 'SCME ORAVEL
TESTPUMP YIELD 600 GPM (37.8 1 Pg) 552 ANGULAR . COARSE SAND
3.7 . . .
SPECIFIC CAPACITY 3.7 LPS/M(IT7 GPU/FT) | 1827 SN KNGLAR - CORSE oAND ]
TRANSMISSIVITY __ 440 CUMD/M 0% WITH_CLAY
198:2 w354\ \ANGULAR,VERY COARSE SAND
REMARKS: o \fNOULA&EﬁA:SE SAND WiTH
%IE?'ETRE#INSEEC;:?%% LOEé?RONS 0 t19.0 ANGULAR, COMRSE SAND WITH
EL IC LOG
20 SETS (3 GENTRALIZERS/AET) OF 126.0 N A
CENTRALIZERS INSTALLED AT 134.4 suB~ nqﬁgsni’c&mu BAND
PERFORATED SECTIONS. ‘38; suI-ANGULAR CORNSESIND
38 3
75 MM GRAVEL FILL PIPE PLAGED DOWN e “N\CEAY_WiTH 3UB-ANGUAR SAND
TO 13.2 M. BELOW GROUND LEVEL a3 \ih‘u’éy N ]
ARTIFICIALLY GRAVEL PACKED YERY SO LRATHAR SAND
EOTTOM OF CASING WELDED SHUT 1628 “'&“"L”‘ SAND
BEFORE INSTALLATION 166.5 | sas =P SL N\ VERY COARSE, ANOULAR SAND
12.2M OF CEMENT SANITARY SEAL i7a7 | seo RSN CLAT VITH Ui ANOULR_SARD
g °~IZWULM COARSE SAND
with_SOME_CLAY
'] VERY COARSE,ANGULAR SAND
WATER QUALITY DATA: 1283 839 k Voo
' =y Gozz]N\VERY (DARSE SAND WITH CLAY
Fom ESS
:::";J €E: SANDY CLAY
COND. 352 MICROMHOS/CM 2043 | @70 = =% .

LWUA-CDM

NOTE.:
SANDS AND GRAVELS CONTAIN
VERY LITTLE QUARTZ

MUCH OF THE SEDIMENTS ARE
DERIVED FROM VOLCANICS .
ELECTRIC LOG INDICATES ERRORS

IN AND DOWNWARD DISPLACEMENT
OF DRILLERS LOG
ANNEX FIGURE VI-B-3
WELL DATA SHEET
WELL CDM - |




poSEkfiaL RESISTIVITY GAMMA RAY

DEPTH — + OHM-METERS COUNTS/SEC
METERS . g 0 ~200 25
0 I —— - s
o —P, I {
3 . ., -
® 13 Sl
30 3 =—1G
2 3 )
40 £ £| | NOTE: |
{3 3 WIDCO 1200 LOGGER
50 P E SINGLE POINT
{ L y, RESISTIVITY
60
4 GAMMA RAY LOG:
=] TIME CONSTANT
70 =1 o)
;r— RECOVERY SPEED
80 SS ?‘> % 4N/ MIN.
90 i { <
4 4
i ‘5 <r"
100
L Ei
10
TH
-
120 =
T ¢
A
130 2 ::>.- ;F"
140 { 3
| ¢ S
180 i
>
160 '3 ¥ 1
{
7 )
170 : £
C} 3]
180 g
o
190 “‘3 Fem T
3
b >
200 T
A ELECTRIG Logs
surmy oF secons 1en anoan ancas LWUA-CDM ~ GAPAN TEST WELL




DRILLER AT RIG CONTROLS

WATER RISING OUT OF CASING
DURING SWABBING DEVELOPMENT

ANNEX FIGURE VII-B-11
DRILLING OPERATIONS
GAPAN TEST WELL



VIEW DOWN WELL CASING DURING DEVELOPMENT
NOTE SPIRAL WELDED CASING AND CABLE
(SUPPORTING BAILER) DISAPPEARING UNDER
WATER SURFACE 3 METERS DOWN.

SAND-PUMP-BAILER
COMING OUT OF HOLE.

ANNEX FIGURE VII-B-12
DRILLING OPERATIONS
GAPAN TEST WELL




Data:

Pumping
Time (min

O\\n\n-h-bwwguummmmro.s.s......;..s..\..s_s_s.;
OVIOWUN OO NOG)OS&NO\DCDNIO\\J’I&WY\)-BO\OCDNIO\\J‘I&WN-&O

g3

w

wi

ANNEX TABLE VII-B-2

PUMPING TEST — GAPAN TEST WELL

Start Pumping 22 Mar 1977, 4300 pem.
Start Recovery 24 Mar 1977, 4300 pem.
Pumping Rate 3768 1ps
Original Static

Weter Level 3.66 m

DRAVDOWN TEST

Water

Level gmz

3.66
8.56
8,78
9.00
9.14
9.31
9.27
9.41
9056
9.63
9.67
9.72
9.83
9.92
9.82
9717
9487
9.89
9489
9492
10,06
10,06
10.13
10.21
10426
10426
10.34
10035
10633
10,40
10,41
10.45
10.58
10.63
10.65

1073
10,83

VII=B=12

Drawdown

4490
5e12
5.34
548
5465
561
5¢715
5.90
597
6,01
6.06
617
6426
6,16
6.11
6.21
6423
6.23
6426
6040
6440
647
6455
6460

6460
6.68
6.69
6.67
674
675
679
6492
6497
6499
Te07
Te17



ANNEX TABLE VII-B-2 (Contimued)

Pumping Water Drawdown
Time (min) Level (m) (m)
2640 14,03 10437
2700 14.00 10.34
2760 14.06 10.40
2820 13490 10624
2880 13.88 10,22

RECOVERY TEST

Time Since Time Since Residual
Pumping Started Start of Recovery Ratio Water Drawdown
(t) (t1) 1/t Lovel (m) (m)
2880 0 00 1388 10422
2881 1 2881 TeT2 4.06
2882 2 1441 T56 3690
2884 4 721 Te15 3.49
2885 5 577 7408 3442
2886 6 481 6494 3.28
2887 7 412.43 6482 3.16
2888 8 361 6.76 3610
2889 9 321 6.68 3.02
2890 10 289 6463 2497
2891 1 262,82 659 2.93
2892,.3 1243 235,15 6.52 2,86
2893 13 222,54 6.49 2.83
2894 14 206471 6e41 2.75
2895 15 193 6437 2,71
2896 16 181 6434 2,68
2897 17 17041 6431 2.65
2898 18 161 6.28 2,62
2899 19 152,58 6425 2,59
2900 20 145 6422 2.56
2902 22 131,91 6617 2451
2904 24 121 6412 2446
2906 26 111.77 609 2443
2908 28 103.86 6.05 2439
2910 30 97 6.04 2,38
2912 32 91 6.01 2.35
2914 34 85.71 5.98 2.32
2916 36 81 596 2.30
2918 38 76.79 5¢93 2,27
2920 40 73 591 2.25
2925 45 65 5479 2413
2930 50 5846 5478 2.12
2935 55 53436 560 1.94
2940 60 49 558 1092
2950 70 42414 552 1,86

VII-B-13



ANNEX
TABLE VII-B-2 (Continued)

Pumping :
Time Smin ) b S ) ( 2
il Drawdown

90 10.95 )
19 . 10.96 L4
s 11.00 Lo
120 11,22 i
s 11.41 122
i 1141 1,75
i 11.26 790
5 11.84 8,18
%0 12.06 o
pr 12,12 o3
180 12419 o
540 12,33 e
% 12.33 8.67
2 12:46 8.80
720 12.60 Y5
160 12.71 g
eao 12,80 513
2 12,80 9.14
1020 2.5 i
1020 13.20 o
1080 13.26 52
1140 13.32 g
1200 13.36 S
1320 i .o
1320 13.49 583
1380 13.47 5.1
1140 13.53 5e87
1500 13.54 368
A 1352 XY
1620 13.60 5o
s 13.60 9.94
1740 13.58 505
1800 13.60 3eoa
1860 13.60 5eos
1920 13.65 e
1560 13.64 998
2040 13.60 A
2100 13.61 e
2160 13.60 A
i 13.60 9.94
2280 13.56 AR
2340 13.58 992
it 13.58 9.92
246 Y 10.28
252 oo 10.30
by 1032
10.41

VII-B~14



ANNEX 'ABLE VII-B~2 {Continued)

Time Sinoe Time Since ;

Pumping Started Start of Recovery katio

- (£ ST ; 3
2960 80 37
2970 90 33
2980 100 29,8
2990 - 110 27.18
3000 120 25
3030 150 20,2
3060 180 17
3120 240 13
31% 300 10.6
3240 360 9
3300 420 T«86
3360 480 7
3420 540 6433
3480 600 5.8
3540 660 536
3600 720 5
3660 780 4.69
3720 840 4.43
3780 900 442
3840 960 4
3900 1020 3.82
3960 1080 3667
4020 1140 3,53
4080 1200 34
4140 1260 3.29
4200 1320 3.18
4260 1380 3.09
4320 1440 3
4380 1500 2,92

VII~B=i5

Residual
HWatar Irawdown
Lovel (m) _(m)
544 1.78
539 1.73
535 1.69
5.29 1,63
5021 1.55
5.13 147
507 1.41
4.90 1.24
4.79 1.13
4465 0.99
4457 Oe91
4.48 0.82
4441 0.75
4035 0.69
4,27 0.61
4,22 0e56
4621 0.55
4.20 0e54
4.19 0+53
4.13 0.47
4.19 0.53
4,15 0049
4,10 0.44
4,13 047
de12 0.46
4.05 0.32
4.02 0.36
3.98 0.32
3.98 0,32
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FEASIBILITY

SUPPLY OF SECOND TEN URBANM

PROVIDE OPENING FOR WELL SOUNDING IN
PUMP DISCHARGE HEAD OR SURFACE FLATE7

CASING HANGER-—--— ---——f-—

CONCRETE PUMP BASE

13 M MINIMUM DEPTH

STEEL PUMP HOUSING CASING -
350 MM DIAMETER °
25 TO 100 M LONG !

REDUCING CONE

STEEL SURFACE CASING
530 MM DIAMETER

h ]
~§———GRAVEL PACK
]

CENTRALLIZERS

NK_CASING

STEE
Dl METE

250 M

7

————250 MM DIAMETER 1.5 MM SLOT
CONTINUOUS WIRE WRAPPED
CORROSION RESISTANT STEEL
SCREEN PLACED OPPOSITE
PERMEABLE ZONES

OVERDRILL (BACKFILL IF
EXCESSIVE )

200M TO 300 M

STUDY FOR WATER

AREAS

LWUA-CDM

BLANK CASING
M LENGTH)

zr
z
E
c

ILOT HOLE

ANNEX FIGURE YII-B-I3
GENERAL DESIGN
GRAVEL PACKED WELL
ROTARY DRILLED
GAPAN WATER DISTRICT
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3.
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De
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8.
Fe
10,
11,

12,

SUPPLEMENT TO FIGURE VII=B=13
GENERAL CONSTRUCTION SUGGESTIONS

Gravel Packed iell -~ Rotary Drilled

Irill oversized hole to 15~meter minimum depth (mere if condition
condition require), set and grout 550 mm surface casing,

Drill small diameter pilot hole inside surface casing to 200
or 300 meters (or less if in an area where saline groundwater
at depth is anticipated).

Run electric log.

Examine samples and electric log to locate suitable permeable
zonese Abandon site if sufficient permeable material is not
found,

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

Install string of casing and screen with screen opposite all
permeable zones, Pump housing casing to be 25-meter minimum

length, maximum length dependent on depth of upper screened
zone and anticipated maximum water levels during life of well.

Place gravel,

Clean and develop well thoroughly.
Test well,

Design pump.

Construct well head facilities,

Install pump.



CHAPTER VIIT ANALYSIS AND EVALUATION OF ALTERNATIVES
A. GENERAL
The alternatives available for source development, treatment
facilities, transmission, distribution systom and storace to meet peak—
hour demands are identifiad and evaluated in this chapter. Other
water conservation and awmentalion alternatives are also discussed.

B. WATER SUPPLY SOURCE ALTERNATIVES

Surface Water Sources

The Petiaranda River flows along the northern boundary of Gapan
poblacion and the present water service area. The river has been
dammed at Pefiaranda about 10 km upstream from Gapaon by the National
Irrigation Administration (NIA). During the dry season, the NIA takes
practically the entire flow of this river for irrigation purposes.
The Pefiaranda River therefore could not provide water to Gapan unless
a dam and reservoir was constructed to provide storage of wet season
flow for dry season use. Construction of such a dam
and reservoir on the Pefiaranda is impractical as it would flood muoh
valuable land. The Pefiaranda River therefore is not a practical
source for water supply for Gapan.

The Pampanga River, about 6 km from the Gapan poblacion, is a
large river. Near Gapan, at Barrio San Antonio, the Pampanga River
is expected to have a minimum flow of about 675,000 oumd once in 10
years and the minimum recorded low flow was 640,000 cumde A small
diversion dam across the Pampanga River would provide adequate water
for Gapan, after treatment, even for year 2000 needs.,

Ground Water

The GAP-WD has been using ground water from a well in the service
area sinoe 1933. It is helieved that Gapan is underlain by a good
artesian aquifer, and that high-capacity wells (5,450 cumd each) can
be constructed in the service area. Wells in the service area are
considered a feasible source of water for Gapan and may be the most
economic source.

The sands along the Pampanga River appear, in certain places,
capable of supplying water to river bank wells. As the Pampanga
River has considerable flow throughout the year, such wells should
alse certainly have good yield throughout the years as they ocan induce
"infiltration from the river. An apparently suitable location for
induced infiltration wells beside the Pampanga River has been found
about 6 km frem Gapan.

VIII-1



Two ground water sources may therefore be considered as possible
sources of water for (apan - deep wells in the service area, and
river bank induced infiltration wells along the Pampanga River located
6 km from Gapan.

No large cupacity springo are known to exist in the vicintiy of Gapan.

Source and Transmission Analysis

The discusgion abeve indicates 3 sourcas capable of supplying
water to the GAP-WD: asurface water from the Pampangza River; induced
infiltration wells beuside the Pampanga River; and wells in the service
area.

Supplying water to Gapan from ihe surface water in the Pampanga
River would require construction of a diversion dam and river water
pumping station, water treatment works and treated water pumping
station, and a transmission main to the city. It would also require
continuous operation of treatment works and two pumping stations,
Supplying water through this procesgs would certainly cost more than
supplying the same quality water from induced infiltration wells on
the banks of the same iiver, as treatment and double pumping would
not be needed for the well water. Accordingly the use of surface
water has not been considered further in this analysis of alternatives.

Comparative present worth costs have been developed for the 2
alternative sources suitable for Gapan - wells in the service area,
and induced infiltration wells beside the Pampanga River 6 km from
Gapan. Under the alternative using wells in the service area, it has
been assumed: (1) that wells will each be 200 meters deep, will
have a 300 mm pump casing and 200 mm screen; (2) that one well will
be capable of providing 5,450 cumd with a pumping level of 28 meters
below ground, but that most wells will provide 2,700 cumd with pump-
ing level of 15 meters below ground level; and (3) that the wells
will be at least 1,000 meters apart. The cost comparison is based on
a large number of wells with lesser capacity as contrasted to a few
wells with higher capacity, ae using fewer wells would increase the
cost of the distribution system. Under the alternative using induced
infiltration wells beside the Pampanga River, it has been assumed
that these wells: (1) will be 40 meters deep; (2) will have 300 mm
pump housing pipe and 200 mm screens; (3) will each provide 5,450 cumd
with pumping water level of 28 meters below ground level; and (4) will
be 500 meters apart. Transmission mains will be constructed from the
wells to the poblacion through 3an Isidro and will be staged so that
a new pipeline would not have to be built with every additional well.
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The comparative 1978 present worth costs of these 2 alternatives
are presented in Tahble VIII-1. The comparison shows that surply from
wells in the service area will bLe cheaper by approximately 4.4 million
pesos based on costs throurh the year 2000,

Co  TUEATMENT ALTERNATIVES

Hater quality test resnlis for the existing GAT=UD production
well, 4 other wells in Wirrics neuar the Gapan poblacion are shown in
Table Tv-1, ani the Feflarinda :ud Finalungao Rivers in Table VII-4.

Anal 'sis of swnplee from the GAP=D production well and three
other barrin wells shows that all chemical constiluents are within
the acceptible limits of the Philippine National 3tandards for Drin-—
kin» Water,

The well in Harric Falimba hus a 0.25 mg/] mannese content
exceeding the permissible limit of 0.1 mg/l. The Peilaranda and a
tribut oy tbe Sunncbao fivery, nLave a man wv.ese content of 0.2 mg/l
and 0.4 w1, respeetively, which also execed the permissible limit
for muizinese.  In concen'rations not caising mmnleasnnt tastes,
manganese 1s regarded to be of no toricolo~ical s1mitic.mee in drin-
Fin: water,

dater simrles rom the mpan lest well indicted that "Vore was
cxerssive tiebidity, color and iren (Table VIT- 4) in that well. s
discussed in Chogter VIT, the tarbd it uei oood oy e dae to o in-
complete well development . the iren mAas b das 4o inconplete wall
developnent or poor cnality water from o sinle sereened gection
which mi-ht lLe seqnled,

Hater from wells within the GAT=h (the most econamical alier-
native), if designed nd constructed wilh proper sal'e;meds, woulld
rrobubly not require any treatme.at, dowever, in order to pres:rve
the ool quality of waler throushomt the distribation system, lig~
infeetion woul « be necessary at the scurces. Diginfection muy be
accumplished with various methods which are dincussed in Appendix J,
Volume II. For economic imd practical re.sons (ready availability
of the equipment, easy supply o’ application, and lasting efrective-
ness), chlorirution it the recommended proceds for disinfection.

de DISTHIBNTION AVTR L TIVES
reneral
The distribution alterntives conwidered for the JAI=WD are jre-

sented in thi:z section. The recommended improvement progriam for the
water asystem is discussed in Chaptler IX.
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TABLE VIII-l

COMPARATIVE PRESENT WORTH CO
SUPPLY ALTERNATI

Wells in Sirvios Area
Welle and Pumphouses }/
Distribution. Pipelines
Transmission Pipelines
Operation and Maintenanoe

Induoced Infiltration Wells on

Pampangs River
Wells and Pumphouses }/
Distribution Pipelines
Transmission Pipelines
Operation and Maintenanoe

Construotion Cost

ST§ F ADDITIONAL

Present Worth Co-t-a-/

(P x 1000) (P x 1000)
* 7,410 » 1,581
- 1,431
Total Present Worth Cost P 3,012
P 2,206 P 510
1,436 794
12,120 3,408
- 2,657
Total Present Worth Cost P 7,369

The components of a water distiribution system and scme of the
alternatives in planning a system are discussed in Appendix K. The
design oriteria for the distribution system are given in Appendix F.
Appendioes F and K were largsly developed for the First Ten Provin-
cial Urban Areas and are applioable to moderate-size communities.
The Second Ten Provincial Urban Areas are generally much smaller and
the parameters presented in Appendices F and K must be applied with

disoretion,.

l/'mese alternatives are based on an estimated staging program.

See Annex VIII-B for details.

_2_/Includea salvage values and replaocement oosts.
3/Cost for distribution pipelines only imoludes these cosis in

excess of distribution costs of other alternatives.
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Particular attenlion han been given to the requiremonts ¢f fire
flow in the GAT-HD. 1In general, fire flow is applied at vartious
locations in & system zoincidantally witihn maximum~day demands, and
the pipelines are sized to convey the required flow at speoified head
losses. In large comiunities, the total peak-hour flow ig greater
than the maximum~day (iow plus fire flow and therstore ralatlively mi-
nor adjustments are resguirad in the pipe aystem to provide fire flow.
In the smallsr comnmuniiies, especially small barrios come distance
from the central poblacion, the fire flow alene can be 2 or 4 times
the total peask-hour demand.

Providing adequate fire tlow to areas where the fire flow may be
far greater than tha ultimats peak demand ls rarely justified economi-
cally; but some fire protection should be provideds In this study,
information is given on the available fire fiow at varicus locallons
where the nystem has been designed for conditiors othsr than fire flow,

The flows used tor the design of the various components of the
distribution system for the GAP-WD ara as follows (eee Water Demand
Projections, Chapter VI):

1980 1990 2000
Water Demand, lpcd 178 174 181
Served Population 12,880 38,300 91,900
Average Daily Water Demand, cumd 2,290 6,660 16,630
Maximum=-Doy Water Demand, cumd 2,750 7,990 19,960
Peak-Hour Water Demand, cumd 4,010 11,660 29,110

Pragsure Zonss

The ground elevation within the future service area of the
GANWD through the year 2000 varies from a low of 13 meters in Barric
San Roque to a high of 22 meters in Barrio Sante Cruz. The larger
portion of the service area including the poblacion in situated at an
elevation of 18 meterc. The system can be operated adequately at a
HGL of 45 meters at the existing storage tank; therefore only a single
pressure zon- .as bean considered for the GAP-WD.

Storage Facilities

Storags facilities are provided in a distribution system to meet
hourly fluctuations in demand over the day. The usual requirament
for operational storaga is 15-20 percent of the maximum-day volume,
assuming the source of supply is capable of providing water at a rate
squal to maximum—day demand.
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In the flat arsas f Contral Luzon, storage is ususlly provided
by means of an elevated storage tank. This type of tark 1s very
cosily in the Fhilippiics Yecause it sust be desigmed tc withotawd

high seismic loadingms, An alternative method of meetiung demand Fluow
tuationa has been ilavssiigated for Gapans

2e proviously discusgsed the least-oost sourcs elivinative fox
Gapan ls praped groundweter. Yi is possible %o ingtnll additinnal
pumping capacity above the maximum-day demand rate in order to meet
part of the psak-hour fluctuations and thereby reduce the amouni of
storage required. The rationale for providing eddiiisnal pumping
capacity and a surve to bhs ueed in estimeting tha requirsd atorsge
volume based o varicus #upply rates ic preassnied in k2thodclogy Memoran--
dum No. 5. An economic analysis comparing the cosis of providing
additional supply or storags for Gapan is pressnted in Table ViII-2,
Table VII1-2 shows that, in Gapan, providing additicnal MuNping capac-
ity to meet hourly fluciuvations in demand would be leus costly than pro-
viding exira storage volume. It is recommended that sdditicnail pPumping
capacity be provided in GAP-WD and the veolume of gtorage be minimirzed.

Digtribution Sysiem

The analysis for ihe distrivuiion system of Gapan goneraliy fol-~
lowed the guidalines given in Appendises T and K. Uniike ihe Firat
Ten Arsas Feasibility Studles, computer analysis Tor the Second Tan
Provincial Urban dreas considered pipslines smallsr than 200 mm in
diameter. Gapan has very few pipelines greater than 200 mm even in
the year 2000,

The distribution anzlysis did not inolude studies of various
alternative pipeline configurations beoause the locatium of pipes {s
controlled by the location of roadweys and the barrios to be served,
However, the analysis included alternative locations of ccources of

supply.

The locatlion of the wall supplies is partially controlled by the
distance between wellis to minimize drawdown interfsrences Aunother
criterion for well location is the location c¢f the centerg of demond.
Genarally it is cost sffective to locate wells near asntare ¢f demand
to reduce pipelins slues in other parts of the distribution cysiem.
In locating wells at centers of demaend, the capaocily of the wallse
must be considered, Hycraulically, the most efficient well ocapecity
would be equal tc the water demand in the arem of the wells Ilcwever;
it would be more pracitical to have wells of about the sane capacity
Tor easier operation and control of the pumping rate as damand fluc=
tuates,
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ALTERNATIVE STORALE VERSUS ADUUUIONAL SUPPLY ANALYSIS®

Llternavive 7 Aliernative 2 Alternative 3

{Ving: (Intermediate  (Minimue

5 Sioroge) Storage )
Storags Roquired {Pervemt} 12,8 348 1.9
{Volume, cum) 2,575 782 380

Precent hojh Coot (P x WG }

Slorage »i,510 % 310 B o=
kellb 90 1,250 1,410
Operation and Heintenance 150 210 230
Total PEATO F1,770 *1,64C

Tt appears that the mazioum well capsoity in Gapan would be aboui
63 ius (1,000 gpe)e T wolls of ihis cupacliy wer: oonsbructed, rela~
tively fa # wella would ba roguired. Having few large~capacity wells
prosensa tdc pirovlemss. The first le that the oversll cost of pipelinese
weuld iacreass as largsv sizes wonld he nc:sdsd wo supply water to remote
parts of the system. The secoad problem is that, with relatively few
largs—capanity welle, {low rates could only be chenged in large incre~
mants of flou, Durihw parieds of low demand the large pumps would have
short creling time. A aore efficieni metiod of cpsraticn is to havs
smalier-capanity wells uo that tlie oporator can conitrcl the flow to
¢lesely mateh the chanoss in dsmand.

Tvwo altornatives ware analyzed to determine the most ecomomical
oapacity of wells fer tna design year 1990, Altsruative 1 comsisig af
2 wells in *he zysiem, each of 63 lps {1,000 gpm) capacitys The first
well would be construcisd in 1979 sz part of the immedlaie improvement
Program on Doen Simeon Sireet near Freedom Park and the second wvell
vould be cornstiucted in 1983 at tLa siie of the exioting well on
Bonifacic Strset. Albsrnative 2 consists of canptructing a €3 lyps
g1 oco 5*u) hall on bon 3ileeur Stieet near Freedom Park; a 31.5 1lps
(500 gpm) woell on Caminc Street in DBarrie Sar Hicoias in 1993; and a
seoond 3145 Ips well at ths existing well site on Bonifacieo Strest in
1987,

s

g/.naljsis includza a2il facilitiee to ths year 2
d/rn‘ventage of maximum-day demand
Only includeae additiornal stersge to exiatirng 380 om sicrage tanke
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The computer distribution anelysis was used to determine the size
of the pipelines required for both alternatives. The capacitites of
the 2 alternatives for peak-hour and fire flow conditions were matched
as closely as poscible so that a direct cost comparision would be
valid.

Table VIII-3 shews the results of the present worth analysis com=
paring the pipeline costs and the total well costs. The analysis
indiocates that it is more cost effective to construct 3 wells located
neer the demand centers. Alternative 1 requires an additional P220,000
in pipeline construction cotts, and is about 14 percent costlier than
alternative 2. Given that lhe cost estimates are probably accurate only
within 10 percent, the aotual difference appears quite small in view
of the entires project cost., IHowever,; even if the alternatives are
essentially equal in costs, alternative 2 would still be more favorable
because of operational advantages disoussed previously.

The present worth analysis will serve as a basis for designing
the year 2000 system with wells located as closely as possible to the
demand centerse.

Fire Protection

Fire protection does not exist in most sections of Gapan because
there is little or no water pressure most of the daye In order to pro-
vide fire protection,there must be adequate pressure in all water pipe-
lines 24 hours per daye.

The alternatives considered for fire proteotion in Gapan took the
consumers! "ability-to-pay" into account. The guidelines for system
design in Appendices F and K were violated in some cases to mitigate
the financial impact on consumerse

The immediate improvements program (1978-1979), which is aimed at
providing adequate domestic service to existing consumers and increas-—
ing the number of consumers to provide a larger financial base to pay
for future improvements, does not include full fire protection. If
the program wer2 designed to provide full fire protection to the con-
sumers, the cort of the improvements rsquired would become tco high for
the program to be feasible.

The d3stribution improvements recommended under the immediate
improvement program, including the existing facilities, would be capa~
ble of providing about 50 percent of the required fire flow to most
secticns of Gapan, provided adequate supply and 24-hour operation
were achieved, Some of the existing hydrants would require rehabili-
tation to provide partial fire protectione
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TABLE VIIT-3

PRESENT WORTH COMPARISON OF WELL,SIZE AND
LOCATION ALTERNATIVE

Alternative 1 (2 Wells) Present Worth
Well Nos 1 ¥ 960,000
Well No, 2 660,000
Pipelines constructed in 1980 10,000
Pipelinea constructad in 1985 140,000
Pipelines constructed in 1990 10,000

Total 1,780,000

Alternative 2 (3 Wells)

Well No. 1 * 960,000
Well No, 2 380,000
Well Nos 3 ) 220,000

Total 1,560,000

For design year 1990, the distribution improvements would be able
to provide about 70 to 100 percent fire protection although full pro-
teoction is not the goal for 1990. The 1990 improvements are de=-
signed to provide adequate average~day service under a number of ope—
rating configurations as described in the seotion on System Operation
and consequently some pipelines were inoreased in size. The ocapacity
for fire protection would increase due to changes required for oper—
ational considerations. Full fire protection is provided for in the
year 2000 improvements,

The preceding disoussion of fire protection relates only to the
capacities of the distribution mainse In providing fire protection,
an adequate number of fire hydrants also has to be considered for the
various service areas. The primary oriterion for providing fire hy-
drants would be the degree of development in a speoific areas In
Chapter IX, a schedule of fire hydrant construction is included, based
on the projected development in Gapane

As outlined in Appendix K, fire protection is classified into two
types —~ one for the high~value residontial, commercial and industrial
areas; and another for the single~family residential areas. In the
high-walue residential, commercial and industrial areas, an available

L/Includea replacement of mechanical equipment in 15 years and
salvage value of all items at the end of 20 years.
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fire flow of 20 1ps at 2 ad jacent fire hydrants should be provided;

in the single-family residential areas, only 10 1lps at 2 adjacent
hydrants should be provided. The quoted percentages of fire protection
for the design yvars 1980, 1990 and 2000 are based on the required flows
for these two types of fire protection. Figure VIII-1 shows the out-
line of the fire service areas in Gapan,

System Operation

This section includes various operational aspects of the alter-
native distribution systems. While there are no different distribu-
tion alternatives for Gapan, there are alternative source locations
and source capacities which could present definite operational problems,

As previously discussed, the location and capacity of the wells
can affect the operation of the system with regard to meeting demands
and pressure requirements. Computer analyses wsre conducted on several
combinations of demands and number of ocperating wells. In the analyses,
only operating problems, that commonly cccur such ag one well being out
of service or an error in judgment as to which wells should be operating,
were considered while maintaining minimum pressures at average—day demand
rates,

Unusual operating conditions, such as meeting maximum or peak de-
mands at minimum pressures when 2 or more wells are not in operation,
were not oconsidered. The cost of providing adequate service under all
possible operational conditions would be prohibitive so that only those
operating conditions that would reasonably occur were analyzed.

The principal operating problem investigated in Gapan was when
one well along one of the lonz extensions of the distribution system,
radiating from its central sectiocn, has become inoperabls. This may
occur if one well breaks down or il a well is out of service for routine
maintenance. Under this condition, the distribution system is assumed
to have been designed to meet averaye—day demands at minimum pressures.
It would be possible to meet peak~hour conditions with larger pipelines
but the additional cost could not be justified for the limited periods
when this condition might exist.

As a general rule, the distribution system should be operated by
utilizing as many wells as posgible outside the poblacion to meet water
demands. This operational procedurs has the effect of maintaining a
high HGL in the outlying areas, while the storage tank maintains an
adequate gradeline within the poblacion,

Besides problems of pressure in the system due to well operation,
the schedule of operation has also to be considered. The pump opera-
tion schedule is based on the water level within the tank and pressures
in various sections of the system. If the tank level drops, a suffi-
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olent number of wells would have to be operated to refill the tanke
However, the major problem in this operation schedule is the time
availebls to ocontrcl the number of wells in operation as the water
level and pressure [luctuate, In the year 2000, for instance, the
recommended volume of siorage (500 cum) would provide the operator
about an hour to change the number of wells operatings This estimate
is based on the assumption that the Lank is one-half empty and that
there is an excoss cupply rate of 3.0 1lps.

A experience is gained in ths cperation of walla, 2 amchedule
of operation based cn rormal demand variationsmay be devised. If a
satisfactory schedule is devised, the system may go wiatiended for
several hours,

Internal Natwork

A general but complete discussion of the internal network for
ddstribution system is included in Appendix X. The small size of the
GAP-WD does nct affest the application of the recommendations con=—
tained in Appendix X minoce these ars the minimum pipeline sizes
recommended for any municipaliiys The cost data contained in Appendix X
would be multiplied by a facior of 1.21 to obtain mid=1978 costs in
this report.

E. OTHER ALTERNATIVES FOR WATER
CONSERVATION AND AUGMENTATION

In areas where wator iz a scarce resource, there are geveral
alternative measures of conserving water. These alternatives depend
on sophisticated technology in the case of water reuse and de-
salting or on governmental policy in the case of land nanagement o
Appendix M, Volume II is a discussion of these conservation and aug-
mentation alternatives,
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SCHEDULE OF FACILITIES FOR ALTERNATIVE ANALYSIS



ANNEX VIYY--B-~1

COMPARATIVE PRESENT WORTH COST OF1PUPPDY
FROM WELLS IN SCURCE ARE

Construction Present Worth Cost

Date Cost P x 1000 (Less Year

Item Congtructed (P x 1000} 2000 Salvage Value)
Well and Pump House 1979 730 645
Well and Pump House 1984 658 323
Well and Pump House 1988 658 190
Well and Pump House 1990 658 142
Well and Pump House 1992 658 102
Well and Pump House 1994 658 69
Replace Pump and Motor 1994 100 11
Well and Pump House 1996 658 1
Well and Pump House 1957 658 30
Well and Pump llouse 1998 658 19
Well and Pump House 1999 658 9
Well and Pump House 2000 658 -

Operation and Mainte~
nance Costs (1978-2000) - 1,431
»7,410

Total 1978 Present Worth Costs (® x 1000) 3,012

l/ﬁconomic life taken as:
Hell and Pumphouse - 25 Years
Replace Pump and Motor ~ 15 Years
For the remaining items, refer to Appendix F, Volume II,
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ANNEX VIII~B-2

COMPARATIVE PRESENT WORTH GOST OF SUPPLY d/
FROM INDUCED INFILTRATION WELLS ALONG PAMPANGA RIVER2

Ttom

Well and Pump Housa
Transmission Main
Well and Pump House
Transmiscion Main
Well and Pump House
Transmission Main
Replave Pump and Motor
Well and Pump House
Transmission Main
Well and Pump House
Transmission Main
Well and Pump House
Transmission Main
Operation and Mainte-
nance Costs

Distribution Pipelines

Construction Present Worth Cost

Date Cost * x 1000 (Less Year

Constructed (® x 1000) 2000 Salvege Value)
1979 730 645
1979 3,200 2,700
1988 351 101
1988 320 83
1992 351 54
1992 35700 504
1994 100 1%
1996 351 22
1996 320 17
1998 351 10
1998 44260 104
2000 351 -
2000 320 -
(1978-2000) - 2,657
1,436 14
*7,369

Total 1978 Present Worth Cost (® x 1000)

g/ﬁcnnnmio life taken as:
Hell and Pumphouse « 25 Years
Transmission and Distributien

= 50 Years

Fer the remaining items, refer to Appendix F, Volume II,

Pipelinea
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CHAPTER XX DESCRIPTION AND CO3Y CPF THE RECOMMENDED PLAN
4, (ENERAL

The lmmedists improvement progrss, snd tha Firwi and musond ahagoy
of the long—term conetruction program are describsd in 4his chapter,
In addition, the capital and operatics and meintensnoce costs of the
recamuended program, csncepia concerning sewerage ond Avoinags; oom-
ments regarding tlie managemeni of waier remourcss erd g siaiement
regrrdlay the suvironmenial impsot of thie preject are inolndsd.
Appendices F, G, N and 0, Volums II sentain dimcusgiouns ef Deplgm
Criteria, Buwis of Cost Estimates, Congtructisn Huihods and Waterials,
and Outline Specifications, reepeotively, The regcamended sonstruce
tion program congists of the following five implementalicn stepss:

1e Immediate Improvement Program {1976-79)

» Siage I Fhag= A of the Long-Tarm Construciieon Program

(1980-85)

3¢ Stage 1 Phage B of the Long-Term Construction Frogram
(1586-90)

4« Stage II Phase 4 of the Long~Term Comstruoiion Pregram
(1991-95)

5« Stege 1T Phase B of the Long-Term Comstruction Frozram
(1996-2000)

Source

The current sourcs of water supply to Gapen iz & wall locsved at
the eastern extremity of Bomifacio Streat, wheve 1% approschss the
abandoned PRR Railway line. Bscause of the age (consiructed in 1955)
and poor productivity of thie well, edditional wells Will be required
to meet the prejscted demands of the GARMD by 1980. 4 test wall way
drilled near Don Simesn Streat south of the pubiio market, ag part of
the field werk requirad for this study. During the immediate improve-
ment program, this test well will be completed and furnished with
pumping equipment, and z geoond production well wili be consztructed
along the San Isidro Road in Sarrio Sen Nicolas. Additional wslla
will be construoted in FPhases I- \ (ems), I=B {oms), Ii-A (two) snd
II-B (two). By year 200C, a total of B wells will have been consiruciad

Storage

4% present; Cepan haa = 380-oum storage tank Jcostad wesr the
intersection of Tinle znd Malgaps Stroets. This ralnforcad sonoveta
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larger water districts (suoh as Tarlac or San Fernando, Pampanga)
be constructed with adequate capaocity to serve the needs of adjacent
smaller water distriots such as the GAR-WD,

Deaign Coppiderations

The recommended program of pipe construction presented in
this chapter refleots the results of successive computer analyses
on the GAP-WD distributjon asystem. The general design oriteria
and method of analysis are disoussed in Appendix X, Volume II,
and Chapter XI1I, Methodology Manual,

The method of selecting pipeline sizes consists of analyging
a number of flow requirements and operating conditions, and designe
ing each pipe for the worst set of conditions. Sinoe each computer
analysis is oritical to a different series of pipes, there ig no
single program result that can be inoluded herein as a "design
mn."

The computer printouts for the peak~hour and minimum=hour
oonditions are inoluded in Ammex IX-C as representative of the
worst conditions for pipe design, The peak-hour oondition can,
in general, be considered as the "design run" for the majority of
pipes. However, certain variations in operational modes, especially
in gystems with well supplies, can he more oritical for 80mMe pipe=
lines.

During final design of the recommended faoilities, it is
imperative that the deeign engineer re~run the computer program
to determine the critical oondition for each pipeline to be
deasigned.s It is also important to revise the program during each
design phase to take into aooount the actual gystem conditions,
It is recommended that /n new series of hydraulic studies be 0onm
ducted on the distribution eystem after some improvements are
completed and the gsystem operates with adequate pressures for
24 hours a day, The results of the new studiee can be inocorpom
rated into any future designs. Other considerations in updeting
this report are discussed in Appendix Q, Volume II,

In some cases, facilities in the last phases of construction
are only designed for a short term to the year 2000, These facilj-
ties are inoluded in the ocost analysis to determine their eoonomioc
impact on the feasibility study. However, from a teohniocal point
of view, thege short~term facilities may not be the most practical
or economiocal to construct, During the design of the last phases
of the recommended construction program, the design engineers should
study alternativegbeyond the Yyear 2000 and design facilities accorde
ingly .
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B, IMMEDIATE IMPROVIMENT PROGRAM

While the findings and recommendations of this report are
being reviewed, pending their approval by the GAP-WD, LWUA and
finanoial agenoies, certain steps may he taken to facilitate
immediate improvements in the GAP-WD water supply system, These
"high~impact" improvemen’s will provide improved service to
existing consumers and provide additional service to a limited
number of new connections to the system, before implementation
of the initial phase of the jong-term construction program,

At present, about 13 percant of the service area popuiation
is actually served by the CAP-%¥D) system. By 1980, the total
population served within the 1980 gervice area boundary will be
about 41 percent,

The immediate improvement program will increase service
by the addition of source, distribution, administrative and
operational facilities. The program consists of the following
major items:

1) The provision of a structure and pumping facilities
for the previously ccnsiructed test well, as well as
the oompletion of a second well and installation of
appurtenances;

2) The provision of effective and reliable disinfection
equipment to provide full-time chlorination within
the distribution system;

3) The construction of about 8.3 km of 100 to 350 mm
: diameter distribution pipelines;

4) The initiation of an extensive leakage detection
survey and repair program;

5) The metering of 440 exitting service connections,
the provision of about 1,400 new connections, and the
repair or replacement of 20 percent (88) of the existe
ing connections.

6) The construotion of new administrative and shop build-
ings and provision of appurtenant equipment suoch as
shop tools, vehicles, offioe machines and furniture,
eto., to increase the cperational capabilities of the
water distriot,

7) Repair leaks in the existing storage tank.
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The test well, located near Don Uimeon birect socutl of ihe pablic
market will be equipped with a punphonse, punpset, flow meter, viilves,
etc., and will produce about JT90% cumde  The well will be a:uipped
with dual (d'1<~:ml"'(;.«:~:tric) drive. & sacond well, alsc with capi~
ity of 2070 wndy will be constiructod along the san lsidro nowd in
Harric Gan Nicolase The second well Will proviae u.:itional water and
better jressure divtribution in the syuleme 'The combined capacity of
the wel.s, 9,490 camd, will be approximately 10 times the presnent
gource cupacity.

New distribution mains will be installed as shown in Figure I,
and eummarized in Yalle IX~1, These maing will primarily serve areas
outside the present service urea. It is anticipated that the larger
proposed pipelines will serve as main arteries in the future, while
the propoceu TUU=nm pipelines will, in mosl caser, provide service to
additional consumer: within the present secvice arcae

The provision of Letter pressure throught the SAP—il distribution
system on a “4-hour basis will tend lo increase the current level of
system leakagre and wantage, IL 1s, therefore, es:ential that an in-
tensive progrum of leinkiye and wastage surveys and related system
repairs bLe undertaken during the immediale improvement program,

Chlorination ejquipment, complete with structures, will be pro-
vided at the sites of the propoged wells to provide an initial dosage
of 40 mg/], Lo maintain a winimum cnlorine recidual of 0,1 m(r/'] at
all points within the distrinulion uystems

The exislirg 4.0 flat-rate service connections will be provided
With water meters. About 2O percent {H8) of these conneclions will
be ropaired or replaced,  An additional 1,400 new connections will he
Instulled, increiwing the served popmlation to approxinately di¢ per-
cent of the tolal service area porulation in 1950,

Ihe operatlonal capabilities of the SAl=il will le significantly
improved by the corsteaction of a new administlratve building, cum—
rlete wilh of'ice tjace for administration, hiliing and record keep-
ing, wnd small litrare This new lnildi ng will be furnished with
deses, crairy filiay cabinets, Lypewriters, addaressopraph and
validating macivines, A plumbing shop will also be conmtrucled
equipped with tools required for the instaliation of wate:r melers and
gervice connecrions, and for repair and instaliation work is the «is—
tribution system,

Tat.ie IX=" presents Lhe breakdown of costlis (at July 1978 price
ievels) for the immediate improvement propram. The total p:oogect
cost of PhHoH3 million consists of P 6Y million in terelgn evehanye
and Pi.18 million in losal currency.
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Pipe

Xumber

146

147

114
115
116
120
122
123
205

103
104
111
126
132
133
134
135
140
143
144
157

101
102
105
106
107
108
109
110
112
113
17
118
119
121
124

TABLE  TIX-1

DISTRIBUTION PIPLLIKES

DIMEDIATE IMPROVENSNT PROCRAN

Location/Description

To Well at I'ode 55
Tinio St,

Manila Rd, (to Node 88)
Don Simeon St.

Don Simeon St.

lalrapo St.

Malgapo St,

Don Simeon St,

To Well at VMode 2

Camino St,

Camino St,

Don Simeon St.

Don Simeon St.

Jacinto St,

Jacinto St,.

Bonifacio St,

Valmonte St.

Subdivision near xisting Well
Subdivision near Existing Well
Subdivision near Existing Well
Subdivision near Ixisting Well

Bo. San Nicolag

Bo. San Nicolas

South of Tinio St. near Real St.
South of Tinio St near Real St
South of Tinio St. near Real Ste
South of Tinio St, near Real St.
South of Tnio St. near Resl St
South of Tinlc St. near Real St.
Cabanuatuan Itd.

Cabanatuan Rd,

Bo. Sto. Nino near Peflaranda River
Bo. Sto. Nific near Pafiaranda River
Malgapo St. near Pefiaranda River
Bonifacio St,

halgapo 3t,

IX-6

Pipe
Diameter

{rumn)
350

300

200
200
200
200
200
200
200

150
150
150
150
150
150
150
150
150
150
150
150

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

1,445

195
80
80

100

315

185

300

250

150

280

2,475

270
200

40

50
150
160

40

50
240
160
200
150
130
200
130
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TibLe IX~1  (Continued)

Pipe Pipe
Pipe Diapmeter Length
Pumber Locodion/Description (rm) (m)
125 Southof I"ublic liarket ncar RI Tracl 100 105
127 South of [ublic Harket near 1R Track 100 170
128 South of Public Narket near RR Track 100 55
129 Bonifacio 5t. 100 145
130 Jacinte St 100 130
131 South of Mublic Mavket near Rt Track® 100 95
136 Tinio Ste near Sungco St 100 150
137 Northaof Bo. Mangino near R} Track 100 550
138 North of Bo. Mancino near RR Track 100 150
139 Sangco Ste North of Boe Mangino 100 110
11 Subdivision near fxisting Woll 100 150
142 Subdivision near Sxsiting Well 100 250
145 Boe San Ficolas 100 150
44380
Total 8

*Pinal design of this pipeline is recommended to be 150 mm although
the computer printouts do not indicate it is hydraulically necessarye
Thig is recommended to simplify overall pipeline designe






TABLE

Iten

|
Sorvice Connectiona“/
(Supply 440 connections with meters,
raplace 88 connections and install
:,400 new connectiong)

Materiels and Equipmoni

Civil and 3truoctural

Adminigtrative and Miscellaneous
- gégglgt;esg?
(Administrative Building and BEquipment)

Materials and Equipment

Civil and Structiural
(Two Vehioles)

Materials and Hquipment

Civil and Structural
(Plumbing Shop and Equipment)

Materials and Eruipment

Civil and Structural
(Miscellaneous Itens)

Materials and Equipment

Civil and Structural

Sub-'lbtali/
Materials and Equipment
Civil and Structural

Total Congtruction Cost
Materials and Equipment
Civil and Structural

Sub~-Total

@ 15 Percent
@ 10 Percent

Engineerinéb 5
@ 10 Porcent§§
@ 5 Percent

Lana?/

Total Project Cost

Contingencies §§

Sub-Total

Sub=Total

iX%~2 (Contimued)

Cost (®)
cal Foroign Total
35,600 788,500
499,200 —. e e
534,800 788,500 153234300
18,000 26,000
363,000 -
60,000 60,000
2,000 26,000
363,000 -
5,000 8,000
811,000 120,000 931,000
120,600 908,500 1,029,100
1,225,200 - 1,225,200
1,345,800 908,500 2,254,300
317,300 2,011,200 2,328,500
2,283,000 106,000 2,389,000
2,600,300 2,117,200 4,717,500
188,200+ 181,300 369,500
134.§00 90,900 225,500
2,923,100 2,389,400 5,312,500
99,100 184,200 283,300
832400 80,600 _&%_12 00
3,063,600 2,654,200 5,719,800
111,000 - 111,089
3,176,600 2,654,200 5,830,600

3/Contingencies and engineering costs are 10 percemt and 5 percent

respectively, for these items,

4/Consiats of 65 percent foreign exchange, as per recent similar

contracts,

2/10() sqm at P60/sqm and 1,500 sqm at P10/aqm.

* Includes 20,000 for storage tank repairs

IX~9



Co FIRST STACT OF THE LONG-TZIG COUT™RUCTION PROGIAY (198C-90)

Az a result of alternstive studies, a schems for development of
groundwater sources and construction of distribution facilities has
been selectoed ag tho reccimended programe The alternative studies
are described in ¢haptor YIIX, In the recommendsd scheme, the entire
GAP-WD service aiee, up %o the year 2000, will bs served by ground=—

v iter abstiracted from locally construoted wells, The water produced
will be .ransporisd to consumers by distribution pipelines to be ocon-
ptructed in exirting rozi righis-of-wrye

The first stags of %he recommendsd construciion program, includ-
ing source development, treatment and distribution facilities, will
be implemsnted in 2 conrtruction phases with duration of 6 years and
5 years, respsctively.

Efieiing facilities are incorporated into the racommended
progran o as great an soxient es proctical. The existing distribution
piping natvork, tecause «f 1t extrems ags and conssquent poor
hydraulic capaciiy, wili bs replaced botween 1980 and 1530, Half of
the existing piping Will be replaced during Phase I-A (1980-85) and
the remaining half, ducli:ug Phase I-B (1986~50). Also because of age
and poor service, the rsmaining 80 percent of the oxisting 440 ser—
vice connections will be repaired or roplaced during Phase I-A (20
percent of the existing sonneotions wWill have been replaced during
the immediate improvement program).

Provisions Liave becr made in this feasibility study to replace
all existing pipelinss between 1980 and 1990 due to their ages During
the leakage survey and Cesign of Staga 1 improvements the condition
of each of these pipelines should be verified by aotual inspectione
It may be possible to continue to use some of these pipolines inspite
of their advanced age.

CONSTRUCTION PHASE I-A (1980--35)

Source Dovolormant

As proviously discussed, alternative studies were made to
determine %he most aconomic and prectical percentages of storage
and souroe capacity o moet peak flow demands. The results of the
studies inlicate that the supply of 1.5 times maximum=—day demand
from Wellp is tha most aconomical. [Figurs IX~3 showa the relation-—
ship betwesn projected demand and well oonstruction under these
oircuratansese As indirated. the welis conatructed hofore 1380 will
provids adrqueis capeoilty until approximately 1982, At that time,
1t is rocertondsd that o laygor pumpuet be installed in the well
constructed »t nods 55 (see Figure IX~5), during the immediate
improvoment program, This increase in source capacity will satisfy
systen devonds until approximetely 1986, at which time another well
will bs rsruired, Thie well will be construoted at node 75 (along

(=10
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Bonifacio Street, nanx the abanconed I rallway i:. «s), the site of the
existing well, anc %ill poovide suffisicet sourcs capacii. wuniil about
1989, A1l Phase I-A welis will be furnished with neoessaiy structures,
piping; meters, valves and spscials required for effioient operations

In addition, complets chlorinalion facilities will b= installed in a
chlorination builuing te be constructed at the site of evary production
well, to ensure adequalte disinfeotion of water supplied ic the distribu~
tion system,

Dagtribution Syatem

The distribution system improvements included in construction
Phase I-A are to replace 7,410 meters of existing pipelines; extend
service to Barrioa Malapit and Sto, Cristo Norte; and improve service
to Barrios Mangino and Pambuan,

The salient features of system piping installed during Phase I-A
are (1) the provision of a 200 mm diameter system "core" along Tinio
Street, from Barric Sen Nicolas to the centsr of Gapan Poblacion; (2)
The completion of a 150 mn loop along the remainder of Tinio and Tinawin
Streets, and De Los Reyee and Real Streets; (3) the expansion of 150 and
100 mm internal naiwork piping throughout the servicec area; and (4) the
extension of 200 mn pipelines to the barrios of Malapit, Sto. Cristo Norte,
Mangino and Pambuen, Details of all pipelines to be constructed during
this phise are listed in Table IX-3 and shown in Figures IX-}, IX-H and
IX-1 (appended).

All pipelines recommended for oonstruotion during Phase I-A will
provide hydraulic capacity for expected peak flows, although some pipe-
lines will require reinforcement before the year 2000, Where technically,
practically and economically feasible, pipelines of 250 mm and larger have
been considered for 'phased" construction, with ultimate capacity made
avallable only during the later phases of the project. All necessary
valves and appurtenances have been included in the cost estimates for
the project pipelines.

The final computer printouts for the year 2000 peak hour and minimum
flow conditions ere included in Annex IX=C,

Internal Network

The schedule of additions to the internal network system is pre=
gented in detail in Annex IX~C, The existing internal network system
in Gapan will be reinforced by replacing a portion of the old 150 mm,
100 mm, and smaller pipes; installing new valves; and serving areas
which are currently unserved.

The total area to be served by additional internal network is

approximately 166 hectares. This will provide service toc 100 per-
cent of the 1976 service area; 100 percent of the additional

=11



TABLE  IX-3

FHASE I-A DISTRIBUTION PIPELINES

Pipe Pipe
Pipe . . Diameter Length
Number Loocation/Description ™ (m)
RFEPLACEMENT
2 Bo. San Nicolas 200 200
3 Tinic St. (Bo, San Nicolas 200 225
6 Tinio St. (Bo. San Nicolas : 200 95
7 Tinio St. éBo. San Nicolas 200 90
8 Tinio St. (Bo. San Nicolas 200 94
13 Tinio St. (Bo. San Nicolas 200 120
14 Tinio St. (Bo, San Niocolas 200 310
15 Tinio St. (Bo., San Nicolas 200 340
16 Tinio St. near Del Pilar St. 200 30
17 Tinio St. 200 280
20 Manila Road to Cababao Creek 200 190
21 Manila Road to Cababao Creek 200 45
38 Malgapo St. 200 190
40 Tinio St. 200 130
A7 Tinio St. 200 15
61 V. Liwag St, 200 80
80 Sangco St. South of Tinio St. 200 500
81 Tinio St. Bast of Del Pilar St. 200 110
3,125
1 San Isidro Road (Bo. San Nicolas) 150 250
23 Tinio St, 150 220
26 Real St, North of Ramos St, 150 100
29 Tinio St. West of Malgapo St. 150 170
36 Malgapo St, 150 115
54 Tinio St. East of Malgapo St. 150 130
62 V. Liwag St. 150 115
63 East End of Don Simeon St, 150 100
64 Tinio St. 150 155
69 Tinio St. 150 150

*Final design of this pipeline is recommended to be 150 mm although
the computer printouts do not indicate it is hydraulically necessary.
This is recomnended to simplify overall pipeline designs

X=12
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Numbar

71
75

78
19

24
30
3

[
-

50
56
5T
58

60
65

201
202
203
204
206

TABLE IX-3 (Continued)

loealion/Jencriptlon
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I dGhE agfen e
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Yo
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Te los Rayasu Ol

o
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i L&

Iz low Heyee Oy,
Ts log Keyes 3%-.
Ve Liuag St

Te los Royesn St,

Livag Ste
los Keyen St

gs

Sub-fotal (Raplocment Pipelines)

Lt

EW PIPELINES

Bo. 3Jaa Nicoclaa {0 Bo. Malapit

Pipe
Diamster

‘o)
.
eI e

150
150
150
150
150

100
160
100
100
100

100
100
100
100
100

100
100

200

bo. Bayanihan 3o Bo. Cristo Norte 200

To: Bo. Uanglao
To Bo. Pambu~a

Ta Yell st Nods 75

Sub~-Tetal (Yew Pipslines)

IX=13

200
200
200

Total

1,700
2,000
1,300
1,050
1

6,065
13,475
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a 2 P -~ [P
Service Uonmestions

o

Durdng Phase Y-, a total of 2,270 new service ccnnecitiong
will be installel at o rate off aboat 450 connsetions nor years

By 1985 the GAFSED will havs a total of 4,110 sorvics commoctionse
In addition, sbhout 3590 existing mervice comncotions will be rew
placed or repaired, vompleting the improvemont of the 440 exigie
ing service connectious. The detailed installstion sshednule of

service connections, ispresent in Annex IX=C,
Fire Fvotection

Pha schedule [oe fire hydrant installation within the water
digtrict iz prerentad in Anmnex 1%, During Phage I-4, only Gapan
poblacion will receiv: fire protection, During this period,

25 peroont of the poblacien area (27 hcotares) will be supplied
with hydrasts, increasing total Iirve protection service by 1985
to 33 percent of this aren, including areas with existing hvdrants.,
Bscause of the pressnce of commercial areas within the poblacion
of Gapan; a higher levsl of hydrant service will be provided for
the poblacion. Normal residential type of sarvice will be provided
for other aressn,

Cogl Sumpiry - Phage J-i

Tha c¢oet sumwary for the proposed construction during Phase
I-4 is presenied in Table IX~4., Baged on 1978 price levels; the
total project cont fopr this phage ig £9,05 million with a foreign
exchange component (FEC) of P4.59 million which includes direct
and indirect import items. ‘Fable IX-d also presents a oost
breakdown baged on materials and squipment procuremont and re-
quired civil and siructural work, Matorials and equipmeni oconw
gidered in this breakdown include pumps, pipes, valves, water meters,
hydrants aad chlorinntors.

COMSTRUGTION PHASE 1-B (1980-00)

A new well will be constructed at node 89, along the San Isidro
Road in Barrio Malapit, in 1989. 1t will be aquipped with a dual

R R
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TABLE  Iimd

COST SULET ROR CONSTRUCTION STAOR 1 THASE A

Cost__ (¥)
Tten Tocal Forelgl/  fotel
Jdourcs Fuciiitieaﬁf
(New pumpuat @ Node 5% in 1982 and
comploin well « Hode 775 iu 1985
Materials and tguivment 20,000 265,000
Civil apnd Structursl 395,000 10,000
(Disinfsotion fzoilitlies for one
well)
Materdals onwi Bowipment 24400 17,300
Civid and Sirugtural LA:000 -
2/ 422,200 292,300 714,500
Pipalinau~
{200 w = 9,790 w)
kKeterials and fpalpment 294,100 19157,900
Civil and Strusiural 781,200 ~
(150 sm 3 2,380 m)
Materials and Ejulpment 52,400 207,100
Civil and Structural 173,700 -
(160 =m x 1,305 wu)
Hateriale and Eguipment 7,600 76,200
Clvil &nd Struostural 101,000 -
(Valves)
Materizls and Egquipment 13,800 41,000
Civil and Structural d3a00 -
1/ 1,437,500 1,482,200 2,919,700
Sub=Total
Materials and Equivment 350,300 1,764,500 2,154,800
Civil and Structural 1469, 400 10,000 124194400
izf 1,859,700 1,774,500 3,634,200
internel Heiwork
165.8 he)
Muterials and Bouipment 88,900 695,400
Civil and Struotural 8 -
8/ 966,800 695,400 1,662,200
Servioc Connactiong
(2,270 Naw Connections and
350 Replacementis)
Haterialg and Fquipment 63,000 1,200,800
Civil and Struotural 844,700 -
907,700 1,200,800 2,108,500

%;Ccmputed at US$1.00 to P7.00.
Contingenoles and engineering ocosts are 15 percent and
10 paé?ant,respuotively,for thess itemse.

Contingencies and engineering costs are 1) percent and
5 percent, respactively, for these items.
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PABIE IX~4 (Continued)

Tiom

Fire Hydranisa/

(27.2 ha)
Materials and Equipment
Civil and Struotural

/
Sub-motala/
Materials and Equipment
Civil and Struotural

Total Contruction Cost
Materials and Equipment
Civil and Struotural

Sub-Total

Contingencies
@ 15%
@ 10%

Suh~Total
ineeri

@ 10%
@ 5%

Landld/

Total Project Cost

Sub~Total

Coet (P)
nggl Foreigg Tot
13,900 47,400
20,400 ~
34,300 474400 81,700
165,800 1,943,600 2,109,400
1«743)000 - 1'743L000
1,908,800 1,943,600 3,852,400
556,100 3,708,100 4,264,200
3,212,400 10,000 33222,400
3,768,500 3,718,100 7,486,600
279,000 266,200 545,200
190,900 194,400 }85,}00
4,238,400 4,178,700 8,417,100
146,300 271,600 417,900
74,200 137,700 211,900
4,458,900 4,588,000 9,046,900
6,000 had ?
4,464,900 4,588,000 9,052,900

a/bontingﬁncies and engineering costs are 10 percent and 5 percent

Consista of 65 porcent foreign exchango.

respeg?ively, for these items.
1%/

100 s1m at P60/sqm.
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{diGS@]fnlectric) drave. The well will have & capaci
cund, increasing the total source cspasity to about 1§
which is enfficient to meot syafen demands until 1491

g Y
«A-..;\ /‘ :

ty of 2,725
3,500 cumd
zﬂee Fimure

liched by pipelinecs o Few pipelines. with a total
length of 2,15 metorg and diameiar of 100,200 and 250 ma, will
be constructed to reinferce previcualy installed pipslines, to
ecomncet new pources to the sysiom and to provide sorvice 1o une
served aven,

The propoged pipelines for Phase 1.3 are ligted in Table
IX~5 and shown an Pigores M-, %5 apd IKel (appended o

Intarpal Network

Hew infernal notwork will he provided during FPhase I-B in
about 92 hectares, complating the area served within the 1990
service area. Intornal network will be provided at an approximato
rate of 18,3 hectarss per year, uniformly over the period 1986~90
(pee Amnex IX-C for dotaila),

Service Connectiona

During Fhase I-B, 2,270 new mervios oonnections will ba
installed, at a rate of ahout 450 connections per ¥sax'e By 1990,
the GAP-WD will have a total of abont 6,400 service connections.
(See Annex IX-C,)

Fire Protesciion

During Phase I-% 23.0 heotsres in Gapan Pohlacion and 95,2
hectares in other communities within the service
area will be provided wiih Tire protection mervice by the justall~
ation of fire nydrants. This will inorease total five protection
gervice to 55 percant of Gapan Poblasion and 26 paroent of ths

other communities by 1390 (aec Anne: IX=C).

Goat Summarwm?haae T3

The cost summary for proposed construction during Phase J«B iam
presented in Table 14-6. Based on 1978 price levels, the total pro-
ject coat for this phase is P5.86 million, with a foreign exchange
component of $2,98 mililion.
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Lweaticn/Description

FLACEAENTY

AT AP RIS T, AL ¢

South o Tinio St
Bouifiele 8t. to Well at J)i IS

RA. (Bo. San Nicolag)
Bl (Bo. San FZF-“AB}
s (Bo. Son Hicolag)
Crideron B,

of Tintc St,

I ton Hen? ond finio St.
Hetwoen Tinio and Don Simson Sts
J*’a‘: C': 11 ?;\' l..-t o

Tinawiy 3%

Jal=monta S,

Dal Pilur St
Ramoge %,

Ramos St g
Doy Corre 3t
aimonte St
Tel Sormo S,
Veiwonte St
Jaeinto St
Jeginto 54,
Dnl Corro St.
Vaimonte Ste

LaTy,nu 5t.

Mub-Total (Replacement Pipelinea)

IX-18

Rl 4‘\77 VY TANE e
eF i

L

NI

Pipe
Diemeter

{mm )

200
200

150
150
150
150
150
150
150
150
150
150

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Pipe
L‘:“.’;’,‘.{{t h

=)

145
210

140
130
35

1,470

150
370
160
240
155
160
100
120
100

85
150
120

90
125
125
190
180

90
100
305
130

34245
5,035



Pipe

Number

307

201
123

207
208

TABLE IX~5 (Continued)

Looation/Description

NEM{ PIPELINES

To Well at Node 89 (Malapit)

To Boe Malapit
Don Simeon St. (R)*

Between Camino and Tinio St,
(San Nicolas)

Between Camino and Tinio St,
(San Nicolas)

Sub-Total (New Pipelines)

Total

Pipe
Diameter
mn

250

200
200

100

100

*Reinforcement to previously installed pipeliner,

IZ=19

Pipa
Langth

15

1,700
100

1,800

180

190
370

2,185
7,220
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COST SUMMARY FOR CONSTRUCTION STAGE 1 FPHASE B

Lten

LY
Source Facilitieajfy

{Complete well @ Node 89 in 1989)

Materials and Equipment
Civil and Structural

(Disinfection Facilities for one

well)
Materiale and Equipment
Civil &nd Struotural

A
Pipelinenl2/
(250 mm < 15 &)
Materials and Equipment
Civil and Struotural
(200 mm x 2,120 m)
Materials and Equipment
Civil and Strueotural
(150 s2 x 1,470 m) .
Materiale and Bquipment
Civil and Struotural
(100 mm x 3,615 m)
Materials and Equipment
Civil and Siruotural
(Valves)
Materials and Equipment
Civil and Siructursal

Sub=Tota112/
Materials and Equipment
Civil and Structural

ternsl Netuorklé/
(91.5 hestares)
Materiale and Equipment
Civil and Struogtural

Service Connaciionsli/

{2,270 New Cormecticns)
Materials and Eguipment
Civil and Struotural

Cost (P) ,
Local Foreigp—/ Total
20,000 265,000
2,400 17,300
44800 —_— S
422,200 292,300 714,500
500 3,300
1'800 had
67,800 267,100
180’200 -
32,300 127,500
14,500 144,600
191,600 -
10,500 25,100
8,800 -
615,700 568,000 1,183,700
148,400 850,300 998,700
~5889:500 105000 --899,500
49,000 383,800
533,000 383,800 916, 800
54!500 11098'700
142,300 -
796,800 1,098,700 1,895,500

11/Computed, at U3$1,00 to P7.00,
—~ Contingencies and engineering costs are 15 percent and 10 percent,

respezz}gely, for these ltems,

ontingencies and engineering costs are 10 percent and 5 percent,

regpectively, for these itema,.

TX=20



TABLE IX-.6 (Continued)

tem

Fire drantsla/

118.2 hectares)

Naterials and Equipment
Civil and Struoiural

Sub-rota11d/
Materials and Equipment
Civil and Structural

Total Consmirmiction Cost
Materials and Equipment
Civil and Struotural

Sub=Total

Co encles

+i
@ 15 Percent
@ 10 Percent

Sub=Total
Buginoeringd/

@ 10 Percent
@ 5 Ferceut

Sub~Total
15/
Land:

Total Projeot Cost

Cost (™)
cal Fore Total
30,500 104,200
44,900, =
75,400 104,200 179,600
134,000 1,586,700 1,720,700
1,271,200 = 1,271,200
1,405,200 1,586,700 2,991,900
282,400 2,437,000 2,719,400
2,160,790 10,000 2,170,700
2,443,100 2,447,000 4,890,100
155,700 129,000 284,700
1 Q0 138,100 2995200
2,739,300 2,734,700 5,474,000
76,400 141,900 218,300
574,600 107,000 164,600
2,873,300 2,983,600 5,856,900
6,000 - 6,000
2,879,300 2,983,600 5,862,900

1;/Contingenoieu and engineering costs are 10 percent and 5 percent,

respectively, for these items.
JA/Consiste of 65 percent foreign exchange.

15/100 sqm at ¥60/sqm.
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D, SECOND STAGE OF THE LONG-TERM
CONSTRUCTION PROGEAM (1997.2000)

The second stage of the recommended program includes provision
of additicnal scurce, gtorage and distribution fecilities and expansion
of internal network, service connection and fire protection faoilities,
These works will be implemented in two construction phases.

GONSTRUCTION PHASE II-A (1991-35)

Source Facilities

Two additional wells will be constructed at node 88 (south of
Cabatao Creek along the Menila Road) and nods 95 (in Barrio Mangino) in
19971 and 1993, respectively, In addition, a larger pumpset will be
installed in the we__ at node 89 (near Barrio Malapit). These source
facilities will increase production capacity by 84175 oumd, bringing
the iotal capacity to about 21,900 cumd whioh in sufficient to meet system
demands until 1996 (see Figure IX-3).

Digtri bution System

The distribution system improvements recommended for construction
during Phase II=A will provide reinforcement to previcusly installed
pipelines along Tinio Street, the Manila Road and the road to San
Isidro. Approximately 13,300 meters of pipelines, 200mm in
diameter, will be construoted to provide additional or new service
to barrios Sto. Cristo Sur, Malimba, Sta. Cruz, Pambuan and San
Isidro poblacion. The pipelines for Phase II-A are described in
Table IX-7 and shown in Figures IXw, IX-5 and IXe1 (appended),

Internal Network

4n additional 216 heotares of internal network will be provided
during Phase IT-4. This will provide service to 50 percent of the
additional area to be served between 1990 and 2000, or 70 percent
of the entire year 2000 service area,

Service Coggections

An additional 4,470 service oconnections will be installed during
Phagse II-A, at a rats of about 890 conneciions per year. By 1995,
the GAP-WD will have a total of about 10,800 service connecticns.

Fire Protectgog

During Phase II~-A, 23 heotares in Gapan Poblacion and 134 hectares
in other commmnities within the GAP-WD will be provided with fire pro-
tection service hy the installation of fire hydrants. By 1995, 78 per-
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TABLE IX.7

PHASE II-A -~ DISTRIBUTION PIFELINES

Pipe Pipe
N:;£:r Looation/Description D1?me§er L?:ith
13 PTinio St. (San Nicolas) gn) 200 120
14 Tinio St. (San Nioolasﬁ R) 200 310
15 Tinio St (West or Del Pilar St, ﬁn) 200 340
16 PTinio St. (West of Del Pilar St.) (R) 200 30
20 Manila Rd. (To Cababao Creek) (R 200 190
21 Manila Rd. (Near PNR Railway Track)(R) 200 45
81 Tinio St. (East of Del Pilar St.) (R) 200 110
114 Manila Rd, (To Well at Node 88) (R) 200 750
202 Manila Rd. to Sto. Cristo Norte (R) 200 2,000
301 San Isidro Rd. to San Imidro 200 14300
302 Manila Rd. to Sto. Cristo Sur 200 1,550
303 Manila Rd. to Malimba 200 14750
305 From Bo, Mangino to Bo., Sta. Cruz 200 3,450
306 To Bo, Pasbuen 200 1,350
308 To Well at Node 88 EManila Rd.) 200 15
310 To Well at Node 95 (Bo. Mangino) 200 —l5
13,325

Note: Pipelines marked (R) are reinforcements to previously
installed pipelines,
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cent of Gapan Poblacion and 62 percent of the other commmnities,
rapresenting 67 percent of the total year 2000 service aroa, Will
have fire protections

Cost Summary: TPhage II=A

A cost summary for construction during Phasc II-A is presented
in Table IX-8, Based on 1978 price levels, the total project cost
for this phase is P13.28 million, with a foreign exchange component
of P6.93 millione

CONSTRUCTION PHASE II-B (1996=2000)

Source Davalopment

In order to, provide the requirad source capacity in 1996, the
pumping capacity :of the previously constructed well at node 75 (along
Bonifacio Street near the abandoned PNR Railway 'frack) will be inw
creased. ‘IWo new wWells will be constructed at node 93 {along the
Manila Road near Barrio Malimba) and node 96 (near Barrio Pambuan)in
1997 and 1999, respsctivelys These wells will have a capacity of
8,175 cumd, bringing the total source capacity t¢ about 30,000 cumd
which is gufficieant to meet projected demands through the year 2000,

Storagzs Facllities

In order to meet projected system demands by 1996, a 120-cum
elevated storage tank will be constructeds It is recommended that
this storage tank be located at, or as near as possible to, node 55
(the site of the test well currently under construction)e This
storage tank, together with the wells to be comstructed during Phase
II-B, will provide sufficient water sapply to satisfy projected peak
demands in the GAP-WD service area until the year 2000,

Distribution System

About 4,300 meters of 200 mm diameter pipelines will be con=
structed during Phase II-B to reinforce the previously constructed
pipeline to Barrio Sta. Cruz; to provide service to Barrio San Roque
beyond the well located at node 93; and to comnect the wells looated
at nodes 93 and 96 (near Barrio Pambuan) to the distribution systeme
These pipelinss are listed in Table IX-9 and shown in Figures IX«q4,
IX=5 and IX-1 (appended)e

Internal Network

An additional 216 hectares of internal network will be provided
during Phase II-B, This will provide service to 100 percent of the
year 2000 service area by the end of the construction period in 2000,
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TABLE IX-8

COST SUMMARY FOR CONSTROCTION STAGE II PHASE A

Cost (P}
Itenm Local Foreign' Total
Souroce Facilitiasiz/
(New pumpsst @ Node 89 in 1994 and
two complets wells @ Nodes 88 and 95
in 1991 and 1993)
Materirls and Equipment 50,000 690,000
Civil and Structural 790,000 20,000
(Disinfection facilities for two )
wells)
Materiala and Equipment 4,800 34,600
Civil and Structural 9,600 -
854,400 744,600 1,599,000
Pipelinestl/ ' ' 1599
{200 am x 13,325 m)
Materials and Equipment 426,400 1,679,000
Civil and Structural 1,132,600 -
(Valves)
Materials and Bquipment 10,800 37,000
Ciril and Struotural 12,000 -~
1,581,800 1,716,000 3,297,800
Snb—TotaitL/ '
Materials and Bquipment 492,000 2,440,600 2,932,600
Civil and Structural 1,944,200 20,000 13964,200
kjﬁ/ 2,4.36,200 2,460,600 4,896,800
tornal Networ
215.8 heotares)
Materials and FEgquipment 115,700 905,100
Civil and Structural 1.142,700 -
1,258,400 905,100 2,163,500
Service Connectiqnggg/
4,470 New Connections) '
Materials and Bquipment 107,300 2,163,500
Civil and Structural 1,461,700 -
1’569,(”0 2,163.500 3'732’500
e rantelﬁ/
5157.3 heotares)
Materials and Equipment 38,300 130,800
Civil and Struectural 56,300 - e
94,600 130,800 225,400

16

T7400mputed at US$1.,00 to #7.00.
C

ontingencies and engineering costs are 15 and 10 percent,

respoigyvely,fbr these items,.
Contingencies and enginsering costs are 10 percent and 5 percent,
respeotively, for theme items.
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Itam

Su'b—'l‘otal-"—g/

TABLE

Materlals and Equipment
Civil and Structural

Total Construction Cost

Materials and Equipment
Civil and Structural

Contingencies
@ 15 Percent
@ 10 Percent

ineeri
@ 10 Percent
@ 5 Percent

Landg-c-'/

Sub-Total

Sub-Total

Total Project Cost

IX-8 (Continued)
Cost (P)

local Foreign Total
261,300 3,199,400 3,460,700
2,660,700 - 2,660,700
2,922,000 3,199,400 6,121,400
753,300 5,640,000 6,393,300
44604 ,900 20,000 4,624,900
5,358,200 5,660,000 11,018,200
365,400 369,100 734,500
292,200 319,900 612,100
6,015,800 6,349,000 12,364,800
157,100 366,000 563,100
117,800 218,900 336,700
6,330,700 6,933,900 13,264,600
12,000 - 12,000
6,342,700 6,933,900 13,276,600

1—8/ Engineering @ 5 percent and contingencies @ 10 percent for

these@ mBe
Consistu of 65 percent foreign exchangee.
200 sqm at P60/sqm.
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TABLE -9

FHASE IT-8 - DISTRITISTICH PITSLINES
Pipe Piga
Pipe ) Diametar Leagth
Number Location/Deserintion (roim ) (m)
304 Manila Rd. to Bo. San Roque 200 850
305 To Bo. Sta. Cruz (R)¥ 200 3,450
309 To Wall at Node 93 (Manila Rd.) 200 15
311 To Well at Node 96 (Bo. Pambuan) 200 15
v 4,330

Sarvice Connections

During Fhase II-~B, about 4,470 connections will be installed at a
rate of &0 connections per year, DIy 2000, about 15,300 service connec-
tions wili have been provided within the GAP=¥D,

Fire Proteciion

An additional 23 hectares within Gapan Poblacion and 134 hectares
within the other communities of the GAP-WD will be provided with fire pro-
tection service. By 2000, total fire protection service will cover 100
percent of Gapan Poblacion and 68 percent of the entire year 2000 service
areas

Cost Summary: Phase T1-D

The cost summary for construction during Phase II-B is presented in
Table IX-10. Based on 1978 price levels, the total projected cost of this
phase is 12,72 million, with a foreign exchange component of P5.83 millione

Be CAPITAL COST SUMMARY

The capital costs for each phage of the recommended constiruction pro-
gram, including the immediate improvement program, are summarized in Table
IX-11, The total project costs shown in this table include engineering,
contingencies and land costs. 411 construction cost estimates are hased
on 1978 price levels, The foreign exchange component of the total project
cost includes the costs of direct and indirect import items.

e ANNUAL OPERATION ANI' MAINTENANCE COSTS

Annual operation and maintenance cousts include personnel, power,
chemicals, maintenance, rentals, oftice supplies and cther miscellaneous
expenses wWhich are necessary to sustain the overall water supply systeme.
The total annual budgeted coet of the existing system in 1976 was 130,400,
Following implementation of the proposed improvement and construction
program, the annual cost will increase due to the additional costs for
personnel, chemicals, poWer and maintenance.

The annual costs of operating and maintaning the GAP-WD facilities
are ectimated to be P270,300, P662,600 and ®1,221,600 in 1980, 1990 and
2000, respectively, The estimated breakdown of these costs is shown in
Table IX-12. All costs shown are based on projected 1978 price levels.

*Pipelines marked (R)are reinfurcements to previously installed pipelines.
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COST SUMMERY OR CORSTRUGTION STAGL II PIASE 3

Them
RS

-

Source Facilitienfg/

(New pumpset @ Node 75 in 1996,
new well withovt pumpset @ Node 93
in 1997 and new well cowplete @

Node 96 in 1993)
Haterials and Equipment
Civil and Structural

(Disinfection facilities for

two wells)
Materials and Equipment
Civil and Siruccural

2
Storage Faoilitissd/

(120~oum tank @ Node 55 im 1996)

¥aterisls and Equipment
Civil and Struotural

Pipelines2e/
(200 mm x 4,330 n)

Materinis and Equipmnent
Civil and Structural

(Valves)
Materials apnd Equipment
Civil and Struotural

50/
Sub-’l‘ojalﬁg/
Materials and Equipmant

Civil.and Structural

Internal Network23/

(215.7 heotares)
Materials and Equipment
Civil and Structural

\ /
Sarvice Connuotionﬂa3!
(4,470 New Conpeotions)
Materials and Equipment
Civil and Structursal

Five Hydrantesd

(157+5 hectares)
Materials and Equipment

Civil and Struotural

ety

g%écomputed at U581.00 to P1.00.
g Engineering and contingencies are 15 percent and 10 peroent,
respeg ivaly, on these items.

Cogt (P)

Local

3,400
800
513,800

1,562,000
2,918,200

115,600
I'1§g,100
1,257,700

107,300
15,461,700
1,569,000

32.400
94,800

Feraign2l/

530,000
20,000

34,600

584,600

390,000

390,000
545600
11,700

557,300

1,511,900

20,000

1,531,900

904,600

504,600

24163,500

7,163,500

130,900

130,900

Total

14429,000

1,950,000

17,0715 100 .

2,868,100
1,582,000
4,450, 100

2,162,300

3,732,500

~7225,700

Engineering at 5 percent and contingencies at 10 percent for these

items,
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TABLE TX=10 (Continued)

Ttem

Sub-rota12y/
Materials and Equipment
Civil and Struoctural

Total Conatruction Cost

Materials and Equipment
Civil and Structural

Contingencies
@ 15 Percent
@ 10 Percent

Sub~Total
Engineeri 24
@ 10 Percent
@ 5 Percent
Sub-Total
Iandgz/

Total Project Cost

Cost (P) .

local Foreigzm Total
261,300 3,199,000 3,450,300
2,660,200 - 2 0660,200
2,921,500 3,159,000 64,120,500
1,617,500 4,710,900 6,328,400
4,222,200 20,000 4,242,200
5,839,700 4,730,900 10,570,600
437,700 229,800 667,500
292,200 319,900 612,100
64569, 600 5,280,600 11,850,200
179,100 332,700 511,800
117,800 218,800 336,600
6,866,500 5,832,100 12,698,600
18,000 - 18,000
64884,500 5,832,100 12,716,600

gé/fngineering at 5 percent and contingencies at 10 percent for

thesezi mse
Consistas of 65 percent foreign exchange.
300 sqm at P60/sqme

IX-29



TABLE IX~11

CAPYTAL COST SUMMARY

Construction Construotion Construction Project Cost (®)
Phase Pariod Cost (®) Local Foreigzn Total

Immediate

Improvemant

Program 1977=-80 4,717,500 3,176,600 2,654,200 5,830,800
I~A 198085 70486,600 4,464,900 4,586,000 9,052,900
I-B 198690 4,890,100 2,879,300 2,983,600 5,062,900
IT-A 1991-95 11,018,200 6,342,700 6,533,900 13,276,600
II-B 1996-2000 10.510.60\) 6,884,500 5,832,100 12,716,600

Total 38,683,000 23,748,000 22,991,800 46,739,800
TABLE IX~-12

ANNUAL OPERATION AND MAINTENANCE COSTS

Annual Costs (r)-2-6/

1tem 1976 1980 1990 2000
Administration and Personnel 62,700 142,500 376,800 509,600
Fower and Fuel 55,100 62,700 147,900 387,900
Chemioals - 11,400 27,300 63 » 700
Maintenamce 9,300 48,900 98,100 227,800
Miscellaneous 3,300 4,800 12,500 32,600

Total 130,400 270,300 662,600 1,221,600

26/ Computed at 1978 price levelss
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G. SEWERAGE/DRATNAGE OUNCEFDS

Exigting Draipage Systen

The existing drainage system in Gapsn (see Figure 1%-6) cousists
primarily of 600 and 1,000 mm concrete pives and a 600 mm & 800 i
open concrete~lined canal traversing the municipality from eaat to
west along Tinio Strest. ive other conduits (iwo along Jacinto and
Magno Streets in ths poblacion, c¢ne along Del Piler Streat in Stc.
Nifio, and two cpen conduits alonsy the easternzids of Barrio San Nicolas)
trangport storm water run~off to ihe Pefisranda River. Additional
oonduits, located adjacent to the public market and alaughterhouge,
drain these facilities into neurby lou~lying areas south of Tinio
Street; where ponding ofton socurs near the railway embankment

In addition to these permanent drainage facilities, many small
open unlined peripheral sireet cansls trangport local drainage to
the larger conduite or other local lou~lying areas. These street
canals consist mainly of sarthen ditchee varying in width from 0,30
10 0.60 meter with depths varying from 025 t0 0445 meter.

Over haif of existing drain age facilities are old and
currently inadequate, The muioipality has a plan for additiona)
drainage facilities, but no long-term engineering planning has been
done. Drainage facilities are maintained by municipal staff, but
inadequata funds are available for effective drainage system maipm
t$enance and expansion,

The existing drainage facilities were constructed primarily
for the collection and disposal of storm water run=off, Most of the
streets canals are dry during normrainy periods. During rainy periods,
surface run-off, as well as somo miscellaneous polid wastes and an
unknewn amount of domeatic wagtewater, is carried by the strest
oanals via the larger drainage conduits or various overland routes
to the Pefiaranda Rivar,

Pield observations of the drainage system in Gapan are ag
follows:

1. The major disposal area for storm water run~off is the
Pefiaranda River, which runs along the north side of the
municipality. Some storm water ig disposed of into areas
betweon Tinio Street and +ihe railway embankment south of
the poblacion.

[\
°

Domestic wastewalor is discharged into septic tanks and

pit privies. Some roof drainage is transported to these
facilitien, cauming occasional flooding during rainy perioda.
Although direct dincharge of domestic wastewater to storm
water facilities appeai's to he uncommen, it is likely that
an appreciable amount of domestic wastewater travels over—
land during rainy periods.
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3s¢ The public rarket aud sloughterhouse arals o0 ol wibede
waters inte areas geparated physically from the dirposal
ar=a utilized by the remainder of the community. YHowever,
it is likely that pollution of suriace 1
place from ihese gources to some extent.

e ody I Y
fmdinool VEEes

4o Thers are ne existing indusiries producing significant
wastewatars,

De Approximately 20 cumd of wolid wastes is collecoted ty ths mmicipal
staff, and digposed of in an area adjacent to the lPeriwrands
River near the Gapan-Cabanatuan hoad,

6. Clorging of drainage conduita is caused by aeposilion of
locally eroded soilg and the dumping of z0lid waustes into
drainage canalye The lack of gratings ¢n drainage oouduit
inlets ageravates this problem,

T« No significant flood problems have been expericnced in
(tapan, although pericdic flocding between Tinio Sireet
and the railway embankment is nccasionally e nuisunoces

Relationship With Infrastructure and Oiher Enginesring and Teonomic
Factors

The provision of sewerage and drainsge facilitiee within the
GAP-YD nas a significant impact on water supply and other infri
structure components. However. economicg (public's ability--towpay )
ard the status of public health affect directly the feasibility of
providing sewerage and drainage facilities.

In view of the relatively minor storm water drainage prchlems
baing exporienced in the GAP~WD area, it appears that drainage
faocilities do not warrant high priority in Gepan's iist of infra.
struoture components, Before decisions can be madc concarning the
inplementation of sewerage and/or drainage programs, additicnal
technioal and eccromic dats must be collecied and evaluated,

Information from the Municipal Cengus Office indicates that in
1570, 28 percent of Gapan's householda had water<borne toilet faciii-
ties; 32 percent had closed-pit type toilets; and 40 percamt had no
private toilet facilitles. Itis unlikely that such 2 low percentage of
"modern® facilities can economically justify s mear-future SCHRT'agw PLrogram.

The rationale for the provigion of wastowater facilities has
traditionally bean based on aesthetics and public health benefits.
A% pregent, there is an obvious water supply problem in the GAP=WD.
As the water supply problem ism rosolved, wastewater volumes will
increase, Related acsthetic and public health standards will improve
in time, incroasing the urgency for molution of the wastewater nroblem.
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Orejactzd Wagtewater Volumes

Proiections have been made for wastewater flows in the GA?LWD
for tha years 1990, 2005 and 2025, These estimates are shown in
Table IX-13.

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

The wastewater volume which could be collected was determinad
by estimating the percentage of water supply connections (domestic
and commercial/industrial/institutional) with sewer connections
during the design period from 1990 to 2025, It was agsumed that all
water supply connections would have sewer commections by 2025, .nd
that in 1990, 30 percent of domestic and 50 pearcent of commercial/
industrial/institutional water supply connections will have sewer
connecticns, It was assumed that there would be no unusually large
water-~consuning connections during the design period, and that 90
percent of water consumed would, therefore, be returned to the
sawerse An allowance was made for groundwater infiltration into
the sewers, based on projected percentage of physical area with
sewers and an infiltration rate of 0,15 lps/hectare. The mumber of
gewer connections required during the design period was then checked
to ensure that the annual rate of sewer connections was realistically
within tho capabilities of the water district.

Alternutives Available

The cost of aewerage/ﬁraihage Tacilities for the GARWD area is
expected to be significant,

A financially self-eu“ficient sewerage/drainage syshe is seldom
achievsd even in developed countries. It is likely that the GAP-WD
is no exception to this rule,

Feasible alternatives for sewerage in GAP=WD area appear to
be as follews:

To dindividual (septic tanks) or unified public collection
Byatem;

2e combined or nseparate sewerage/&rainage systems;

3. various degrees of centralized sewage treatment;

4o disposal system (river or land disposal) for treated
sOHae.
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TABLE IX-13

AVERAGE DAILY WASTEWATER FLOWS
GAPAR WATER DISTRICT

Wastewater Flows (oumd)

re=x1

Commercial/

Served Design Industrial/ Infiltration
Area Year Dopegtic Ingtitutional Allowance Total
Poblaoion 1990 396 92 739 1,227
2005 19415 kY- § 1,064 2,820
2025 5,507 1,211 1,477 8,195
Barrio 1950 175 41 544 760
San Nicolas 2005 626 151 784 1,561
2025 2,434 536 1,089 4,059
Barrio 1990 90 21 259 370
Sto. Nifio 2005 320 17 373 770
2025 1,246 274 518 2,038
T ot a 1 1990 661 154 14542 2,357
2005 2,361 569 2,221 55151
2025 9,187 2,021 3,084 14,292



The question of whether the GAF~WD should construct a come
bined or & separate sewerage/drainage syntem depends on economic
circumstanoes.

An alternative to the combined system,which must be investi-
gated in detail during the sewerage feasibility study, is the pro-
vision of open canals (peripheral drains).

Alternative treatment and disposal methcds for intercepted
wastewater may consigt of:

(1) Screening of gross solids; high-rate lagoons and
effluent discharge into the Pefiaranda River,

(2) Some form of treatment such as conventional primary
and/or high-rate secondary treatment may be applied.
Treated wastes may be used potentially for agricultural
irrigation,

Recommepdations

As soon as the first phase of the water supply program is
underway, a comprehensive sewerage/drainage feasibility study should
be undertaken., This study must address the issue of combinci versus
separate sewers., It should also update the population and water
demand projections of this water supply study.

Onoe the decision has been made to use either a combined cr
separate system, the water district must embark as promptly as
possible on a street sewering and house connection program,

4

A plumbing code should be developed by the GAP~WD to ccordinate
plumbing requirements for water, wastewater and surface run-off
facilities. This code 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 oompiled
and accurately reoorded in preparation for the sewerage/drainage
feasibility study.

For residences and establishments that currently lack waste
disposal facilities and are finanzially unable to provide the modern
flush toilet with septic tank, the Departmemt of Health (Division of
Environmental Sanitation) has developed an inexpensive water-seal
toilet.
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Pé;manent righta-of-way should be aocquired for the main routes
that will be used for drainagq/sewerage canals,

Lamping solid wastes into waterways,canals and manholes, should
be strictly prohibited. Solid wastes not only polluie the water,
but are also very unsightly and serve as habitats for flies, rodents
and parasites. The proper handling of s0lid wastes should be studied
and planned carefully,

He MANAGIMENT OF WATER RESOURCES

In order to make the best use of water resources available for
present and future demards of the GAP-WD, certain technical and man-
agement steps must be considered, These considerations are primarily
related to the collection of data concerning the chemical quality
and amount of water produced ty the district, and a data storage
and retrieval system which would provide easy accessibility to those

organizations dealing with the subject. These are discussed further
in Appendix P, Volume II of this report.,

I. UPDATING THE WATER SUPPLY MASTER PLAN

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

~

J. ENVIRONMENTAL CONSIDERATIONS

Appendix R, Volume II discusses some of the ways ithe conatruction
program may affect the environment of the study area, Some of the
natural resources affected by the program are irreplaceable, requiring
dua consideration before actual construction.
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ANNEX IX-C
DISTRIBUTION SYSTEM GROWTH
General

It is neceasary to project the growth of the distribution
system in order to estimate the required expenditures for in-
ternal network piping, service connections, and fire hydrant
requirements. The projection of distribution system growth is
baged on (1) an apportionment of the served population among
individual sections within the service area; (2) the projected
number of people served by each connection; and (3) the indivie
dual areas of served sections within the service area. The
details of these jtems are discussed below,

erved Population

The projections of served population presented in Chapter VI
are also presented in Annex Table IX-C-l1 according to individual com=
rmnity served and respeotive service areas in 1976, 1980, 1990 and
2000,

Number of Persons per Connection

Based on the pilot area survey donduoted within the present
service area, the average number of persons served hy a single
service connection is 7.,0; this figure is expeoted to remain
until 1980. 4s living standarde improve during the design period,
it is expected that the Household population will tend to decrease.
It has, therefore, been assumed that population per service con=—
nection will decrease to 6.0, This figure has been used for 1990
and 2000 projections.

Total Served Area for Individual Communities

The total areas of individual served commmities were pro-
Jected on the basis of field studies and locations with potent:-?
consumers of the GAP-WD water supply. These projectione sre pre
sented in Annex Table IX-C-2,

Area Served by Internal Network

In order to project the net area to be served hy internal
network, the gross served areas were reduced in proportion to the
expected percentage of population served, This s~rved area was
further reduced based on the assumption that (1) some of the
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ANNEX TABLE IX~GCw—1

SERVED POPULATION PROJECTIONS

GAPAN WATER IDSTRICT

1976

Community Servioce
Seryed JArea
Gapan Poblacion 2,595
Bo, San Nicolas 51
Bo. Sto. Nifo 195
Bo. Hangino 13
Bo, Pambuan 6
Bo, Bayanihan -
Bo., Sto Cristo Norte -
Bo, Malapit -
Bo, Sto Cristo Sur -
Bo. Malimba -
Bo. San Roque -
Bo, Sta Crusz -
San Isidro Poblaoion | ———
Total Served Population 2,860
Total Service Area

Population 22,038
Percent Served 134

IXC=2

1980

Service

JAres

64650
2,940
19505
980
315
490

1990

Serv!ce
Area

11,400
8,400
4,080
31600
39800
1,500
1,320
4,200

2000
Service

frea_.

19,300
13,800
5,820
7500
8,580
2,700
4,020
8,400
3,300
2,220
4,800
4,500
6,960

91,900

131,250
T0%



ANNEX TABLE IXew(Cwed

- TOTAL SERVED AREA FOR INDIVIDUAL COMMUNITIES

Community
Served
Gapan Poblaoion
Bo. San Nioolas
Bo, Sto. Nifio
Bo. Mangino
Bo. Pambuan
Bo. Bayanihan
Bo. Sto. Cristo Norte
Bo. Malapiv
Bo. Sto, Cristo Sur'
Bo, Malimba
Bo, Ssm Roque
Bo, Sta. Crus
San Isidro Poblaecion

Total Served Area

(in heotares)

1976 1980
Service Service
Area Area
75 114
51 84
28 40

5 35
4 16
:165 301

IXmCw3

1990

Servioe

Area

114
112
40
88
50
68
55
84

2000
Service

Area
L

114
132
40
110
101
128
100
118
108
43

35
115
—_

15239



distribution gystem pipes included in the analyses performed for

this study are actually internal network pipes, and (2) some of

the proposed distrabution pipelines themzelves will serve consumers
directly., It has been ~~~umed that relevant distritution system
pipelines pagsing through the service areas can serve an area within
50 meters on each side of the pipelines. The resultant net areas

to receive internal network are listed in Annex Table IX-C-3, accord-
ing to service area, and Anmex Table IX-C-4, according to construction
phane,

Number cf Seryice Copnections

The number of servioe connections was projected by dividing
the served population by the average number of persons per oonnection.
The estimated mumber of service connections for each comnunity withe
in the service area is presented in Annex Table IX~C-5,

During the leakage survey which will be conducted as part of
the immediate improvement program, it is expected that some existe
ing service connections will be identified as major sources of
leakage. It is projected that major repair and replacement will
include 20 percent of existing service connections by 1980, and
the remaining 80 percent during Phase I-A.

Areag to Raceiye Fire Protection

Becauae of the financial impact of the overall construction
program on the perved population, it is proposed that only the
poblacion of Gapan receive full fire protection coverage by the
year 2000, Barrios San Nicolas, Sto, Nifio, Mangino, Pambuan,
Bayanihan, Sto., Cristo Norte and Malapit will receive 50 percent
coverage by that year; and barrios Sto. Cristo Sur, Malimba,

San Hoque and Sta. Cruz and San Isidro Poblacion will receive

30 percent coverage. All the commnities within the service area,
except the poblacion, will be provided with the normal residential
type of hydrant coverage. Portions of the poblacion, because of
higher property values assoociated with oommercial areas, will be
provided with a higher level of hydrant service. The schedule for
fire hydrant installation is presented in Annex Table IX-C~6.

It should be noted that although & community may not receive
compl-.te fire hydrant coverage within the design period; it will be
provided with full fire-‘low pipeline capacity. The pipelines will

be designed to provide the required fire flows, regardless of hydrant
installation scheduling,

Digtribution System Computer Printouts

The following computer printouts (see Annex Tables IX~C~7 and
IX~C-8) indioxte the estimated hydraulic conditions of the GAP-WD

o I}



ANNEX TABLE IX-C-3

NET AREA SERVED Y INTERNAL
HETHORK SYSTEH, BY SERVICE AREA

{in hectares)

Commmnity
LSepyed
Gapragn Foblacion
Bo. Sun Wicolas
Bo. Sto. Nifo
Bz, Mangino

Ho, Farbuasn
Bo, Baranihan

Bs, Sto. (rigto Horte

504 Malimba

2o. San Rogque

Po. Sta. Crus

San TYsidre Poblacion
Total

1980
Servioe
Ares

17.0

8.0
8.0
12,0
50
6.0

ANNEX TABLE 1IX-C-4

1990

Service
Area

18.5
39.8
1640
23,0
29.0
50,0
12.0
69.0

NBEP AREA SERVED BY INTERNAL NETWORK
4'STEM, BY CONSTRUCTION PHASE

Conatruction
reric

158085
198690
1991-35
1596~2000

Congtruction
Phage

I-A
I-B
I1-A
II-B

IX=C~5

Area
Berved

‘ha}
16548

91.5
215.8

688.8

2000
Service

Area

415
67.8
20.0
47.0
6040
113.0
60,0
79.0
6045
1140
2945
5440

688.8



ANNEX TABLE IX-Cwh
SCUEDULZ FOR SERVICE CONNECTION INSTALLATION

Inmediate Phage I-A Phase I~B Phase II-A Phase II-:

Location. Improvements  (1981-85)  (1986-90)  (1991=95) (1996-2000"
Gapan Foblasion (399)1/ 551 475 475 660 660
Bo. San Nicolas (8) 412 490 490 450 450
Bo. Sto, Nific (30) 185 233 232 145 145
Bo. Mangino (2) 138 230 230 325 325
Bo. Pambuan (1) 44 292 293 400 400
Bo, Bayanihan 70 90 90 100 100
Bo. Stos Cristo Norte - 110 110 225 225
Bo. Malapit - 350 350 350 350
Bo. Sto. Cristo Sur - - - 275 275
Bo, Malimba - - - 185 185
Bo, San Roque - - - 400 400
Bo. Sta. Crug - - - 375 375
San Isidro Poblacion - - - 580 580

Total 1,400 2,270 2,270 4,470 4,470
Cumulative Total 1,840 4,110 6,380 10,850 15,320
1/ Numbers in paremtheses indicate existing service comnections.

IXCubs



Location

Gapan Poblaoion (6.8)

Bo,
Bo,
Bo.
Bo.

San Nicolas (1.7)
Sto. Kifio (1.6)
Kangino

Pambuan
Bayanihan

Sto, Cristo Norte
Malapit

Sto, Cristo Sur
Malimba

San Roque

Sta, Crus

Isidro Poblacion

(10.1)

ANNEX TABLE IX-Cw6
SCHEDULE FOR FIRE HYDRANT INSTALLATION

Area Recoiving Fire Protest. (ha2

ri g0 II-B

{1996-2000)

Phase I-A Ihape I-B
(1981-83)  (1986-90)
£742 23.0
- 171
- 4.8
- 12,8
- 11.8
- 21,3
- 11.7
- 15.7
27.2 11842

IXC~T

Phase II-A

23.0
1741
4.8
12,8
11.8
2163
1147
157
1144
3.9
5eT
10.3
~La8

1573

23.0
171

4.8
12,9
11.9
21.4
11.6
156
11.4

3.9

SeT
10.4

—La8
15745

Total

10340
5340
16.0
38.5
355
64.0
35.0

47.0
22.8

7.8
1144
2047

L7

47043



distribution system in the year 2000. The peak hour and minimum
hour oonditions are included as representative of the design oonw
ditions. The critical conditions for some pipelines are not
necessarily the peak or minimum hour conditions but that the majority
of the pipelines are at design capacity during peak-hour oconditions.

The format of computer printouts is discussed in Chapter XII
of the Methodology Mamual, Pipeline numbers of the series 0 to 100
on the computer printouts are existing pipelines. If an existing
pipeline is replaced at some point, the O to 100 series pipe is
replaced with a 400 geries pipeline. The 100 series pipelines are
recommended for installation during the immediate improvement Pro=
grams The 200 series pipeiines are intended to satisfy 1990 de-
s8ign conditions, and the 300 series pipelines, to satisfy year .
2000 design conditions.

Some of the pipelines ja the recommended congtruction program
may appear to be in a phase not indioated by their pipe number,
This may result when other considerations govern the timing of re-
commended construction, 4n example might be that a 300 series pipe-
line is included for Phase I-B oonstruction. The 300 series indioates
that the pipe is not required in an area to serve people until after
1990. A well may be located along the pipeline, and if the well
was required before 1990 to serve other areas, the 300 series pipe
would need to be constructed prior to 1990,

These computer programs have been conducted based on tank over-
flow elevation of 41.0 meters as Tirst reported by the GAP~WD. Sub-
sequently, the tank was measured and assuming a ground elevation of
19 meters the tank overflow would be at elevation 45,0 meters. The
effect an the program would be to raise the overall hydraulic grade-
line 4 meters, which would improve service. The computer programs
we~s not revised since there were no actual survey data in the GAP=WD,
During the design phase these elevations should be determined acou-
rately and the design ad justed accordingly.

IX-C-8



ANNEX TABLE IXwmCeT

COMPUTER PRINTOUT
YEAR 2000 PEAK HOUR
GAPAN WATER DISTRICT

CAPAY 2ac0 P FAK HOUYe

INPUT ANR OGTEUT TN P s
N NDNEC 117
NO NE nlpee ' 146
MAX M7 I TTEYAT IONS o
F A Thh FaCTNR 1, 75000

ALLOy P—pPAP ey erATTIC -~ pFT 3040
STATTIC HCOL #0R F=0RID AL () 4l.0

M*A',« l|'-|f":‘\l. = L"?S AenNNAN
MAY ALLCW VoL -MpS 1,09
MT Aoy vy — wng n,4nn
MAX Allnk !“l - F‘/]_‘)()ﬂ 4 !..").‘):‘
MIN ALLOW HIL = M/1I00 N,
MAY AlLLNY Phpeg = Arp 74000
MIN AT NK PPESS o ATM 5.7
NN OF wrAng T 0F READ 1
N AT MKMONN CONSYWPT TS )
SU4 NF ¥ IXEY DEMaNDs L0 4Y
BANMNY INTH -
[TFR 1 uyhjaal 20,67 | 7%
Tree 2 imigag 10,5¢ §0°
TTRR 3 Moy 4,10 |9
TTeR 4 UMRAY 2,25 1N
TTET 5 un?ay 2633 128
1Tee 4 yNnal 7.16 Log
(TP 7 puMRraL Q) nS

SIMAUTINM *.0, ) ETAGHEN TN 7 TTEQATIANS
N,N260 408 NPALAMCT
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ANNEX TABLE IX=C~8 (continued)
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ANNEX TABLE IX=C-8 (continued)
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CHAPTER X FINANCIAL FEASIBILITY ANALYSIS
A. GENERAL

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

Water rates have been developed on the basis that the system
will be financially self-supporting. Capital funds for the recom-
mended plan will be obtained by borrowing from international lending
agenocies and LWUA. The water rates that have been devoloped appear
to be within the ability-to~pay of ‘the average householder in the
water district,

The financial analysis includes only those revenues and disburse-
ments for the proposed construotion program from 1978 to 1990 (Imme~
diate Improvements, Phase I-A and Phase I-B)s All those revenues and
disbursements shown beiween 1990 and 2000 are direotly atitributable to
continued service and expenses occurring from facilitieas oconstruoted
between 1978 and 1990,

B. THE EXISTING SYSTEM
Personnel
As of October 1976, the water dietrint was operated by 12 per—
sonnel, with some key positions vacant. In order to meet the needs of
a developing organization, recent developments have been direoted
towards the expansion of its present staff and the adoption of LWUA
guidelines in the area of personnel manag..ont,

Water Rates

The present system has a total of 440 flat-rate connections. As
.of October, 1976, the water rates were aa follows:

Residential:
without booster pump and resertoir P12,15 per month
with booster pump and reservoir 12,20 per month
Commercial:
without booster pump and reservoir 15,00 per month
with booster pump but without reservoir 20.00 per month
with booster pump and reservoir 25.00 per month

X=-1



Financial Statements

GARND has been eperating at a defiocit of approximately
P1,000,0C per month with a 1976 average menthly eperation and mainte-
nance oost amsunting to about P9,000, Bigger lesses are operated if
allowances are made for depreciation. This has been the trend in
spite of the suhsidy it receives from the municipal government, The
monthly subeidy was increased in January 1977 from 2,500 to 3,500

and would be discontinued altogether in June 1977, It is assumed
that the financial pituation will improve with the implementation of
LHUA commercial prabtioea and the proposed improvements en the
system,

Historio financial reocords have not been based on organized
basic acocownting eystems. Therefore, data on past finances ef the
presént system are iﬂédequate to form a sound basis for future pro-
Jeotions. It is therefore necessary to made oertain assumptions for
the financial feasihility analysis. These are discussed later in
this ‘chapter. Validity of these essumptions will be tested as the
projeot is implemented.

C. TEVELOPMENT COSTS3

The cost estimatbs of the facilities needed to improve and
expand water services’ of the water distriot over the development plan=
ning period are presefited in Chapter IX, Cost estimates of the
facilities are based on the projected July 1978 unit prices.

Project Costs L

Project ocosts of facilities recommended for implementation
through Phase I-B are summarized on an annual basis in Annex Table
X=C-1, FEngineering ne:g?oes for design and coastruotion supervision
are broken dowzue It has been assumed that 7O parcent of the ergie
neering services applied to surveys and design and 30 pervent to
oonstruction supervisions Design costs are shown in the year preced-
ing construotion. Contihgencies (15/10 percent) are distributed
uniformly during the construction periods. Foreign axchange component
of total project cost includes cost of direct and indireot import
items, as well as a2 portion of the engineering cosise

Egoalation of Costs

To account for the effects of inflation, capital cost estimates
are escalateds This has bgen done year by year on an item by-item
basis using escalatisz faotors computed froa assumed inflationary
trends and applied to the basic ourrent cost data as shown in Annex
Table X=C~2, The escalation faotors used are based on an average
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annual rate of inflation of 10 percent per year from 1978 through
1980, 8 percent from 1981 to 1985 and & percent per year thereafter.
On the other hand, annual operaticn and maintenance coste and family
inocome are escalatsd at a rate of 8 percent all throughout the 23~year
study periode Those ascalation facters have been assumed to apply
equally to the local and foreign exchange costs.

D. CIrEHATING AND MAINTENANCE COSYS

This cost category covers cash expenses required to keep the
system operating and adequately maintained. It assures the continued
maintenance of the water district's revenue~producing capacity and
protection of its investment. Included in this cost category ares
personnel salary and benefits, power, chemicals, maintenance, rental,
and other miscellanaous expenses which are necessary to run the overall
water system. Most items inorease in accordance with the quantity of
water producad; the number of oustomers served; and the extent to which
the physical plant will be operated and maintained.

The operating couts of the existing aad future systems are
presented in Chapter IX.

5o FINANCING POLICIES COVERING LOCAL
A ATER DISTRICT DEVELOPMENT

The following are the major potential sources of funds which
can be utilized by the GAP=WD:

Operating Source

To the extent that revenussfrom the operations of the local
water district exceed amnual cash requirements for all other purposes,
funds can be devoted to financing development costs. 4s a practical
matter, it is highly desirable to finance a significant proportion
of develcpment costs in this manner in order to reduce the amount
that must be borrowed and the associated debt service costse

Non-Operating Sources

Non-operating sources of funds for development include 3 basic
groupsa!

1e Loans -~ funds may be borrowed by the water district for
development., One of INUA's primary functions is lending
funds for development to water districts. From the water
district's point of view, IHUA is the primary, if not the



only realistic source of funds.
currencias and pesos atl verying termg aend relends needed
funds to water district according to the composite terms

LWUA borrows both foreign

needed to support the blend of debt service terms LWUA

itaself must meet.

Imnediate Improvements Loan

At present, LWUA's termr include:

Fhase I-A and I-B Loan

Interest -~ 9 percent per annum to be 9 percent per annum to be
computed at ¥ percent per compuied monthly at % per-
monthe Interest due on the  cent per month from the
local componeni is paid year following the date of
annually. Interest on disbursement,
foreign exchange is capi-
talized during construction.

Total loan outstanding at
the end of construction
period earns another full
year interest before re-
payment.

Duration - 30-year loan, disbursement 3C~year loan from the date
assumed made at mid-year, of initial disbursement.
thus will earn interest for
6 months.

Frincipal - amortized equally for 30 No principal payments due
Yyears to start one year during construction periods
after construction, (Construction periods of

Stage I-Phases Aand B are
explained in Chapter IX).
Principal repayment period
is 30 years less the dura-
tion of the disbursemens
periOdo

2. Charges and Assesaments - consist of payments made by new

customers and benefiting property owners for the costs of
specific portions of the facilities being developed.
Typically, such charges are made for the costs of new con-
struction and water meters and for all or a portion of the
costs of new distribution system extensions. LWUA guide~
lines suggest that new customers may pay for connections
and water meters, but currently do not include an assessment
for distribution system ocosts. For purposes of this analysis,
new customers were assumed to be paying for the new connec-
tions and water meters on a revolving fund basis, These
sources are referred to as "contributions

i~



in aid of construction" in acccounting terminology
and have the effect of reducing Lic wiounis to be borrowed,
Since many new customars will not be in a position to pay
connection fees (or benofit assessment charges) in cash, it
will be necessary to provide {inancing assistances Presant
practice iz to allow such payments to e nwie at a flat
monthly rate oi P5.00 over a period of 10 yearse

3¢ Grants or Credits ~ LJ4UA has access to loan funds on con-
cessionary terms and is thus able to relend funds at rates
that arc below mariet ratess Thiz iu itself is a 'eredit!
available to the local water Jdis'rict biorrowere In sone
countries, the national gpovermment makes outright grants to
local water districts in recognition of the overall national
benefit of having safe and reliable uwater systemse Another
approach is for the government to advance a portion of the
funds needed during the early years of development at little
or no interest to assist the local utility in building its
financial capacitye. This is another form of ‘credit' as
referred to above, Later, as the revenue base expands and
development expenditures decline, the local utility funds
such advances as permitted by its cash position. At the
present time, however, the local water district is expected
to undertale itc development programs with no equity
participation by government or assistance other than the
LdUA loans. '

Regerve Requirements

Since reserve requirements are tied directly to obtaining
development loans from LWUA, they are considered as funds required
to support capital development. After total revenue requirements
are determined, LJUA guidelines suggest that 10 percent be set aside
for reserve fundse. For purposes of this study, a lower percentage
will be used, starting at 3 percent progressively increasing to 10
percent,

F. FUNDS FOR CAPITAL DEVELOFPMENT

Once the basic data requirements are met and the financing
policies outlined, funds required to cover development costs are then
determineds The most important document in this regard is the break—
down of projeot costs as escalated and shown in Annex Table X~C=2,

Depreciable Assets/Depreciation xpenses

Capital assets acquired each year become subject to depreciation
in their first full year of service, Thus a pipeline completed in
1978 becomes "depreciable" in 1979. If it has a 50-year life, depre—
ciation continuss for 50 years and it is assumed to be retired in the
518t yeare The cost of large facilities that require several years
to construct is carried as "work-in-~process" until completed,
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Annex Table X~F-1 shows the water district's assets and depre-
ciable value forecasts, the initial purpose of which is to show the
appropriate "depreciable" values for use in calculating replacement
coste and annual depreciation expenses. At the same time, year-
end took values of assets are shown as well as the value of Work-in=
process.

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

Revolving Fund for Connections

To assist new customers in financing service connection charges,
it is necessary to provide vorking capital for a revolving fund, It
is proposed that IMUA's present policy which provides for the costs to
be payable at FSGOO/month over a j0-ycar period be increased to
P6.83 by 1978 to cover the increased unit price of meters, Nei ine
flow funds will be required over a period of 10 years to build
sufficient income to support the annual costs of oconnections. At
some futurc point, income exceeds annual expenditures and the revolv-
ing fund can be used to refund the earlier advances of vworking
capital,.

Amnex Table X-F-3 indicates the working capital requirements,
In this table, the two key assumptions aret

1e The monthly installment payments are based on actual
costs of constructing service connections and meters;
thus, the monthly payments by customers connected to
the system in 1981 would be greater than those who
would be connected to the system in 1978 to account
for the escalation of construction costs.

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

Revenue Unit Forecast

The present IWUA rate polioy incorporates the use of "revenue
units" (RU) in determining the basic cost per cubic meter of water
to domestic consumers. Commercial and industrial customers are
charged twice the unit price for domestic use and wholesale water
distributors are charged thrice the basic price. As defined, a
"revenue unit" is an arbitarary unit of measure into which discharges
from pipes of various sizes are reduced to a 3/8-inch connection by
the use of conversion factors.
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Thus, the dischares of a 3/8-inch connection (actually a 3—inch
connection, tut regnlated by a watcr meter to give the discharge of
a 3/B-inch connaction) is multiplied by 1.0; that of a #-inch by 2453
that of a f-inch by 4; that of & 1-inch by 8; and so forth, to get
the total RUs delivered.

Two charges arc levied on metered commeotions = the servioce
charge and the commodity charge. The ssrvice charge is the fixed
charge which covers the first 10 cum of water, It varies acocording
to the size of ‘he conunection. The commodity chargd is payment for
water consumed after the first 10 cum. The unit price is uniform
for every size and type of connectione

Annex Tables X~Fja and X~F=qb give the revenue unit forecast.
G. ANALYSIS OF WATER RATES

Ability~-To~Pay Issue

Presidential Decrce No. 198 stipulates that water districts must
be financially self-sufficient. In the past, most water system have
not been able to generate suffioient revenues to cover even the
operation and maintenance expenses due to various faotors including
poor pricing schemes, defective collection system and inadequate conw
sumer promotion. The major reason for insuffioient revenues, however,
is that certain consumers being sarved by the water district have such
low inoomes and hence, are not in a finanoial prosition to pay
the full costs of the system, Therefore, before a water system is
improved and expanded, tho ability-to-~pay of the population targeted
to be served must be eacertained first.

Since water districts are not expeoted to be extended government
subsidy, the analysis of the factors affeoting ability-to-pay has been
significantly simplified. The factors that affect ability~to-pay are
the annual income of families covered by the water distriot and the
percentage of the their income allocated to water supply.

In March 1975, an informal survey was conducted among Water
District General Managers to help gather data needed for the ability~
to-pay studies. Questionnaires wers distributed to 15 water districts
covering provincial areas that differed in oige, loocation and economic
conditions,

The answers given by the general managers of the 15 water districts
are summarized as followst:

1) Though 10 of the water distriots were revenue-producing prior

to the change in management of the water district, 13 imposed
increaped water rates upon takeover,
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2) Water consumers gonerally accepted the inorease after some
explanetions justifying it. Only five rsceivad formal
complaints about the increased rates while eight received
formal complaints about the poor quality of water supply.

3) Ten had difficulty in the collection of water bills primarily
due to dissatisfaotion of consumers to the water service,.

4) Assuming that capital and service improvements were made,
the goneral managers indicated they could increase their
rates by as low as 25 porcent and as high as 447 percent foxr
the average and below average houssholds,

A formal survey was conducted in April and May, 1975 in the
oity of lipa and the Municipality of Tanauan. These pilot areas
were selected because (a) they are at present experiencing water
supply problems, (b) the income level of their families is similar
to that of the naticnal income figure, and (o) they are near Manila,
only about 2 hours away by bus,

The survey covernd 5506 families, classified into 4 income groups.
Approximately 28 percont came from the low-income claams (velow P220/
month); 55 percent from the middle-income (?221-?750); 12 parcent
from the upper middle-income oless (P751-P1,500); and 5 percent from
the high—inocome group (abovs #1,500),

The table below presents the highlights and pertinent findings
of the survey!

ESTIMATED ABILITY-TO-PAY INCOME GROUPING

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

Probable Ability-
to~Pay on Basis of
Improved Services P13.50 $24,50 P37,00 P67.50  $25,00/mo

Estimated Average

Inocome P220 560 *1,000 P2,700  P680/house~
Ability=to~Pay hold
Divided by

Average Inoome 6.1% 3T 3.7% 2.,5% 3.T%

The foregoing table indicates that the low-income group may be
able to pay a maximum of P13,50 a month for water (about 6.1 percent
of their average income)s. In the extreme end, the high-income group
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may vo able to voy a auxlimwe of P6T7.50 & menth for water (only 205
percent ol tholr average inovms). Thia dieparity in the percentags
of inoems allocated ioc water by ths tue income groaps may well be the
best argument of thome adveseting & sociclized price structure,

The rrotabls maxirmm abilitydtflyay of the pilot arsa average
hous¢hold is about P25.,00 peT monih.

Family Incsme

In the Survey ef jloupehelds Dulletin Series Ho. 34, published
July 1973 by the HCSU, Manila, (pags 3, Table 5), the following data
are glven:

Hanila Other
Total Total and Urban
Families Urban Suburbs Areas Rural

Median Famlly Anrmal

Income, Peros Pe,454 23,972 $5,202 $3,650 1,954
Size af Sample,
Femilier 6,347 19513 525 1,388 4,434

Ths sbove data ur: for the 1i-wonth poried sy 1970 to April
1971, mors or lesss Ths figure fer "other urban areas", »3,650
median fomily annual incomo, may approximate, or may be a little leas,
than the median family inooms at the areas served with piped water.

As the figures cited above show, in general, psople in urban areas
tend to be financially better off than people in rural areas. The
tere "urban areas" irncludes &ll urban areas in the country, in gene-
ral, moet urban areas of the oity or mmiocipality. The inhabitants
of the central urban area are expected to be somewhat wealthier than
the other areas of the oity or municipality.

By July 1976, tho annual income for "other urban areas™ oited
above, escalated at 10 peroent per year, would be about P6,200 per
Yoar,

The report, "The Filipino Family, Community, and Nation" by Emma
Porio, Frank Lynch and Mary R. Hollnsteiner publiehed by the Insti-~
tute of Philippine Culture of Atsnso de Manila University 4in
April 1975, cites in Table A9, page 99 the re¢sults of a survey in
April 1974, The families surveyed were distributed among 15 urban
areas, and included 373 families in Metro Manila. Fxoluding the fami-
lies in Motro Manila, moan monthly income of the remaining 1,599
families was P572, or P6,864 per year. PEsoalating this income at an

1/Thie figure includes appropriate anllowances for the respondents
understating their income or willingness to pay and the inorease in
amount they are willing to pay as a result of improved services.
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annual rate of 10 percent, by 1 July 1976, it would be an income of
about P8§,510 per year. Thess 14 urban areas are among the more urban-
ized in the country. They included, for instance, only 3 municipali-
ties, the other eleven being classifisd as cities. The median
population of the 14 urban ace¢as in ths 1970 census was about 70,000.

Hagsid on thase data, the mean family income of the people residing
in the water service aveas of the communities whowy water system are
proposed to be improved might be, by 1 July 1976, somewhere between
the P6,200 per vear §dovelopod from the 1970/71 data of the NCS0) and
the 8,510 per year davelopad from the data of Porio, Lynoh and
Hollnsteiner), For lack of other data, the average water—using family
may have an income of about P7,900 during 1976 (or P660 per month,
which is close to the Lipa household survey). Thie is equivalent to
an annual income of 81,000 for a family of six or seven,

Initial Rate Detarmination

Severul trials were made o devise "revenue unit" (RU) prices
that can be used for a period of several years. It is good practioe
for the water district to adjust prices approximately every 3 years
instead of annually,

Based on the trials made, the water rates established at reason—
able intervals are as follows:

Poriod Water Rate P/RU
1978-1980 0.70
1981-1983 1.20
1984-1989 1.50
1990-1993* 1.60
1994-1996# 1.70
1997-2000# 1.80

The first siep of P0,70/RU was seleoted as an intermediate rate,
in anticipation of the second step (?1.20/FU) which is indicative of
the required cost to make the aystem financially viable. The rate of
*1.20/RU in 1982 cost levels is equivalent to 0,82 in 1978 prices
(based on 10 percent discount rate). Likewise P1.50/RU in 1986 is
equal to P0.70 in 1978 prioes,

*These rates only cover expenses of debt service and operation
and maintenance costs incurred for facilities constructed before 1990,
Water rates from 1990 to 2000 w.ould actvally be higher if GAP-WD con-—
tinues to construct facilities beyond 1940,
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The guestiocn of feasivility ia a “4tt0r of analyzing whoether or

aoh the oustomevs of the ndter Al t.’ are abls to pay the required
chargen woti nos Lodn bhue Sulued an ovder bo o obtoin sale and
roliable walsr usrvicus Inasmuch cn the propoged water rates ro-

tal
¥

for EI‘.‘:u, gﬂ*.)'np of
the "meane

hea bpeen !"""L’»l\‘:"

Preser
households whooo !
Probable use of ' grony was PuLu‘la ol at 24 cum per
monthe™  For pe purpeges, the study covers conawners with
d=inch cennections inssmuch ar they comprise the tulk of the demestic/
government conaumerss  dorking back, tho 1979 rate of PO.70 par
revenue unii will viesld a monthly cervice charga of B17.50, mhb
commodity charge for o 24-cum consumpbion is 9,00 (O@,C x nH)Q fFor
newly cownnegted cusiumcr' vhio avail of fthe 10-yezr inastallment plang
monthly expsnditurse for water wi'l increase by PG.S) io account for
the service conncction charps, Since toth water and household

incomas incireaue sach yeg the mpk(* of the installment charge on
the expendiiure pubtern of the househeld will decline over the 10w
year poriod of payment. The sstimated impact of the increased rates
and connaction bharpt" on heousehiold patterns is shown below for the
mid=point of each rate blocke

1979 182 1986 1991 195 1999

1t the “mzan®,

D IMIpte

"..)
'L

Egcalated inoome of
household sarning
P700/mo in 1976
(8% per year) 882 1,111 1,511 2,220 3,021 4,110

Expsnditure for 24 cum
water conaumption=
§6rVice cnarge
(first 10 cum) 1750 30,00 37450 40.00 42,50 45.00

Commodity charge
(Rate/Ri! x 14 cum) G.80 16,80 21.00 22,40 23,80 25,20

Inooms allocation to
water for existing
consumors () 3.1

-
4~
a
™
Cad
&
w2
o
@
(<}
o
8
(8

167

Connection charge for

new @ugtomera

(P6e83/mo in 1978) T+51 9.6  12.86  17.20  21.T1 27040
Incoms slleccation

to Water for new
cuotomers 3.9

I

o1 4a7 346 2.9 2e4

27?rahable us? of water by income groups:

Incoms elow Upper Weighted
Grouping Average Averags Middle High Mean

Probable Water
Use cum/mo i6 24 32 44 23.7
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Since the mldupoxnt of the period was SBlaeted for comparnson, 1t
ghould be noted thoi the vrope IL]“HL howst wanld bu o nlag e
in e V8% poeddsd Dy S mldels Lol S Loper 18 Ghi u[,.cueé_;an)g
yoar of each block.

Tt the exanple rlawn oboss ¢ properticis of thoe housshold
incoms quulT“d for water U”fVlCGq \GlC“Du in 1682 and 1988 which
ars the oraois saru ) are considsred within the 1imit of Lhe
abliiliy—topay dese in : iilingness to p&y’
feva for improved servioccss was found 1o bu abuut 3.7 poroent of the
househeld income.

Vity wWhEes

In the final snalysis, if any significant improvemsnt is to be
achieved in tho seste and ;uality of public water service and if the

water distiricts 38 to be maintained, all groups of water customexs
will have to pav substantinlly higher charges fov water services
than they have paid ia the pash,

reguirvemsnt or coumercially viable and [inancially self-supporting

wituring of water rate charges ia
that they must be ressonable and vealistic. Sikes water is a prims
commodity both for ihe pooy and the rich, the socialized rate may

be determined such that s greater finanocial burden ie carried by
thoze who ocan afford {but not tc the peint that it becomes oppreseive
to them).

A policy geidelins in the sirc

In the praceding sections, speciiic rateas established weet the
cash requirsments for an improved systom and at the same time fall
within the average consumerts ability~to-pay. Under this scheme,
the cost fTor the first 10 cum consumed is P17.50 and thoe subsequent
consumption, ¥0.70/cam. Thua, ths monthly rates for the following
water consumption wiil bes

aage (cum/mo ) Cost/month (F)#
16 21.70
18 23.10
20 24.50
22 25,90
24 27.30
30 31.50
32 32.90
a4 41.30

The estimzted impact cn the avsrage income household (assumed
to have a monthly 1376 income of FGE0) and the below averase income
household (asuwumed to have an adjusied monthly 1976 income of ¥300)
is as follows:

#For % inch osnnsoticn demesiic olassiification.



Cowd o nf Porscnt of Inocas

Piodectied 1979 o
Y/ . G ot
Water/mo  Allccated to Water

Income level Honthly Income

Belovw frwerpgs 3RO P ouun P2i.70 BT
Average &30 24 cum 2730 33

The precading telle shows thii the Tinancial burden to the belew
averags income gZroup 18 Heavye

£ soulalized pricing aliernative has been developed to relieve

the low income groups of ithe high financial cost of waler with the
following rale structures

first 16 cum/mo ab FG.85/cum

from 1724 cum/mo at ?1.70/cum
N 2 -

frem 25 or more cum/mo at ?2.70/cum

The pesulting monthly rates for the varioun water usagea will bed

Usage (cum) Cost/month (¥)
16 13.60
18 1700
20 20440
22 23.80
24 27.20
30 43.40
32 48.80
Y, 81420

The corrssponding impact on the various income levels is as
folliowst -

Projected 1979 Monthly Usage Cost of Fercent of Income
Income Level Honthly Income __of Hater Hater[ho Allocated to Hater

Below Average P 380 16 cum P13.6C 3.6
Average 830 24 cum 27420 3.3
Upper Hiddls 1,260 32 cum 48.80 3.9
High 2,910 44 cum 81.20 2.8

The precoding table shows {hat across the inceme profile of the
community, the monthly costs range from 2.8 —~ 3.9 percent of hougew
hold incomee

Ravemie Foreczaats

Estimated future levels of income from water sales are shown in
Annex Table “-G=1,
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H, PFINANCIAL SUMMARY

Several iriales have been conducted in developing the forecasts
of financial statements of the GAP-HD., These statements are based
on the following major assumptionsi

1. Reserve Fund: 3 percent of sales for 1978-1990; 6 percent
for 1991-1995; and 10 percent for 1996-2000.

2., Uncollectibles: 2 percent of gross revenue requirements
for the first year of a new rate application, and 1 percent
for the second and third yearse

3, Acocounts Receivable: equivalent to 3 months of sales.

4. Accounts Payable: equivalent to 2 months of operating
expensess

External Borrowing Required

Annex Table X-He1 shows 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
Phages I-A and I-B loans to comply with prevailing LWUA termse

Borrowing will start in 1978 and continue through 1990 The
{mmediate improvement loan (1978-1981) will amount to P64914 milllone
The Phase I-A loan will cover the 8-year period 1978-85 inclusive
and will amount to P11,098 million. The Fhase I-B loan will cover
the S-year period 1986-90 inclusive and will be about P9.226 million,

Proijections of Finanoial Statements

Annex Table X-H=2 shows the net income (loss) on a yearly basise
Net loss ig forecasted in 1978 through 19860 and in 1982 through
1983, Net income cumulative would show positive values in fifteen
of the 23=year study period.

Other related data such as wéter production, water sales,
unaccounted-for-water and rate of ‘return based on net fixed asset
_in operation are also presented in the tables

Cash Flow 3tateme:ns

The ocash flow statement provides an indication of the adequaocy
of working capitals It is not generally sufficient to cover cash
outlays with revenues because of the tendency of cash receipts to
lag behind cash outlayse. In general, an expanding organization with
an active capital development program md increasing level of
activities will require similarly increasing quantitiss of working
oapital,. '

X=14



Armex Table X-i-} presents the annual “Sources and Applications
of Funds." Potential net decreases are expeoted in the year 1978,
1979, 1983, 1994 and 1998. By 2000, positive net cumulative cash
balance will he PP11.723 million even if "cash at the beginning of
1978" has bsen assumed equal to zero.

Other Financial Statements

Appendix Table X-H-4 presents the "Projected Balance Sheet"
sthich shows the projected fixed and current assets, liabilities and
equity of the water district from 1978 to 2000,

Rate of Return

Discount rate of return on total investments (Annex Table X-H-5)
measures the itrue efficiency of mobilizing investments on the pro-
ject from a broader perspective. Taken from a different perspective,
it measures the effeotive utilization of total investments employed
in the projuct, It shows what the compounded growth of investment
within the project cycle would be based on the interplay of cagh
outflows and the resulting inflows from such investment.

Net asset salvage value of £4,663 million is added to net cash
inflow in the year 2000, This is done based on the agsumption 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 assetse

Several trials were made in finding the rate of interest that
equated the present value of the cash inflows to the unrecovered
investmentse In the GAP-WD, the rate of return, with the assumptions
made, is estimated to be 7.03 percent,

I. FINANCIAL RECOMMENDATIONS

1e The water district should establish a revolving fund to assist
new customers in financing servie connection charges.

2+ The proposed water rates (for domestic consumers) to effect
self-sufficiency are as followss

Period Water Rate ®/RU
1978-1980 0,70
1981~1983 1420
1984-1989 1450
1990-1993 # 1460
1994-1996 » 1470
19972000 » 1.80

¥This rate is recommended to cover expenses incurred by implement-

ing and operating facilities in immediate improvement program and
Stage 1 only.

X195



It is recommended, however, that in the implementation of these rates,
the water district follow the socialized pricing approach which will
generate the same amount of income to meet its requirements,

3+ Tha -ecommendsd plan for the first construction paase (Phase I-4)
of CaP<iD ig financially feasible, Borrowing for that pericd
would be P11,098 million,

Ixternal borrowing would still be necessary for the Phagse I-B
period,

X=16



ANNEX X-C

DEVELOPMENT COSTS



ANREX TASLE X~C-1

PROJECT COST OF RECOY/ENIED PROGRAM
GAPAN WATER DISTRICT
(WITHOUT RSCALATION)

(" x 1000)
Item 3978 ag719 1980 1951 1962 1983 1984 1385 1988 1287 1928 1969 9= tal
Source Faoilities a} Bgyuipment 6 16 - - 7 - - - - - 3 212 - 611
»5 Structure 2 5 - - 167 - - - - - 4 127 - 245
Q) Wells 7 20 - - 2R - - - - - 17 516 - 952
Distribution Pacilitiss 59 17€ 516 1,153 1,153 576 - &7 398 70t 354 - - <. ton
Internal Network 16 48 186 37 KX&1 an 371 204 145 256 256 256 123 ~30
Pire Eytrants 1 2 - 11 23 23 23 5 29 50 50 50 2s E
Servios Conneotion a) Meters 5 15 - el 16 145 145 a2 a3 146 146 146 T2 1,208
b) Pipos 15 46 - 221 443 443 443 248 218 - 383 383 k -3} 1R 3,418
Issediste Imprevements sT Sourve Pacilities 1. Equipment 74 ’ 474
2. Structure 271 271
3. Nell 531 531
hg Distridution Pacilities 1,840 1,820
[ ] Servioe Coansotion 1. MNeters 174 158 157 483
2. Pipes 370 335 335 1,540
d) Mdainietration .
building 1. Kquipment 51 - 51
. 2+ Strusture 419 419
o) Fluabing Shop 1e Equipment 30 30
2, Ztructure 421 &1
f; Toehiclen $39 139
’1/ &) Misoallansous Itams 15 15
Yeasibility Studie %8 142 207
SuHo'cnlg/ 4,904 823 1,403 1,829 2,982 1,553 943 596 873 1,536 1,215 1,710 417 20,530
1114 S & 323
TOTAL FRDJECT 009?3-/ 5:015 823 1,409 1,829 2,982 1,559 9383 596 879 1,536 1,215 1,710 457 20,953

¢
;_//Ca.lculnod st 1 percemt of total projext cost,

Inoludas deeign (first year of each major segment of developwent ), supervision of congtrmctisn sad comtingenzies spread sxifernly during

the papiod of construction,

Does not inolude igterest during oconatrustion. FPor oalotlated intersst see Table I-Bwl.

X-C=1



ANNEX, TASLE X=(C=2

PROJECT COST OP RECOMMENTID PHOCRAX
GAPAK WATER DISTRICT
(¢ ITH ESCALATION)

Y x 1000
Iten 1978 1979 1880 19 iZS2 18P 1324 i3%e 1986 3287 1388 1999 190 Total
T IS ATION PACTCR 1.000 12100 1210 1307 1.412 14528 1e647 1,779 1556 1.9%% 2,117 2,246 2,381

Source Facilities a) Equipment [ 2 L0 bind 521 1,054
b) Structure 2 6 151 5 3 452
e} Well 7 - 22 554 36 1,153 1,778
Dstribution Pacilities 59 194 697 1,507 1,528 z73 &4 a1 1,401 Ta4 72543
Internal laswork 16 53 225 485 522 SES 614 363 2713 512 5 575 ks, 5,020
Fire Lydrants 1 2 14 32 33 ke 27 55 100 106 112 €C 532
Servioe Connection a) Keters S 17 % 206 223 240 146 157 2R 309 328 171 2,153
b) Pipes 15 51 289 626 676 730 441 411 166 812 860 457 6,334

Iamediate Improvements a) Source Facilities 1. Equipment 474

2. Structure 271
3. Well 531 £33
b; Distribution Facilities 1,840 1,820
¢) Sarvice Connsction 1., Keters 174 174 190 533
2. Pipes 370 369 405 1,124

d) Mainfetrative

Duilding 1« Equipment 51 bal
2. Siructurs 419 413
e«) Pluabing Shop 1. Equipment 30 30
2, Struoture 421 . 421
fg Vehioles 139 133
€) Masocellannocus Itexs 15 15
Peasibility Studies 58 180 222
Sub-total’ 4,904 908 1,697 2,390 4,211 2,378 1,619 1,061 1,647 3,073 2,574 3,840 993 31,293
Tand - 111 1 11 123
TOTAL PROJECT COST 5,015 908 1,704 2,390 4,211 2,378 1,619 1,061 1,658 3,071 2,574 3,840 993 31,422

X=-C=-2



ANNEX X-F

FUNDS FOR CAPITAL DEVELOTFMENT



I.

b==X

WORK~IN~FROCZSS
Souroe Facilities

a) Equipment
b) Structure
c) Hells
Immediate Improvements — Sourve Faocilities
a§ Equipment
b) Structure
0} Wells

Total Work-In Progoess

ASSETS ADDED BY TBAR EXND

Distribution Facilities
Internal Ketwork
Pire Hydrants
Sarvios Connections
n; Heters
b) Pipes
Peanibility Studies
Ismediate Inprovenents
a) Distribution Facilities
b) Sarvice Connsction 1. Heters
2, Pipes
¢) Aministration Bldg 1. Equisment
2+ Structure
d) Pluabing Shop 1, Equipment
2, Structure
cg Vehicles
£} Miscellaneoun Iteas
Replacements
aj Source Facilities ~ Equipmsnt
b) Service Connection -~ Ketere
c Adrinistration Bldge = Equipment
d Flumbing Shop = Equipment
e) Vehicles
£) Miscellaneous Items

Total Assets Alded By Year End
DEPRECIABIZ VALUES

Ae 50 Years Service Lifs
Existing Facilities
Source Pacilities = Structure
Distribution Pacilities
Internal Notwork
Fire Hydrante
Servicse Connection ~ Pipes
Mainistration Building - Structure
Pluabing Shop = Structure

Total 50 Years Life

ANEX TAELE X-r=1

ASSET 4AND DEPRECIANICY VALTS PORECAST
GAPAN W&TZR DISTRICT
(P x 1000)

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1335 1353
[ 25 26 26 516 7 33
2 8 8 8 159 g 393
7 29 29 29 583 % 1195
474
o
531
1291 63 63 63 1258 61 2®6
59 194 697 1507 1628 878 - 84 T51 140t 744
16 53 225 485 524 S66 611 363 273 512 542 ST5 305
1 2 - 14 32 35 38 27 55 100 106 112 60
5 17 - 95 206 223 240 146 157 2% 309 3RB M
15 51 - 289 626 676 T30 441 411 166 B12 BSO 457
58 180
1840
174 174 190
370 569 405
51
419
30
421
139
15
1325 1317
475 503 530 269 5 587 623
147
90
253 403
3613 B60 1697 2390 3016 2378 1619 1061 1900 3071 2313 1375 333 2:95 563 530 251 1:71 537 f2
3734 3794 3734 3794 3794 464 413 299 248 248 2T 22l i it 2% 42 248 248 248 248 dd &3 3
- 271 279 27y 271 430 430 430 430 430 430 43 723 7é3 @i 723 723 723 T2} 723 T2y 723 23
- 1899 2093 2790 4297 5925 6803 6803 6837 T63B %533 FTI3 :TE: 9TE3 5TI3 973 9733 9783 9733 9783 9Ty 9733 nmi:
- 16 69 294 TT9 1303 1869 2480 2843 3116 3323 4170 4745 SDES 5050 3050 3350 5050 5050 5050 5050 5050 =9
- 1 3 3 17 49 8 122 149 204 a0 410 522 532 =2 532 522 582 58 582 582 582 ci2
- 385 B80S 1210 1499 2125 2801 3531 3972 4383 51249 SF61 €321 3 T 7278 7278 71278 7278 7278 RT3 1275 T2t
- 419 419 419 419 219 419 418 419 419 4153 &13 453 413 419 419 419 419 413 413 415 413 419
- 221 421 421 421 £21  £21 221 421 £21 22y 221 121 £24  42) 421 421 421 421 421 421 421 24
3794 7206 T8T5 9202 11497 11136 13240 14505 15369 16859 19635 21842 23582 24504 24504 24504 24504 24504 24504 24504 24504 24504 24504



Bse 30 Years Servios Life
Peasibility Studies

Total 30 Years Lifs

Ce 25 Years Serviocs Life
Sourve Facilities = Wells

Total 25 Yearo Life

De 15 Years Service Life
Source Pacilities - Equipmert
Service Connsction - Neters
Adninistration Building - Equipsent
Flumbing Shop = Equipment
Miscelleneous Iteas
Tetel 15 Years Life

E, 7 Years Servioe Life
Vehicles

Total 7 Yours ldfe
TOTAL DEPRECIASLE VALIES
BOOX VALUR OF ASSETS OTEER THAN jwnis
LAXD

TOTAL BOOK VALUR OF ALL CAFITAL ASSETS

AWNEX TABLX I-F-1 (CONTINUED)

1778 1979 1980 1981 1962 1963 19¢4 1985 1986 1957 1388 1989 1990 11 19% 199 1994 199 1906 1997 1998 1339 2000
= 28 98 238 238 238 238 238 233 238 238 238 238 238 238 238 218 238 238 233 23§ 218 238
- 58 58 238 238 238 238 238 238 238 238 238 238 2.8 238 238 238 236 238 z38 238 235 238
- 531 531 531 S 1114 1114 3114 1114 1114 1134 1314 2389 233 2309 230y 2309 2309 230G 230 2309 09 210G
- 531 531 531 531 1114 1114 1114 1114 114 1114 1114 23T 2339 2309 2309 2309 2309 2309 23090 2309 2309 2309
- 475 474 474 474 90 930 930 90 30 990 990 1528 1528 1528 1528 - 1054 2363 2382 2302 W ISR
- 179 370 560 655 861 1084 1324 1470 1627 1319 2228 2556 2727 2727 2727 2548 2832 3125 3510 3635 135 43132
- 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 - fA7T 14T 147 147 14T 147
- 30 30 30 3o 30 30 30 30 30 30 30 30 30 30 3o - % S0 Bl G 90 20
- 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 - 4 2 45 45 5 i€
- T3 340 1130 1225 1947 2170 2410 2556 2713 3005 13314 41580 4351 4351 4351 3602 ST03 5816 £251 5730 74 TTES
= 130 1392 139 139 133 139 139 - 2%3 233 253 253 253 253 2531 - 403 8031 4T £03 £03 452
- 139 139 7 139 139 139 139 139 - 253 253 253 253 253 253 253 - 403 403 4U) 403 403 403

3794 8683 9543 11240 13630 14574 16501 18406 15277 21177 24248 26761 30662 31555 31655 31655 30653 32957 33270 33705 33244 25ax 35239

8638 9606 11303 13693 17904 16952 18520 19467 21177 24248 26822 30662 31655 31655 31655 31655 33148 33460 33800 31565 35115 25479 35382

S0 191 418 718 118 118 118 418 129 129 129 129 129 129  12% 129 129 129 129 129 523 129 123

8809 ST17 11421 33811 18022 17070 18638 19585 21306 24377 26951 30791 31784 31784 31784 317684 33277 33589 339 3055 35244 35608 3599

X=F=2



Service Life Categor
Year 5§ !ears Sg !ears 25 gears I§ Years | Years

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1950
1991
1992
1993
1994
1995
1996

1998
1999
2000

76
144
158
184
230
223
265
290
307
337
393
43
474
490
490
490
490
490
490
490
490
490
490

ODOPPRDOEONOODOOOO®BOOENN

21
21
21
21
45
45
45
45
45
45
45
92
92
92
92
92
92
92
92
92
g2
92

ANITEX TASLE X=F-2

SCHEDULZ OF DEFRECIATION EXFENSES

GATAN

Total Annual Accumulated
Depreciation Derreciation Retired Durins the Vasr
Prior Year 50 Years 25 Years 15 Years 7 Yeare Total

WATER DISTRICT
(P x 1000)

Book Value of Assets

Accumul ted
Deprec’ tion

Eyxpenses Year nd

- - 76 3, SR9 3,66
50 20 237 3,655 3,5C
63 20 264 3,902 4,164
75 20 308 4,166 4,47
82 20 361 4,474 4,813
130 20 426 4,835 3,330 3,330 1,931
145 20 483 1,931 51 51 24363
161 20 524 2,363 114 114 2,773
170 - 530 2,773 51 139 190 3,113
181 36 607 3,113 3,720
200 36 682 3,720 4,402
221 36 747 4,402 29147
279 36 889 5,149 €,03&
290 36 916 6,038 £ 4954
290 36 916 6,954 T487C
290 36 916 7,870 §,78¢
240 - 830 8,786 749 253 1,632 8,614
367 58 1,015 8,614 191 N 9,438
388 58 1,036 9,438 190 190 10,284
417 58 1,065 10,284 95 95 11,254
286 58 1,034 11,254 722 722 11,56%
496 58 1,144 11,566 223 223 12,487
519 58 1,167 12,487 240 240 13,414

X=F-3



ANNEX TABLE X=F=-3

WORKING CAFITA, REGUIRENENTS
GAPAN WATER DISTRICT

 x 1000

Total Paying Montbhly Cagh EBe
Humber of Rumber of Number of Monthly Installment Lump Sum Installzent Ainnual Working Cummlativs

New Installment Installment Installment Plan Increment Incremen Paymenta.s/ Payzents Total Construg{ien Capital CGapital
Year Connecticne Plan Added Plan Paid (Cumulative) (Escalated) Added?/ Deducted (Escalated) (Cumulative) Parments Cos* Required Eoacuirerc.ias
1978 467 280 e 280 £.83 23 118 12 130 295 165 16¢
1979 467 280 560 T.51 25 130 35 146 326 160 32¢
1980 466 280 840 &.2 28 143 62 2C5 357 152 478
1981 454 272 1,112 8.92 29 150 91 Q4L 376 135 342
1982 454 272 1,384 9.63 31 162 121 283 408 123 456
1983 454 272 1,656 10.40 34 176 153 329 439 110 576
1984 454 272 1,928 11.23 37 150 189 373 474 95 A7
1985 454 272 2,200 12,13 40 205 227 432 5i2 80 752
1986 454 272 4 2,472 12.86 42 217 258 485 543 58 an:
1987 454 272 [~ 2,744 13.63 44 230 311 541 576 35 8ac
1988 454 272 140 2,878 14.45 47 12 244 345 589 610 21 es=
1989 454 272 280 2,868 15.31 50 24 259 359 623 647 19 &8¢
1990 454 272 280 2,860 16.23 83 27 274 393 667 &8% 16 £6¢
1991 e e 276 2,584 17.26 e 29 331 i 1~ (391; 474
1992 272 2,312 18.23 30 361 351 {161 112
1993 272 2,040 19,32 33 328 328 fSZB; 215
1994 - 272 1,768 20.48 36 292 292 292 507 ¢
1995 272 1,496 21.71 39 253 253 253 760 ;
1996 272 1,224 23.01 41 212 212 212 972
1997 272 952 23.39 43 169 169 169 1,141°
1998 272 680 25.85 45 123 123 23 -,264
1999 ] ] 272 408 27.40 Y 49 74 74 ' §74 1,338;
2000 =] 272 136 29.04 [~ 52 22 22 - 22 1,360

5/ Accumulated installment payments are calculated on the basis of 100 percent ircremental additions
during previous years and 50 perocent of the last year.
ed on the sapumption that installment plan will be paid back in 10 yaars.
6/Assumed to be 40 percent of construction cost.

l/h.aunt 40 be shouldoread by the customers which iss 2/3 of pipes + meters.

X-F=4



ANHEX TABLE X-F-4a

STRATIFICATION OF SERVICE CCI=ZCTIONS
GAPAN WATER DISTRICT

-%//Canputafim of revenues units based on current LWUA guidelines an structuring of water rates.

rand total of number pf comnections multiplied

0
/

X-F=-5

sti ent Cmer;ial(l’ndustrial Total
Year 172" 1 Sub~tota / iT up—total Connections
1978 g2 18 9 109 507
1930 1,538 65 16 1,619 166 26 19 221 1,840
1985 3,436 145 38 3,617 370 19 44 433 4,110
1990 5,333 225 56 5,614 515 123 68 766 6,380
ANNEX TABLE X=F—4b
REVENUE UNIT ForeEcas?8./
Domestic/Government Commercial/Industrial Bstirated Consumption
172" 3/4 1" C1/2n 3/4 1 Grand, s Serviog, (ca) — Comoditx,oharge(t-?ljs)lz etal
Year (2.5) (4.0) (8.0) Sub—total (5.0) (8.0) (16.0) Sub~total Total Cha.rge—/ Dozastic Govern=ent Domestic=~ Commercial-~~ Rig
1978 1,895 128 64 2,087 410 144 144 698 2,785 334,200 179,645 20,440 84,185 14,720 433.1‘25
1980 3,845 260 128 4,233 830 288 304 1,422 5,655 678,600 446,750 56,210 252,480 59,380 990,450
1985 B,59 580 288 9,458 1,850 632  To4 3,186 12,644 1,517,280 835,120 105,485 401,080 92,650 2,011,0i0
1930 13,333 900 448 14,681 2,875 984 1,088 4,947 19,628 2,355,360 1,537,745 209,875 864,065 235,910 3,455,335

1 their respective conversionm factors for coxputing revenue units {in RUs).
n-/a Kultiplygrand total by 120 (derived from 10 cum/month, ihe minimum amount covered by the service charge 12 months/year) in RUa.
—-/Donostiooonmmptim = (120 x numbear of domestic connectians) x use factar. Use factor for dcmettic/imtitutional oclassification is 1.
Cosmeroial consumption - (120 x number of commeroial connecticna) x use factor. Use factor ‘or commercial classification is 2.



ANNEX X-G

ANALYSIS OF WATER RATES



ANNEX TABLE XeG=1

REVENUE FORECAST
GAPAN WATER DISTRICT

Estimated
Number
of __ P x 1000 _
R.U.8 Inocome Total
Rate/RU  Yearlv from Bad® Other Net

Year o (in 1000's) _Sales Debt  Income 3/ Income
1978 0470 433 303 6 6 303
1979 0.70 712 498 5 10 503
1980 0,70 990 693 7 14 700
1981 1420 1,194 1,433 27 27 14433
1982  1.20 1,398 1,678 17 34 1,695
1983  1.20 1,603 1,924 19 38 1,943
1984 1,50 1,807 2,711 54 54 2,711
1985 1450 2,011 3,017 30 60 3,047
1986 1450 2,300 3,450 35 69 3,484
1987 1450 2,589 3,884 39 78 34923
1988  1.50 2,877 4,316 43 86 4,359
1989 150 3,166 44749 47 9% 4,797
1990  1.60 3,455 5,528 11 111 5,528
1991 1.60 5,528 55 111 5,584
1992 1,60 5,528 55 - 11 54584
1993  1.60 59528 55 111 59584
1994  1.70 5,874 117 117 5,874
1995 1470 5,874 59 117 59932
1996 1,70 54874 59 17 54932
1997 1470 5,874 59 117 55932
1998  1.80 64219 124 124 6,219
1999  1.80 Y 64219 62 124 6,281
2000 1,80 3,455 64219 62 124 64281

lé/bther income (derived from meter replacement charges,
cqntingency fees of new connections, service fees, etc) is about
% of salese

Xl



ANNEX X-H

FINANCIAL SUMMARY



Year

1978
1979

1981
1582
1983

1985
1986
1987
1988
1589
1990
1591
1992
1593
1994

1996
1997
1998
1399
2000

Outetanding Loan

ANNEX TABLE X-BE~1

DEBT SERVICE SCHEDULE OF TOTAL FROJECT LOAN
GAPAN WATER DISTRICT

(® x 1000)

Capital Repayments

_End of Year
Imrediate
Inprovement Phase 1—A and 1-3

4,939 -
5:754 199
640Gt 15103
6,914 3,252
6,863 7,180
6,808 9,229
6,748 . 10,463
6,682 11,098
6,610 12,188
6,532 14,635
6,447 16,537
64253 19,825
6,143 19,631
6,023 19,354
5,892 19,077
5,749 18,681
54593 18,285
5,423 17,807
5,238 17,260
5,036 16,712
4,816 16,097
4,576 15,397

Imediate
Improvesent Phase 1—-A and 1-B Total
51 - 51
55 - 55
60 - 60
66 - 66
72 83 _—155
78 83 161
85 83 168
93 125 218
mom 125 226
110 14 304
120 271 357
131 277 408
143 3%6 539—
156 396 552
~ 370 478 648
185 541 732
202 541 749
229 616 836
240 700 940

Imediates
Ioprovement

126
.. 262
282
293
622
616
613
607
60+
5%
588
580
272
563
553
542
530
517
503
488
471
453
433

Imterest Paymenta =~~~ Total
Debt
Phase 1—-4 and 1-B Total Servics
- 126 126
- 262 262
18 300 300
99 3gz 392
293 915 965
646 1,264 1,319
831 1,444 1,504
942 1,549 1,615
999 1,600 1,755
1,097 1,692 1,853
1,317 1,905 2,073
1,488 2,068 2,286
1,766 2,338 2,564
1,784 2,347 2,651
1,767 2,320 2,717
1,742 2,284 2,692
1,717 2,247 2,786
1,681 2,198 2,750
1,646 2,145 2,797
1,603 2,091 2,823
1,553 2,024 2,773
1,504 1,957 2,793
1,349 1,882 2,822



Water Production per Year (1,000 x cua)

Water Sales per Year (1,000 x o)
Onaccounted~for-Nater %
Connections = Metered

Consunption (1pcd)

OFZRATING REVENUE

Water Sales
Loss: Uncolleotibles
Other Revenus

Total Revenue
OFZRATLCIG _EXPENTES

Adninistration and Personnel
Powor and Fuel

Chemicals

Maintenacne

Miecellonecus

Depreciation

Total Operating Expenses
Operating Income
Plust Interest on Reserves
Ket Income Lefore Interest
Interesi on Debt

Net Income (loan)
Cumulative Fat Inoome (Loss)

Appropriation to Reserves
Average Nat Fixed Assets in Op-mbicn
Rate of Retwrn

WEX TABLE Xe~f-2

PROJECTED INCOME STATTET
GAPAN WATER DISTRICT

(" x 1000)
lmlﬂzlﬂlﬁ.‘ﬁlﬁllﬁlﬁilﬁlﬁl1“£J)§2122°.12911221221ﬁ5.12§.1&é12211&’12&29£
385 837 1427 2232 2432
153 Increasing 503 === Increasing 941 == Incresasing 1748 e~ Increasing te = 1748
60 18 = 40 %o —- 14 to — 28 28
907 1840 4110 6350 6380
303 493 593 1433 1678 1924 2711 3017 3450 3884 4316 4749 5528 5528 5528 5522 5574 5874 5874 5874 6219 6213 €219
6 5 7 217 17 19 54 30 35 33 43 27 M S 55 55 117 59 59 53 124 82 €2
[ 10 14 27 24 a8 54 €0 69 bt B DN s s 111 W7 47 17 117 124 1248 12z
303 503 700 1433 1695 1943 2711 3047 3284 333 4359 £757 5528 5584 5584 15584 5874 5932 5932 5932 6217 6231 6281
55 97 167 259 234 368 409 457 529 579 625 €3S 950 1825 1103 11Q: 1232 1394 1507 1628 1756 1835 2050
58 65 73 90 108 130 154 1BC 217 245 2&3 335 373 42 233 463 507 547 522 639 659 744 E
7 10 13 16 20 22 28 yu 39 45 52 (] €3 T4 &0 £7 % 107 103 118 127 137 1493
18 37 57 €9 82 97 114 133 151 172 1S 213 287 2€7 23R 31t 33€ 363 332 424 45T £33 534
4 5 6 7 & 9 11 13 16 12, 022 27 12 3 57 40 43 26 50 52 tg 63 ]
I6 237 264 308 361 42€ 483 522 30 607 iz -at I 237 =21f  aif gap i015 1024 1043 *034 3142 13£7
228 451 580 749 873 1052 1199 1341 1476 1£4T 1552 20€: 2565 271E 234¢ 36173100 3266 3685 3323 4127 £2%6 4773
5 52 120 684 B22 £31 1512 1706 2008 2255 2501 2734 2345 2361 2720 2587 2772 246€ 2246 2002 2052 1605 1528
1 3 s 9 16 24 3z 46 53 -5 I3 11T 533 fEE 21 26C 3ca 356 fper end mag NG
76 55 125 €93 B3& 915 1546 1752 2068 2331 253X 225 3301 305¢ 2330 2227 3001 2024 2070 2510 2633 243 2273
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ANNEX TABLE X-H-5

RATE OF RETURI ON TOTAL INVESTMENT
(DISCOUNTED CASH FLOW METHOD)

GAPAN WATER DISTRICT

(* x 1000)
Neot Total Net 18t Trial 2nd Trial
Debt Increase Cash Cash Present Valuet 6% Present Value: 5.

Year Service In Cash Inflow Investments Inflow Factor Value Factor Value
1978 126 51813 (55) 5,110 5,165g 1.000 (5,165 1.0 54165
1979 262 { 30 232 1,120 888 «943 837 906 822
1980 300 36 336 1,967 1,631% o890 (1,452 857 (1,398
1981 392 519 911 2,692 1,781 843 (1,501 794 (1,414
1982 966 27 993 4,211 é3,218; 0792 (2,549 735 (2,365
1983 1,319 (40) 1,279 2,378 1,099 o747 820 «681 748
1984 1,504 326 1,830 1,619 211 <705 149 630 133
1985 1,615 737 2,352 1,061 14291 o665 859 583 753
1986 1,755 509 2,264 1,911 353 o627 221 o 10 191
1987 1,853 816 2,669 3,071 ( 402) o592 ( 238) 00 ( 201)
1988 2,073 1,090 3,163 2,574 589 558 329 463 273
1989 2,286 1,197 3,483 3,840 ( 357 <527 ( 188) w29 ( 153)
1990 2,564 1,49 44055 993 3,062 497 1,522 0397 1,216
1991 2,651 1,904 44555 - 1,555 <469 2,137 0168 1,676
1992 2,717 1,517 4,234 - 4,234 442 1,87 0310 1,440
1993 2,692 1,402 4,094 - 4,094 17 14707 39 1,290
1904 2,786 (1,281) 1,505 2,495 (7990) 394 390)  .290 ( 289)
1995 2,750 842 34592 503 3,039 37 1,146 «270 834
1996 2,797 613 3,41 530 2,880 «350 1,008 0250 720
1997 2,823 782 3,605 261 3,344 o321 1,107 0232 776
1998 2,773 ( 931) 1,842 1,871 (29) 312 ( 9) 215 (  6)
1999 2,793 331 3,124 587 2,537 «294 746 «199 505
2000 2,822 47 2,869 623 6,909% 4278 1,921 184 1,271
+1,574 -1,471

RATE OF RETURN = 703%

#Includes net asset valuc of P4,663

Total assets P36,969
Total liabilities 20,574

Net Asset Value P 53663
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CHAPTER XI ECONOMIC FEASIBILITY ANALYSIS
A. WATER AND THE ECONOMY

Introduction

Water is a basic requirement in any country's economic develop-
ment and no economic activity can take place.without it. However,
this basic function diminishes in relative importancs as & higher
level of economic development ie attained by a country. In most
instances, the availability of water alone will not spur economic
growth for there are other significant factors that influence deve-
lopment, such as peace and order, political stability, rate of
taxation and availability of infrastructure facilities. Hence, a
water supply project must be considered uc ~aly one part of a re-
gional development program. It must be viewed within the context of
the overall government programe.

Considering that the Philippines is still a developing country,
water supply plays a fairly imporiant role in the national or regional
economy. Traditionally, water ha: been made available to the consu-
ming public at very nominal rates. There is a tendency for the
consumers to use water wastefully. As a consequsnoe, the regard
given to it is far below its true .mportance.

To the water consumer, the value of water is measured by its
contrivution to the satisfaction ci the family group which uses the
water. His perpeotive includes hinself and his household and all
the health, well being and product:vity aspscts of family life. To
the businessman, water is valued f:r all it does to improve business.
From the national viewpoint, the btunefits to the water user, both
householder and businessman, are only a part of the total.

Major Uses of Water Supply

Domestic. Water for domesti use is usually given top priority
because water is essential to 1lif.. and, up to a point, essential to
general well-being. Estimation o the beneficial value of water for
domestic purposes is best viewed in terms of average willingness to
pay for water rather than do without it. It will be noted that willing-
ness to pay is higher tharn the price charged insofar as most users are
concerned. ‘

Industrial Use. Water is us:d by industry primarily as a factor
of production. In some instances, it goes into the produotion process
ag an input. This is the case for the soft drinks industry. One
method of determining the value of water to industry is to analyze the

XI=-1



cost of alternative industrial processss which producs the same pro-
duct but use less water. This is not, however, always possible and
may be unduly laboricus,

Other Uses. Crop irrigation is one of the major uses of water.
The value of water used for irrigation purposes can be estimated by
an elaborate caloulation of "with" and "without" projeoct conditions.
All other costs are assumed to be paid and water becomes the residual
claimant under "without" and "with" project conditions. Detailed
analysis of the area to be irrigated is required.

Another important use is hydropower generation. Water used for
this purpose may be valued by comparison with the lowest-cost alter—
native of providing eleciric power. Lastly, bodies of water serve a
basic role in many recreational activities. Ordinarily, water qua~
lity is not adversely affected by recreational use. Water value
in this case depends cn a number of faotors such as accessibility,

setting, beauty and quality.

In the Philippines, the National Water Resources Couneil
establishes the water priorities, in pursuance of the policies laid
down by its charter, Presidential Decree No. 424. In general, the
system of priorities for the development, conservation and utiliza-
tion of the ¢ atry's water resouroces reflects the current usage of
water and is responsive to the changing demand for water. Another
presidential decree (Presidential Decree No. 198) has declared that
the creation, operation, maintenance and expansiocn of water supply
and wastewater disposal systems are a national policy of high
priority.

B. METHODOLOGY

Reoommended and Next~Best System

One approach in determining the economic feasibility of a water
gupply project involves a oomparison of the benefits and costs of
the recommended system and those of the next best system. In this
method, the capital expenditure costs and the operating and mainte-
nance costs for both alternative systems are transformed to an
equivalent annual cost basis during the projeotion period. The
comparison will show which of the alternative systems will generate
the same level of benefits at less coste.

Benefit-Cost Ratio

_ A second approach in determining the economic feasibility of
water supply project involves the following stepss
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l. The identification of the economioc benefits and costs that
can be attributea to the establishment, operation and
maintenance of an improved water supply syatem;

2. The determination of the possible bases for quantifying
these benefits and costsa; and

3. The comparison of the present value of the benefits likely
to be generated and the present value of the oosta.

The results of the economic analysis are then expresged as a
single ratio called the benofit-cost ratio. The projuct is considered
feasible if the ratio is equal to or greater than 111,

Internal Rate of Return

Another method involves the caloculation of the economic internal
rate of return of the proposed projeoct. The total amount of the
benefits as well as of the costs is determined throughout the pro-
Jjection period. By trial and error, the interest rate at which the
present worth of the benefits is equal to the present worth of the
costs is then calculated. The project is considered desirable if
its internal economic rate of return is higher than the minimum
rate generally acceptable in such projects, which is usually the
opportunity ocost of capital.

Method(s) Adopted

Both the second and third methods were employed in determining
this project's eoconomioc feasibility. These two were considered more
appropriate than the first method because in this case, the recom—
mended plan has already been selected from several alternatives on
the basis of present worth cost comparisons (as disoussed in Chapters
VIII and IX).

Caloulation of Benefit and Cost Streams

The economic studies cover only Stage I of the proposed water
supply program, which extends from 1978 to 1990. Benefits, however,
were projected up to 2000. This is because the benefits from the
facilities to be constructed up to 1990 would continue to acorue
beyond their constructiom period.

The oconatruction costs included in the analysis are those which
will be incurred up to 1990, except replacement costs and the operetion
and maintenance costs which were projected up to 2000. This is due to
the fact that proper maintenance of the faocilities will have to be
undertaken regularly for as long as benefits are desired to be realized
from the system.
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Egtimates of benefiis and ocets wors based on 1978 prices. In
recognition of inflaticnary pressures, all benefits were escalated
by 10 percent from 1978 to 1980, by 8 percent from 1980 to 1985 and
by 6 psrcent from 1985 to 1990. All project costs were also esoa-
lated in the same manner, with the exception of operation and mainte-—
nance costs whioh were escalated uniformly by 8 percent all throughout
the study period. In both cases, howsver, the esocalation factor for
1990 was held conetant up to 2000. This is because only Stage I of
the proposed projeot is being considered in the economic analysis;
henoe only partial inflation has been adopted.

C. QUANTIFIABLE BENEFITS

The economic benafits that will be darived from the proposed
water supply improvement program for the water district may be
clagsified into quantifiable and non-quantifiable. Quantifiable
benefits are those which can be expressed in monetary terms. On the
other hand, non-quantifiable benefits are intangible but real, and
are extremely diffiocult to express in monetary terms.

Benefits resulting from the proposed project were evaluated on
an incremental basis, i.e., on a "with" or "without" prinociple.
Hence, the benefit figures reflect only those that will acorue to the
service area as a result of the improvement of the water supply
system. They exclude the benefits arising from the present system.

The quantifiable benefits that are discussed in the following
gsections are: inorease in land values, improved health conditions,
reduction in fire damage, and beneficial value of water.

Increase in Land Values

The implementation of the water supply project will result in
an inorease in the land values of the service area. However, it must
be pointed out that the inorease in land values cannot be atiributed
solely to the water supply project. Any difference between the
aoquisition ocost and the present market value of a piece of land
evolves from a series of merket and public foroes which exist whether
or not the water supply projeot is undertaken. Such forces include
the general pace of industrizlization, comstruction activity, inflatiom,
land speoulation, taxation, public land acquisition and selling.
More partioularly, such differenoce could be the result of a general
estimation of productivity due to infrastructure investments whioh
include a water supply project.

The section of land values attributable to the provision of an
improved public water supply system wes estimated in the household
survey in Lipa City (May 1975) to be about 22.6 percent of the
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market value of a piece of lands It is reasonable to assuma that
thie figure represents the incremental valus of a pisca of land
given acoess to water supply. In a spacific instence, a residential
lot about 400 sqm has the following market valuesi

Hithout Water 400 sqm x P50 = 20,000
With Water 400 sqm x P65 = P26,000
Ratio = 1.3 or 307 inorease

In this particular case, the incremental cost of P6,000 closely
representa the market value of a private well (ccuplete with pumps ,
electric controls etc.) to serve the premises.

On the basis of this information, it may be conservative to
agsume that 20 percent of the value of land served by the water
distribution system could be attributed to the water supply projact.

Assumpiions made for this analysis are explained in Annex XI-C.
Annex Table XI-C-1 shows the ocomputations of this benefit, which
amounts to a present value of ?11.6 million.

Hoalth Benefits

The establishment of a water supply system in a community will
necessarily bring about health benefits to the population. Undoubt-
edly, the provision of safe, potable water to the population is a
prerequisite for the maintensnce of minimum health standards. Theso
health benefits are ordinarily manifested in the following:

l. A significant reduction in the inaidence of water-borne
diseases such as cholera, dysentery, gastro-enteritis,
and typhoid/paratyphoid. As a result, there will be a
decrease in the amount of time lost by income earmers
who are afflicted with such diseases.

2. A subsequent reduction in premature deaths dus to the
lower incidenoce of water-borne diseases.

3. A oorresponding reduction in medioel expenses for the
same reason.

Caloulation for the health benefits and associated aasumptions

used are presented in Annex XI-C. Annex Table XI~C—2 ghows the health
benefits on a yearly basis, with a total present value of P71,107.

XI-5



Raduction in Fire Damage

With the instellation of suitable fire hydrants especially in
-the high-valus as w2ll ag the residential districts in the service
arca eg part of the proposed project, savings due to reduced fire
damagss will result from the availability of an adequate amount of
water and incrsased water pressurs for fire-fighting purposes.
Calculations relative to this benefit are explained in Annex XI-C
and shown in detail in Annex Table XI-C-3. The present value of
this banefit amounts to $1.6 million.

No attempt was made to quantify the inoonvenience to the people
rendered homeless and the value of human lives lost due to fire.

Beneficial Value of Water

This benefit (sometimes called "consumer satisfaotion") is
quantified by the additional revenue generated by the water distriot
as a result of an improved water supply projeot. In the case of a
community which previously did not have any piped water system, the
"consumer satisfaction” benefit may be measured by the full amount
of the economic value of the accounted-for-water.

For a community where the proposed project involves merely the
expension and improvement of the existing system, this benefit may
be measured by the esonomic value of the incremental water production
directly resulting from the improvoment of the system.

For this benefit, the ooncept of °consumers' surplus was adopted.
This concept takes into acoount not only what households and ocommer—
cial establishments are actually paying for water but also how much
more the consumers are willing to pay for this essentisl commodity.
Caloulations for the beneficial value of water are shown in Annex
XI~C and Annex Table XI-4. The present value of this benefit amounts
to P14.3 million.

D. NON-QUANTIFIABLE BENEFITS

The non—quantifiable benefits arising from a water supply pro-
ject are generally as important as the guantifiable benefits. How-
ever, they do not easily lend themselves to valuation. The approach
taken herein is to acknowledge their existence and importance. No
attempt has been made to quantify or include them in the bensfit-
cost calculations.

The proposed wuter supply project will set off a chain of events

beyond its construciion period. Those aotivities include among others
the induoement to industry to establish plants in the service area due
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to availebility of & depandabls water supply. Without such supply,
new industrial and commercial establishments would be forced to
develop their own supply system or relocate olsewhars. The overall
cost of providing veparate water systeme is normally large and
represents & deterrent to invest in the area and consequently to
industrial development.

Because of the employment genecrated by the project, hired
laborers are able to spend their wages for purchasing goods at the
local stores. Hence, each peso they spend is generated back into
the income stream of the lccal economy. In the operation and
maintenance of the project, the water district would find it advan~
tageous to purchasce required suppliss locally and engage local
service.

E. ECONOMIC COSTS
General

The total cost of the proposed water supply system is the sum
of all expenditures required to realize project objectives and
benefits. '

Costs have been divided into the followings

le Project Costs
2. Replacement Costs o
3+ Operating and Maintenanco Costs

In general, sconcmic costs are easier to identify and quantify
than benefits. This is bocause most of the costs are incurred in
real, monetary termes to pay for either goods or services while bene-
fits are usually intangible,

Projeot Costs

Project costs include the eccnstruction cost of the proposed
facilities such as pipes, meters and equipment, as well as, enginee-
ring service and contingencies, land cost, administrative and legal
fees. The cost of the feasibility studios has also been included.

Annex Table XI-E-l shows the construction coste of the proposed
water supply project for the water district. They are listed by
component as to type of expenditure, in 1978 prices. They are further
broken down into foreign and domestic componente.

The cont of unskilled labor is shown aeparately from the domestic

component of the project. From the balance of the domestic cost,
five percent was assumed to be in the form of hidden taxes.

XI-7



Adjustmeni on Project Costs

In the determination of the project costs, adjustments were
made for those items whioh are not properly valued by the prioe
mechanisme. A price other than the market price (called the shadow
price) wams applied to these itema. In this way, most of the effects
of price discrepancies whioh could be identifiad, whether primary or
secondary, were incorporated diractly into the project analysis and in-
oluded as direct costs to project investment. The 'shadow prioes'
used in this analysis are those employed by international lending
institutions and the Planning and Project Development Office (FFDO)
of the Department of Public Worke, Transportation and Communication.

One of the items where 'shadow pricing' was applied is the
price of unskilled labor (otherwise known as common labor). In a
perfectly competitive market, the price of labor is determined by
the marginal value of its product. In this oase, therefore, the
price of labor is equal to the value of the output which an extra
laborer hired would produce. However, this is not applicable in
an aconomy such as that of the Philippines where there is a surplus
of labor. Sinoce there is widespread disguised unemployment in such
an economy, unskilled labor is normally valued below the aotual wage
rate likely to be paid. In this. study, the opportunity cost of
unskilled labor or its potential in other employment was valued at
one half of ite estimated cost in the project. The net effect is to
reduce the ocoet of unskilled labor by 50 percent, thereby reducing
the summation of project coste.

Skilled labor, on the other hand, was valued at ita going rate.
It was assumed that if skilled labor were not employed in the service
area, it would probably migrate elsewhere to obtain employment of
better wage.

Ad justments were also made with respeot to cost of project
facilities which use up the limited foreign exchange reserves. Foreign
exchange used to import project components was valued at 1.2 times
their aotual peso cost. This effectively increased foreign exchange
cost by 20 percent, thereby affecting project cost in a similar
mmaner. This was done to reflect the opportunity cost or alternative
value of foreign exchange. Domestioc components, on the other hand,
were priced at their actual cost.

Interest was likewise not inoluded sinece this is oconsidered a
financial instead of an economio cost.

Annex Table XI-E-1 shows the conversion of financial costs to
economic costs through shadow pricing and other adjustments. The
total economic project oost for GAP-WD amounts to P21.6 million with
a present worth of P18,7 million as shown in Annex Table XI-E-4.
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Replacement Costs

Based on the oriteria used in the financial studies, vehicles
have a life expeotancy of seven years while water meters are expected to
be replaced every 15 years. Other items which have a Bervice life
of 15 years are the electrioal/mechanioal equipment for the source faci-
lities, the administration building,the plumbing shop and miscellaneous
items of the immediate improvement program. The feasibility studies were
assumed to be good for 30 years, while the wells and their structures
were assumed to last for 25 years. All other facilities in the
system are expected to last for 50 years.

During the 23-year period from 1978 to 2000, therefore, vchioles,
meters, equipment with a service life of 15 years and the miscella-
neous items will have to be replaced. Annex Table XI-E~2 shows the
replacement schedule and costs of vehicles, meters, equipment and
miscellaneous items. The present valus of total replacement costs
for GAP-WD amounts to 723,300 (see Table XI-E~4)e

Salvage Value

Annex Table XI-E-3 shows the salvage value in 2001 of all the
capital equipment to be used in the project. The percentage of sal-
vage value was based on the remaining servioce life of the facilities
in 2001. For GAP-WD, the present worth of the salvage value is
1.9 million (see Table XI-E-4),

Operating and Maintenance Cost

Operating and maintenance costs refer to the costs associated
with the maintenance, operation and management of the project.

Otherwiss known as annual costs, they include personnel salary and bene—
fits,power, ohemicals, and other miscellaneous maintenance expenses such

ag fuel and lubrication,repairs, commnication needs and office rental.
Only the operating and maintenanoe costs of the proposed project

(i.e., excluding those of the present system) were considered in

this financial analysis,.

Annex Table XI-E-4 presents the incremental annual recurring
costs assooiated with running and operating the water distriot up
to 2000, The present value of these costs amount to P4.8 million.

Calculation for Economic Costs

The eoonomic cost may be expressed as the adjusted (shadow
priced) project cost plus replacement cost plus operating/main—
tenance cost less salvage value. Appendix Table XI-E-4 shows the
computation of the present value of total economic costs for GAP-WD,

amounting to P22.4 million.
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F. BENEFIT-COST ANALYSIS

The summary of the quantifiable ecqnomic henefits and economic
costs for GAP-WD is shown below. They are expressed in their present
values (discounted at 12 percent) after the 1978 prioces have besen
escalated.

SUMMARY OF BENEFITS AND COSTS

(in M ?)
Benefiis Costs
Increase in Land Values P11.639 Project Cost ?18.730
Health 071 (+)
Reduoction in Firs Damage 1.594 Replacement Cost <723
Beneficial Value 14.5}2 (+)
P27.639 Operating and
Maintenance Cost __4.837
Sub-total $24.290
(=)
Salvage Value 1,920
$22.370

Benefit-Cost Ratio - 1.24 : 1

The preceding table shows that the quantifiable benefits exoceed
the economic costs associated with the improvement of the water
supply system in GAP-WD. Under the principle of benefit-cost ratio,
the project is, therefore, considered economically feasible.

The actual benefits of the proposed project may aotually be greater
than what the benefit-cost ratio represents becauss the non—quantifiable
benefits have not been incorporated into the analysis for obvious reasons.

G. INTERNAL ECONOMIC RATE OF RETURN

The internal economio rate of return (IERR) is the rate of which
the present value of the quantifiable benefits is equal to the present
value of the economic costs of the proposed project. It is generally
held that for a project to be feasible and desirable, its IERR should be
higher than the prevailing opportunity cost of capital. In this par-
ticular study, the opportunity cost of capital is 12 percent.

For GAP-WD, the IERR is 20,6 peroent as shown in Annex Table XI-

G-l. On the basis of the above wstated principle of IERR, therefore,
the proposed project appears to be economically feasible and justified.
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ANNEX XI-C

QUANTIFIABLE BENEFITS

Portion of Land Values Attributable to Water Supply Project

Annex Table XI-C~1 shows the present value of the portion of
land values attributable to the proposed water supply project,
based on the following assumptionss

1.

2.

3.

4.

5

In nccordanos with tha staging program of the construction
of facilities, the 1980 service area of 301 heotares was
projected to increase in the following manner; by 22 heo-
tares from 1980 to 1981; by 24 hectares from 1981 to 1982;
by 25 heotares from 1982 to 1983; by 28 hectares
from 1983 to 1984; by 29 hectares from 1984 to 1985; by 31
hectares from 1985 to 1986; by 34 hectares from 1986 to
1987; by 36 hectares from 1987 to 1988; by 39 hectares from
1988 to 1989; and by 42 hectares from 1989 to 1990.

Land use wae assumed to be 89 percent residential and 11
percent comrarcial/ institutional/industrial throughout

the projection period. This classification was based on
the water demand projections in 1980 by consumer category,
as shown in Chapter VI.

In the abmence of spdi;if:l.o data on Gapan, the 1977 costs of
land based on estimated essessed values in Urdaneta were used:

Residential ¢ P 10 per sqm
Industrial/Commercial/Institutional ¢ # 20 per sqm

These costs were assumed to be constant over the pro-
Jection period.

The portion of the total cost of land specifically
attributable to the provision of water supply was assumed

to be 20 percent of the cost of land. This land value benefit
was esocalated by 8 percent from 1980 to 1585, by 6 percent
from 1985 to 1990, after whioh the escalation factor was held
constant up to 2000,

A discount factor of 12 peroent was used to obtain the
present values of the benefits. This is believed to be
the opportunity cost of capital and is commonly used for
publio investment projeots like water supply development.

For GAP-WD, the land value benefit in its present worth amounts
to P11.6 million,
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ANNEX TABLE XI-~1

PFORTION OF LAND VALUES ATTRIBUTABLE TO PROJECT
GAPAN WATER DISTRICT
(1978 PRICES)

20 Percent Benefit Escalated Pressnt Value
Land Use (8q Cost of Land (® x 1000 Total Cost of Due to Project Escalation Bepefit Discount of Benefit
Year Residential Com,/Inst./Ind Residential Com,/Inst./Ind. Land (® x 1000) (r x 10003 Pastor (P x 1000) PFactor (P x 1000)
1980 2,678,900 331,100 $26,789.0 £6,622.,0 - P33,411.0 P5,682,2 1.270 » 8,035.5 «797 P 6,404 1
1981 195,800 24,200 1,958.0 484.0 2,442.0 48844 1,307 63843 .712 £34.

. 1982 213,600 26,400 2,136.0 528.0 2,66440 532.8 1.412 752.3 «635 478,5
1983 222,500 27,500 2,225.0 550.0 2,77540 55540 14525 84644 «567 £79.9
1984 249,200 30,800 2,492.0 61640 : 3,108.0 621.6 1.647 1,023.3 +507 51044
1985 258,100 - 31,900 2,58140 638.0 3,219.0 643.8 1.779 1,145¢3 #452 517,
1986 275,900 34,100 - 24759.0 682.0 3,441.0 688,2 1.886 14297.9 <404 524.4
1987 302,600 37,400 3,026.0 748.0 34774.0 754.8 14999 1,508.8 +361 14,7
1988 320,400 39,600 3,204.,0 792,0 ] 2,996.0 7992 2,119 1,€9345 322 545.3
1989 347,100 42,900 3,471.0 853.0 , 4,329.0 865.8 2.246 1,944.6 .288 560.0
1990 373,800 46,200 3,738.0 924,0 4,662,0 93244 2.381 2,220,0 +257 70,6

$21,15644 ?11,638.8
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Health Benefits

To determine the amount of benetfit arising from the reduction
of income lost of those afflicted with water—borne diseases, perti-
nent statistics on morbidily rate were gathered from the Department
of Health. From 1964 to 1974, an average of 70.9 out of every
100,000 population in the province of Nueva Eoija were afflicted with
primary water-borne disemses every year, regardless of age, sex,
and income class. The same rate was assumed for the muniocipality
of Gapan in the absence of spescifio data. The morbidity rate in
the service area was assumed to remain constant during the 20-year
projection period.

Since not all of those afflicted with said digeases are wago-
earners, an adjustment was made acoordingly. Based on the 1970
Census on Population and Housing of the National Census and Statige—
tios Office, 29gyercent of the municipality's population was econo-
mioally active. It was assumed, therefore, that only 29 peroent
of 70.9 per 100,000, who were affiicted with primary water—-borne
diseases were economically active. Henoe, this is the only segment
of the population who would suffer a reduction in income due to said
diseases. Furthermore, these afflicted wage-earners were assumed
to be earning P8 a day end unable to work for 15 days on the average
because of their illness. The finrl figure corresponding to the
economic cost of time lost due to water-borne diseases was therely
arrived at by multiplying the number of people affliocted with water—
borne diseases by 29 percent, by P8 a day and then by 15 days.

Another health benefit that could be associated with the estab-
lishment of a safe public water supply system is the reduction of
the economic cost of the premature death of those afflicted with
water-borne diseases in the smervioe area. Obviously, the reductiun
of the life span of the population caused by said diseases is an
economic loss to the community.

This economic loss due to premaiure death was determined by
multiplying the number of people who die because of water-borne
diseases (assuming that a water supply improvement program were
not undertaken) by 29 percent and then by P11,629. The projected
number of such deaths was based on the average of the ll-year
mortality rate for primary water-bornme diseases in the province of
Nueva Ecija, as gathered from the Department of Heglth. These
figures indicated that 14.9 persons died of the 70.9 per 100,000 who

2

d/Economically active population includes these who are 10
years old and over, whether employed or unemployed, excluding
retired persons, students and housawives.
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were afflicted with water-borne diseases. This mortality rate was
assumed tc be constan’ over the projsction period. The 29 percent
correcponds to the portion cf the service arsa population who are
income earners. The P114629, on the other hand, represents the
monetary value of each deathe This was derived from the estimated
income to be sarned by the average wage-sarner over a period of
.five years discounted at 12 percent plus 20 percent associated
peonomic costs (summation of P200 a month x 12 months x discount
factor + 20 percent associated costs)e

The third health benefit that can be derived from the improve-
men* of the water supply in the service area is to reduction of the
medical expenses of persons afflicted with water—borne disea§7e.
According to the Lipa City pilot survey on "AbiLity-to=FPay",~/ an
afflicted person spends P113.00 annually on the average for medical
expenses, which include hospitalization, medicine and doctors' fee.
Based on this finding, the total medical expenses incurred due to
water~borne diseaseu were arrived at by multiplying P113.00 by the
number of pegple afflicted with such diseases in the service area.

The sum of all three economic costs related to health benefits
had to undergo three final adjustments to arrive at more meaningful
figures, First, 40 peroent of the total economic loss due to water=
borne diseases was tuken as the health benefit directly resulting
from the water supply improvement programs This reduction was made
to account fo? the fact thaygnot all water-borne diseases are caused
by a poor water system and may also be due to less than ideal personal
hygiene or lack of scwerage facilities. Second, the 40 percent health
benefit was escalated by 8 percent from 1980 to 1985, by 6 percent
from 1985 to 1990, after which the escalation factor was held constant
up to 2000, Third, the escalated health benefit was discounted to
its present worth at 12 percent, Annex Table XI-C-2 shows the cal—
oulations associated with the health benefits for GAP-WD, The total
present value of said benefits after the adjustments amounts to P71,107.

Reduction in Iire Damage

The proposed water supply improvement program will result in
increased water pressure and: reliable supply for domestic as well as
for fire-fighting purposes. At present, none of the 30 fire hydrants
in Gapan is operational. With the implementation of the

é/ﬁefer to Methodology Manual, Chapter 20 for "Ability-to-—Pay"
studies,
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ANNEX TABLE XI-C=2

HEALTH BENEFITS
GAPAN WATER DISTRICT

Eeconomio Loss Total s T L o e
Cost of Tims Due To Cost of Economio 40 Peroent leduotian | Eacalated Disccunt Prasant Vzluve
Served Lost Due To Premature Medical Losses Due Dus To Project Egscalation Pedaction Due Factor a% of
Year Population Illness Death Expensea To Illness (Benerit) Factor To Proiect 12 Parocent Health Rensfii
1980 12,880 >318 P 6,472 P1,032 r 7,822 r3,129 1,210 P 3,786 L » 3,017
1981 14,141 349 7,106 1,133 8,588 3,435 1.307 4,4%0 712 3,197
1982 15,526 383 7,602 1,244 9,429 3,772 1.412 5,325 635 3,387
1983 17,046 421 8,565 1,366 10,352 4,141 1.525 . 6,315 «567 3,580
1984 18,715 462 9,404 1,459 11,365 4,545 1.647 7,487 « 507 3,796
1985 20,548 507 10,325 1,646 12,478 4,991 1.779 8,879 452 4,013
1985 22,560 557 11,336 1,807 13,700 5,480 1.886 16,335 «404 4,175
1987 24,769 611 12,446 1,984 15,041 6,016 1.999 12,027 .61 4,342
1988 27,194 671 13,665 2,179 16,515 6,606 2,119 13,958 .322 4,507
1989 29,857 137 15,003 2,392 18,132 74253 2.246 16,290 .288 4,65
1950 32,780 809 16,472 2,626 19,907 7,953 2.381 1€,559 257 4,873
1991 32,780 809 16,472 2,626 19,907 74963 2.381 1€,559 .229 44342
1992 32,780 809 16,472 2,626 19,907 7,963 2,381 18,959 «205 3,887
1993 32,780 809 16,472 2,626 19,907 74963 2.381 18,959 +183 3,459
1994 32,780 809 16,472 2,626 19,907 7,963 2.381 18,959 «163 3,030
1695 32,780 809 16,472 2,626 19,907 74963 2,281 18,959 «146 2,768
1996 32,780 809 16,472 2,626 19,907 7,963 2.381 18,959 «130 2,465
1997 32,780 809 16,472 2,626 19,907 7,963 2.381 18,959 .116 2,199
1998 32,780 809 16,472 2,626 19,907 7,963 2.381 18,959 »104 1,972
1999 32,780 809 16,472 2,626 19,507 7,963 2.381 18,959 .093 1,763
2000 32,780 809 16,472 2,626 19,907 72963 2,381 18,959 «083 1,574
71,107
Total Municipal Population T 45,426 1) 2% x __70.9_ x S.P. x P8 x P15
Eoonomioally Active 1 29% 100,000

2) 29% x _14.9 X S.P. x P11,629
Mordidity 3 70.5/100,000 100,000
Nortality 1 14.9/100,000

3) 109 . xs.P. r P13

100,000
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program which will involve the installation of new fire hydrants, fire
protection coverage will bs extended to the mervice area in an inorea~
8ing basis. Hence, a reduction in fire damage is expected in the
gervics area.

This reduction was assumad toc be 0.75 percent of the combined
assesged values of all structures in the service area. For Gapan,
the aver asssssed value of each structure was assumed to be
r18,800, The number of structures was derived from the projected
population to be served by thei7ystem, agsuming that each household
has an average of 6.1 members.

The fire protection benefit was based on the assumed overall
reduction in fire dsmage, but correlated with the schedule of fire
hydrant installation in the servioce area. Percentage of fire pro=-
tection starts at 6 percent in 1980, gradually increasing to 35
percent in 1990 in accordanco with the extent of the service area to
be covered by the fire hydrants.

" The net reduction in fire damage was escalated by 8 percent from
1980.to0 1985, by 6 porcent from 1985 to 1990, after which the escala~
tion factor was held constant up to 2000, It was then discounted at
12 percent. The present value of the fire protection benefit, as
shown in Annex Table {I=C-3 amounts to Pl.6 million.

Beneficial Value of Water

Since water is essential to human life, all members of the
served pcpulation in the service arez presumably would be willing
to obtain it in sufficient quantities at some given price. With
the proposed improvement of the system's facilities, the volume of
water production is expeoted to increase considerably to serve the
needs of the growing population. This will bring about additional
revenuss to the water distriot, especially sinoce a price increase
of water may be justified in view of the improved servicae.

In general, water rates charged by the water district do not
raeflect the trus valus of water. Moreover, it is recognized that
households and oommeroial users are really willing to pay more then
what they are actually being charged for water consumed. From the
economio viewpoint, therefore, there is a consumers' surplus. This
consumers' surplus refers to the additional amount oconsumers are
willing to pay over and above what they are paying for water. For

f/Based on the records of the assessor's office in Gapane.
Based on the 1970 Census on Housing in Nueva Eoija province.
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purposes of this study, this additional value has been estimated to
be 25 percent higher than commeroial/industrial/institutional water
rates and 50 pvercent higher than domestic water rates

In the destermination of this benefit, the following ateps were

takens

l.

2.

3.

4.

Se

Only the incremental volume of ascoounted-for-water was
considered; hencs, the 1976 socounted-for-water amounting
to 73,920 cem wap deducted from total accounted-for-water
projections in Chapter VI. The water demand projections
in Chapter VI, oxpressed in litera per capita per day,
were oonveried to oubic meters per year.

Classification of accounted-for—water into domeatic and
others (commeroial/institutional/industrial) was based
likewise on Chapter VI. For GAP-WD, water use was oclassified
into 89 percont domestic and 11 peroent commeroial/institu—
tional/industrial.

The prioe per oubic meter of water was obtained from the
unesoalated rate per revenus unit in Chapter X, Annex
Teble X~G~1. The rates were, however, ad justed up-
wards to refleot consumers' surplus: 50 peroent higher
for domestio water and 25 peroent higher for others.

The r.et eoonomic revenuss were obtained by subtracting
the assumed 1977 revenues of GAP-WD of P64,950 from total
economic revenues. The net economio revenues may he ocon-
sidered as benefits of the proposed projeot sinoe revenues
of the existing system have been duly excluded.

The net economic revenues were then escalated by 10 per—
oent from 1978 to 1980, by 8 peroent from 1980 to 1985,

by 6 percent from 1985 to 1990, after which the escalation
faotor was held oonstant up to 2000, Finally, the escalated
values were discounted at 12 peroent to obtain their present
values.

For GAP-WD, the benefiocial value of water amounts to P14.3
million, as shown in Annex Table XI-C-4.

2/hefer to Procedures for the Eoonomic and Financial Analysis
of Water Projects, LWUA, May 1976.
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ANHEX TABLE XI-C~4

BENEFICIAL VALUE OF WATER
"GAPAN WATER DISTRICT

Incremental Total Bscalated Present Value

Accorntadro , ﬂ/ Economic V Economic Water Economic Economic Discount of Zconomic

For-:"ate Insestic Others Price Per cum Per cum Revenues {000) Revenue Escala _:271 Revenue Factor at Revenue
Year (cum/year) {cum/year) Pomestic Others Domestic Others Domestic Others _(000) Factor (000) 12 Percent {c00)
13’7,.? 754920
1 .
1978 119,502 106,357 13,145 70 1.40 1.05 1.5 111.7 23.0 134.7 1.000 134.7 1.000 134.7
1979 37,613 211,476 264137 65 1.30 .58 1.63 207.2 4246 249.8 1,100 274.8 893 245.4
1980 427,108 380,126 46,982 60 1.20 «90 1.50 34241 705 412.6 1.210 499.2 <197 397.9
1981 493,815 439,495 54,320 .95 1.30 1.43 2,38 628.5 129.3 7578 1.307 9%90.4 .12 705.2
1982 569,369 506,738 62,631 .88 1.76 1.32 2.20 668.9 137.8 806.7 1.412 121391 636 12444
1983 654,941 582,897 72,044 .8 1,64 123 2,05 717.0  147.7 864.7 1.525 1,318.7 567 TATeT
1984 751,862 669,157 82,705 .94 1.88 1.41 2235 843.5 194.4 1,137.9 1.647 1,87441 «507 950.2
1985 861,635 766,855 34,880 +88 1.76 1.32 _ 2,20 1,012,2 208.7 1,220.9 1.779 2,172,.,0 452 581.7
1986 985,956 877,510 108,455 .81 1.62 1.22 2.03 1,070.6 220.2 1,290.8 1.886 2,434.4 404 983.5
1987 1,126,734 1,002,838 123,946 <75 1.50  1.13 1.88  1,133.2  233,0 1,366.2 1.939 2,731.0 361 98549
1588 1,286,277 1,144,787 141,490 69 1.38 1.04 1.73 1,190.6 244.8 1,435.4 2.119 3,041.6 322 9794
1989 1,466,920 1,305,559 161,361 64 1.28 96 1.60 1,253.3 258.2 1,511.5 242456 3,3%4.6 .88 977.7
1990 1,671,518 1,487,551 183,867 .63  1.26 .95  1.58  1,413.,3 290.5 1,703.8  2.381 4,056.7 .257 1,042.6
1991 59 1.18 .89 1.48 1,324.0 272.1  1,596.1 3,80C.3 «229 870.3
1992 H .54 1.% ¢81 1.35 1,205.0 24‘8.2 1'453-2 ‘ 3,460.1 -205 709.3
1993 ‘ «50 1.00 o715 1.25 1,115.7 223.8 1,345.35 i 3,203.6 .15{3 §86.3
1904 i «50 1.00 75 1.25 1,115.7 229.8  1,345.5 3,203.6 i3 52242
1595 +49 <38 « 74 1.23 1,100.9 226.2 1,327.1 3,1559.8 . 3aé .‘_-.é1.3
1926 ‘ ‘ 43 8% «65 1,08 967.0 198.6 1,165.6 2,775.3 .".:}Q 350.8
1597 ! ! «42 .84 .63 1.05 937.2  193.1  1,130.3 2,691.2 2516 312.2
1938 1 ¢ 1 39 .78 59 .98 877.7 180.2  1,057.9 2,516.5 .10 62,0
1999 .36 .72 «54 «90 B03.3  165.5 968.8 2,306.7 L093 214.5
2000 1,671,518 1,487,651 183,867 .33 «66 «50 «83 743.8 152,6 £36.4 2,381 2,134.3 083 177.2

53,315.3 14,332.4

:10 The 1977 volumme ef 75,920 cum per year of scceunted-for-water was dsducted frea tns water ¢smand projections throughout the study reriod te
erb‘tug,‘ 8 increzontal volume,

The prios per cum of water for decestic use was dorived by da-sacalating the rats per revemue unii cf water i:: Table Y-0=1, Chapter X; %=z rate
#f wx%;p far ether oses (commereinl, institwiional and tnsustrial} wos aseumed te be twins thei fir domeriic naes '
j:/uwmcd to be 50 paroent bigher itran domsstic ratee ard 25 percazt higher thep rate for Yelhers®,

Bscalated annually by 10 percent from 1978 to 1580, by &€ percent frem 1580 to 1935 6 peroent from 10 1 4 ssla
feoter uas held constant up te 2000, i e ® 985 ° 1950, after which the sscalation

Ve e
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AFNEX TABLE XI-&-1

CONVERSIUR OF FIFANCIAL COST 70 ECORKIC COST
GCAPAN WATER DISTRICT

Staiow Pricing

Pinancial Foreign Domaestio Balance of Poreign BExchangs Unacilled Econoaic Econesio 18
Projeot Exchange Cost lnskilled Domenio 1nea—/01 heras Cozpozent lador Others vajoc‘-l-v Gonntr-ction—/
Cost Component - Component __ Labor  Cozponsnt. nent. B9 (¥2) T 1,2 . T,5 T 1.0 Cost Cout
Souroe Pacilities
s) Equipment 611,000 196,708 414,292 12,688 401,604 20,080 381,524 236,050 €,344 381,524 623,916 493,216
b) Structure and Wells . 1,197,000 582,400 614,600 18,822 595,778 29,739 565,99 653,50 9,411 565,989 1,274,230 1,007,336
Distribution Facilities 5,190,000 2,664,450 2,525,540 480,930 2,044,610 1(R,231 1,942,330 3,197,352 240,465 1,942,380 5,380,157 4,253,120
Internal Network 2,979,000 1,279,320 1,699,680 330,880 1,368,800 68,440 1,300,350 1,535,184 165,440 1,300,360 3,000,984 2,598,255
Fire Hydrants 302,000 176,102 125,898 28,710 97,188 2,859 %,329 211,322 14,355 92,329 318,006 275,330
Sarvice Connections
-; Meters 1,206,000 1,006,210 199,790 60,117 139,673 6,934 132,659 1,207,452 30,059 132,689 1,370,200 1,186,320
b) Pipes 3,418,000 1,666,383 1,751,697 527,063 1,224,554 61,226 1,163,326 1,992,6£0 263,532 1,163,326 3,426,5% 2,956,631
Jamediate Inprovesents .
1a Source Facilities _ . _
a) Equipment 474,000 435,79 38,209 1,679 36,530 1,827 3,74 522,949 840 34,704 538,433 £21,436
b) Structurs snd Wells 802,000 191,172 610,828 26,821 583,937 29,199 554,733 229,406 13,421 554,768 797,615 63,526
2. Distribution Paoilities 1,840,000 947,166 892,834 178,365 714,459 35,723 678,745 1,135,533 69,183 §76,746 1,904,523 1,503,555
3¢ Service Connections . . en
sg Meters 489,000 407,829 81,171 25,652 554519 2,776 52,343 453,3%5 12,826 52,743 554,964 480,275
b) Pipes 1,040,000 506,829 533,171 168,438 . 364,673 18,232 346,459 603,195 84,245 348,435 1,038,883 873,266
4 AMdministration Building : . R . .
s} Equipmenmt 51,000 30,173 20,827 2,92¢C 17,907 895 17,012 36,202 1,460 17,012 54,630 47,32
a8) Structure 419,000 12,977 406,023 56,920 349,103 17,455 331,648 - 15,572 28,460 331,645 375,660 323,254
Se Plusting Shop R e & . .
a) Equipment 30,000 29,601 399 58 . 331 17 24 35,521 29 o324 35,874 31,050
b) Sturoture 421,000 12,577 408,023 59,782 348,241 17,412 330,229 15,572 29,851 330,827 376,22 325,734
6. Vehioles : 139,000 70,290 68,710 - 63,71C 3,436 €5,275 8,323 - 65,275 143,622 129,548
7« MNiscellaneous Ttems 15,000 - 9,265 5,735 - 5,135 227 5.4:5 11,715 - 54448 16,566 14,343
Feasibility Studies 207,000 115,920 21,080 - 91,0280 S50 26,525 133,154 ~ 86,526 225,630 175 564
Sub=total 20,830,000 10,341,573 10,488,427 1,979,925 8,508,5( 425,425 5!‘:@3:979 12,409,837 983,965 8,083,079 21,482,931 "717591?‘30
123,000 - 123,000 - 123,000 6,150 116,250 - - 113,850 116,850 92,72
Total Project Cost 20,953,000 10,341,573 10,611,427 1,979,925 8,631,502 431,575 B,123,329 12,409,557 G52.265 8,195,929 2,593,781 17,381,572

o ocost coeponent lesa unskilled labor cost.

at 5 peroent of dowestic cost componant after unskilled ladbor ocost was deducted froa it.

by adding foreign exohange oost, unakilled labor cost and cost of 'others® after thay have veen adjusted through shadow prioing.
by subiracting contingencies and engineering servioss from the economio froject cost.

n

1

Deri
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ANNEX TABLE XI=E-2

REPLACEMENT COST
GAPAN WATER DISTRICT
1978 PRICES P x 1000

Miscellaneous
Year Vehicles Meters Equipment Items Total

1978

1979

1980

1981

1982

1983

1984

1985 ;

1986  P*129,5 ‘ P129.5
1987 ,

1988

1989

1990

1991

1992

1993

1994 129.5 $176.0 P525.0 ™4.3 844.8
1995 169.4 14.3 183.7
1996 154,.2 15442
1997 T2.4 T2.4
1998 143.5 280.0 423.5
1999 143.5 ; 143.5
2000 143.5 143.5

TOTAL P259.0 P1,002.5 P819.3 P14.3 £2,095.1
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ASREX TABLE XI-E~3

SALVAGE VALUE IN 2001
GAPAN WATER DISTRIC?

1978 PRICES
(* x 1000)
50 Years 3P Teare 25 Yoars 15 Years 7 Years Infinite
Remaining Racaining Seaaining Reoai Rezaining Remainirg
Service Servios Service Service Service Servioe
Life Life Uife Life Life Life
Zoonomic 1n 2001 Salvage ZXoonoale i1 2001 Salwvage ®conomic in 2001 Salvage Ecoramic 4n 2001 Salvage ZKconomio 4n 2001 Salvage Poonosio 4n 2001 Salvags 19

7alue  (Percent) Value Valus  (®srcext) Valve Value  (Percemt) Value Valus __ (Percent) Value Valus _ (Percent) _Value Yalus  (Psrcent) Valus MH-J/
2,529¢5 564 1,427.7 50.0 27% 13.5 638,6 124 7646 83.2 100% 8342 1,601,0
516.3 58 299.5 21,2 16 3.4 302.9
2.8 &0 55347 128.4 33 42,2 4.6 100 406 600.7
1,471.7 €2 912,5 912.5
1,675.5 (0] 1,072.3 420,0 28 117.6 1,189.9
1,203.6 66 794.4 1944
73144 68 49744 497.4
43946 70 307.7 307.7
670.7 T2 482,9 81.9 7% Se7 4.6 100 446 493.2
1,175.7 74 870,0 143.5 13 18.7 838.7
290.7 76 676.9 18,0 52 94 149.9 20 30,0 T16.3
60145 78 4692 540.0 56 3a2.4 330.9 27 89.3 860.9
300.6 80 240.5 T1e2 kX 23,5 264.,0
71543 &0k 429.2  129.5 14% 18,1 447.3
183.7 57 123,.1 123.1
154.2 13 112,6 112,6
T2.4 80 57.9 57.9
423.5 87 368.4 36844
143.5 93 133.5 133.5
224,2 100 22442 22442
P13,149.6 £8,604,7 M™MT8.4 5509 P1537.8 P509.4 P2694.2 ™,616.1 P129,5 ™8, rR.4 PR2.4 P10,896.6

1 : Total Econocaic Valus  #17,881.9
-2/Sa.1\'u. valnes for each year represent the salvage value 0f the item in year 2001, Total Salvage Valune ?10,896.6
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ARKEX TABLE IT-E-4

SIARY OF ECOFMOMIC COSTS
GAPAN WATER DISTRICT

(* x 1000)

Present Present Present Presexst

Valuoe Value of Value Value

Escalation Escalation Escalated Escalated Escalated [Eacalater Discount of Heplace—~ of of

Rsplacesent Sn.lngzo and X Total Paotor For 21 Pasctor Por 2 Project Replacecent O and X Total Pactor st Pro ject nent O and X Totad

Year [Project Cost Cost Yalue Cost Cost  Other Cost O amd ¥ Co Cont Cogt CoEt Cost 12_Percent Cont Cowt Cost Cogt
1978 P 5,116,0 1,601.0 P 20.4 P5,136.4 1,000 1,000 £5,116.0 P 204  P5,135.4 1,000 #5,116,0 P 20.4 P 5,136.4
1979 852,7 2.9 66.8 919.5 1,100 1,080 938,0 TRe1 1,010, «893 837.6 64ed S02.0
1980 1,464.3 600.7 139.6 1,603.9 1.210 1.166 1,771.8 162.6 1,932.6 #7197 1,412.1 125,68 1,5£1.9
1981 1,887.2 912.5 218,9 2,106.1 1.307 1.260 2,466.6 275.5 2,724 712 1,756.2 19644 1,952.€
1982 3,090,8 1,189.9 245.9  3,336.7 1.412 1.360 4,36442 334.4 46536 «636 247755 212.7 2,968 3
1983 1,607.8 T94.4 296.5 1,904.3 1525 14469 2,45149 43526 2,887.5 567 1,390.2 247.C 1,637.2
1984 1,010.6 497.4 320.1  1,330.7 1.647 14587 1,66445 508,0 2417245 «507 843.9 257.6 1,101.5
1985 605.2 307.7 347.0 95242 1.779 1.714 1,076.7 59448 1,671.5 0452 486.7 268.9 7554
1985 911,2 129,5 493.2 380,3 1,421.0 1.886 1.851 1,718.5 P 24442 703.9 2,666.5 <404 694.3 P 98,7 284.4 1,0774
1987 1,588,.8 888.7 398.8  1,985.6 1.999 1.999 3,172.0 797.2 3,369,2 T e351 1,145.1 287.8 1,£32.9
1;958 1,22;.2 ;lég-; 414.g 1.g71.4 2.112 2,159 2,664.4 593.2 3,556.?3 .3%; 857.2 537.8 1.145‘:;{

1989 1,760, . 433, 2,214.4 2,2 2.332 3 .2 1,011, 5,010, o2 1,151, 1.4 1,443
1950 "423.5 2640  531.9  '961.4 2.331 2.518 11@.5 1,339.3 2,361.0 257 '2¢2.8 3242 W&o
1991 - 531.9 143233 1,393 «229 306.6 30£.6
19 - 531.9 1,339.3 1,33%.3 =205 274.5 2725
1993 - 531.9 1,339.3 1,33%.3 «183 24540 255.0
1994 844.8 44743 1,376.7 2,011.5 1,339.3 3,350, «163 327.9 21643 5S¢l
1995 183.9 123.1 715.8 437.9  1,339.3 1,777.2 «126 63.9 195.5 255.4
1996 15442 112.6 68641 3£7,2 1,339.3 1470645 +130 47.7 17441 221,68
1997 T2.4 579 60443 17244 1,3259.3 1,511.7 116 20.0 1554 175.4
1958 423.5 368.4 95544 1,003,4  1,339.3 2,327.7 . 104 104.9 139.3 224,2
1999 143.5 133.5 67504 341.7 15339.3 1,681,0 *093 31.8 124.6 15644
2000 - 143,5 224,2 __ 531,9 6T5.4 2,381 2,518 Wil 31,3393 1,681,0 .083 28,4 111.2 139.6
P21,600,1 £2,095.1 9,133.0 32,957.5 P .042644 P5,232.4 P20,542.,7 57,894 1 18,7302 r723.3 P4,873 P24,250.8
Salvage Yalue 10, 89646 10,896.6 2,381 25,924.8 074 1,919.9
21,931.8 P31,%49.3 P22,370.9

20 .
-/Projm cost, replacement oost and salvige ~»lus wers escalated anmually by 10 percezt froa 1978 to 1530, by 8 percent frog 1330 to 1935

and bty 6 percent froa 19595 to 1990.
2‘_1/‘Prv3ect cost and replacement cost were escalated annually by 10 peroent from 1978 to 1980,
escalation factor was held constant up to 2000,

22/0Operating and maintenance costs were escalated annually b7 8 poroent from 1978 to 1990, after which the escalation factor was beld constant wp to 2000,

XI-E-4
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ANNEX TABLE XI=G-1

INTERNAL ECONOMIC RATE OF RETURN
GAPAN WATER DISTRICT

(P x 1000)
Discount Present Value Discount Present Value
Escalated Values Factor at at 20 Percent Factor at at 25 Percent
Year Benefits Costs 20 Percent Benefits Costs 25 Percent Benefits Cogtse
1978 134.7 5413644 1,000 134.7 5913664 1.000 134.7 5,136.4
1979 274.8 1,010.1 «833 228.9 841.4 800 219.8 80841
1980 8,61041 1,934.6 «694 5:975¢4 1,342.6 <640 5351045 1423841
1981 1,66341 2,74244 579 362.9 1,587.9 512 85145 1440461
1982 1,932,2 4,698.6 482 231.3  *2,264.7 410 73242 71,3264
1983 2,225.5 2,887.5 «402 894.7 1,160.8 328 730.0 3471
1984 2,97646 2417245 «335 397.2 72748 0262 T79.9 569.2
1985 3,419.2 1,671.5 279 954.0 466,3 »210 71840 351.0
1986 3,880.3 2,6664,6 233 904 .1 621.3 <168 652.G 228,0
1987 4444643 3,969.2 «194 86246 70,0 <134 595.8 53149
19588 5,042,.1 3,558,2 162 81648 57644 « 107 539.5 25047
1989 5,789.7 5,010.8 135 781.6 67645 .086 457.9 530.9
1990 6,927.0 2,361.9 « 112 T775.8 264.5 +069 475.0 16340
1991 4,450.8 1,339.3 <094 418.4 1059 «055 244.8 T3e7
1992 4,110,6 1,339.3 078 320.6 1045 «044 18049 5845
1994 3485441 3,350.8 «054 20841 180.9 »028 107.9 93.8
1995 3,81043 15,7772 «045 1715 80.0 «023 876 40,9
1996 3,425.8 1,70645 «038 13042 64.8 <018 6147 30.7
1997 39341.7 1,511.7 «031 103.6 4649 014 46.8 21.2
1998 3,16944 2,34T7«7 026 82.4 61.0 «012 38.0 28,2
1999 24957.2 1,681.0 022 651 37.0 «009 2646 1561
2000 2,784.8 1,681,0 018 5041 30.3 «007 1945 11,8
83,080.6 17,020.5 13,44845

57,6941 17,255.0 14,7561
Salvage Value 25,944.8 «015 . 389.2 «006 1554

31,949.3 16,865.8 14,600 4

2460 1.00 1.01 1.00 0.92 1600
Present Value at 20; = 15447 IERR = 420 + 40 154 «
Present Value at 25% -§1,1§1.g! 1,306.6
1,306, = 20 + 0059

20,6%
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CAMEP DRESSEQ & MOKEE INTERNATIONAL INC.

Methodology Memorandum No. 1
To s L, V. Cutierrez, Jr.
From ¢ A. de Vera

Date 1 4 Januvary 1977
Subject: Pilot Area Survey

As Need

In astimating water accountability, dats on the ratio of
borrovera to primary users, averaga persons par household, and
per capita consumpiion are necessary., Information on capacity
and willingnesa-to-~pay would grestly aid finanoial analysis.

In all cases, ithese data are not readily available in the
Philippines. The only way io get these data would be to aotuslly
perform a house~to-house survey within the served areas of the
water distriot (WD). Considering time and finanoial oonstraints,
a piloil area survey would be the best approach. This is mersly
surveying a representative area within the WD and projecting the
data obtained for the ontire served area of the WD,

B. lethodologz

l, Choose a pilot area within the WD, Desirable requirsments
for the area are as follows!

a. adequate line pressures, preferably with 24-hour servicej

be metered connections;

Ce presence of domestic as well ams commercial connections.
Ratio of oommercial to domestic oconneotions for the ares
must not exceed that for the entire WD}

de representative income levels of the conoessionaires.

2o Devise a one-page questionnaire so that it

a. is easily understood by WD persommel (who will serve as
interviewers);

be provides rslevant information;

Ce provides a means of cross—cheocking some answers given
by reapondentsj

d. would make tabular analysis easy.

A gample guestionnaire is attached.

MMl-1
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3e¢ Cet assistance from the WD persomnsl in the house-~to-house
survey. It is suggested that thery do the actual interview
becauge of their familiarity with lcoal customs and dilaleote.
Howaver, before agllewing the WD enumerators to prosesd on
their owm, i1 is necerszary thed:
8¢ ‘the enumsrators be given a thorough briefing on the
importance of the survsy, &3 well as ths purpose of
sach item in the questiornaire,

bs the enumerators be sccompanied to the first few
houses, and givsen additionsl pointers or fesdback
before they proosed on their own,
4, Conduct & house-to~house aurvey of all househnlds within
the pilot area. 4 map at this peint indicating the exist~
ing houses {with their code numbers) wonld be necessarys
The fellowing would be helpful during the surveys
a. brief the respondenis about the purpose of the survey
bafore asking quesstions. It is very imporiant that
thay be receptive to the intsrviewars., Otherwise data
given couid be misleading.

be in asking for estimates of consumpiion; avoid ueing
technical terms, i.,s.; liters; gallens, ete. Use
local containers like pails, drums or whatever tlhey
use. Note the capasity of the container in the
questionnaire.

Data

The following dats may be obtained from the survey:

l.
2a
3.

4.
5.
6.

Te

Pilot area density

Average peracns/bhousehold

Borrowers from connected houssholde and psrcentage of
nouseholds dependant on the WD

Potential concessionaires

Consumption estimates

Inocome levals and ihe respeotive rates showing
willingnesa to pay for improved servics

Water accountability

Mi1-2



WATER DISTRICT
PILOT AREA QUESTIONNAIRE

DATE

TIME
INTERVIEWEE ADDRESS
TYPE OF DWELLING CONSTRUCTION MATERTAL
N " NON~WD
WD CONCESSIONAIRE CONCESSIONATRE FOR ALL HOUSEHOLDS

WD-WATER AVAILABLE$

1. NO. OF OCCUPANTS: l.
No. of hours

NO. OF OCCUPANTS: |1,

2. CLASSIFICATION: 2+ SOURCE OF SUPPLY: Time
[CJ Domestic Jown private well 2, PAUCETS:
1 Commeroial Crainwater 0 33 as
O Institutional Ospring 02 4 a_..
O Industrial CIpublic faucet . .
O CIND concessionaire |>° (?JHSWERé.z O3 o
4, . HH Code No. -
3+ SIZ8 OF CONNZCTION: Clpublic well 4. FLUSH WATER CLOSKT:
o I S o B L o -1 Cothera! private well O1 o2 O3 oI,
O 2 Ol o . «~—|5, MANUAL WATER CLOSET:
2 [@—3 A
4. TYPE OF CONNECTION: 3« CONSUMPTION$ 6s Sb/ae?tio Di/o se'a—xﬂ.'s.c
Clmetered: meter functioning dfree tank tank
Cimetered: meter damaged COpaying
O flat rate (unmetered) volune used per Te Agfﬁ:gﬁ Mo!i g’iﬂg{n“(? P
w . -t —
5. APPURTENANCES (Conneoted to Paying ¥ :2;1“
System) for *| others:
Cwith hand pump REMARKS
Cwith eleotric motor pump ' 8. USER:
HRS used/day O w/ borrowers
Pump rated HP 1 w/o borrowers
GPM Total no., of HH
borrowers
Total no, of HH borrowsers'
6+ OTHER SOURCE ASIDE FROM WD: oocupants
Oun Other HH 9. How much would you be
Owells Owells u:lll:lng to FaYy if
Ulsprings [ springs water servioe were
COrainwater O rainwater improved?
D____, ;| monthe
(TO BE FILLED UP AT 'THE WD OFFICE)
1. HOUSEHOLD CODE NO. 3¢ WD CONCESSIONAIRE: — —
, ENUMERATOR
CIregistered
2e INCOME: O unregistored
FOSITION
DObelow average(P220 below
Claverage P221 - 750 4. PAYMENTS:
Clupper middle (P751 - 1,500} 7 up~to~date
thgh P1,500 above CI dﬁinquem




CTAMP DRESSER & MoKEE INTERNATIONAL INC.

Methodology Memorandum No. 2
To 8 Le V. Guiierres, Jr.
From ¢ A, de Vera

Date 3 31 January 1977

Subjeot:s Estimating Water Aocoountability

Ae Neeod

To be able to determine future water demand per capita,
need for leak detection and survey program, and the level of
development possible for reducing wastage and leakage, the
following information must firat be available.

l. Ratio of accountedwfor and wmaoccounted=
for-water.

2., Ratio of wastage and leakage in relation
to total production.

3+ Domestio consumption per ocapita.

Although there are various methoda for ostimating water
accountability, the aelection 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 tha water distriot. It is the
sum of the billed metered consumption and inferred water ocon-
sumption at flat-rate conneotians. : .

Be Methodol oY

l. Pilot Area Survax

a. Objective ~ To be able to estimate total aocoounted—
for and unacoounted-for-water. Acouracy will depend
on the reliqbility of the oonaunpti7n figures as
obtained in the pilot area survey.,

b. Date Necsssary - Monthly produotion; number of metered
and unmetered connestionsj water rate schedule; pilot
area data; and total monthly metered oonsumption.

l/hefer to Methodology Memorandum No. 1.

Wi2-1



6. Steps

1) Obtain toftal number of households dependent on
wator system. To do this, first obtain ratio
of householde depandent on the system to total
households in the pilei arsa and apply ratio to
the whole service area. Compute for number of
primary and sscondary users.

2) Compute for inferred flat-rate use per month.

3) Compute total acoounted-for—water by adding average
nonthly metored consumption and total inferred
flat-rate uss per month.

4) Unaccounted-for-water is total production leas
acoounted-for-water. It is alsec the iotal of
potentially billable water plus wastage, lsakage
and other uses,

5) Potentially billable water is the sum ofs

o Usage of borrowers from flat-rate
primary users;

o Unbilled flai~rate use
0 Wastage of flat-raie users

2. Weighted Average of First 10-City Survey

& Objective - In a water system with all functions billed
as flat-rate, computing for water acocountability is
impossible without resorting to detailed surveys. How-
ever, this method implies that the figures obtained
during the first lO-area survey (CDM - 1975) spproximate
those of other water districts. Aoccuracy, however, is
not determined.

b. Data Necessary - Total monthly produotion and figures
obtained during the First l0-Area Survey of CDM.

M2-2



Ce

Steps
Multiply monthly produotion by

«31 to get acoounted-for-water

«11 to get underestimasted flat-rate use
«26 to get wastage

«25 to get leakage

+07 for others

3. Field Study Method

R

be

Ce

Objective ~ To be able to determine within ¥ 5 percent
aoccuracy water aocountability figures. This method,
however, is time~consuming and very expensive.

Data Neoessary =~ All data received shall be generated
in the fielde The number of concessicnaires and the
water rate schedule are basic requirements.

Steps

1) For each section of transmission and distributiom
line in the water system, appropriate measuring devioes
shall be inatalled in order to determine the amount
of water flowing in and out, water ussd by the con~
oessionaires, and water leakage.

2) Desk-top analysis is then necesasary to determine
water accountabiliiy.

yM2-3



CANMIS DRESEENR & MaKEE INTERNATIOMNAL

METHODOLOGY MEMORANDUM NO. 3

To

¢ L. V. Gutierrss, Jr,

Froml : P. del Rosario

Date : 8 February 1977

Subjeot: Classification of Water Distriots Aocording to

Ao

B.

Puture Water Roquirementas

Jatroduotion

The purpose of this methodology manuzl is to claseify water
districte (WD) so that future water requirements may be estimated.
The factors to be considered in classifying WD's are soconomic and
soolal development in the district's 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 capita consumption
is labelled Group I; and the group with the probable lowast
water consumption, Oroup V. Affluent and highly urbanized
water districte may fall under Oroup I,while less developed
and small water districts, under Croup V.

Hethodology

The initial service areca of the WD will most likely include
the central urban area or core oity (poblacion)e To olassify it
asoording to future water demands, the WD and its central urban
area are judged acocording to 5 grouping oriteria = 1975 urban
inocome, 1975 standard of living, 1975 bueiness index, 1980 ocost
of water, and served population in 1580, For sach oriterion, &
number of points, from 0 to 20, are allotted to eaah water
district. The total numbér of points under the 5 oriteria
determines the oclamsification of the WD

Table MM 3-1 lists the 5 oriteria by whioch the WD can be
olassified, and the points allotted to runkings in eaeh ori-
terion. :

The grouping of the WD's based on the vange of total
points under the 5 oriteria is as followss

MM3-1

““w.



TABLE 3! 3~1

WATER DISTRICT GROUPING CRITERIA

1975 1975 1975 1530 1380
Urbzn Income Stancard of Living Zusiness Index Cost of Water Served Fopulation
Incoze Taves % of Households % of Households % of Commercial Source of Population
Paid by Urban Points wiith Refrigerators Points with Flush Toilets Points Cstablishaoents Points Additional FPoints Served in Pointg
Residents () 20 in Urban Area 10 in Urban Area 10 in Urban Area 20 nztar Supoly 20 Urban Arsa 20
zore than 30,000,000 20 more than 20 10 more than 60 10 more than 6.6 20 Spring, gravity 20 more tkan 156,000 20
Type
10,009,3001-30,000,000 18 2521 = 30 9 50.1 -~ 60 9 LeG = 646 16 ’ 100,001 - 15C,000 18
5,000,001-16,000,000 16 20,1 = 25 8 40,1 -~ 50 8 3el =~ 4.5 11 Spring with
booster punp 17 8C,001 -~ 10C,000 18
1,000,0Ci~ 5,000,600 14 15.1 - 20 7 0.1 - 4Q 7 1.7 = 3.0 7 Inftiltration
with short trans-
R zmissien lige/
well points i4 65,001 -~ 80,000 14
500,601~ 1,000,000 12 10,1 = 15 6 20,1 -~ 30 6 1.0 = 1.6 4 ’ 52,001 - 65,000 12
100,001 500,000 10 5 =10 5 10 ~ 20 5 laag than 1 2 Infiltration with
long tronomis-—
aien 1ins/
wolls 11 41,001 -~ 52,000 10
50,001- 10G,000 8 less than § 4 less than 10 4 31,001 -~ 41,000 9
20,001~ 50,000 6 Surface water
without
reservoir 7 22,001 - 31,000 a
8,001- 20,000 4 Surface water
with regervoir 5 15,001 - 22,000 7
4,001~ 8,000 . 2 10,001 - 15,000 ¢
4,000 or less 1l less than 10,000 5

MM3~2



Groun Total Points

I 70 and above
I 60 - 69
III 50 = 59
Iv 40 - 49
v 39 and below

In allotting points under each oriterion, readily available
data are taken from the latest NCSO report (1970 or 1975 osnsus)e
These data ares total population in the eity or munioipality
total households; numbsr of urban households; number of commers
clal establishments; number of industrial establishmentsj rumber
of hcuseholds with refrigeratorsj and number of households using
flush water-sealed toiletss The data on total income taxes paid
in the oity/municipality in 1975 were obtained from the BIR offioe.
Data on the probable sources of additional water supply were
taken from the recent preliminary hydro-survey oonduoted by LWUA
and the WD,

The following is a procedure for assigning points to a WD
on the basis of the 5 oriteria,

Te

2,

1975 Urban Inoome

Urban inoome iz based on the total income taxes
paid by individuals and business entities and the per—
oentage of urban houssholds with respect to total house~
holds in the city/munioipality. If the 1975 data are not
available, the percentage of urban households is projected
to 1975 by applying an inorease of 0.1 to 0.4 peroent
per year. In projecting the peroentage of urban house=
holds, growth characteristios and urban development
must be oonsidered., The projeoted percentage is mul-
tiplied by 1975 total inocome. Table MM 3~1shows the
breakdown of the annual income with points ranging
from 1 to 20,

1975 Standard of Living

The standard of living is measured by the number
of households in the urban area with refrigerators and
those with flush water-sealed toilets,

The percentage of urban households with refriger-

ators with respeot to total urban households is projected
to 1975, if the 1975 census is not available. An inocrease

MM3-3
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of 1 to 4 perocent per annum is applied, depending upon

the recent oconomioc and sotial development in the oitx/
municipality. The same proosdure is applied to the
percontage of urban households using flush water-nealed
toilets. Table MM 3-1 shows ihe percentages of households
with refrigeratoras and those with flush toilets with reg-
pect to total urben households, with points ranging from
4 to 10,

1975 Buginess Indsx

The business index is moasured by the percentage
of occmmercial establishments with respect to total urban
households in 1975, One industrial establichment (data
from NCSO consuas) is assumed to be equivalent to 10 com—
meroial establishmenta (except when the 1975 census is
available). An increase of 1 to 20 establishments per
Yyear is applied, depending on the roocent busines= activi~
ties and urban development in the city/municipality. The
number of urban households in 1975 is obtained by multie
plying the 1975 total houssholds (total population +
average of 7 persons/household) by the 1975 perocentage
of urban households as derived in the methodology for
1975 urban inocome. The 1975 sum of commercial estab-
lishments divided by the number of 1975 urban households
is ths business index of the oity/munioipality. Table
MM 3-1 shows the various levels of business index, with
corresponding points ranging from 2 to 20,

1980 Cost of Water

The cost of water is inferred from the probable
gsource of additional water supply by 1980. The probable
souroce of additional water supply is weighied accord-
ing to its apparent econcaic viability. A spring souroe
that is located within the 1980 service area and can flow
by gravity is considered the most econcniocal. Surfaoce
water requiring complete water ireatment with impounding
regervoir is the most expenrive, Infiltration galleries
with short or long transmineion lines, welis, or spring
souroe requiring booster pump, are considered to have
weights botween the most and least expensive (see Table
MM 3-1).

¥M3-4
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D.

5¢ Served Fopulatien in 1980

The served population in 1980 is projected by
delineating the futurs service areas of the WD and
projecting the population of the oity/hunioipality
and of the service areas. The 1980 aerved population
is determined ac a portion of the service area popula~
tion. In prejecting the populaiion served and the
future service areas, cconomic growth and urban develope
ment, avallability of water supply and copability of
the vater distriot to provide merviee muat be considered.

Expected Water Demand Dy €lass cf WD

The experience 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 distriots. These oxpected vater demands are shown in
Table MM 3—2.

Example of Water District Cleisification

with
data

This method of c¢classifying a water distrioct is illustrated,
the Silay City Water District as an example. Available
for Silay City are taken from the NCSO and BIR reportis,

and from the preliminary hydro-survey by 1WUA and the SIL-WD,
The following data were obtained:

group

Total income taxes paid in the oity - $20,049,139 (1974-1975)

Total population in the city - 103,493 (1975)

Total number of households in the city -~ 10,915 (1970)

Total number of households in :he urban arca - 3,693 (1970)

Total number of commercial establishmenis in the oity - 36 (1970)
Total number of industrial establishments in the oity - 1 (1970)
Total urban households with refrigeratorz - 266 (1970)

Total urban households using flush water-sealed toilets ~ 807 (1970}
Probable source of additional water supply - wells (1980)

Population in the mervice area - 21,280 (1980)

To determine the speoifio weights of the above daia for sech
ing oriterion, the methodnlogy developod is applied as Pollowsn:

MM3-5



TABLE M} 3-2
WATER DEMAND OF WATER DISTRICT GROUPINGS

Year
Classification 1980 1990 2000
Group I
Domestic use, lpod 140 155 175
Commercial/Industrial/Institutional
% of domestio 17 21 25
Equivalent, 1lpod 2 _g% 35
Aocounted~for-water, lped 1"83' l 210
Unaccounted~for-water
% of production 40 28 20
Equivalent, 1lpcd 109 13 32
Total production required, lped 273 261 262
Group II
Domestic use, lpod 120 135 150
Commercial/Industrial/Institutional
% of domestio 15 17 20
Equivalent, lpcd 18 2 0
Accounted~for-water, lpod 138 E% i‘36
Unaccounted~for-water
% of production 40 28 20
Equivalent, lped 92 b2 45
" Total production required, lpcd 230 220 225
Group III
Domestic use, lpod 105 120 135
Commer-ial/Industrial/Institutional
% of domestic 13 16 18
Equivalent, 1pod 34 A9
Accounted-for<water, lpod 119 139 159
Unaccounted-for-water .
% of production 40 28 20
Equivalent, lpod 19 24 4o
Total production required, lpcd 198 193 199
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TABLE MM 3-2 (Continued)

WATER DEMAND OF WATER DISTRICT GROUPINGS

Year
Classification . 1980 1990 2000
Group IV
Domestic use, lped ’ % 110 125
Commercial/Industrial/Institutionad
% of domestic 12 14 16
Equivalent, lpod ' 12 A5 20
Aocounted-for-water, lpod 107 125 145
Unaccounted-for-water
% of production 40 28 20
Equivalent, 1pcd ey 4 36
Total production raquired, lped 178 174 181
Group V
Domestic use, lpcd 90 100 110
Commercial/ Industrial/Institutional
% of domestic 10 13 15
Equivalent, lpcd . -9 A3 Yy
Acoounted~fer~water, lpcd 99 113 127
Unaccounted-for-water
% of production 40 28 20
. Equivalent, 1pcd 6 " 44 32
Total production required, lpecd 165 157 159
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1. 1975 Urban Income

In 1970, the urban households acoounted for
33.8 percent of the total households in the ocity.
But due to recent developments in the local economy
and subdivision housing projects in the urban sector
of the city, the number of urban souseholds was pro-
Jerted to inorease to 35 percent in 1975 The product
of the total 1974~1975 inocome taxes and the 1975 per=
centage of urban households represents the urban in-
oome taxes which amount to about P7,017 million,
Table MM 3-1 gives this a weight of 16 points.

2, 1975 Standard of Living
This is measured by1
as 1975 urban households using refrigerators

In 1970, 7.2 percent of the urban house-
holds had refrigerators. Due to economic and
housing developments, the percentage was esti-
mated to inorease to about 12 percent in 1975.
Table MN 3-1 gives this a weight of 6 pointa.

be 1975 urban households using flush water-sealed
toilet faollities

In 1970, the households with toilet faocili-
ties represented 21,9 percent of urban households.
Dus to the recent housing developments in the
urban area, the households with toilet facili~
ties were prejected to be about 32 peroent fn 1975,
Table MK 3~1 gives this a weighi of 7 pointm.

3, 1975 Business Index

It is assumed that one industrial establishment ia
equivalent to 10 commaroial establishments., Based on
the 1970 census, the number cf commercial establishments
(equivalent industrial esteblishments included) was
46 (36 + 10). These establishments were expected to
have increased to 96 (at 10 establishments per year)
in 1975, Total urban households increased from 3,693
in 1970 to about 5,180 in 1975 (1975 population of
103,493 4 average 7 persons/household). Hence, the
businese index in 1975 was 1.9 percent (commeroial estab~
lishments divided by the number of urban households in
1975)s Table MN 3-1 gives this a weight of 7 pointss
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4. 1980 Cost of Water

Based on the hydro-survey of LWUA~CDM and SIL-WD,
deepwells appear to be the most probable economical
 source of additional supply. Table MM 3-1 gives a
weight of 11 points for this source,

5« 1980 Served Population

By 1980, the served population is expected to be
about 15,6301/a9 projected from the 1975 NCSO Censuse
of Population and Housinge Table MM 3~1 gives thie a
weight of 7 pointe.

Therefore, the SIL-WD has a total of 54 points under the
5 criteria, indicating that it belongs-to Group III. The water
demands of this group from 1980 to year 2000 are listed in
Table MM 3-2,

Table MM 3-3 claseifies 16 water districts in the
Philippines accordirg to the 5 grouping oriteria.

l/See Chapter VI, Table VI-3, of the Silay City Feasibility
Study Report.
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TABLE M 3-3

SWMOLARY OF CITIES/MUNICIPALITIES SUBJECTED
70 THE WATER DISTRICT GROUPING CRITERIA

1 Standard of 1i

Urban Urban 1980 Cost
1975 Households Bouseholds 1975 of Waier 1980
Urbm with BRefri-~ with Flush ani.ness Source of Served
gerafors Toilets - Supply Population Total ,
City/Mupicipality ( inte) _(Points) {Points} .{m_), (Points) _{Peints) [Points Group
Bislig, Surigao del Sur 14 6 7 11 14 7 59 3
Urdancta, Pangasinan é 7 9 11 11 5 50 3
Calamba, Laguna 14 9 10 7 17 6 63 2
Gapan, Nusva Eoija _ 6 8 9 7 11 6 47 4
Silay City 16 ‘& . 7 7 11 e 54 3
Cebu City 20 30 10 "7 5 20 T2 1
Davao City 16 9 9 16 11 10 71 1
Bacolod City 20 ) 9 7 11 18 74 1
Zamboanga City 4 7 o 7 T 16 62 z
Digos, Davao dsl Sur .12 6 9 7 i1 5 50 3
Bacaczy, Albay 1 "5 9 11 20 5 51 3
Bangued, Abra . 1 6 8 7 20 6 48 4
Dalaguste, Cebu 1 5 8 4 11 5 34 5
Baybay, Leryte 10 9 8 16 9 6 58 3
Roxas City 10 9 8 16 - T 6 56 3
Cotabato City 12 9 8 11 11 7 58 3
Olongapo City . 18 9 10 20 11 1
Subic 4 5 6 16 11 5 47 4
San Permande (Pampangs) u 6 7 20 1 7 65 2
- 12 8 8 16 11 8 63 2
Cabanatusu City 12 8 10 11 11 9 61 2
Lipa City 8 8 10 16 11 T 60 e
Laeens~Paghilao-Taysbaz 14 6 8 7 17 12 64 2
Daet 1c 5 4 4 20 10 53 . 3
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CANIR DRESSER & MoKEE INTERMNATIONAL

Methodology Memorandum No. 4
To t L. V. Gutierres, Jre

Fronm 2 E. Jacildo
Date : 20 January 1977

Subjeoct: Probability Analysis of Siream Flows by Cumbel

Ao Need

: In evaluating the mirface water sources for water supply
purposes, the analyst has to foous his interest on statistioal
frequency of extreme low flows. Sinos the exaot sequance of
streamflow for future years ocan not be predicted, he aleo has
to consider the probable variations in flows in order to
dévelop & design on the basis of caloulated riske

In 1941, E. J. Gumbel devised a probability method by
which recurring flows can be computed for design requirements.
Under this method, the hydrologic data are analyzed as an
"extreme value" distribution and the sets of hydrologic data
are plotted as straight lines, Gumbel's method has besen found
advantageous to ugas,

B. Basic Data

The hydrologic data are found in Surface Water Supply
Bulletins pubhlished by the Water Resource= Division of the
Bureau of Publioc Works (BPW). Data are .v»:::ted in the follow-
ing sequence:

1« Name of river basin

2+ Name of stream

3s Location of gaging station in latitude and longitude

4. Drainage area.in square kilometers

5« Reoords available: months and year

6e Gags slevation

T« Extremes; magnitude and dates of maxiwum and minimmum
flows

8. Remarks

9+ Revisiona

10. Presentation of daily discharge for cne ysar

ING.



It should be noted that Surface Water Supply Bulletins
after 1967 have not been published; they are on file at the BFW
Water Resources Divisicne.

Methodology

Below are the steps in Gumbel's probability analysis of
streamflows.

Tablo MM4-~1

1. Tabulate the monthly flows (mean, minimum or
maximum, whatever ism desired).

2. Take note of any changes in the yearly records as
stated under "Remarks" or “Revisions" :f the
Bulletins HWrite them under remarks in Table MM4-~l.

Table MM4-2

l. 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 10ga.rithm of Qo

4. Solve for the probability flow by the formula

m
I x 100
where, m is the rank of a particular flow
n is the total number of recorded flows.
5 Solve for the return period by the formula
n+l
m ( ]

Figure MM4-1

l. Plot log Q as ordinate agminst probability as
abscissae TFigure MM4-~l is Cumbel's special proba-
bility paper.

2, Draw a siraight line (month line) passing through the
points marked in step C~l. If not all the points
fall on the line, adjust the line such that it
passes on the average path of the points. Any
return period which falls on the line is in month's
term. The line may be extended in order to reach
periods not covered by it.

3. Take the antilogarithms of the values of return
periods in months as projected on the log Q socale
(ordinate). The antilogs ara the recurring flows in
cubic meters per day.



TABLE MM4-~1
MEAN=-DAY DISCHARGE PFER MONTH

Basin: Pampanga (San Vicente) Gage Elevation: 11,050 m
Station: Pefiaranda River Units: cund x 1,000
Loocation: lat. 15°18%46"; long. 120°56'30"

Drainage Area: 575 sqkm
Minimum-Day

Discha.rge/
Ysar Jan Feb Mar Apr Nay Jun Jul Avg Sep Oct Nov Dec Year Remarks
1965 - 2,283 753 351 372 1,313 - - - 3,239 5,156 4,358
1966 - 21915 - - 81941 .11595 21682 4,215 5,425 1,413 9:801 5:380
1967 4,922 857 1,189 547 8713 425 1,012 6,614 4,415 5,707 5,896 125
1968 66 17 120 540 96 - - - - - - 117
1969 141 32 336 689 664 301 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 % 686 2,525 2,650 4,405 14,582 4,149 2,124
1974 1,405 1,332 2,1N 471 621 3,781 3,497 10,761 10,014 12,567 16,317 13,693

1333



TABLE MM4~2

MEANFLOW (PENARANDA RIVER, SAN VICENTE)
GAPAN WATER DISTRICT

-, ol b
N2 OWOO~NNANIEILND - |5

Return Period
Probability (Months)
Q _n_ n+
cumd x {03 Log Q n+l - 100) (';1')

17 40230 0e93 108,00
17 40230 1.85 54400
32 40505 2,78 36,00
66 44820 3.70 27400
17 4,886 4063 21460
82 44914 5456 18.00
95 40978 6048 15043
96 4,982 Te41 1350
108 50033 8433 12,00
117 56068 9426 10.80
120 50079 10.18 9082
125 5697 1111 9,00
M 50149 12,04 8¢31
216 5334 12.96 TeT1
2719 5e446 13.89 Te20
294 5468 14482 675
301 50478 1574 6435
336 56526 16667 600
351 54545 1759 568
372 5570 18452 540
406 5608 19.44 5¢14
415 5.618 20437 4491
425 50628 21.30 4.T0
471 56673 22022 450
540 H5e732 23.15 4032
541 5738 24407 4.15
621 5.793 25,00 4,00
642 5»808 25.93 3086
664 5.822 26,85 3.72
686 54836 27.78 3.60
689 5838 28,70 3e48
697 54843 29.63 3.38
732 54864 30456 327
753 56877 31048 3.18
161 5885 3241 3,08
814 5.911 33.33 30,00
823 5915 34.26 2492
857 56933 3518 2.84
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
51
58

59
60

61
62
63
64
65
66
67
68
69
70
71
12
73
14
15
76

MEANFLOW (PENARANDA RIVER, SAN VICENTE)

Q
oumd x ]03

873
1,012
1,175
1,189
1,313
1,332
1,377
1,405
14413
1,461
1,499
1,595
1,628
1,785
1,824
1,989
2,124
2,190
24191
2,248
2,283
2,394
2,525
2,650
2, 680
2 896
2’915
2,928
3,123
3,203
3,209
3,497
34561
3,781
4,021
4,148
4,358

TABLE MM4~2 {continued)

GAPAN WATER DISTRICT

Leg Q

5941
64005
64070
64075
6.118
6+124
64139
6.148
6.150
60165
6.176
60203
6.212
64252
64261
64299
64327
64340
6341
64352
6.358
64379
6.402
64423
64428
64462
64465
64466
64494
6+506
64510
64544
64552
6.578
64604
64618
64625
64639

Probability

(-

MM4-5

x 100)

n+] *

36611

37«04

37496

38.889
39.815
40.741
41.667
42,592
434518
44.444
45370
46.296
47.222
48.148
49.074
50000
50.926
51.852
524778
53704
544630
554555
564481
57407
584333
59.259
604185
61.111
62,037
62,963
63,889
64.815
65.741
664667
67.592
68.518
69.444
70.370

Return Period
(Nonths)

o+l
)

277
2.70
2463
2457
2451
245
2.40
2635
2630
2425
2420
2.16
2.12
2,08
2.04
2,00
1.96
1093
1.89
1.86
1.83
1.80
1.77
1.74
174
1.69
1.66
1464
1.61
1.59
1456
154
1052
150
1.48
1.46
1444
142



MEANFLOW (PENARANDA RIVER, SAN VICENTE)

Q
m onnd x 103
17 44405
78 44415
79 44567
80 4701
81 4,873
82 4,922
83 5,156
84 54229
85 5,380
86 5,425
87 5,707
88 5,896
89 59992
90 6,306
91 6,614
92 64915
93 8,941
94 94590
95 9,689
96 9,801
97 10,014
98 10,761
99 11,161
100. 11,726
101, 12,567
102" 13,693
103 14,582
104 15,007
105 15,977
106 164317
107 . 18,347

TABLE MM4-2 (continued)

GAPAN WATER DISTRICT

6.644
64645
6.660
6672
6.688
64697
64712
64718
6¢731
6.734
64756
64770
&:778
6.800
6.820
6.840
6.951
6,982
6.986
6.991
74001
7.032
T.048
7.069
7099
Te136
T.164
T.176
Te203
Te213
Te264

Probability

(=B
n+1

MM4~6

x 100)

T1.296
Toe222
73+148
T4.074
75.000
7156926
76.852
77778
784704
79.630
80,556
81.481
824,407
834333
84.259
854185
864111
87,037
874963
88.889
89.815
90.741
91.667
92,592
93.518
94.444
95370
964296
97.222
98.148
99.074

Return Pari.’
(Montns)

(BLL)

1440
1.38
1,37
1435
133
1632
1430
1.28
1.27
1426
1224
1423
121
1420
119
1217
1016
1615
1e14
1.12
1e11
110
1.09
1.08
1.07
1.06
1.05
1.04
1.03
1,02
1401



RETURN PERIOD (MONTHS)

GUMBEL DISTRIBUTION
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AN DRESSER & MakER MYERMLATIONAL

Methodology Memorandum No. 5

To t L. V. Gutierrez, Jr.

From t J. B. Arbuthnot/B. R. Canklin
Date ¢ 16 May 1977

Subject: Quantity of Storage Versus Rate of Supply

A. Ceneral

The demand for water in a water system is not umiform,
therefore, the system must be designed to ripply water at
varying rates of demand. '

One common method of supplying water at varying rates
is to provide a specific amount of source pumping oapacity
and supply the difference between demand and pumping oapa~
city from a water storage facility.

The most economical amount of pumping capacity and
storage volume is selected based on cost studies of alter-
native combinations of facilities that would meet a com—
mnity's needs. Some of the faotors that should be considered
in these oost studies and some basi¢c guidelines for selecting
properly sized facilities are presented in this memorandum.

B. Discussion

The amount of water a commmnity needs at any particular
instant is primarily dependent on the following factorss

l, The number of people within the community

2. The number of water-consuning facilities within the
average home (faucets, toilets, showers, automatic
washing appliances, etc. )

3¢ The habits of people (what times people eat, shower,
sleep, eto.)

MM5-1
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Ir. general, daily usage of water fcllows a pattern with
two peak usage periods during the day and low usage late at
night. Figure MM5-1 shows a iypical variation measured in a
seotion of the Cebu City distribution systenm,

The relationship of the peak usage on an average day can
be determined statistically for a givon comminity. The sta-
tistical peak is an average of each person's peak usage and
has two important properties:

1o The siatistical peak is a funciion of the number
of people in the community. The fewer people, the
higher the peak may be because each person's peak usage
could more easily affeot the total flow.

2. The statistical peax should be recognized ag & mathe=
matical average, and on some days the peak usage could
be much higher or lower than the statistiocal peak.

The common engineering practice for wator systems is to
supply water from a source at maximum-day rates either by pump-
ing ur gravity. Maximum-day demsnd 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 & period of weeks
during summer months. Source capacity must equal maximum-day
demand because it wculd be impractiocal to store sufficient
water to supply maximum-day demand ates for more than a few

dWﬂo

The difference in demand between the peak-hour demands and
the supply (which is equal to maximum-day demands) ooours during
a period of short duration where demand exceeds supply. Stored
water is used to meet this short period of excess denmand and is
called operational storage. It should be noted at thism time that
there are three categories of storage:

1o Operational storage — used to meet hourly fluctuations
in demand,

2, Maergency storage — used to meet demands in oage of
broakdowns in source faocilities; 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.

MM5~2
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Ce

Storage requirements for the last two categories have been
largely neglected in these studies because of the excessive cost
involved to provide the storage.

Methodology

The engineer must determine the amount of siorage and source
capacity to meet the demands in a specific community. A set of
curves that relate the peak hourly usage to the numb? of people
in a community has been developed by CDM and others. Practioce
has shown that a volume of about 15 to 20 porcent of the maximum—
day usage is required as operational storage if source facilities
can supply maximum-day demands. Combining the "peaking curves" with
the operational storage 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 MM5-2).

Up to this point, the only option that has been discussed is
to supply peak~hour demands from storage facilities. In many cases,
the cost of storage facilities is so high that it may be more eco-
nemiocal to provide additional source capacity and reduce the quan-
tity of storage. This is espeolally true where storage is 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.

l/ASCE Nanual of Practice No. 37.

MM5=3
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To

AN DRESSER & AMMe TR IR TSI aTICOMAL

odology Memorandum No. 6

1 L. V. Gutiemz' IPe

From 1 J. Arbuthnot; B, Conklin

Date

Subj

Ao

B,

: 22 March 1977

eot:1 Economical Sizing of Pumped Waterlines

General

This memorandum develops an expression for the most eco=
nomic size of a pipeline for pumped water systems based on two
cost faotors: cost of pipe~in-plaoe and cost of pumping
(energy). The larger the pipe the greater the cost of con-
straoction. Also, the larger the pipe the lsesser the coat of
energy required to pump water through the pipe. The most eoco~
nomic pipe sizes would be where the incremental ocost of pumping
is equal to the incremental cost of pipe conatruotion.

In most situations, the above ocst faotors are the most
important faotors in determining the economioal size of trans=
mission maine. Even when these are not the only important
factora, it is still advantageous to know what is the most
eoconomic size of pipe with regard to these two factors.

General Relationship

The total annual cost of a pipe line is equal to the sum of
its oonstruotion cost (expressed on an amortized annual basis)
plus its annual pumping cost.

1
tuco'i'cp-/

To determine the most eoconomic pipe diameter both the fao~
tors on the right hand side of the equatioh were expressed in
terms of the diameter of the pipe. The equation was then
differentiated with respect to the diameter, and solved for
the dé eter for which the resulting expression was equal to
Zero.

C

l/'I‘ota.l Annual Cost = Annual Construoction Cost + Annual

Pumping Cost.

2 :
-/d(ct) ) a(cc) . d(cL) = 0, where X = pipe diameter
dx dx dx

¥116=1
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D.

Arpual Censtrucbion Cost

The conrtruction cost of the pipe wam taken {rom Table =4
of Append.z 3, Baaie of Cost Estimaten, in Volume 1I of the final
reporbe  Ucuis vmre adjusted by adding a value fon necessary
valves and by escalating these by 10 percent rer year for 2 years
to obtain July 1978 construction costz. These costs were than
inerosezd by 135 rarcent for contingenciss and then by 10 percent
for engineering. The following aquation was derived and rapresents
the adjunted coustruction costs in TPable G-4 in terms of the dia-
metar.

¢ = 2845 (Dia. ) *2%

~ == = = Bguation 1
C is the installed cost of pipe in pesos per meter, and DNia, the
diametor of the pipe in metsrs.

The amortized ennmal cost of conastruotion is the cost of &on-
struction multiplied by the capital recovery factor. (as influenced
by tho accnomic life of the pipe and discount factor). The gene-
ral equation iss

Annual Cost of Censtruction = CRF x 2845(Dia.)1'292
=~ « = = Equation 2
whare CRF is the capital recovery factor; for n = 50 yesrs, dis-
count rate = 127, CRF is equal to 0.12042.

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 effiociency of the pumping machinery. The general equation
may be written as: '

Annual Cost of Pumping Energy = Ma:;rzzg:nzy xxs?f : 20,

= = = = Equation 3

where maas/Ybar 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; ®/kwh, the cost of energy in pesos
per kilowatt hour; and 3.6 x 10 6,the numbsr of newton-meters per
kilowatt hour.

The friction loms of energy in tha pipe may be expressed in
terms of the diameter utilizing the Hazen-Williams (H&W) equation,

1,852
L x MLD
" .07 oL+032 4487 T T 7 = Havation 4

Hf

where L is the length of pipe in meters; MLD; the flow of water in
million liters per dey; C, the Hazen & Williams roughneass coeffi-
eient; end Dia, the diameter of the pipe in meters.

MM6=2
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between ane pump selscilon ane aaethsy for differvent hesds
2% the gome low would net alter ths cost of the complets
station hv Pt smonnt, Genarally, the installed
move)r hiors wotdd algo e the sae sinee 1he motorn
come in ataaderd sizes and one size may be used for a
nurbar of dui Tersat pary selastiony at o given flow.

The reletive rate of inflation for pipelins construction

is agssurad s;0al to that of powsy coste,

Jo Flow guantitisa are Basaed on Jongtant Mow

The dsyivation of the wori economic pips diameter im
bssed on a censtant rate of rlow within the pive. This is
probably the most general and therefore the least accurate
of any cf the agpumntiong.

Normally & pipeline dis depipned Tov a apecific flow
condition; even ander design conditions that flow may occur
amnly part of the time. The flow in o transmission malin
could be expscted to neariy equal the design flow for long
period of time. However, in a distribution main, nized for
peak~hour flows, thy flow may nol bo equal to the design
flew except {or very short periods of tims.

The vartation in energy cosis duns to a fluctuating pum-
ping rzte threugh a pipeline cen ho calculated and applied to
ad just ths most sconomis pips diamsler determined from Pigure
MM &6-1. This se-called Menergy variability factor" is dis-
cussed in the following scction.

Fnergy Variability Factor

Pigure MM 6--1 is based on welscting a pipeline whore the flow
¥ill bhe constant throughout the year. In most cases, pipeline
alzes are nelected on a maximum expscted rate of flow. If the
fiow through the pipeline is less than the design flow, the pump-
ing head (which direcily affects energy costa) would decrease
according to the 2.852 power of the flow (Q). Converasly, if
flow greater than design [low rate is pumped through a pipeline,
the energy cost would be increased by the 2.852 power.

The overall dilference in energy costa ovser the day or year
can ve caloulated by compering the costs of pumping «t a conatant
flow rats with the cout of pumping at the expected flow variation.
Tris value is the so-called “energy variasbility factor” (BVF).

The design flow for the pipe is used as tho base flow and the
ectual flow to the design flow over the day is expressed as a
percent.

HMG—4
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1,

Je

The mothod weed i to roles tha datferanos belweon actnal flow
and ths baae Flow (expressed 26 & porcentuge) to the 2,857 powers
The wohis of Shes wan Lo She dag of tha 2obeald flow in the desisn
flow aach raieeu W0 the 2.092 pewer io aqueld bo the BV, Bigurs

MM 6.2 and Talle Hi 6=% presont tuo ;' geibla Flow varistions and
1}n erdamiintad enargy wwriability Faotor for wook

The two flow patterns pelacied for Figuvre HH 62 ars not
cormerly ussd demign ourveS. Pasbarn 1 wes selactod to show that
i & bighon rode o Tl than the degdpn Thew dw pomped Bheougs
the ﬂxpoline Guring a pevtiom of the day, the RVF ia greaier than

f‘

1,0, Patdery & shows teel if s actusl flow rete iz narrly equal
to the degign Jlow, the BUF wenlc be nemcly sogobl to el

an EVF of lezn then 1,0 wocld Ds o more common SoOuPLAnAs
sines tne mwjority of plpoaiines wre dosigned foy esps maabsum futurs
flew. The sagweztad YT in a following seoticon is an example of
an BYF lane vham 1.7

Applicetion of UIVFE

The EVF osu s usad witk Fignres MM 6-1 in salsulating the
mininun gogt pipe dlametars PThe WVF is jnnsr%a& into the zanunsl
exgy coat aquation (wquation 3) and thep incleded in the Aif-
farmu.4u+ on, resvitling ik @ vewinred equation sz followat
Minimun Comt .. .0.1623 ¥LBG*4@26 {Pason/ kﬁh)3°?°d‘ :
Memster =000 = 8.3y~ — Bauation 6
: 149 {eTficlanay) "

The applicetion of EVF requires 2 wsieps: rirsi, design &
mirnisne cosaomds pivelina for eoxa flow using Pigure KM 6-1; and
pocond, awioculates ihe EVF for tihe actuel flow variztlen nnd
rultiply the pipa size orlculeied in Step | oy the FUF xaived e
the 0.1523 pover.

Suggested EVP )

The feadibility reperd an ihe Ssonnd Ten Provinoial Urban
drsas deals mainly wilh disteivution pipslines; thersfora, @
auggestvd EVF that ies appliosble to distridlution asystems iz pre-
gentsd harse

Ths caloulation of an EVF depeuds sniirely or the flow dats
or asmuwusd flow within & speecifie pipelirse, The only averete
data produced during ths feasidbiliiy atvdies sres the ddurmal
flowvariztions meaanzed in o portion of Cebue. 'The puak Fiow ib
ths Gabu data wes 2,06 whiadh im grsater than the desigrn Ilows
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SERFLE YEVF® FOR DIFTMRENT FLUY PUTTIANS

Flow Fattern No, 1

Paroent of Average Enexgy

Flow Pattera No, 2
Parcent of Average Ener

Dey Demand Varistion Day Demend Tariation
32 0,039 43 0,123
36 0,054 48 0.123
39 0.068 48 0s123
33 0.042 100 1,000
46 0.108 100 1000
95 00864 100 1,000
193 6.522 ) 120 1.682

206 Te857 - 120 1,682
198 T«016 120 1,682
156 3e554 120 10682
169 44466 120 1,682
129 2,067 120 1,682
123 1,805 120 1,682
95 0.864 120 1.682
99 0,972 120 1.682
96 0,890 120 1.682
107 1,212 120 1,682
133 24255 120 1.682
130 2,113 120 1.682
87 0.672 100 1.000
64 0,280 100 1.000
54 0172 100 1.000
42 0,084 48 0.123
38 00063 48 0,123

44.038 28,481

28,481

xve, 442038 _ 4 gy

24,000

M6-6

m'z'é"a'."g'ob" 1,19
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usad for this study. Figure KM 6-3 presents an adjusted graph of
diwrnal flow using the shape of the Cebu our~ > but a maximum
peak of 1.75. The EVF for this ourve is equal to 0.32 (see Teble
MM 6-2) and when raised to the 0,1623 power, equals 0,83,

In practice, the EVF used for distribution systems in this
study is only significant when the pipeline sige im greater than
300 mm (significant means that EVF changes the recommended pipe
size by a large incremental size)s

Ko Euample

Problem: Select an sconomioal distribution pipe sige to con=-
vey & peak~hour flow of 20 MLD, The cost of power is 49 centavos
per kilowatt honr, the pump effiociency is 81 peroent,end the -
motor effiociencgy ia equal to 90 percente.

Solution:

Pesos/kwh 49
Tt " BT x50 = 672, sy .675

From Figure MM 6-1 using the flow of 20 MLD and Peaos/kuh/
Eff = 675 select a pipe size of 500 mm,

For a flow variation in a distrihution main, the EVF is equal
to 0.32 and the EVF raised to the 0.1623 power is equal to 0.83,
The most economiocal pipe size for the actusl flow variatiom is
equal to 0.83 x 500 m or 415 mn} se choose 400 mm pipe size.

MM6~T
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TABLE MM 6-2

"EVF" FOR DISTRIBUTION SYSTEM

Perocent of Average

Day Demand

35
40
. 39
37
13
134
164
175
174
163
162
134
118

94
105
129
123
96
T
58
47
40

Yeroent of Design Ensrgy
Flow Varia}ioﬂi/

20 0,010
23 0.015
22 0,013
21 0,012
42 0,084 -

11 0475 -
94 0,838
100 1,000
99 0,972
93 0.813
93 04813
T 0475
67 06317
54 10,172
54 0,172
54 0,172
60 06233
74 0424
70 - 00362
55 0,182
41 0.079
33 0,042
27 00,024
23 0,015
TeT16

m-;}:%%%"-oﬁ EVFO

i?Uling 175 peroent of average day as Saao flow for pipe design.
Equals Percent Design Flow raised to the 2,852 power,
®* Energy variation at constant flow

MM6=E
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