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ORWORD
 

This feasibility study presents the recommended plan for the 
upgrading and expansion of the water supply system of the Gapan
Water District (CAP-'D). This study was made by the Local Water 
Utilities Administration (LWUA), with the technical assistance of 
Camp Dresser and McKee International Inc. This study is the result 
of many months of work in the muniolpali7y of Gapan 4-- Nueva Eoija

Province, and in winpported by extensive experience uith other water 
districts in the Philipplnes during the First Ten Provincial Urban 
Areas Feasibility Studies. 

This situdy was prepared in two volumes. Volume i, the main
 
report, which contains the recommended plan and the methodology
 
memoraida; and Volume 1I, 
 which contains detailed background

information relating to specific sections of Volume I. A complete

understanding of the two volumau would require reading the previously

published Water Supply Feasibility Studies Methodology Manual (Volumes
 
I and II), a compilation of the handouts used in the six-month long
training seminar conducted in 1975 by CDM during the First Ten-Area 
Feasibility Studies. 

The recommended plan is a technically and economically feasible
 
program for providing the GAP-WD adequate water supply up to the year

2000. The plan 
 should not be viewed as a rigid plan; every attempt 
was made to develop a plan compatible with the needs and desirea of 
the water district and of the people. However, during the final
engineering design of the recommended facilities t changes could still 
be made. Design changes would be based on more recent field data, 
changing priorities of the water district and more economical methods 
of providing the recommended facilities. Any changes considered in 
the final design should help to further reduce the expected financial 
impact of the project.
 

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

engineers in water supply project planning. The training program which
 
included lectures and on-the-job training aimed to 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 guidance. 

The following have contributed significantly to the development

of the Second Ten-Area Feasibility Studies:
 

James Arbuthnot, Chief Engineer 
Eugene Rumph, Hydrogeologist 
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The following project staff members have also contributed to the
 
technical/non-taohnical work of the studies:
 

Reynaldo Tabac, Staff Engineer
 
Miguel Buenavides, Junior Staff Engineer

Pedrito Camilet, Jr., Field Technioian
 
Rommel Liamoo, Cadet Engineer
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Cesar atig-a, Chief Draftsman 
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CHAPTER 1 SUMMARY AND RECOMMENDATIONS 

A. SUMMARY OF STUDIES 

Desoript ion 

The Gapan Water District (GAP-4JD) was foxyed on 14 October 1975
 
by virtue of Resolution No. 46 of the Sangguniang Bayan (municipal

comcil) of Gapans Thu (W-44D 
 includes the entire municipality of 
Gapan in the Nueva Eoija Province. Following its formation, GAP-WD 
acquired the ownership and management of the entire water system in 
accordance with Presidential Decree (PD) No. 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 Manila. 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 urban. The majority of the 
population is employed in agriculture or manufacturing. 

Existing Water System 

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 18 4-meter deep well con
structed in 1955 and located along Donifaoio Street in Barrio San 
Lorenzo. The production from the well is estimated to be 470 ourd. 

Storage facilities for GAP--WD consist of one 38 0-cum concrete 
elevated storage tank located near the public market. The tank pre
sently leaks badly. 

The distribution system consistq of 13.7 km of 62, 75, 100, 125 
and 150-cm pipeline. The majority of the pipeline was constructed in 
1932-34 and is cast iron. 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 Nifio, Mangino and 
Pambuan. The service area is expected to include the barrios of 

f-I 



BySanto~Cr,o Note,:nt~o risto Sur, Ma1.imba- San-,Roque, 
Santa Cruz and the pnbleclon of and barrio LMalapit in the adjacent 
municipaliiy of San Isidro by the year 2000. 

The population in the GAF-g4D was 53,967 in 1975 and is projected 
to increase to 131,290 by'the year 2000., Duri'ng the same period the 
population served by the GA4..WlD ic expected to' increase from 2,860 to 
91,900. 

The per capita consumptionz of' w atr is expected to be 178 Ipod 
in 1980 with a total average daily demand of 2,290 cumd. The per 
capita consumption is expected to oqt7ease to 174 ipod in 1990 due to 
improved water accounrtability and tiitn increase to 181 lpcd in 2000. 
The estimated total average daily demand is 6,660 cumd in 1990 and 
16,630 cumd in 2000. 

Water |hesourco; 

Three potential groundwater souroes and two pot ential surface 
water sources were identified for GAP-4WD. One surface source and a 
proundwater source (induoed infiltration wells), each utilizing the 
Pefiaranda Rive-r as a source, were not further investigated 
since its minimum floa.s would not be sufficient for the ultimate 
demands of GAP-WD. A second groundwater source (induced infiltration 
wells) and surface water source from the Pampanga River were consi
dered feasible but the surface water alternative would have been
 
much costlier due to the required treatment and transmission facili
ties* 

The remaining gToundwater source, wells located in the service 
area, and the induced infiltration wells at the Pampanga River were 
the only sources that wore technically and financially comparable 
and were analyzed in rore detedl. 

The cost analysis indicated that wells located within the service 
area would ba ths oisct ecouomical mter source in the project plan
ning period.
 

Ga,,an is locato.d over an eorcellent, widespread and relatively 
uniform aquifer that can zupply expected water demands through the 
year- 2000. The qu:lly cf w:ater is also expected to be good with no 
treatment other than disinfoction required. Wells located to the 
southeast of th3 poblacion will have to be developed with caution 
since the aquifer becomes -hinnor in this area. 

The regional drar,34wn effect of wells in GAP-WD cannot be pre
dicted at this tirm:a; however, as other uses such as irrigation become 
more prevalent, the effects of drawdown will become critical. Pump
ing levels should be carefully monitored to determine the effects 
of future groundwater pumping in this region. 



Alternative Studies
 

Studies on alternative sources of water supply for GAPED 
indicate that wells withdr&wing water from the aquifers beneavh GOP-
WD Oould 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 to be cost effective foi GAP-WD. 

The requirements for the distribution system were analyzed with 
the aid of a computer and the reoorwended system is included in detail 
in Chapter IX. An analysis of pressure requirements in GAP-WD indl
oates 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-WD as the source is recommended for GAP-WD. Construction of new 
wells and improvement of the distribution system and administrative 
facilities will be implemented during an imunediate improvement pro
gram and a long-range construction program divided into four phases. 
The salient features of the recommended long-term projo,)ct for GAP-WID 
are sunmarized on Table I-I and shown in Figure IX-1 (appended). 

Source
 

In the year 2000 a total of 8 wells A4ll supply 1i times the 
maximum-day water demand to meet most peak-hour demand conditions* 
Each well will be constructed complete with pumphouse, miscellaneous
 
mechanical equipment and chlorination facilities. Some wells will
 
be equipped with dual drive facilities to meet averagz-day water 
demands during power outages,
 

The GAP-WD 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 1990 and the system will be expanded to serve 7 barrios in 
addition to the poblacion. Approximately 29 kn 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. 
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TABLE I-I 

SU ART OF PROPOSED WATER SIJWLT DI-'OVE=,'TS
 

GAPAN WATER DISTRICT
 

Immediate 
-rovement Const-detion Phase 

Pr~rmI-A I-B 17-A lI-B 

Construction Period 1978-1979 1950-1985 1956-1 9 1 91-1995 1??6-230 
Total Project Cost 
(P x iooo) 5,831 9,053 5, 563 13,277 12,717 

Foreign Exchange 
Component(? x 1000) 2,654 /,588 2,n54 6, 9?4 5, £32 

Source Development 	 Obtain legal water Construct one addi- Constract one Cost-ct two Construct two 
rights, complete tional well pump additional well additional well ad-Itional well 
2 new well pump station; enlarge pump station, pump stations; pump stations; 
stations, pumpset in one ,enlarge p-wmpset enlarge pumpset 

emisting well. in one emistir in oue oxisting 
well. well. 

Distribution Leakage survey Se Table IX-3. See Table IX-5. See Table VC-7. See Table IX-9. 
and repair (see 100 ramz- 1.9 km 100 mm- 3.5km 200 mm- 13.3 km 200 - Z.3 km 

Table I-l). 150 mm - 2.4 km 150 am - 1.5km 
100 mm - 4.4 km 200 mm- 9.2 km 200 a - 2.1km 
150 = - 2.5 km 250 mm - .015km 
200 mm - 1.4 km
 
300 mm- .030km
 

350=- .015 km 
Storage 	 Repair ezisting - Construct new 

380 cum tank. 12C cum elevated 
storage tanh. 

Internal Network Leakage survey 166 ha 92 ha 216 ha 216 ha 
and repair 

Service Connections Repair 88 Repair 355 Add 2,270 Add Z-70 Add 4,47) 
Add 1,400 Add 2,27C

Iqdrante 	 Repair existing 27 ha 112 ha 157 ha 158 ha 

hydrants. 
Yiscellaneou.-	 Administrative - 

facilities and
 
eqruipment, pliub
ing shop and
 
equipment, vehi
cles.
 

ex:;_r,-- fiares ynthesized data based -alz in . 
To he e= Wrnli- .. jes, these ezcharxe crsts were .P. ;*_-cs a cf 7.Z. 

. freig 	 use_' ir. tks reort were from on tW...-U.-S 
ith .re:urs foreign onve:ted to at rate 

= -.. ~'.0. " ='rrent exc-aase z*iply . :is re.-,:- - -:,eo7tc i .r.-t fcrei rn z.:_tr, t'-:e resentei in t 
az zre si -c: ..)--Sr~re -	 actual of cE±t .:rrt-t rate .. 0. The lcal cn: cnent 'in 0S 
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The aGAN will install internal network pipelines to cover about 
690 hectares and add 14,900 new servioe oonnestions to the existing 
system by 2000. All of the existing and new services will be etered. 

St raWo 

The exiatirg 38 0-oum elevated storage tank will be adequate
through Phase II-k. The tank will have to be repaired in the tim
diate improvement program to eliminate leakape During Phase 11-3 a 
small amount of additional storage will have to be constructed at the
 
site of the now teat well.
 

21 _t.Cost Sunauv
 

The oapital costs for eanh phase of oonstruotion, including the 
immediate improvement program are sm-marised in Table 7-2. A more 
detailed breakdown of costs for the immadiate inprovement program and 
Phase I-A is given in Table 1-3 (July 1978 prito levels). 

AHnual Operation and Maintenanoe Costi 

Annual operation and maintenanoe oosts are expenses incurred for 
personnel salaries and benefits, power, oheoialst maintenanoe and 
misoellaneous expenses* Netimates of the annual operation and main
tenanoe costs of the water district (based on July 1978 prioe levels) 
are given in Table 1-4. 

Financ al Feasibility 

The finanoial feasibility analysis YMe for the study establishes 
a detailed not of guidelines that the water district management Mq 
use in making decisions during the next few years. A plan hav been 
developed to indicate the manner and time funds will be used to 
operate and maintain the aystem;,implemont the pregram; establish 
reserved funds; and retire the izidebtednese Water rates have been 
developed on the basis that the system will be finanoially self
supporting. These rates appear to be within the ability-'t-pq of the 
average GAPED householder. 

The recommended water rates by revenue unit are as followso
 

Rate/fu 

1978-1980 P 0.70 
1981-1583 1.20 
1984-1989 1,50 

199 1,60 
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TA3LE -

CAPITAL COST SUXMARY 

Construoion Construotion Conaruotin P--,fe.t cest (P) 
Phase -hr~od 

Immediate 
Ipproyeent
 
Program 1997-80. 


I-A 1980-85 

I-B 1986-90 

II-A 1991-95 

l-B 1996-2000 


Total 


Ccw P 

4,717,500 

7,486,600 

4,890,100 

11,018,200 

10.570,600 


38,683,000 


L4oai Z Toth! 

3,176,600 2,654,200 5,630,800O
 
4,464,900 4,588,000 9,052,900
 
2,879,300 2t983,600 5,862,900
 
6,342,700 6,933,900 13,276,600
 
61§§4.500 5832.100 !2.11660
 

23,748,000 22,991,800 46,739,800
 

TABIZ 1-3
 

COST KUM OF IMMEDIATE IMPROVEMENT
 
PROGRAM AND CONSTRUCTION
 

STAGE I PHA= A
 
(cost in P z 1oo0)
 

it" 


ImmThedi.ate kMprvement Prolrm 

Souroe Faoilities
 
Well and Puuphouse 

Pumphous. 
Disinfeotlon faoilities 

Distribution Paoilities
 
Leakage Detection. and Repair 
Distribution 8rstem Pipelines 

Service Conneotions
 
Installation, Conwroton 

and Repair
 

Administrative and Miscellaneous 
Administrative Building and 
Equipment 
Vehioles 
Plumbing Shop and Dquipment 

Misollaneous 


*US $I.00 - P7o00 

Local 

415,000 

i00,000 

14,400 


359000 

690,100 


534,800 


381,000 

60,000 


365,000 

5,000 


Ler1 Total 

27t000 690,000 
170,000 270,000
 
34,600 49,000 

107,000 142,000
 
6229100 1,312,200
 

788,500 1,323,300 

26,000 407,000 
60,000 120,000 
26,000 391,000 
8,000 13,000 
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TABLE 1-3 (Continueo) 

Item Local 

Total Construction Cost 2,600,300 

Contingencies 322,800 

Engineering 142,500 

Laznd Costa 111 000 

TXTAL iROJECT COST 3,176,600 

Sta Phase A Construction 

Sou.'oe Development 422,200 
Pipelines and Valves 1,437,500 
Internal Network 966,800 

Service Connections 907,700 
Fire Hydrants 34,300 

Total Construction Cost 3,768,500 

Contingencies 469,900 


Engineering 220,500 

Land Costs 6,000 

TOTAL PROJECT COST 4,464,900 

TABLE I-A 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 1976 

Administration and Personnel 62,700 142,500 
Power and Fuel 55,100 62,700 
Chemicals - 11,400 
Maintenance 9,300 48,900 
Miscellaneous 3 4,800 

Total 130,400 270,300 


*US $1.00 n P7.00 

Foreign* Total 

2,117,200 4,717,500
 

272,200 595,000
 

264,800 407,300
 

- 111,000 

2,654,200 5,830,800
 

292,300 714,500 
1,482,200 2,919,700 

695,400 1,662t2OO
 
1,200,800 2,108,500 

47,400 81,700 

3,718,10O 7,486,600 

460,600 930,500
 

409,300 629,800 

- 6,000 

4,588,000 9,052,900 

(?) 

19 2000 

376,800 509,600
 
147,900 387,900 
27,300 63,700 
98,100 227,800
 
12,500 32,600 

662,600 1,221,600
 



It is recommended that the implementation of these rates follow 
a socialized pricing policy to make the financial burden on the can
sumers proportionate to their ability-to-pay. A saimple sooip.ized 
rate structure for 1978-1980 that woulf generate sufficient revenue 
is as followa:
 

Usa3ge Cost 
(per month). (er cum) 

first 16 cum rO.85 
from 17 to 24 cum 1.70 
greater than 24 cum 2.70 

Borrowing requirements will include ?6.914 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 Phase I-B improvements. 

Economic Feasihi2 it2 

The recommended improvements to the GAP-WD water supply system

will bring about nwuim-ous economic benefits to the study area*

Economic feasibility studies show that the benefits will exceed the 
costs associated with the development and operation of the water 
system.
 

Two approaches were adopted to determine economic feasibility:
the benefit-cost ratio and internal economic rate of return (IERR).

In both approaches, four benefits valued at 
1978 prices were included

and discounted at 12 percent. The benefits considered are increase
in land values, health, reduction in fire damage and beneficial value 
of water. Analysis shows a benefit-cost ratio of 1.24:1 and an IERR of 
20.6 percent. 
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011PYIEiR 11 211TICULJCTIOTT 

A. ft, 0EN PROVINCIAL UM{AN AREAS 

The ,dy contrrvt signed by the locel Water Utilities Admin
istratc,nI (DIUA) ard Camp Dresser & McKee Inteinational Ino. (CDM)
 
on 14 October 1974 .rrovided fgr t1P feaibilitv studies for the
First Ton Provincid. U-b.n Arenas (Figare I-1)v The feasibility
 
studies are pat of LIUA's effort to develop basio 
water supply plans
for provincial urlir. vxeaz of the niJippineso 

During the firat 1 .-- rea pro jet training seminars for UIUA 
engineers were conducted by the CDM staff. 
"The Methodology Manual
 
for Water Supply Feasibility Studles" was also developed and printed.
In addition -to the 10 areas, efeasibility studies were also made

for 131 cities/municipalities 
 *.As of August 1976, the Feasibility

studies were completed and submitted to LWUA.
 

The studies for five of the first 10 areas 
- Cebu, Zamboaznga

Daet, Ozamiz and Bauuan - have been appraised by the Asian Develop
ment Bank (ADD). On the basis of the interim reports, the ADB 
extended a $16.8 million loan to 11UA in December 1975 to provide

design engineering services to these 5 areas and to implement Phase

I-A of the recommended long-term construction program (except Cebu
 
whose share of the loan, covered only engineering services'. In

August 1976, the United States Agency for In 4 -.rnational Development
(USAID) signed a $10 million loan with INUA to provide engineering

services and funds for the implementation of the interim improvements
of selentad waterworks covered by the prefeasibility studies. In 
Apil V1j7v the International Bank for Reconotruction and Devolopment (IBRD)allocated $18.8 million towards the final deuirt and initial phase of !mplemn
tatlon ci the remaining five of the first 10 areas, ntmely t Lipa, Lucena,
Tarlao, Cabanatuan and San Fernando (La Union). 

-A background on UIUA is given in Volume III Appendix D. 
£/Reter t, Appendix B for summary of first 10-area feasibility 

studies+, 

-/Refer to Appendix C for awnnimary cf prefeasibility studies on 
131 cities/mmxdioapalities



B. 	 SEOMND TEN P3)VINCIAL URBAN AREAS 

On 10 August 1976, LWUA and CDI signedan mm nt totheoriginal 
stady oontrao-t, extending the feasibility studie to include the 
Second Ten Provincial Urban AreasaZ These oreas are: Urdaneta,

Gapan, Calamba, Bislig, Silay C-1ty, Banued, Baybayt Roxas City, 
Cotabato City, San Fernando (Pompanga), Olorgapo City and Los 
Bafios (see Figure II-1). This report includes the technical, 
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 a loan to the Government of the
 
Republic of the Philippines from the United States of America through
 
the 	USAID, Loan No. 492-T04001 dated 9 September 1976. The peso 
component of the studies, approximately 41 percent, has been funded 
by the Government of the Philippines. 

Thlic contract for the second 10 areas includes the follow
ing tasks:
 

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

2. 	 Preparing water supply feasibility studies for 5 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 st.ff was composed of 6 US engineers and 26 Filipino per,
sonnel. The personnel of the respective water districts also assisted 
during the course of the studies. 

C. 	HISTORICAL BACMMUND OF GAPAN WATER DISTRICT
 

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

A/Although the inclusion of 10 areas in stipulated in the contract# 
feasiblity studies for 12 areas have actually been made. 

NRefer te Appendix A, Volume il for complete Ters of Reference. 
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impror'vr4nt. to the ayataN. Aorovci , the loal officials re
cognized the potential role of the water district, in providingsafficiezit, gafe ,cnJ potablo -w,-te upply. 

The existirg Water system of "~pan was oonstruoted in 1932-.34by the nunicipal ment.tr, In 1956, tho National Waterworks andSewexage -Autholrit,7 (ol.rrent l, the tropolitan ,atorworka and Sewerage System), took o-ve the wwte3' qtem buxt in i96 control of th-3 water sys
ta, again .re,erted to the muinipa. government. 1obiktng t s fbrmatLon, theaAC4 acquibtad the oIarrhip n.d minageient of the ent iro oystem in
aocoriance with Presidential Decree (PD) No. 198 (The Provincial
 
Water Utiiities Act of 1973).
 

The GAP-WI) .as esablished for the p uposes of aoquiring,
installing, improving, inaintaining and operatig the water supply
system, as well as the wantcwoter collection, treatment ard dis
posal faciliti.s. To perform -X+ae fux__ctions, the GAP-WD can obtain

financial and technical aszistanoa from 
 LWUA. PD No. 198 provides thatthe water district shal] operate eventually on a financially self
sufficient basis.
 

The GAP.-.WD is a quasi.-Ipublic corporation and is politioally
independent from the local govoermn.ent. As constituted, the water
district is subject to the proviaicns of PD No* 198 and the rules
and regulations of INUA. The CAP-1) can promulgate its own operat
ing laws through its 5-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 awarded the Conditional Certificate ofConformance to the GAPWhD after it had complied with the minimum 
requirement6 of LWUAs certification program. This certificate
entitles the GAP..WD to rights and privileges authorized under PD 
No. 198.
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OLA.PrR llI EScRIdTION 0F TihE WATER DISTRICT.. 

Ae PfYSICAL DESCRIPION 

Location
 

Gapan i: ooci od in bha 'hrn po-_tion of Nueva Ecija provinca -y 
on the islaid of Luzon, Wih an, arcia of i y590 hectares, Gapan is
divided into the poblacion /and 18 barrios 
 .
 

theeaGhe 

(composed of barrios 


I The present service Iof GAP4-ID includes the poblacion
San Lorenzo and San Vicente) and the barrios of

San Nicolas, Sto. Nifio, Bayanihan and M=ngino, The service area in

the year 2000 extends to the ba-rloo of Pambuan, Sto. Cr'isto Norte,

Sto. Cristo Sur, Malimba, San Roque and Sta. Cruz. By that tile,

the poblacion and barrio Mlapit in San 
Isidro mu-icipality, located
 
west of Gapant axe expected to bo served b the water system
 (SeeFigures 1I1-4.) 0 

Paical Features 

Gapan is mostly flat, with elevations ranging from 10 to 30 meters 
above mean sea level. The service area average* 18 meters above mean 
sea level. 

The most important river in Gapan is the Pe iaranda River. It
flows through the northern boundary of the service area and empties

westward into the Pampanga River*
 

Gapan is classified under the Type V climate characterized by
 
e v e n rainfall throughout the year (Figuire 111-2), 
 The average
annual rainfall for the period 1960-6 9 was 2,127 mm. During the same
 
years, temperature ranged from 25.5 C in January to 29,40C in May.

with the average at 27.60C. The climatological data are listed in
 
Table III-1.
 

2/The GAP-D covers all lands within the geographic boundaries
 
of th~ cipality of Gapan.


Nueva Ecija is located in the center of Central 
Luzon. Its borderkW 
provinces are Bulacan on the south; Nueva Vizoaya and Pangasinan on

the northeast and northwest; Pampanga on the southwest; Tarlac on 
the wqYt; and Quezon on the east.,Town proper
 

barrio is a political division of a city or municipality.
iThe service area represents sections of the water district
 
which are currently served or intended to be ser-ved by the water
 
system.
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TABLE 111-1
 

CLIURAOIDGICAL D 6A/ 
(19604691 

Avera& 
Rainfall 

Average 
Zt~mtueC 

January 5.5 25.5 
February 7.9 26.1 
March 77-7 27.9 
April 30.5 28.6 
Ma 190.2 29.4 
Juno 330.2 29.0 
July 330.0 28.3 
August 405.4 28.1 
September 361,6 27.9 
October 168.1 27.5 
November 113.7 26.4 
December 106.3 26.0 

Yearly Average 2,127.1 27.6 

B. FOFULATION 

Gapan's population in 1970 was 45,426, an increase of 40 percent
-%r the 1960 total of 32,514. The 1970 population was composed of 

7,501 households, or an average of 6.1 members per household. The 
general characteristics of the population are listod in Table 111-26 

Co LIVITG CONDITIONS 

Physical indicators showing the standard of living in the 
municipality are listed in Table III-3. These indicators include 
types of dwelling uits, household facilities vid utilities. 

Health 

Water-borne diseases occur particularly in the more densely
populated sections of the municipality. Public health authorities
recognize the correlation between the lack of safe water supply and 
sewerage facilities and the incidence of water-borne diseases. 
Table 111-4 shows the recorded morbidity and mortality rates per
100,000 popglation due to water-borne diseases in the province of 
Nueva Ecija:V from 1964 to 1974, During this periodothe national 
average morbidity of 666.5 per annum was 9 times higher than Nueva 
Eoija's average of 70.9. Its average mortality of 14.9 was much 
lower than the national average of 48.1. 

Souroe: PAGASA Station in Cabanatuan 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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TABLE IT!-? 

- ICIPA, POPULATION CHARACTRISTISY (1970) 

1. Total Population 	 45,426 

2. Growth fRate (1960-70) 3.4% per anylu 
3. Density 	 2.9 pirsons per hectare 
4, Tfrban/i1hiral Cemipoitio urban, 23%; rural, 77% 
5o Sex Compoaitio 	 male, 49%; femalet 51%
 

6. Age Compooition 	 0-14 years, 46%; 15-64 years, 50%; 
65 years and over, 4% 

7. Employment 20 years and overt 31,276

(,, of those 10 years 	 employed, 40'i" unemployed, 60% 
and over) 
a) Ir class of worker wage and aulary, 45%; own business, 

(%of labor force) 42%; unpaid family workers, 13% 
b) 1 industry agriculture, forestry and fishing,

(%of labor force) 37%; manufacturing, 21%; commerce, 
12%; services, 15%; construction, 
utilities, and other industries, 15% 

8. Education (% of those 6 years and over, 36,149
6 years and over) literate, 84%; illiterate, 16% 
a) B attainment 25 years and over, 15,662

(%of those 25 years elementary grades, 67%; high school, 
and over) 11%; college, 7%; no formal 	education, 

15%
 
b) Number of schools 	 public elementary, 25; private 

elementary, 1; public high school, 
4; private high school, 1; private 
college, 1; vocational, 5 

9. Dialects 	 Tagalog, 98%; others, 2% 
10. 	 Religion Catholio, 97%; Iglesia ni Cristo,
 

2%; others, 1%
 

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

These data apply to the municipality of Gapan as a whole. 
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TABLE 1II-3 

CLASSIFICATION OF HOUSEfMOLDS BY TYPE OF FAGILITIES / (1970) 

l, 	Total Households. 7,501
 

2, 	 Average Household SiBi 6.1 members per household 
3. 	 Water Facilities piped wmler, 17%:;arxtesiaxi well, 26%;


(% of total households) pump, 56%; uien well, spring, other
 
sources, V 

4. 	 TotaL Facilities flush/ ater eealed, 28%; olosed pit, 12%;
(%of total hoiiseholds) open pit, 15%1; pubo toilet, 1%; nofaoilities, 3... 

5-	 Solid Waste Disposal 
 About 20 onund of solid wastos is collected
 
Service by the municipal staff. These wastes are
 

disposed in an area adjrcent to the 
Pefiarandi River near the Gapan-Cabanatuarl 
Road. 

6. 	Lighting Facilities electricity, 22%; kerosene, 77%; oil
 
(% of total households) and others, 1%
 

7. 	 Appliances radio, 74%; TV, 5%; refrigerator, 4% 
(%of total households) 

8. 	 Cooking Fuel electricity, 1%; kerosene, 17%; LPG, 6%; 
(% of total households) wood, 74%; charcoal and other fuel, 2% 

9. 	Total Dwelling Units 7,501 
a) 	 Type of dwelling single type, 97%; apartment, commercial, 

unit (%of total eta., 3% 
units) 

b) 	 Roofing material durable materials (aluminum/galvanized 
(%of total units) iron, asbestos, tile/oonarete), 70%; 

non-durable materials (cogon, nipa,
 
others), 30%
 

-/Souroe: 1970 Census of Population and Housing, NCSO
 
These data apply to the municipality of Gapan as a whole.
 

II.-4
 



REPRTED MORBIDIT AND !j8ALrfTY
DUE To 	 WATER-BORNE DIS-AE (I 964-q4) 

(FR 100,000 PMUATI0N) 

Nueva Ecija Philippines 
Year Morbidity Mortality Morbidity Mortality 

1964 49.8 17.3 846.3 60,2
 
1965 109.2 18.0 715.8 51.6
 
1966 23.2 22.9 715.1 61.9
 
1967 18.2 13.5 572.1 47.6
 
1968 	 17.2 14.9 564.8 46.5 
1969 	 19.8 11.2 706.9 46.0
 
1970 	 23.8 7.4 612.8 39.0 
1971 	 38.1 9.7 422.5 35.8
 
1972 	 99.1 19.5 743.4 49.4
 
1973 195.2 16.3 768.4 50.4 
1974 186.8 13.O 663.8 40.4 

Total 780.4 163.7 7,331.9 528o8 

Average 70.9 14.9 666.5 48.1
 

D. ECONOMY1 1 / 

Family 	Income12/ 

In 1971, the province of Nueva Ecija had about 143,800 families, 
with a combined annual income of P700.5 million. 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 (P3,000-?5,999) group About 26 percent belonged to 
the lop-income (less than P500-?2,999) bracket; 23 percent had annual 
earnings of P6,000 and over. 

12/Source: Disease Intelligence Center, Department of Health.
 

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

-!/The Philipr~ine economy from 1946 to 1976 is discussed in 
AppenLP E, Vclmm II, 

.- Only provincial data on family income are available at the
 
NCSO. 
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Arculture. Conmeroe and Industy 

Agriculture in the most important sector of Gapanta eoonomq, 
with rioe an the main orop. Secondary crops are corn t fruits 
(watermelons), onions and other vegetables. 

Gapen has about 170 manufaoturing establishments enped in 
small and medium-scale industries* Slipper-aWing is the biggest
oottaq* industry. The Sevilla Farms is popular for its fine fruit 
wines. Other manufactured goods include oly and ceramic produots. 

There are over 400 commercial establiabments, many of which are 
rioe mills and warehouses. 
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CEIYPMT IV MISTIG WATER SUPPI PACILITIM 

A. GENERAL 

Gapsn is "rved by a water .ystet constructed in 1932,--34. The 
original souree of supply was a deep well whioh supplied a distribu

tion system covering basically the same service area as today. In 

'1955, another 1w ia i con-atrucoted and thcs origiual souroe waa sub

sequently abandoned. Other waterwork facilities include a reinforced 

concrete elevated tanik and a diesel-driven triplex booster pump, some 

and hydrants, Figure IV-114 km of dietribttion piping, valves and 
is a s-hematio plan of the existing water system. 

B. WATERWORKS FACILITIES 

Water SourceFacilities 

located alongThe exieting 	GAF-WD oupply sou-ie is a deep well 
Barrio San Loranzo Gapan poblaoion. The deepBonifaolo Streets 	 in 

defanot National Waterworks andwell was drilled in 1955 by the now 
Sewerage Authority (MWASA) to %depth of abcut 184 eters, with 

mm and 150 me The pump# whioh was installedcasing diameters of 200 
is an 8-eten deep well turbine pump with a 100 um diameterit 1956, 

below ground 	level.discharge pipe and is set at a depth of 30 meters 
The pump is driven by a 65 horsepower diesel engine. Prodution from 

1976 to be 470 oumd. No additionalthe well was measured in December 
information is available. 

Storaao Facilities 

A reinforced 	concrete elevated stofaWe tank located at the market 
Itsite was constructed in 1932-34 as part of the original system. 


has a capacity of 380 cum and overflow elevation of about 45 meters
 
above mean sea level.
 

The storage tank is being used on a "fillvad-draw" basis* 
aWater fro. the deep well is pumped into this tank for 22 hours by 

at the base of the tank.diesel-d:rven triplex booster pump located 

Water is than rationed from the tank by operating the valves, which
 

side sides
divide the distribution system into the east and the west 

for one half hour to each side, The tank is ordinarily kept half
full for fire reserve purposea. This is controlled, during rationing, 

by means of a float gauge installed in the tank. 

Treatment 

The only treatment of the water supply is done at the storage 

tank* Powdered chlorine is applied to the water in the storage tank 

30th of the month. Dosage per application is compuevery 15th and 

ted to be 0.17 mg/l.
 

IV-I
 



Tho ditr-butioni oy,,tm has undorgone only a minimal expansion 
(in~~~ rnt 1:.pr,-- in&- wn~Lint- 1932- 34* 

A 150-uin otd~o Iror,alo-, fij.o *"t-ro,t in thij dwntcown area 
seiryes ar -t-he backhono of th%distribntion rid of toati.jy 125-Qm kipxp 
with some 62in T-im~~d X.~ plpas, Thliso iE ukualjNy nao PI-esure 
in mo"t of the distribution system oxoept betweon the existing pump 
ttat-ion and the reorviro Kout' ccnoesnionairs M'oeive water for 

only 30 mtinut-et aob- eoj, Q~ffi~' .rCm tha ranervoir is distributed from 
the tiuk in turn, for one-hal! 1our to the oast sid and another one
half hour to the vest side of thi diotribution igytem early in th* 
morning, About 23 pe.ioent of the oonooseionairres are connected to the 
pipe catryirq vate:r firom tho 14l] t0oho elevated tanklso water is avail
able most of the time. A (iUagam 4f the present distribution system 
is shown in Figure N-2 

oSires and thn At lrsnnt, the diLotribution system has 
about 13.73 km of piping rmiging in ,ize from 62 to 150 m. Details 
of the distribution pipe are givn in Fi ure IV-1. Sixty-four (64) 
peroent of the piping is 125 mm in diameter and 28 peroentl 150 mm in 
diameter. Ninety-three (93) peroent of the piping is cast iron that 
is about 43 years old. 

Platem Prensuza- Prnaixefs over the distribution system are 
generally nero except between the oxisting pump station and the reser
voir where pressures sometimes rise to a meter or two# Water is avail
able to most conoeE;sienaires for one-half hour each morning only. 

Valven and trst. According to available information, about 
5 valves are regulvxly operated in the existing eystems Thare are 
about 27 looally made fire hydrant,, most of which have 75-m OS riser 
pipes ("wct barrel") and tov, with gate valve and nipple. Most hydrants 
are inoperatve 

Service Conneotions and Nblic Fauoets. As of September, 1976, 
the GAP-ND had 440 registered oonneotions, all urmetered. Figure IV-1 
shown the number of service oonneotions by consumer oategory amd ba
sis of billing. 

There are no public faucets connected to the GAP-WD system at Pro
sent. 

Operati.n aid Maintenance 

The GAP-WD operates and maintains the deep well source and dis

tribution system. Present staffing includes the administrative offioer
 

who also acts as produotion supervisor, 6 pump operators and one plumber.
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DISTRIBUTION SYSTEM 

DIAMETER 

(MM) 

62 

I TYPE 

GS 

LENGTH(M) OF PIrE BY 
YEAR INSTALLED 

1932- 1934 1955 - 1965 

- 470 

TCTAL 

470 

75 

100 

GS 

CI 

--

-

480 

200 

480 

200 

125 

150 

CI 

CI 

8780 

3800 

-

-

8780 

3800 

T 0 T AL 12,580 1,150 13730 

APPURTENANCES 

VALVES 

HYDRANTS 

PUBLIC FAUCETS 

SIZE NUMBER 

25MM B 150MM 5 

75 MMGSRISER 27 
I_ I_ 

N 0 N E 

REMARKS 

MOST ARE INOPERATIVE 
1 

BOOSTER F 
0 PISTON PU 

POWERED 

DIESEL El 
DISCHARGE 

f THESE VALVES ARE ALL LOCATED NEAR THE STORAGE 
THERE IS NO AVAILABLE DATA ON THE SIZE, NUMBER 
LOCATION OF OTHER VALVES IN THE SYSTEM. 

TANK. 
OR 

SERVICE CONNECTIONS, SEPTEMBER 1976 

TREATME 

O POWDEREC 
TANK TWI 

DOSAGE P 

TYPE FLAT- RATE 

DOMESTIC 

COMMERCIA.. 

*NSTITUTIONAL 

TOTAL 

395 

42 

3 

440 

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



LV 

SAN VICENTE 

SAN NICOLAS/ SANT NI 

BAYANIHAN 

BOOSTER PUMP (1932) AT BASE OF STORAGE 

* PISTON PUMP, 3-CYLINDER 
POWERED BY A 15 HP, 2- CYLINDER 
DIESEL ENGINE 

OISCHARGE - 190 CUMD TO STORAGE TANK 

TANK STORAGE TANK (1932) -

*CAPACITY : 380 CUM 
*OVERFLOW ELEVATION : 45M M 
*REINFORCED CONCRETE 

*WATER IS PUMPED INTO THIS RES 
FOR 22 HOURS A DAY BY THE B 

0 POR 1/2 HOUR WATER IS RATION, 

EAST SIDE AND TO THE WEST S 
* ORDINARILY KEPT HALF FULL FO 

TREATMENT 

* POWDERED CHLORINE IS APPLIED TO THE STORAGE 
TANK TWICE EVERY MONTH (15th AND 30th) 

DOSAGE PER APPLICATION IS 0.17 MG/L 

SYSTEM PRESSURE 

•NO PRESSURE IN MOST OF THE 
SYSTEM EXCEPT OCCASIONALLY 
RESERVOIR 



PAM BUAN 

SAN LORENZO
 

SAN vICENTE 

MANGINO 

ORAGE TANK 1932) DEEP WELL 8 PUMP STATION (1956) 

-PACITY : 380 CUM * TURBINE PUMP WITH A 65 HP DIESEL ENGINE 

,ERrL0W ELEVATION 45 M MSL 0 CASING DIAMETER : 200MM AND 150 MM 
-,'.;'ORCED CONCRETE a WELL DEPTH : 184 M 
:'ER IS PUMPED iNTO THIS RESERVOIR *DISCHARGE : 470 CUMD 
.R 22 HOURS A DAf BY THE BOOSTER PUMP *DISCHARGE PRESSURE = 0.05 KG/SQ CM 

P :,,.2 WATER IS RATIONED TO THE * ELEVATION = 19 M ABOVE MSLHOL;R 

T
-S SIDE AND TO THE WEST SIDE ALSO FOR 1/2 HOUR * PUMPS TO DISTRIBUTION SYSTEM AND 

RDINARIL KEPT HAF FULL FOR FIRE RESEREVE BOOSTER PUMP 

'STEM PRESSURE SERVICE AREA OPERATION 

.'D cESSuRE 11,MOST OF THE DISTRIBUTION *MOST CONSUMERS ARE LOCATED IN THE 
fSTEM EXCEPT OCCASIONALLY NEAR THE SAN LORENZO AREA, PREDOMINANTLY A 
ES ER i/OR COMMERCIAL AREA 

Wt, R IS RATIONED TC SAN VICENTE AREA 
FRLA 0530 TO 0600 HOURS WHILE THE 
SAN LORENZO AREA RECEIVES WATER FROM 
0600 TO 0630 HOURS 

FIGURE ]2- I 
EXISTING FACILITIES 
GAPAN WATER DISTRICT 
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conslnts cf'y 
well P1.rpinJ t i.o1i:..n-v w.io at the stora,e tank and 
emptying and refilling tlhe ,itora.c t ntP. The ndintenanae program 
consil.t s ir -er'vlcin. the pomping u~uit, .:±,d rnpairini service 
lines, 

Tje 1XeaYiovl -m pr~ii-ariy eratiLnthe deep 

C ' AlIR QUALiE 1 

Water s. pl. were taken rom the proseint deep well source and4 
other deep we] .i in different barrios near the poblacion. Results 
of the ldbcrntory aini-.ysia of the *,atersainpleo aru listed. and 
compared with the Philippilne National. iSIM.dards for Drinking Water 
in Table !V-1,, Water quality parametars for the present source 
appear to h iithin the p. mis:ib.- lirirts. The water from one deep 
well haasigh hi 9her valho than the pornissible limits of 0.1 
mj/l for rangau ee. l 

D, WATER iUSB PROFILE 

General 

The cirrent water demendsa ol Gapan ha.ve been anelyzed in order 
to predict fature water requirem!nts. Data on revenue produced from 
the sale of water were obtained from the water district. Other data 
were taken from field measaraments on water production and from the 
pilot srea stud3y conducted in December 1976, 

A pilot area was selected ithin the present service area where 
a survey was made to establish the present water use profile. 
(Methodology Memoranda I and 2). Touaehold members in the pilot area 

were interviewed to determine their CAArce of water suapply, number of hours 
water is available, approximate daily or monthly water oonsumption, 
amount paid to the water district per month, nuber of neighbors 
asking for water (borrowers), and number of faucets. The number of
 
peroons in each household, the family income bracket and the amount 
each household is willing to pay for improved water seivice were
 
also determined. The sunmary of the pilot area study is presented 
in Annex IV-D. 

2/These limits have been ,stablished on the basis of aesthetic 
and econ:mic considerations rath-r than physiological hazards. In 
concentrations not causing ia.e-ai.nt tastes, manganese is regarded 
to be of no toxicological significance in drinking water. Observa
tions in the GAPA-WD indicate that the people using water from the 
said sources have raised no complaints on the chemical/physical
 
quality of their water. 
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TABLE 1-1
 

WATER QUALITYf TEST RESULTS
 
GAPAN WATER DISTRICT
 

Test 

Physical
Color 

Turbidity 

Total Dissolved 
Solids** 


Conductivity 


ChemicalpH 
Total Alkalinity 

Phenolphthalein 


Total Hardness*** 


Calcium 

Magnesium 


Total Iron 


Fluoride 


Chloride 

Sulfate 

Nitrate***-* 

Manganese 


*Exceeds the permissible 

Water District Well Well Well Well
Well Barrio Barrio Baftio StooBarrio Barrio

Permissible San Lorenzo Sta. Cruz Sto. Cristo Cristo SUr Mz-limbaUnit limits 1 Sep Z6 2 Sept 76 1Sep76 1 76Sept 1- . 

APRA 15 0 8 0 0 0
FTU 5 0 5 0 0 0 

m/l 500 221 211 250 280 306micromhos/cm 340 325 385 430 470 

7-8.5 8,4 8.5 8.3 8.4 8 3 
mg/l 
CaC03 190 160 
 10 210 1
 
mg/i
CaCO3 
 30 25 15 20 20
 
mg/l
 
CaCO3 400 
 0 0 0 0 0
mg/l 75 0 0 0 0 0
mg/i 50 0 0 0 0 0 
mg/l 
Fe 
 0.3 nil 0.03 0.02 0.04 0.0A
 
mg/!

F 1.5 nil nil nil nilmg/i 200 
Mg 

5 18 18 18 42
200 4.05 35 5.4 8.2 10,2mRg 50 3.57 8.24 9.3 7.66 8.33 

mg/l 
Ma 0.1 0.1 0.1 0.1 0.1 0.25*
 

limits set by the Philippine National Standards for Drinking Water,
**Computed as 65% of conductivity.


**-*Limit inferred from limits of individual metals causing hardness,

****Fifty to I0(M/i maw cause infant desease aocording to Philippine National Standards for Drinking Water. 



Popu ation Seve.d 

Vroem thc pilot area anal p~ie it is esotimated that approxnately
4#200 !oroonu aro entire , de.Nndon ,) tho G!Td .kD for water supplyj 
from 440 sere/io cnonections (see Annex IV-RD). Baed on these num
barsfor eijory connction,an avcrage of 9.5 parsons are servedo 
Since the aver-. -te nuilher of persons per household in the pilot study 
was found to t, '1, the imp~'ication in that about 1 1/3 households 
are servrd b one conrectiono There is more than I house
held surved per oonnoction; there are primary usxers or consumers residi
64 in the house of the oonoeseionaire, There rex aloo neoondary 

users or con umers obtaining water by handoarried buckets from the 
the concessionaires. The secondary users are also 
termed "borroers" 

Water, Conump on 

Water consumption in the GAP41D was caloulated on the basis of
 
pilot area survey data and information on the existing water supply
 
system. The present production of the existing deep well was gaged
 
in December 1976 to be 470 cumd. kbout 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 station to the reservoir. Of the 440 service connections in the
 
system, 97 connectionsprepresenting 737 primary users, are along the
 
line from the puamp station to the reservoir* Based on the pilot area
 
survey data, there are about 203 secondary users. Total demand then
 
is 380 lpocinoluding wastage and leakage. Assuming wastage to be
 
40 peroent /of the total consumption and leakage to be 25 percentV,
 
consumption along the line from pump station to reservoir is
 
summarized as follows: 

Flat- rate consunption 112 lpod 91 curd 
Borrowers 17 Ipod 4 cumd 
Wastage 152 lpcd 112 cured
Leakage _22 73 c2d 

Total 380 lpod 280 oumd
 

-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 percent of production; under
estimated flat-rate use, 11 percent of production; wastageg 26 percent; 
leakage, 25 percent; and other uses, 7 percent of production. 

Wastage 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 pfrTm dervatios &adng the pilot area surveyo 
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The reaining service connections in the distribution system gut 
water for only 30 minutes i day, There are about 2,530 persons who 
are primary ur;ers2 P-ni about 700 .3r-.ons, who are oecondary users, 
served by l;heci. oonnection .. TotJi demand is eAtimted to be only 75 
Ipod including" ].eaka7o and yag-ta'E,. leakage to/bewimnimt Aoti.ng 
25 percent of the total co-suijrtio)., and waotage to be 5 percenta', 

consumption in the rest of the d0 ;tribution oystem is umimarized 
be low: 

Fl;.--rate consumption 34 Ipod 117 cumd 
Borrowers 17 ipod 12 cumd 
Wastage 4 ipcd 10 cumd 

Ieakage 201od1 um 

Total 75 lpcd 190 ciund 

Ea HYDRAULIC SBDflE 

During the first week of December 1976, field moasurements were 
oonduot d to detarmine the hydraulic conditions in the Gapan water system, 
The purpose of these field measurements is to provide data for a 
computer model of the existing -system and to isolate any areas with 

major operational problemso The results of the field observations 
in Gapan are as follows:
 

Deep Well Pump Station. The packing in the stuffing box of the 

pump could not withstand more than 7 meters (0,70 ka/~m) pressure 
without significant leakage, so that a pump test could not be conducted. 
The water level in the well could not be measured due to a thick layer
 

of oil in the well. The operating discharge pres-iire of thu pump was
 
0.53 meter (0o5 k-/aq=). 

Booster Pimp at the Stor_ Tank. The piston booster pump 

discharged between 2.2 and 2.3 Ips to the storage tank while creating 
a vacuum of 0,84-,meter pressure (0.08 kJa9cpm) within the adjacent 
distribution pipeline during testing. 

Pieline from nun Station to Tinio Street. The 100 mm cast 
iron pipeline from the pump station was tapped near Tinlo Street and 

the pressure was 1.06 meters (0.10 kg/qcQ. A flow measurement 
indicated that about 5.44 lps was entering the distribution system from 

the pump station* Pressures within the distribution system were at or 
near zero during the test period.
 

2/Wastage 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 survey.
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F* COR~TTE STVDZ~Is 

The purpose of oon ucting cooputor studies an the existing
 
transmission Lnd diatribution syatew io to daplioate, to the greatest
 
extent praotioablo, the hydraulic oonditionn observed in the field.
 
By doing thiag it ii,possible to =auata tho impaot of improvements
 
on the exltie syettrmo
 

In order to pro-vide dta for oomputer wtudies there must be a 
signifioant positive pressure over the entire distribution system 
daring field tests* There were very little aignifioant field data 
gathered in Gapan for the existin7 system as disouased in Section E, 
therefore, oomputor studies on thG existing system were not conducted. 

Portions of tho existing syutem that could be utilized in the 
future were retained and included in computer studies on the future 
system. The data for these facilities were based on visual inspection 
of existing facilitiese 

G. DEFICIENCIES OF THE EXISTING SYSTEM 

The present level of service in the GAP-WD has many deficiencies. 
There is not sufficient water for all consumers due to leakage, 
wastage and insufficient pump capacity. Water io normally rationed 
for 30 minutes each day to each half of the town. 

Leakage in primarily due to the age of the existing pipelines.
 
Most were constructed in 1932-34 and,after 45 years of servicelare
 
leaking badly. The elevated storage tank also leaks badly.
 

The existing well pump does not have sufficient capacity to sup
ply the requirements of GAP-WD and is also in a state of disrepair. 
The packing of the pump is so deteriorated that the pump can not 
create more than 7 meters (0.70 kg/sqom) of pressure* 

The GAP-ED system also creates potential health hazards to the
 
people of Gapan. There are several pipelines that are laid in polluted
 
drainage ditohes that could contaminate the water supply. Chlorine is
 
only applied periodically, which defeats its main purpose of maintain
ing a chlorine residual in the system to kill pathogenic organisms
 
that may enter the system.
 

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

There are insufficient equipment, tools and spare parts for the 
GAP-WD personnel to effectively maintain the water system. There are 
no laboratory failities, plumbing shops or sampling and testing pro
grams*
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ANNEX IV-D
 

SUMIARY OF PILOT AREA
 
SURVEY OF GAP-WD
 



ANNX IV- D
 

Memorandum 

o 	 : L. 7. OutiorreM, Tr. 

F r 	 o m: R. P. Abustan 

D a 	t e: 20 December 1976 

Subject: Snjamary of Pilot Area Surray of OAP-41D 

I., 	 OERAL TIFRMATION 
A. 	 The pilot rea covers about one half block where water .from 

the WD is available to consuaers from 8 to £4 hours. The 
pilet a-rea is along Bonifaoio and Tinio Streett, and 
includes about 178 1lotres. 

B. 	 A total of 45 households w:r-e rirveyed within tOhirpilot areap
with a total household population of 315, The average 
number of persons per household is 7 and the density, 177 
persons/heo area
 

Cc 	 The survey was made in December 7 and 8, 1976 with Pablo 
Yuzon, Isagani. Pineda and Domingo Sison (WD) s enumerators. 
The results were cheocked and verified by Avelino Garboa (WD) 
Mel 	 liamco and R, Abumkan (CD])-IUA). 

Il, SLMUR RESULTS 

A. 	 Primary and Secondaxy Users: 
No. of connected households 26 (all flat-rate, 

domestic)
 
No* of household borrowers 

from connected households 10 L 
Noe of households relying solely 

on own private wells 8 
No# 	of household borrowers solely
 

using public/private wells 1 

Total households 	 45 

Be 	 Consumption Figures
 
Flat-rate concessionaire No data 
Private well owners No data 
Borrowera 9 ipod (for drirking parposes 

only) 
17 ipod (maximum borrowed 

consumption) 
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Ce Willinn6as to -pLVfor improved servioe/wonth 

Average Inocu 	 P20o76 (33 household,) 
Upper lid ,-2 24.17 (12 hl usholds) 

1116 Pilot Area. Data 
A Total Monthly Produotio, 	 w 90 gw for 24 hours @ 30 Up 

- 470 ound 
- 14,115 om/hlO 

Be No. of oonneotione 
Plat-rata - 440 Consumption = no data 

Cc Total households 45 
Total no. of oonnoted 

households - 26 Nrsons/houshold a 7 
Household borrowers
 

from oonneoted
 
households ,10
 

36 
Households relying solely 

on own private wella , 8 
No* of household 

borrowers solely fro 
]mblie/private wells - 1 

9 

Total Co neotio2 ...... , 26 
Total Dependent on System . 3z 0.72 

D. Total households dependeut on qstem -Q 610 households 
0*72 or 4,200 per-. 

sons 
Total borrowers from oorneoted households - 610-440 

170 householdN 
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CHAFPTER V FEASIBILITY STUDY CRITERIA 

A. ME RAL 

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

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

B. PLAIMING CRITERIA 

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

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

2. 	 Source of Water: Groundwater and surface water have been 
given equal consideration as potential sources of water. 
However, based on the first 10 feasibility studies, 
groundwater derived from wells, when available, is 
expected generally to be more economical than oonven
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. nonservatin:the selection among 	 plans,In 	 alternative 
water, power, chemicals and foreign exchange are considered
 
7aluable resouces which must be conserved to the greatest 
extent possible. 

5. 	 Stege Development: The recommended long-range construction 
program has been divided into several stages, each of which 
satisfies the projected requirements for a specific design
 
year: 
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Construction Started Target
 
Stage b alendare,0r Desx Y.ear
 

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

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

7. Skille Maower Sho6tge: The recommended plan has re

cognized, in the short term, the apparent shortage in
 
skilled, technical and managerial expertise. Emphasis
 
has been given to the need for district personnel training
 
and 	certification.
 

8.* 	W li: The feasibility study has identified pre
sent and future water quality problems and inoludea re
commendations for providing a water supply that is safe,
 
healthful and wholesome. 

9. 	 Sooial Soundness: The successful completion of any pro-
Jeot must take into account the social acceptability of
 
its recommended programs (Appendix S, Volume II).
 

C. DESIGN CRITIIA 

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

Water Accountability 

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

Peroent of Water Production
 

Metered Billing 14.5 
Flat-Rate Billing 16.8 
Underestimated Flat-Rate Use 10.2 
Wastage 27.1 
Leakage 24.5 
Others 6.9 

100.0 

Water Demand Grouping 

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

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

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

For the analysis of existing conditions, actual metered (or
 
connected) customers and "borrowers" are considered separately

(see Methodology Memorandum No. 2). However, for short- and long
range planning, it has been assumed that '"borrowers"would even
tually become metered consumers. Per capita domestic use has been
 
increased each year to account for economic growth within the com
munity. Institutional and commercial water demands have been esti
mated as a percentage of domestic demand (see Methodology Memorandum 
No. 3). 

Demand Variation
 

Maximum daily and peak hourly demands have been estimated from
 
field data and available records. For the basic analysis of the
 
water supply facilities, the following ratios have been usedt
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maximu-day to average-day ratio - 1.211 
peak-hour to average-day ratio a 1.5:1 - 1.7531 

D. ECONOMIC AND FINANCIAL CRITERIA 

Discount Rate
 

The opportunity oost of capital or discount rate used in this 
feasibility study is 12 percent. The discount rate has been used 
for economic eoreenirg of the technically viable alternatives (goo 
Chapter IX, Methodology Manual on Water Supply Feasibility S",dies, 
Volume I). 

Inflationary Trends 

The national eoonoy of the Philippines is discussed in 
AppenL.,x E, Volume II. 

Projections made in this feasibility study assume a general 
cost escalation rate of 10 percent for the period 1978 through 19801 
8 percent for the period 1981-1985; and 6 percent thereafter. The 
cost of maintenance and operation is assumed to escalate at 8 pew
cent per annum, 

Economio Just if ication 

The economic feasibility of this water supply project is based 
on 2 parameters: benefit-cost ratio (B/G) and the internal economLo 
rate of return (iERR). These parameters are discussed in Chapter X 

,l.Finalal Criteria
 

The financial justification of this project is based on the 

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

cialized pricing scheme, based on increasing unit cost of water with 

increasing consumption (see Chapter X). 

E. BASIS OF COST ESTIMATES 

costsConstruction cost curves have been developed for inplaoe 
of pipelines, deep wells, water treatment plants, pump stations, and 

storage reservoirs. These cost curves have tees. used for estimatiug 

the relative cost magnitudes of alternative water supply plans* 
Escalation factors used in calculating the capital cost of rsoomended 
improvements in July 1978 prioes, as well as the above unit costs, 
are presented in Appendix G, Volume II. 
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F. IMPLEVETATION SCHEDULE
 

For purposes of feasibility otudy and eoonomc/finanoial
analyses, an implementation schedule has been assumed. Figure V-2
shows the probable time-table whioh covers the planning, design,
and implementation of the immediate improvement program and Phase
I-A. It is assumed in these feasibility studies that the room
mended immediate improvement program is to be fully implemented tv 
the JWUA interim Demonstration Program by 1979. 

Estimated Phase I-A Schedule 

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

a! Source Early 1981
 
Distribution Early 1982 
Internal Network Late 1985 
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CHAPTER VI POPULATION AND WATER DIMAND PROJECTIONS 

A. GENERAL 

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

B. POPULATION PTJECTIONS 

The population of Gapan as measured in the past has indicated
 
fluctuating growth rates through the oensal years covered, as shown
 
belowt 

Gapan National Annual
 
2_ L l& al Gowthl Growth Rate ()
 

1948 25,719
 
1960 32,514 2.10 (1948-1960) 3.10 
1970 45.426 3.33 (1960-1970) 3.00 
1975 50,488 2.14 (1970-1975) 2.66
 

The average annual growth rate from 1948 to 1975 of Gapan was

2.57 percent. The increase in population from 1960 to 1970 with an
 
annual growth rate of 3.33 percent, compared to 2.10 percent in 1948
1960, can be attributed to considerable 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 decrease 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 theCommission on Population, (POPCOM) using high, medium and low assump
tions. The methodology of these projections 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 than the NEDA-POPOOM projections 
for the same year.
 

The present, immediate, and the projected 1990 and year 2000 
service 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 plarns and current and proposed public facilities (seeFigure VI-1.). By the year 2000, the prin :ipal portions of Gapan
Poblacion, barrios San P.icolas, Sto. Niiio, Mangino, Pambuan, Beya
nihan, Sto. Cristo Noite, Sto. Cristo Sur, Malimba, San Roque,

Sta. Cruz, the PIoblacion and Barrio Malapit in San ].idrc munici
pality will be served by the GAP-14D. 

The method of projecting population used in thii report isbased on development of. annual growth rates for the poblacion arid
barrios in the service area derived from historical rates, field
observation and discussions with water district and local officials

and 	 citizens. The population growth rites were determined after
considering the service populaticljarea densities and development
plans. The growth rates used in Table VI-1 are higher than the

basic growth rates of the NEDA-POPCOD' 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 occurring. Therefore, the growth rate in the
 
service areas is expected to be higher than the town
 
as a whole.
 

(2) 	Industry 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 making, shirt-, 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, Miilimba, ;an

Roque, Sto. Nihio, 
San Nicolas, the poblacion and Barrio
 
Malapit in San Isidro.
 

(4) 	There are about 15 active housing subdivisions (about

900 houses) in barrios Byanihan, Stc. Cristo Norte,

Mangino, Pambuan, Sto. 
Nifio 	and San Roque.
 

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

SERVICE AREA POPULATION PROJECTIONS 
GAPAN WA.im DISTRICT 

Pmnsc-it rt ta 7!r- dit* Earira Area 1~9 .. r7i~x-1 A-- 2000 Service Aret 

trpcialatica 
"tici &;ic 

iz 8En-ica. caa 
J9~7i.(r~)reAr~ 

lonsit:_ 
o-Ulati(.n S.rvics 

in Sqrics Aroa 
*( j 

Dncity
~c~'~ 

PCv_1a-tia 
in Servic--

#re 

S-r-icz 
rc 

(bj__ 
Doniitl 

sa 1a 

Population Ser-ioe 
in Servioe Ar & 

Areat (h).. 
Donsity 

GAPAN: 

Poblacion 
San Riicola 
Sto. NL:no 
Vangino 
Pambuan 

aThyanihbn 
Sto. Criseo Norte 
Sto. Cristo 2car 
Y.alimboa 
S= Roque 
Sta. Crus 

10,526 
7,109 
3,836 
3,526 
4t280 

871 
2t266 
2,160 
1,766 
3,327 
4,400 

- 10,526 
7,109 
3,836 

353 
214 
-
..-

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

75 
57 
28 

5 
4 

-

-

140 
125 
137 
71 
54 
-

_ 

13,300 
9,000 
4,800 
2,640 
1,050 

540 

-

114 
84 
40 
35 
16 
12 

.-

117 
108 
120 
75 
65 
45 
-

17,900 
13,450 
6,450 
6,500 
6,600 
1,600 
3,780 

114 
112 
40 
8 
50 
68 
55 

157 
120 
161 
74 
132 
24 
69 

-
-
-

22,600 
19,550 
8,100 
11,200 
12,570 
2,760 
6,160 
5,400 
3,800 
7,600 
8,100 

114 
132 

A0 

110 
101 
128 
100 
108 
43 
55 

115 

200 
1 8 
202 
101 
124 
22 
62 
50 
88 
138 
70 

SAN ISIDROt 

Poblaoicn 
I1.agpit 

5,100 
4,800 

....... 
- - - - - 7,550 

-
84 

-
90 

11,350 
11,900 

75 
118 

151 
101 

TtOl 53967 22,038 169 230 31,330 301 104 63,830 611 104 131,290 1,239 105 
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Average
 
Density in 

FPopulation Service Service
 
Total Overall Annual In Service Area AreaYerPoalation Growth at l Area (h)(12roons/ha) 

1975 (Present) 53,967 22,038 169 130 
1980 (Immediate) 66,200 4.17 (1975-1980) 31,330 301 104 
1990 95,530 3.74 (1980-1990) 63,830 611 104 
2000 133,940 3.44 (1990-2000) 131,290 1,239 105 

*.Includes Poblacion of San Isidro and Barrio Maltpit. 
The analysis siows that the population in the service area will 

increase from 22,038 in 1975 to 13112Q0 in the year 2000. The total 
population of the poblaolones of Gapn and San Isidro and other 
barrios will increase from 53,967 in 1975 to 133,940 in the year 
2000 ' about 2; tineu nsire thanthe 1975 popilation within a span of 25 years. 
Densities in the service area will average between104-130 persons 
per hectare* Overall annual growth rates in this area will decline 
from 4-17 percent in 1975-1980 to 3.44 percent in 1990-2000. 

C. 	 PROJECTcIONS FOR SERVED POPULATION 

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

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

(2) 	 The desire of residents in the GAP-4iD to partake of
 
the benefits of modern piped water eystem;
 

(3) 	 The increase in population and in the geographical
 
coverage of the GAP-MD.
 

Tables VI-2 and VI-3 show the detailed breakdown of the served 
population projections for the poblacionee of Gapan and San Isidro 
and the associated barrios. Figure VI-2 shows that served popula
tion in the year 2000 will increase 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 1980-1990. The served population pro
jections are summarized as follows: 

Projected Population 
Served in the Percent 

Year 	 Population Service Area Served 

1975 (Present) 2,860 22,038 13
 
1980 (Immediate) 12,880 31,330 41
 
1990 38,300 63,830 60
 
2000 91,900 131,290 70
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TABLE VI-2
 

SERVED POPULATION PROJECTIONS
 
GAPAN WATER DISTRICT 

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 
b. Number of Service Connections 399 950 1,900 3,220 
c. Connected Population 2,595 6,650 11,400 19,300
d. % Connected 25/- 50% 64% 85% 

San Nicolas 
a. Population in Service Area 
 7,109 9,000 13,450 19,550

b. Number of Service Connections 8 420 1,400 2,300 
c. Connected Population 51 2,940 81400 13,800
 
d. Connected 0.7% 33% 62% 71% 

Sto. Nifio
 
a. Population in Service Area 4,8003,836 6,450 8,100
b. Number of Service Connections 30 215 680 970 
co Connected Population 195 1,505 4,080 5,820
d. % Connected 5% 31% 63% 72% 

Mangino
 
a. Population in Service Area 353 2,640 6,500 11,200
b. Number of Service Connections 2 140 600 1,250 
c. Connected Population 13 980 3,600 7,500

d. % Connected 4% 37% 55% 67% 

Pambuan 
a. Populatio in Service Area 214 1,050 6,600 12,570
b. Number of Service Connections 1 45 630 1,430 
c. Connected Population 6 315 3,800 8,580
do %Connected 3% 30% 58% 68,,. 

Bayanihan 
a. Population in Service Area - 540 1,600 2,760
b. Number of Service Connections - 70 250 450 
c. Connected Population 
 - 490 1,500 2,700
d. %Connected  91% 941V 985: 

Sto. Cristo Norte 
a. Population in Service Area - - 3,780 6,610 
b. Number of Service Connections - - 220 670
 
o. Connected Population - - 1,320 4,020
d.. Connected - - 35 65j. 
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TABLE VI-2 (Continued) 

1980 
Present Immediate 1990 2000
 

Service Area Service Area Service Area Service Area
 

VII. Sto. Cristo Sur
 
a. Population in Service Area -
 - - 5,400
b. Number of Service Connections - . - 550 
o. Connected Population  - - 3,300
d. ','Connected - - - 61% 

IX. Malimba 
a. Population in Service Area - - - 3,800
b. Number of Service Connections - . _ 370 
c. Connected Population - 2,220
d. % Connected 

- 

- - - 58 

Xe San Roque 
a. Population in Service Area - - 7,600
b. Number of Service Connections  _ _ 800 
c. Connected Population  - - 4,800
d. 5( Connected - - - 63c" 

XI. Sta. Cruz 
a. Population in Service Area - - - 8,100
b. Number of Service Connections 
 _ - 750 c. Connected Population  - - 4,500d. % Connected - - - 56% 

XII San Isidro Poblacion 
a. Population in Service Area 
 - _ - 11,350
b. Number of Service Connections -  - 1,160 
c. Connected Population  - - 6,960
do% Connected 
 - - - 61 

XIII. Malapit
 
a. Population in Service Area 
 - - '7,550 11,900
b. Number of Service Connections 
 - - 700 1,400 
c. Connected Population - 4,200 8,400
do 5 Connected -  56d 71'! 

Total Number of Connections 440 1,840 
 6,380 15,320
 
Total Population 
 22,038 31,330 63,830 131,290
 
Total Population Served 2,860* 12t880 
 38,300 91,900 
Served Population (5) 13c 41[ 6c 70, 

*The figure of 6.5 persons per household was usd fr tbe present service area based 
on the 1975 census data. However, for 1980, the figure of 7 persons per household
 
was used to conform with the pilot area 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 continuous growth in served population. 

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

1980199 2000 

Domestic use, lpcd 95 110 125
 
Commeroial/Industrial/Institu

tional, ipod 12 Ji 20 
Accounted-for-water, lpcd 107 125 145
 
% Unaccounted-for-water (40) (28) (20)

Unaocounted-for-water, lpcd 71 42 _6
 

Total Water Demand, lpod 178 174 181
 

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

2000
 

Water demand, lpod 178 174 181
 
Served population 12,880 38,300 91,900
 
Average daily water demand,
 

cumd 1 2,290 6,660 16,630
 
Maximum-day water demand-<' 

cumd 2,750 7,990 19,960
 
Peak-hour water demand, cumd 4,010 11,660 29,110
 

The unaccounted-for-water will diminish from 56 percent of pre
sent 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 decrease in unaccounted-for
water are: (1) the extensive leak detection program; (2) system
repair campaign; and (3) metering of all service connections. 

'Based on 1e2 times average daily water demand.
 
-/Based on 1.75 times average daily water demand.
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TABLE VI-3 
YEAR-BY-YEAR PROJECTIONS OF SERVED POPULATION AND WATER DEMAND 

GAPAN; WATER DISTRICT 

Year 
Served 

Population 
Average-Day 
Demand, cured 

Maximum-Day 
Demand, cumd 

Peak-Hour 
Demand, cumd 

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

7,950 
10,415 
12,880 
14,360 
16,020 
17,860 
19,920 
22,210 
24,770 
27,620 
30,800 
34,350 
38,300 
41,800 
45,630 
49,800 
54,360 
5%330 
64,750 
70,680 
77,140 
84,20o 
91,900 

1,385 
1,835 
2,290 
2,050 
2,840 
3,160 
3,510 
3,910 
4,350 
4,840 
5,380 
5,990 
6,660 
7,300 
8,000 
8,770 
9,610 
10,530 
11,540 
12,640 
13,860 
15,180 
16,630 

1,660 
2,200 
2,750 
3,060 
3,410 
3,790 
4,220 
4,690 
5,220 
5,810 
6,460 
7,190 
7,990 
8,760 
9,600 
10,520 
11,530 
12,640 
13,850 
15,170 
16,630 
18,220 
19,960 

2,425 
3,210 
4,010 
4,460 
4,970 
5,530 
6,150 
6,840 
7,610 
8,470 
9,420 
10,480 
11,660 
12,780 
14,O10 
15,350 
16,820 
18,430 
20,190 
22,130 
24,250 
26,570 
29,110 
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CHRAPTER VII WIIAM RESOUCES 

.A. C.E1FhJJ 

The Gapan Water District mrrently obtains all of its wat4r 
supply from one old well of stall capacity. The possible sources of 
water for rwanicipal supply are groundwater and surface wtrer from the 
Pampaniga and Peiahranda Rivers. Water rightos t the chosen source must 
be obtained from the National Water Resources Council (NWC) in order 
to protect the GAP-WD from encroachment by other private or govern
went water consumers in the region. 

B. GROUNDWATM RESOUROES 

GAP-WD is located in the easte-rn part of the Central Plain of 
Luzon and the entire present service area lies within the Central 
Plain, a very productive groundwater region. The service area pro
jected for the year 2000 approaches and may overlap the less pro
ductive older rocks that border the Central Plabi. Wells near Gapan 
are in almost all oaae.s used for city, private and industrial water 
supply but are not currently in use for large-scale irrigation. Moet 
of the wells in the immediate vicinity cf the GAP-WD considered for
 
this study are shown in Figure VII-1. Numerous additional distant 
wells are studied for regional analysis. Relevant information on wells 
is shown in Annex Table VII-B-1. The critical factor in groundwater 
exploitation is control to avoid overproduction, rather than the tech
nical problems of production.
 

Geoloaz
 

The Central Plain of Luzon is the physiographic expression of 
a 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 Tertia.y 
and Early Quaternary times. The trough was last filled to its present 
extent with material washed down from the mountain slopes and deposited 
in the form of fan aid. deltaic deposits and, later, flood plain depo.. 
site. The deepest well in the Qapan area is over 400 meters deep and 
may penetrate through a thin wedge of the Recent alluvium into the old
er sediments. However, the underlying rocks best can be inferred from
 
exposures of older rock.s in the hills and mountains that lie to the 
east, 

The basement complex eTosed in the Sierra Madres consists of 
basic igneous and metamorphic rocks probably of Cretaceous to Early 
ertiary Age. Overlying the basement are tuffaceous clastic sedi

mentary rocks (shales, ailtstones, sandstones, conglomerates) of 
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Middle to Late Tertiary Ap. Limestones are obt.eiovd locally. The 
Tertiary aediments in part are mverlain by the Quaternary O'adaluap
tuff., composed of w terlain, angular volcanic debris, as well as
 
other marine and terrestial sediments. These sediments in turn, 
are overlain by the alluvium that fills the depressed plain. 

The Recent alluvium is an intricately interbedded sequence

of clays, sands and &Tavels with a small amount of local cementa
tion., probably a mixture of fan, atream, delta and beadh deposits*

Most of the beds are relatively thin and each bed is of limited 
extent. 
The original complex pattern of deposition and reworking

has resulted in a maze of fingeres and lenses of sands and gravels
that are difficult to trace and predict. Annex Figures VII-B-1 through 
VII-B-9 are stratiraphio logs of walls in The area that illustrate
the situation. Many of the major units logged are groups
of thin beds lumped under the name of the major constituent, such
 
as "clay with some gravel" or even just "clay" and do not reflect 
the true complexity of the stratigrapy. The Recent alluvium is 
more than 200 meters thick in the deep wells in the Gapan area asd
thins to zero thickness on the gentle hill flanks a sho't distance 
to the east. Ocasional beds of adobe (tuff) and limes'one are
 
encountered in some wells as would be expeoted in a depositional

environment at the edge of volcanic islands. In the Gapan a&# 
most of the alluvial sediments are derived, recently or remotely,
 
from volcanios although this is not specified in the available logs.
 

Gapan poblaocic is situated about 5 km west of the contact bet
ween the Recent alluvium and the slightly older (earlier Quater
nary?) sediments that form low hills between the Central Luson Plain 
and the mountains. These older sediments are similar in general 
appearance to the Recent alluvium and are difficult to delineate in
 
well loga. C0a the ground, the heavily mantled contact shows only
 
as a very slight break in topographic slope. These older sediments
 
are less permeable than the Recent alluvium and may produce saline
 
water from wells in places where cognate salt water has not been
 
flushed out of the less permeable rocks or where interstitial water
 
in the older rocks has dissolved considerable mineral salts.
 

BitkSl Velle 

Wells in the Gapan area range from shallow, hand-dug wells to
 
bored holes over 400 meters deep. Tables Vr. ., VI -2 and Anm=ex TW 
VII-B-1 are summaries of pertinent redords of 210 BNV wells and three 
NIA test wells for which legs, static water levels and Pimping data 
are available* These wells were studied to evaluate the aquifer and 
to derive production well parameters. 
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TABLE VII-I
 

SPECIFIC CAPACITY VERSUS DEPTH
 

Average Maximum Minimum 
Depth Number Specific Specific Specific 
= of Wells Capacity Capacity Capaoity 

in Sample m ( U28/9)L 

0.11 

20-30 56 1.3 9.5 0.1 

30-40 49 0.8 4.2 0.02 

40-50 14 0.8 5.3 0,03 

50-60 7 0,4 1.2 0.2 

6¢0-70 9 0.5 1.6 0.1 

7o-80 4 0.4 0.8 0.1 

80-90 4 0.7 1.6 0.2 

90-100 7 0.8 1.4 0.1 

100-150 7 0.3 0.8 001
 

150-200 4 0.4 1.4 0.01
 

200-250 1 0.5 0.5 0.5
 

10-20 15 1.0 2a1 


176
 

TABLE VI14
 

SPECIFIC CAPACITY VERSUS CASING DIAMETER
 

Smallest Average Maximum Minimum 
Casing 'Number Speciflo Specific Speoifio 

Diameter of Wells Capacity Capacity Capacity 
(Mm)S-amle (ipo/m) (1DB/rn) (i/ 

100 106 0.8 9.5 0.03 
112 18 0.6 2,1 0.03 

150 49 0.9 5.3 0.01 

200 3 03 07 0,1 

176
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The BPW wells ranged from 12 to 240 yetors deop, were cased with 
100 to 200 mm oasing, ware constructed by percussion drilling methods, 
and produet trom either open-holes or slotted pipe at the bottom of 
the hole. The section ta~pd Is ganara~ly not the only, or even the
bet, water-producinj formation. TMeee wells are of poor construction 
and deign and of loN yield and low specific oapaoity. 

Data from a largo number of Pi well are tebulated in Tables 
VII-l and VIi-2 to show the relationships between sacifio capacity 
(r e of water production per metor of dr~wdowv) end construction 
parameters of depth and cuin size. 
 It is noted that there is little
 
atatistically nignifioant variation in specifio capaoity with well 
depth or easing diameter. Valls of 200 m diameter are unusually 
poor but here the sample is smail. Wells between l0-m end 30-a depth 
are generally better than deeper walls but the difference is minor and 
all of the average specific capacities are por. 

The implication-of these data is that the specific capacity,
 
loosely the productivity at a reaszoable pumpirC level, is inde
pendent of the depth and diameter of the well (except as noted
 
above); and furthermore that the productivity of almost all these
 
wells isvery low. This is a result of the poor design where pnly the 
bottom of the hole i productive, regardless of depth, It is assumeod 
that wells betwevn 10-m and 20-m depth are located in areas of known 
good aquifor and consequently have slightly better opeoifla aspaoities
 

Without other data, this almost uniformly poor performance could
 
be taken to indicate a poor aquifer in the area. However, poor per
formance of most existing water supply wells in the Central Luzon 
Plain is expected because of poor well design and construction prao
tices. 

A few isolated wells have much better specific capacities than 
average as can be seen from the above tables, although it is be
lieved that even those wells with specific capacities of over 4 
lpa/m (implying tranamissivities of over 480 cumd/m) do not repre
sent the full potential of the aquifer because of partial pene
tration effects. Thus the well data, taken in conjunction with the 
experiences in other areas of NIA and others using superior well 
construction methods, indicate the possiblity of a good aquifer 
capable of supporting wells with minimum specific ca-pacities of about 
4 lpa/m throughout moat of the GAPI-M area (except the eastern 
portion). 

In many places where other wells are no better than those shown. 
here, the NIA and tew qualified commercial drillers have been construc
tirg excellent, large-oapaoity wells. This is not true in the Gapan
area because the only NIA wells were located poorlyl either beyond or 
in the fringe rea of the good aquifer. 
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Vhra wil weri drilled by NI n 1971 h~boot 5 km Southeast 
of the poblaoion. They were located in an area where surface water
 
irrigation in inconvenient and groundwater irrigation would be de
sirable. T1e hi< tory of thoso woll followni
 

1) NIA P1 was drilled to 155.2-m depth and abandoned without 
tGat basouuso no produotive aquifer wao encountered. 

2) 	NIA P2 was drilled to 401--a depth and screen was set from 
30A metors to 327 rieters ini olayey gravel. The well was 
free flossing (atatio water level 1.8 m above ground our
faoe) at 0.4 ips. An 8-hour pump test was run at 4.0 Ips
giving . poor speoifio capaoity of 0.2 lps/m. The water 
was very saline; an analysin is given in Table VII-4. The 
well is still flowing freely an4 the water damages the local 
rioe crop if it io allowed to inundate it. 

3) 	NIA P3 was drilled to 242-c- depth, then backfilled to 28 
asters because no production aquifer was discovered in the 
lower hole. Screen wag et from 11.8 meters to 15.8 meters 
and from 21.25 meters to 24.65 moters in gravel. Afive
hour pump teat was run at 7.4 1ps giving a poor specific 
capacity of 0.4 lpe/m and a low transuissivity of 43.5 cumd/m. 
The water quality is exoellent at the shallow production 
depth for either agricultural or domestio use; an analysis is 
given in Table VII-4# 

The three NIA tet wells are drilled close to the geologic con
tact between the surface exposures of the Recent alluvium of the 
Central Luzon Plain and the similar but less permeable rocks of the 
older formations of the hills to the eart. This oontaot is very 
indefinite and not readily recognized, showing as only a very slight 
change in topographic slope. The very poor performance of the NIA 
wells is believed to result either from drilling into these older 
sediments oi-from drilling into a olayey zone at the bue (or edge) 
of the Recent alluvial aquifer where it rests on the older sediments. 
The very poor quality water from well NIA P2 is believed to result 
from cognate saline water rhioh has never beer flushed from the re
latively impermseble section because groundwater flow is so slow, or 
from a lone period of slow solution of minerals from the older sedi
ments by relatively immobile groundwater. Thus, the aquifer tested 
by NIA wells is not typical 6f Recent alluvial aquifer of the Central 
Luxon Plain farther west of the contact with the older sediments. 
These wells show that lees productive wells can be expeote& east of 
Gapan poblacion. 
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In order to properly evaluate the use of wells for GAF-WD supply, 
it was ne*ssary to construct a test well. The BPW well records did 
not provide auffioient definitive data cu acqifer charaoteristiu in 
the Gapan area and the NIA test wells d~fined an unproductive aquifer 
containing very saline water at 300-m depth only 5 km from the pob
laion. The teal. %al1 in Gapan wai required to determine if production 
wells could bo drilled, to dot'n aqu fer parametero, and to sample 
water underlying the poblacion at depth. 

A site wna providad by the munioipality of Gapan in Freedom Park 
and the test vell wao drilled by th5 rotary method by Katwell, Inc., 
starting 22 November 1976 and completing test and final cleanup 26 
March 1977. Sp,'%ifiations were similar to those in Appendix I, VobnmeII. 

A pilot hole wae drilled to 200-qn depth. A ctratigraphio log 
was prepared frcii ommpi!o collected during drilling and self-potential 
and resistivity eleotrio logo -,ere rnm in the pilot hole. The moot 
permeable sones vFra dalineatod using the eleetric logs supplemented 
by the sample data. Tho pilot hole wa. enla.ged to 500-ms diameter 
to a depth of 190 meters and 250-W caning was installed with 66.5 
meters of slotted caving opposite the selected permeable sones. The 
well was cleaned and developed by bailing, aurging (with a detergent 
added) and pumping, and a 48-hour pimping -test was run. Annex Figures 
VIII-B-9 and VII-B-I0 show the stratigraphic log and the electric logs. 
Annex Figures VII-B-1i and VII-p-12 aro photographs of drilling 
operation. 

A gamma ray log was run for correlation purposes after the hole 
was cased because the equipment did not arrive in time to use it 
earlier. However, that log, alao shown in Amex Figure VI--10 inaawalo 
and doea not clearly separate olayey zones from other rocks unoubtedly 
because the parent volcanic rooks from which some of the sediments are 
derived eae slightly radioactive. This problem has been noted else
where in the volcanic provinces of the Philippines and indicates that 
gamma ray logs must be interproted with great caution. 

The pumping tent was run for 48 hours at an average discharge 
rate of 37.8 lp,.Annex Table VIL-B-2 lists the test data* The pump dis
charge was diff'.Loult to control with the available equipment making 
the dramdoun data somewhat erratic. Figure VII-2 shows an anaelsis 
of the drawdown data aocording to the Jacob's modification of their 
non-equilibrium formula. The scattering of data indicates that the 
pumping rate fluctuated about 5 percent above and below the average 
rate, The indicated transmissivity is about 404 ud/rm. Figure 
VII- 3 is a similar plot and analysis of the recovery data imme
diately following the pumping period. The recovery analysis shows a 
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tra~ilsaivi4y of" about 443 awd/m which is believed to .o more rtli
able tban the ,Irawdown analysis. Te 
specific oapaoity of the well 
aftei 4b houre of pusping was 3.7 lPs/m, which is closely compatible
with the tranemiisivity figure of 443 c=d/m indicating an eflicient
 
well with low losses. A step-drawdown teat to separately determine
 
well efficienoy was attempted but the pumping equipment was operating
 
too erratically to provide meaningful data.
 

The stratigraphic log, Annex Figure VII-B-9f, indicates a section
 
largaly of sand cand gravel with some clay; however, clay iL often
 
missed in rotary-drillng samples and the eleotric logs, Ampex Figure

VII-D-lO, indicates -hat many of thu sands shown 
 to be clay-frie in
 
the stratigraphio li: are actually clayey. A section with somewhat
 
more clay than shown in the stratigraphio log also is ocapatible with
the transissivity and specific capaoity shown by the pumping test.
 
The olayey seotion at the bottom of the well may be a zone within
 
the acniifer or may represent the base of the permeable Reoent alluvial 
aquifer. If the permeable aquifer continued to greater depth, overall
aquifer transmisaivity will be greater than 443 cued/m, thus 500 cued/m 
is used herein ao a conservative estimate to compute overall aquifer 
retpotse. 

Aguifer 

The Cantral Luzon Plain is filled with Recent alluvium that 
forms a very productive aquifer almost everywhere it existo The 
maximum thickness of this aquifer is unlmown but it appears to en
compaso most of the aJ.lvium which in at least several hundrxe& 
meters thick locally and in assumed to be such thicker. This arte
sian aquifer system may include some older underlying beds at depth
and rAy be oontiguous with the aquifer system in the ureunding
hills, The aquifer consists of lenses of water-bearing material 
ranging from fine sands to gravels deposited in complex and ran
dom patterns and confined by equally complex clay lenses. 

Within the projected service area of the GAP-WD, tba aquifer
is v7ry thin to the east where it feathers out against the older 
sediments, and thickens to several hundred meters or more to the 
wst. Consequently, aquifer transmissivity will increase toward 
the west. The well logs indicate clay at the surface in essentially
all cases, which inhibits direct recharge in the Gapan vicinity.
Recharge to this aquifer is through infiltration from direst preci
pitation and from streams into the exposed pe'meable beds alone the 
edge of the foothills east of (lapan. Initially the recharge water 
is underwater-table conditions but becomes oenfined upon moving be
low the clay beds as shown by free-flowing wells in the Gapan area. 
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of prooip-a:, in the mouatain. na foothills to th east -through
transfer frm older permeable beds where the alluvium abuts these 
bes along the buriod edge of th, h1f6,o Although. the sands and 
cravela of the ?amp nea and Pefiaranda River channels probably extend 
through the surfaoe clays, the shapa of the of the piesocontours 

netr.o murfaoe, F!iurs VII-!., ad the rslative elevations of this
 
surface and river levels indicate that little or no recharge our
rently oomes from the rivers near Gapan, exoept (perhaps) at high
 
flood atage. In fast, groundwater discharge into the rivers may
 
ocur at low stages.
 

The aquifer is nisotropio and will act as a semi-confined 
aquifer in that early reepcne to pumping will be in the artesian 
aquifer range, but if the pieu-ometric head falls below the surfaos 
olay zone response rill be in the unoonfinsd (water table) aquifer 
range. Te spreading of the piezeaetrio surface contours (Fi. 
ure VII-4)near Ospan indicates a general area of increased aquifer
trancaissivity to the vast, as would be expected where the aquifer

thickens in this direction. Overall transamissivity at the poblasian

is estisated to be about 500 cund becoming much less to the east
 
as the aquifer thins &nd mtch more to the west as the aquifer
 
thickens into ths center of -the basin. The long-term storage
ooeffioiut will be wariable depending on depth of aquifer dewater
ed and the ontained clays in the dewatered zone. 

Groundwater ,low t Recharge i A Rlationshis 

Before largv-soale artificial withdrawal of water (pumping
from large-oapacity wells), the local and regional groundwater
balance is in a state of dynamic equilibrium. In the Gapan area, 
there is little local recharge because of the widespread surfaoe 
clays and the near-eurfaoe piezometrio levels. There is also little 
natural discharge, perhaps with ome groundwater discharging into 
the Pampanga and Pefaranda River systems where groundwater pies.
metric levels are above river levels. Thus the axisting system is
 
essentially one of groundwater underflow entering the Gapan area
 
from recharge seuoes in the northeast and east and leaving the 
area to the southwest. The contour map of the groundwater pieso
metric surfac of the Gapan area (Pigure VII-4) illustrates ,this 
ondition, showing the regional situation with the souroo of the 
groundwater underflow to the northeast and east of UJpan and the ulti
mate discharge of the groundwaer underflow to Manila Bay southweut 
of Gapan. Howover, the goundwAer gradient becomes so flat in the 
middle of the Central 'uton Plain that all of the groundwater flow
ing from the east, north and -est cannot be flowing into Manila Day. 
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Much, if not most, of the groundwater" underflow into the Pampanga 
River basin must rise to the surface in seeps into the swamps and 
streams of the southern Central Plain where the artesian head is 
above the ground surface. All of this water is lost by non-benefi
cial evapotranspiration and surface runoff inLo the BAy. The 
piezometric levels shown are generally characteristic of the upper 
part of the aquifer and higher levels may exist in the lower part
 
of the aquifer in some areas. 

All well water produced must come from one or more of a limited 
number of sources; gToundwater otorage, increased reoharge, or di
verted groundwater discharge. The natural state is normally one of
 
equilibrium with total recharge equal Lo total discharge and stable
 
groundwater storage. When a well first begins to operate, all the 
pumped water comes from local grourdwatur storaga (immediately 
surrounding the well) as a result of tho decreased pressure in the
 
well caused by pumping. This zone of decreased pressure (or lowered 
piezometrio head) spreads radially from the well as stored ground
water flows from the aquifer 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 groundwater 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 piezometric surface. However, if the recharge or
 
diverted discharge is distant, equilibrium will be delayed resulting 

in a widespread and large depression in groundwater levels. If no 
sources of increased recharge or diverted discharge large onough 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 case 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 piezometric levels in the aquifer are depressed below
 
stream level. At the same time, an appreciable amount of the gene
rally clayey surface beds. These local effects will begin fairly
 
soon after large scale pumping begins and will increase with time 
as the area of depressed groundwater levels (cone of depression) 
spreads. Also, the major existing source of recharge to the Gapan 
area is in the hills to the east and 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 contribution to 
the water to be pumped at Gapan will be the reduction of existing 
natural groundwater discharge which is now flowing to surface
 
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 wells to be installed in Gapan.
 

Current recharge t6 the aquifer is largely restricted to the
 
edges of the aquifer where infiltration and transfer from surrounding
 
areas can occuras has been previously noted. Neither current recharge
 
nor future additional recharge induced by pumping can be quantified 
with existing data, but groundwater unlerflow can be estimated. 
Groundwater flow is to the southwest at :, gradient of about 0.002 in 
the yoblacion ar':a. The average overall trarasmissivity of the 
aouifer in this area is estimated at 500 cuied/m. According to 
Darcy's Law of flow: 

C,,Iun (of aquifer width) - T x C x 1000 m/kn 

where: 

Q - Croundwater underflow (curd) 

T = Aquifer transmissivity (cumd/m) 

G = Gradient of the piezometric surface 

or:
 

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

The underflow of groundwater can be used to roughly determine the 
groundwater available for exploitation. The GAP-i) averagpe daily 
demand is projected to be 6,660 cumd in 1990 and 16,630 cured in 
2000. To obtain all this water from underflow would require diverting
and capturing all the underflow in a band about 6.7 kin wide by the 
year 1990 and 17 km wide by the year 2000. Much less than this com
puted amount of underflow would have to be captured 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 Gapan'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 groundwater in the locality that surrounds
 
it.
 

VII-10
 



Unfortunately, there are several other fairly large tows with
in 10 km of Gapan and if they grow at the sane rate and ultimately
 
consume the sawe per capita water quantities as Gapan, the total
 
domestto 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 mter net 
of irrigation water will be required to supplement rainfall, an annual 
average of about 2,700 umd of irrigation water would be required per
100 hectares (one square kilometer) of irrigated land. Thus, 615 
hectares of groundwater-irrigated land. would consume the equivalent 
of GAP-WD total requirement in the year 2000. Considering that there 
are tens of thousands of hectares of irrigable land plus numerous 
water-demanding towns in the (apan area, total water demand by the 
year 2000 could greatly exceed the sum of groundwater underflow and 
probable potential induced, recharge. With available data it is not 
possible to predict groundwater levels at various future dates with 
any certainty; but t as more data on aquifer characteristics and res
ponse becomes available, predictions should be made based on model 
studies. One favorable factor is that an groundwater piezoetric 
levels drop below the olayey surface beds, the storage coefficient 
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-W) must obtain firm water 
rights to its long-range requirements from the MWRC and introduce a 
groundwater monitoring and study program for planning purposes. It 
is fortunately true that agriculturists cannot afford to pay as muoh 
for water as municipalities and if groundwater is depleted to an 
extreme degree, groundwter irrigation will be curtailed by economic 
factors leaving tke muniokpal water systems still viable (but with 
increased production oosts). 

Well DesiAn and Drilling Programs 

A general design for an efficient production well for Gapan 
can be developed from available data. Such design is ill:-trated in Ann.e gure VII-3-13. For greatest efficiency, to avoid excessive 
drawdowng and to minimize operating costs# these wells should be 
drilled to the same standards as the recent NIA wells# that iss 
rotary-drilled with careful mud control# carefully sampled, eleo
trio loggedg screened with continuous wire-wound screen, gravel
packed, thorougly developed, and tested to determine efficient 
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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 electric and stratigraphio logs should be screened t because
 
in an anisotropic aquifer such as this, the specific capacity will
 
increase greatly as the screened percentage of total permeable sec
tion increases. However, caution as 
to depth drilled mu.t be observed* At the test well site in the poblacion, a clay section
 
at the bottom (190 to 200 meters) may represent the base of the 
coarse 
alluvial aquifer, and mells there should be restricted to 200-eter
depth unless a deeper test is first conducted. To the east at
Barrio Santa Crus, the NIA wells encountered very clayey sediments and
saline groundwater at that depthlo further drilling to the east
of the poblacion ahculd be done vith caution and with the expecta
tion of completing the welJ' shallow depth. To
at the west the 
aquifer itndoubtedly thickens and deeper wells (to 300 meters or more) 
can b- successfully constructed to yield higher specific capacities,
 

It is anticipated that such wells in the poblacion area should

produce 63 at average of about 20ips an meters of initial drawdown,
with the poorest wells at about 30 meters of initial drawdown. Thisis 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 spacing

between wells should be as great as 
practical (preferably an average
of I km or more) to minimize drawdown interference. It should berecognized that few, if any, existing private well drilling fims

have the necessary experience, 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 lps capacity,
spaced 1 to 2 ks, in the existing GAP-WD service area, is recommend
ed. These wells should be caret'ly tested and the results fromthem used to modify the design i 'oeeding wells. They should be 
pumped intensively for several _ and the aquifer response moni
tored. The data can then be uk - . guidance for further develop
ment of the well system which prooauly will consist of 31 and 63 lps
wells spaced about 1 to 2 km apar+. Wells designed to produce 63 lps
may be pumped at a lesser rate for the period that t, local con
sumption does not require full production. 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 GAP-WD wells. 
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Induced Infiltration Wells 

In anticipation of a possible sinificant over-exploitation of 
the deep aquifer, making7 total reliance on deej wells undesirable, 
the design and ute of relatively shallow, induced infiltration wells 
drilled in the sads and gravels of the I'axn,,Lnga or hehia ilnda River 
channel was considered. tuch wells would have to pvoduce as much 
water at about the same pumping levels as the deep wells discussed 
previously to warrant serious conuideration. 6ince production
 
would quickly be replaced by induced recharge from the associated 
river, total well field production would be limited only by the 
low flow in the river and conflictin- rights to this water. How
ever, such wells are usually shallow with limited available draw
down and screen length because they do not penetrate below the 
buried river valley floor. Consecuently, they must pIroduce from 
sands and gravels of high porosity to match the prodiuctive capacity
 
of deeper wells producing from a thick section of permeable material
 
such as widespread alluvium of the Central Luzon Plain.
 

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

The Pampanga River at SanrIsidro shows wide floodplains with 
no visible gravel but much sand and some silt and clay in the visible 
section. The sand appears clean and fairly pertmeable. Infiltration 
wells of moderate capacity could probably be constructed there but 
test wells would be neoessax-y to confirm this assumption. The cost 
of a test program is not justified as long as good deep wells can 
be constructed. However, the Pampanga River carries much moiv wa ' 

than the GAP-WD requirements in the year 2000 at all seasons. 

Induced infiltration wells would be of much the same design 
and construction as deep wells, but being shallower would be less
 
costly. However, the wells would be 4 or 5 km from the point of use 
and tra nsmission costs (pipeline plus pumpin costs) would be high. 
Also the wells would preferably be located inthe river floodplain or 
on t|he river banks and flood protection works muht increase the 
overall costs of each well. Further, the transmission pipeline 
would act as a point source requiring a somewhat more expensive 
distribution system than that based on scattered deep wells locatud
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near the centers of demand. These considerations will probably make 
induced infiltration wells economically inferior 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 (japan area will he based on the limited data current
ly available and those derived from tests of the first production 
wells. 
However, records of water production from all large-capacity

wells and of aquifer response to pumping are necessary to refine the 
preliminary aquifer parameters and revise asto the planning neces
sary to avoid the dangers of over-exploitation or the waste of under
exploitation. The GAP-I) 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 control. In turn, other water 
districts and other groundwater users should monitor their operation 
and provide appropriate data to GA-WI). 

Each production well should have facilities for mea!;uring the 
total anount 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
 
desirable 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 of recharge, give early
 
warning to .3AV-WD of deterioration in water quality or pump perfor
mahce so that remedial action can be taken, and indicate any 
un
foreseen decline in regional water level so that individual well
 
yields (which affecl 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 demaids
 
past the year 2000 from deep wells each producing ip to 63 lps. Oaution must 
be observed in l2ating wells toward the east and southeast of the poblaoion. 
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However, the regional drawdown of ,-roundwater levels resulting from
 
such pumping cannot be accurately quantified because available data 
on aquifer parameters and recharge are insufficient. Other data will 
become avLilable from pumping tests of the new production wells and 
from the moniloring program of production and observation wells. 
Future well design and well field planning must be modified on the 
basis of the new data to maintain groundwater production for lig
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 dan ers of failing wells and higher water costs will result 
unless careful and intelligent control of this multiple use is en
forced. Consequently, it is very important that GAP-WD acquire firm
 
rights to all the -roundwater for which the (3AP-14) 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. SURPACE WATER RESOUICES 

The only large potential surface water sources within reasonable 
distance of Gapan are the Pampanga and Peharanda 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
laoion, 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 generally 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 Periaranda on the Peiaranda 
River about 10 kcm upstream of Gapan which diverts all the dry season 
flow for irrigatioa usage, leaving only seepage water in the down
stream stretch ef the river. 

Surface water data from rivers within the vicinity of Gapan have 
been compiled and analyzed to establish statistical recurrence of
 
average and mi.nimum flows. BPW records of 4 gaging,, stations 
with monthly records spanning from 9 to 22 years were tabulated and 
analyzed using the Gumbel probability method (see Methodology Memo
randum No. 4) of establishing 10-year, 5-year, and 1-year recurring 
flows. The results are shown in Table VIT-3. The recorded minimum 
flow of the Pefiaranda River at Gapan poblacion is 35000 cumd (40 lps) 
in 1957, and the recorded minimum flow of the Pampanga River at San 
Antonio, about 8 km downstream of Gapan poblaoion, is 640,000 cumd 
(7,400 lps) in 1963. 
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TABLE VII-3 

RECURRENCE OF NIL IN1U., FLOWS 
GAPA: WLtTEI1 D.8IIICT 

Drainage Minimum Plow (cumd/sqkm)
Longitude/ Years of Area at Return Period of


Station Latitude Records -,,(sakm) 10 Years 5 Years 1 Year 

Pefiaranda River* 120 56'50"
 
,Gapan Poblacion 15°1911,, 22 573 
 6 6 17 

Pefiaranda River* 120056,30,,
 
San Vicente,

Gapan 15018'46, 9 575 4 6 31
 

Peiiaranda River* 12101846 ,,
 
San Jose 15021910,, 12 512 3 3 10
 

Pampanga River 120054'30"
 
San Antonio 15020145 '' 9 2,851 237 243 313
 

The preceding table shows that the Peffaranda River has very

minimal: flow 
 (about 3,400 cumd, m.inimum at 10-jear frequency),

sufficient for the future requirements of GAP-WD. On the other 

in-
hand,


the Pampanga River (at San Antonio) has a probable 
 10-year minimum
 
flow of at least 675,000 cumd. 
 This is obviously sufficient to pro
vide the maximum-day requirements of the GAP-dD for the year 2000.
 

Many of the general considerations that apply to infiltration
 
wells apply to surface souroes. 
 The Pefaranda 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 Riveras a xource; however, no practical 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 POThNTIAL 0OUHRCES 

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 Peaiaranda
 
River irrigation system. 
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resoect to potability and treatment requirements. The results of
 
these analyses are shown in Tables IV-1 and VII-4, and ar briefly 
discussed below.
 

Greundwater 

Since groundwater essentially passes through a filtration process
 
while flowing through a granular aquifer (such as in the GAP-WD 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 (suchl as excessive hardness, dissolved Cases
 
or dissolved iron) are present, treatment, other than disinfection,
 
is generally not requirede 

Water analyses of samples taken from the existing 'AP-WD well
 
and 4 other Gapan wells are shown in Table IV-1. All of the well
 
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 not 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-.4. The water from NIA P2 (CDI Noe 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
 
groundwater movement. This production zone should be avoided in 
future wells, The water from the nearby well NIA P3 (CDM 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 (CDM
 
Noe i) is also shown in Table VII-4. The water is of good quality for
 
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 contains
 
excessive iron which would produce the reported turbidity and color by
 
precipitation. No other well waters tested from Gapan showed excessive
 
iron, so the first explanation is considered most likely* Further
 
samples will have to be analyzed (aft.r a pump 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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TABLE VII-4 

WATER QUALITY TEST RESULTS
 
GAPAN WATER DISTRICT
 

Pefiaranda 
CDX No. I Pampanga Sumacbao River CDM No. 3 CDX No. 4 
Test Well River River Gapan NIA P2 NIA P3 

Permissible Gapan Cabanatuan Minalungao Poblacion Maburac Sta. Cruz 
Test Unit Limits 22 Mar 77 4 mar 75 2 Sept 76 3 Sept 76 1971 1971 

hysical
 
Color APHA 15 65* 20* 0 0
 
Turbidity P1'U 5 50* 5 0 0
 
Total Dissolved
 

Solids** mg/l 500 229 154 140 182 3,149w 326 
Conductivity micromhos/cm 352 215 280 4,499 469 

Chemical 
pH 7-8.5 7.8 8.6* 7.8 7.3 7.4 7.8 
Total Alkalinity mg/l

CaCO3 184 148 105 "04 185 290
Phenolphthalein mg/l

CaC03 0 4 0 0 0 0 
Total Narness*** mg/l 

CaCo3 400 0 70 98 127 
Calcium 	 mg/1 75 0 30 34 43 123* 28
 
Magnesium Mj/l 50 0 10 3 5 90* 15 
Total :ron mg/l 

Fe 0.3 5.6* 0.38 0.07 0.04 
Fluoride mg/l 

F 1.5 0.3 0.3 nil nil 
Chloride 	 mg/l 200 13 12 2 10 1,628* 8 
Sulfate mg/i 200 11.6 11.1 3.8 6.7 55 65 
Nitrate**** mg/l 50 8.2 8.2 3.6 
Manganese 	 mg/l 

Mn 0.1 0 0.03 0.45* 0.2* 

*Exceeds the permissible limits set by the Philippine National Standards for Drinking Water.
 
**Computed as 655 of conductivity, except for CDE No. 3 and 4a
 

***Limit inferred from limits of individual metals causing hardness*
 
****Fifty to 100 mg/i may cause infant disease according to Philippine National Standards for Drinking Water.
 



also rosuefie, if of ontent 	 is determined to bewater chir 
in the aquifert to Beta off the oontamiu&oom f rmr li vi4ed one 

ing zone@ Mao water t iat would lbe preduced fm new GAP-4D Wells 
generally can be expeoted to be similar to the tested well waters, 

that i of goo& quality and requiring no treatment exoept chlorinatione 

Surface Water 

Water from eurfaot cources 8 generally high 	in oalor, turbidity 
Even during nonand suapended solids during periods of rainfalle 

treatment inraiq periods surface waer usually requires 	oomplete 

oluling chemiol additicn, mixing, oaogulation, flocoulation, sediner

tution, filtration and disinfection,. 

The results of ohemical analyses performed on 3 seaales of water 

from the Pampanga River and several tribraries are shown in Table 

VII-4. The results indicate that oonoew.6ratin of color and turbidity 
in generalt but ocmpleto treatis relatively low for surface waters 

ment would nevertheleso be required particularly during the raiW 
showed season when turbidity would be muoh higher* Two of the samplee 

content exceeding the permissible limits set by the Philipmanganese 

pine National Standards for Drinking Wtert but high dissolved
 

waters of norma
manganese content is unusual in aerated surfaoe 
is not in solutionohemistry and it in otLriAdeed that the manganese 

but is in partioulate matter contained in the watere 
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ANX TABLE VI-I-B-1
 

WATM WELL IATA SUMMARY
 
GAPAN WATM DISTRICT
 

Depth From Ground 
Surface In Mete:'s


CDK Nominal Static Pumping Test SpecificWell Well 
 Diameter Water Water 
 Yield Capacity Year
Number ftmber Location (mm) Total 
Cased Level Level 112s ) Comlete.
 

1 Test Well, Gapan 
 250 200.0 188.0 -3.7 -14.0 37.8 3.7 1977
2 NIA P1 Kapalangan, Gapan 200 155.2 

3 NIu P2 Maburac, Gapan 

1971
 
165 401 327 1.8 -15.8 3.97 0.2 1971
4 NIA P3 Sta. Cruz, Gapan 
 305 242 25 -0.3 -20.9 7.43 0.4 -971
5 15073 Maburac, Gapan 
 112 21.3 21.3 3.0 1.13 1956
6 5053 Maburac, Gapan 
 112 22.8 -9.1 -12.2 0.50 0.2 1968


7 40668 Kapalangan, Gapan 112 64 51.5 
-4.3 -6.1 0.95 0.5 i966
8 50573 Pambuan North, Gapan 100 19.8 19.2 -4.6 -5.5 0.63 0.7 29599 50572 Pambuan Center, Gapan 100 25.6 17.8 -4.9 -5.2 0.95 3.2 1959
10 6406 Pambuan, Gapai 150 70.4 
 56.6 -1.2 -2.7 1.26 0.8 1955

11 9324 Pambuan, Gapan 150 62.5 59.4 -3.1 -5.8 1.26 0.5 
 2955
12 6905 Capulangeni, Gapan 150 44.2 38.7 
 5.8 -9-4 1.26 0.3 195513 50570 Mangino, Gapan 
 100 25.6 18.3 -1.2 -4.9 0.50 0.1 1959
14 9325 Mangino, Gapan 54.9 53.0 -.
-1.2 6.7 1.26 0.2 1955
15 7808 San Lorenzo, Gapan AD Well 200 183.5 125.6 1.2 -2.4 5.04 
 1.4 1955
 

150 183.516 7811 High School Comp.pGapan 150 65.5 63 -3.0 -6.1 1.26 0.4 3955

17 15082 Kababao, Gapan 15.9 1.8 1.26 .:957
18 406621 San .Nicolas,Gapan 115 97.6 88.4 
-2.4 -6.1 1.57 0.4 1967

19 9427 San Nicolas, Gapan 150 137.2 136.6 
 0.9 1.26 3996

20 50578 San Nicolas, Gapan 100 36.6 
 34.1 -3.6 -4.3 0.63 0.9 .958
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AMEX TABLE VII-B-1 (Continued) 

Depth From Ground 
Surfaoe In Meters

CDX NWellal Static Pumping 
Test Specific
Nell Well Diapeter Water Water Yield Capacity Year
Nuber N er Location (_m) Total Cased Level Level -p _(i/m) Completed 

21 15079 San Nicolas, Gapan 112 32.3 32.3 -4.6 -7.6 1,26 0.4 195722 15080 Malupan, Gapan 112 37.8 37.8 -4.6 -6.1 1.26 
 0.8 1957

23 15074 Sta. Cruz, Gapan 112 18.3 
 18.3 -2-4 

24 15076 Nalimba, Gapan 

1956
 
112 16.2 14.6 -1.5


25 406617 Bungo, Gapan 1956 
112 70.4 40.5 -12.2 -19.8 0.95 0.1 1966
26 406616 Buluarte, Gapan 112 25.9 
 A9.8 -1.8 -2.4 1966


27 406620 lalupan, Gapan 112 39.6 28.7 -4.6 
 -9.2 1.89 0.4 196628 50574 Ptizg Tubigt, Gapan 100 34.1 33.5 -6.1 -21.3 0.32 0.02 1959
29 50576 Pylong Surot, Gapan 100 23.8 20.4 -4.6 -5.2 0.50 0.8 1959

30 50577 Sta. Cruz, Gapan 100 57.0 52.1 -1.1 -12.2 0.38 0.03 195931 50571 Plting Tubig, Gapan 100 34.1 32.0 -12.2 -12.8 0.32 0.5 195932 17355 Malimba, Gapan 100 38.7 36.9 -0.8 -1.7 0.63 0.7 1951
33 17338 Sapazg Cauavan, Gapan 100 25 18.3 -3.7 -5.2 0.76 0.5 1958
34 50579 Guinandoslan, Gapan 100 83.5 83.5 -3.6 -5-5 0.38 0.2 195935 50580 Xalimba Gapan 100 23.8 21.9 -2.4 -4.9 0.5 0.2 1959
36 17394 San Isidro, San Isidz" 100 38.7 34.1 -1.8 -3.7 0.50 1959
37 13169 BDo. Calaba, San Isidro 150 12.2 11.6 -3.7 -4.6 0.95 1.1 1956
38 50633 Bo. Calaba, San Isidro 100 34.1 32.6 -3.4 -5-5 0.50 0.2 195839 50632 Bo. Calaba, San Isidro 100 25.0 23.2 -2.1 -3.7 0.50 0.3 195940 13171 Bo. Ste. Cristo, San Isidro 112 12.2 11.0 -3.7 
 1956
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AN=E TABLE: VII-B-1 (Continued) 

Depth From Ground 
Surface In Meters
CDM Nominal Static Pumping Test SpecificWell Well 
 Diameter 
 Water Water Yield Capacity Year
Number Number Location (ram) Total Cased Level Level (ips) (lps/m) Completed 

41 406616 Sto. Cristo, San Isidro 112 
 27.4 19.8 -3.0 -4.0 0.63 
 0.6 1966
42 15077 Sto. Oristo, San Isidro 
 112 15.2 15.2 -1.2 
 1.26 1956
43 5491 Poblacion, San Isidro 150 61.0 43.6 -4.6 -5.2 0.95 1.6 195244 396054 Manga, San Isidro 100 15.2 14.6 -6.1 
 196045 396053 Tabon, San Isidro 100 16.5 16.2 -6.1 
 1960
46 7809 Calaba, San Isidro 
 150 53.4 51.5 -2.4 -3.7 1.58 1.2 195547 13170 Alva, San Isidro 150 25.9 25.2 -6.1 -7.6 1.26 0.8 
 1956
48 13169 Calaba, San Isidro 
 150 12.2 11.6 -3.7 -4.6 0.95 1.0 i95649 7810 San Roque, San Isidro 150 42.7 41.5 -4.3 -4.6 1.58 5.3 195550 396051 Malapit, San Isidro 112 
 32.9 31.7 

51 39594 Nalapit, San Isidro 100 38.7 29.6 -6.1 -9.8 

1960 
0.95 0.3 195952 14419 Pulo, San Isidro 
 100 39.3 38.4 -1.8 -3.0 0.95 0.8 1957
53 50631 Alua East, San Isidro 100 34.1 30.8 -4.6 -5.2 0.63 
 1.0 1959
54 17393 Calaba, San Isidro 100 25.0 22.9 -4.6 -4.9 0.44 1.5 195955 14418 Malapit, San Isidro 100 36.3 33.5 -6.1 -8.2 0.95 0.4 195756 50637 Sto. Cristo, San Isidro 
 100 34.1 27.7 -3.0 -3.4 0.69 
 1.7 1959
57 50635 Sto. Cristo, San Isidro 
 100 34.1 32.0 -3.0 -3.7 
 0.44 0.6 195958 50634 San Isidro, San Isidro 100 38.7 34.8 -4e9 -7.6 0.63 0.2 1959
59 8332 San Isidro, San Isidro 150 
 122.0 117.1 
 0 -3.7 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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ANNEX TABLE VII-B-1 (Continued) 

Depth From Ground 
Surface In Meters 

CDM 
Well 
Number 

Well 
Number Location 

Nominal 
Diameter 

(mm) Total Cased 

Static Pumping 
Water Water 
Level Level 

Test 
Yield 
(I 

Specific 
Capacity 
(lps/m) 

Year 
Coplete 

61 396013 Helera, Jaen 100 14.0 13.7 -3.0 -3.4 0.63 1.6 1960 
62 396012 Supang Mahaba, Jaen 100 19.5 17.9 -3.7 -3.7 0.-63 1960 
63 40675 Mianaul, Jaen 112 40.5 39.6 -2.1 -6.1 .0.63 0.2 1967 
64 395922 Niyugan, Jaen 100 32.9 28.4 -4.6 1959 
65 40674 Pitak-Ulanin, Jaen 112 19.8 18.3 -2.1 -3.0 1.26 1.4 1967 
66 396015 Sapang, Jaen 100 18.0 16.5 -6.1 -6.1 0.63 1960 
67 13165 St. Joseph, Jaen 150 12.5 10.7 -3.7 -4.6 1.26 1.4 1956 
68 
69 

13166 
13168 

Lambakin, Jaen 
Dampulan, Jaen 

112 
150 

22.9 
13.7 

21.3 
11.0 

-4.6 
-2.4 

-5.2 
-4.0 

1.26 
0.95 

2.1 
0.6 

1956 
1956 

70 
71 

13167 
13476 

Putlod, Jaen 
Labunia, Jaen 

112 
100 

22.3 
18.3 

20.7 
16.8 

-6.1 
-3.0 

-7.6 0.95 0.63 1956 
1959 

72 
73 

21755 
396112 

Labunia, Jaen 
Lambakin, Jaen 

100 
100 

18.3 
15.5 

16.8 
13.4 

-3.0 
-3.0 

-4.0 
-3.4 

0.76 
0.57 

0.8 
1.4 

1959 
1961 

74 
75 

6408 
6407 

Poblacion, Jaen 
San Vicente, Jaen 

150 
150 

188.4 
64.0 

185.4 
59.8 

+1.2 
-6.1 

0 
-13.7 

0.25 
0.63 

0.2 
0.1 

1955 
1955 

76 
77 
78 
79 
80 

50596 
50597 
50598 
50599 
50600 

Langla North, Jaen 
Pinangaan, Jaen 
Burgos St., Poblacion Jaen 
Yuson St., Poblacion, Jaen 
Nueva St., Poblacion, Jaen 

100 
100 
100 
100 
100 

46.9 
35.7 
25.0 
38.7 
34.1 

43.9 
32.4 
22.6 
36.3 
32.0 

-4.7 
-3.0 
-4.9 
-6.1 
-4.6 

-10.2 
-4.0 
-5.5 
-6.4 
-5.5 

1.26 
0.44 
0.44 
0.32 
0.76 

0.2 
0.4 
0.7 
1.1 
0.8 

1959 
1959 
1959 
1958 
1959 
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AMEI TABLE VII-B-i (Continued) 

Depth From Ground 
Surface In Meters 

CDMA NominalWell Well Static Pumping Test SpecificDiameter 
 Water Water Yield Capacity Year
Number Number 
 Location 
 (m Total Cased Level Level 12 s1/m) CompIeed 

81 50601 Scout Rivera, Ocampo St.,
Poblacion, Jaen 
 100 43.3 39.5 -5.8 -6.8 0.95 
 0.9 195982 50603 Campugo, Sto. Tomas, Jaen 
 100 29.6 24,1 -4.6 -4.9 1.26 4.2 19-583 395923 Dampulan, Jaen 100 18.3 13.3 -4.3 -5.2 0.63 0.7 295984 8122 Sto. Tomas North, Jaen 150 45.7 39.3 -5.8 -9.1 1.89 06, 195585 9034 Sto. Tonas, Jaen 150 39.6 38.4 -5.2 -.8.2 1.26 0.4 195586 9035 Sapang L;iyugan, Jaen 150 38.1 36.0 195-3.4 -3.7 1.26 .87 17365 Langla South, Jaen 100 34.1 27.4 -3.7 -4.6 0.38 0.4 
 195388 17364 Bantug, Jaeu 
 100 29.6 20.4 -2.1 -3.0 0.63 0.7
89 21756 Pamacpacan, Jaen 36.6 30.0 -1.5 -4.6 

1959
 
100 
 0.63 0.2 195990 39592 Famacpacan, Jaen 
 100 36.6 30.0 -1.3


91 396018 Puiangaan, Jaen 1959

100 17.7 j.7.1 -2.4 -3.0 0.63 1.0 1960
92 395913 Sapang Niyuga, Jaen 100 32.9 28.4 
 -.4.6 -6.1 0.76 0-5 
 1959
93 17366 Marawa, Jaen 
 100 25.0 21.0 -2.0 -2.9 3.15 
 3.5 1959
94 1736' Yuson St., Poblacion, Jaen 100 38.7 36.0 -5.2 -5.8 
 0.44 0.7 1959
95 17368 San Pablo, Jaen 100 34.1 30.0 -4.0 -5.8 0.95 0.5 1959
96 17369 San Vicente ., Jaen 100 34.1 
 30.8 -2.1 -3.4 1.89 1.497 50602 Caingn, Sto. Tomas, Jaen 100 32.3 

1959
28.4 -4.0 -4.6 1,26 2.1 195)98 396016 Putlod, Jaen 
 100 20.7 19.8 -5.5 -5.5 
 ).63 196099 396017 Futtlod Sur, Jaen 100 23.8 22.9 -2.4 -3.4 2.50 0.5 1960100 9036 Putlod. Jaen 150 36.6 34.1 -3.7 -4.0 1.13 3.8 1956 



AWMX TABLE VII--I (Continued) 

Depth From Meters 

CDIII 
Well 

Number 
Well 

Number Location 

Nominal 
Diameter 

(mm) 

Surface 

Total Cased 

In Meters 
Static Pumping 
Water Water 
Level Level 

Test 
Yield 
(ps 

Specific 
Capacity 

(psm) 
Year 

Completed 

101 40672 Castillo, San Leonardo 112 118.0 118.0 -3.0 -6.7 1.26 0.3 1967 
102 50645 Mallorca, San Leonardo 100 20.4 17.7 -4.9 -5.2 0.63 2.1 1939 
103 8391 Ranbangan, San Leonardo 150 99.7 87.8 -4.6 -16.8 1.26 0.1 1955 
104 17411 Abuating, San Leonardo 100 25.0 21.0 -4.9 -6.1 0.63 0.5 1959 
105 50651 Tambo Tumana, San Leonardo 100 20.4 17.1 -4.6 1.20 1959 
106 7806 Mallorca, San Leonardo 150 80.8 78.7 -4.6 -6.4 1.26 0.7 1955 
107 5581 Mambangnan, San Leonardo 112 97.6 96.3 -3.0 -3.7 0.95 1.4 1952 
108 50650 Magpapalayok Tambo, 

San Leonardo 100 25.0 22.3 -6.1 -7.6 0.63 0.4 1959 
109 50649 Adorable Tambo, San Leonardo 100 25.0 18.6 -6.1 -7.0 0.44 0.5 1959 
110 17410 1'agpapalayok Tambo, San 

Leonardo 100 29.6 25.3 -6.4 -7.6 0.95 0.8 1959 
ill 17407 Adorable S.S., San Leonardo 100 25.0 22.6 -5.8 -6.1 0.44 1.5 1959 
112 17408 Castellano, San Leonardo 100 38.7 18.3 -4.6 -5-5 0.95 1.1 1959 
113 8392 Nieves, San Leonardo 150 48.8 37.8 -4.6 -8.2 0.63 0.2 1955 
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 -5.2 0.38 0.3 1959 
116 
117 

17409 
50647 

San Anton, San Leonardo 
San Anton, San Leonardo 

100 
100 

29.6 
34.1 

26.2 
29.9 

-5.2 
-5.2 

-5.3 
-5.5 

0.95 
0.63 

9.5 
2.1 

1959 
1959 

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 -4.6 -5.2 1.26 2.1 1955 

120 8392 Nieves, San Leonardo 150 48.8 48.2 -4.6 -8.2 0.63 0.2 1955 
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ANNEX TABLE VII-B-1 (Con-tinud) 

Depth From Ground 

CDM 
Well 

Number 
Well 

Number Location 

Nominal 
Diameter 

(mm) 

Surface In Meters 
Static Pumping 
Water Water 

Total Cased Level Level 

Test 
Yield 
(lps) 

Specific 
Capacity 
(lps/m) 

Year 
Completed 

121 
122 

17392 
6879 

Sta. Cruz, San Leonardo 
Magpapalayok, San Leonardo 

100 
150 

25.0 
26.5 

23.5 
25.3 

-3.4 
-5-5 

-4.9 
-7.3 

1.58 
1.26 

!0 
0.7 

1958 
1954 

123 8393 Tabuating, San Leonardo 150 94-5 89.5 -2.1 -3.4 1.26 1.0 
124 8390 Karsadang Putol, San Leonardo 150 99.1 97.6 -3.0 -4.6 1.26 0.8 1955 
125 55045 Castellano, San Leonardo 100 25.0 21.3 -4.6 -4.9 0.38 1.3 1959 
126 16232 Tanebo Sunction, San Leonardo 112 15.9 15.2 -5.2 1957 
127 16231 Tambo Magpapalayok, San 

128 4527 
Leonardo 

Poblacion, San Leonardo 
112 
100 

22.3 
145.4 

21.3 
145.4 

-7.6 
+0.3 

1957 
1948 

129 
130 

396261 
13173 

ZMambangnan, San Leonardo 
Ilieves, San Leonardo 

100 
112 

119.8 
29.0 

113.7 
27.9 

-7.6 
-6.1 

-10.7 
-7.6 

0.32 
1.26 

0.1 
0.8 

1962 
1757 

131 
132 

16233 
16234 

Mallorca, San Leonardo 
Balanga Lambo, San Leonardo 

100 
100 

47.9 
24.4 

47.3 
23.5 

-5.2 
-6.1 

1958 
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 Leonardo 100 158.8 158.5 +0.6 -7.6 0.76 0.1 1948 
135 4636 1.1ambangnan, San Leonardo 100 67.1 62.5 -5.5 -5-5 0.88 1948 
136 13172 Poblacion, San Leonardo 112 15.2 13.7 -4.6 1956 
137 13174 Poblacion, San Leonardo 112 16.8 15.5 1957 
138 396231 Papaya, San Antonio 100 27.4 25.7 -2.4 -3.0 1.58 2.6 1962 
139 40631 South Malayo, San Antonio 100 35.1 21.3 -6.1 -7.6 0.95 0.6 1963 
140 7645 Luyas, San Antonio 150 22.6 22.0 -4.9 -7.0 0.63 0.3 1955 
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AM= TABLE VII-B-1 (Contimned) 

Depth From Ground 

ODM 
Well 

Number 
Well 
Number Location 

Nominal 
Diameter 

(mm) 

Surface 

Total Cased 

In Meters 
Static Pumping 
Water Water 
Level Level 

Test 
Yield 
(lps) 

Capacity 
(lps/m) 

Year 
Completed 

141 7646 Sta. Barbara, San Antonio 150 18.6 16.9 -1.8 -3.4 0.95 0.6 1953 
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 97.6 94.5 -3.0 -4.9 1.26 0.7 1956 
144 9780 San Nariano, San Antonio 150 64.0 39.4 -3.0 1956 
145 11101 Buliran, San Antonio 150 61.0 50.0 -6.1 -7.6 1.26 0.8 1956 
146 9777 Papaya, San Antonio 150 108.2 107.6 -0.9 -3.0 0.95 0.4. 1956 
147 9779 Kupang Lauang, San Antonio 150 19.5 19.5 -3.0 -4.6 1.13 0.7 1956 
148 50629 San Mariano West, San Antonio 100 22.3 22.3 -1.2 -5.2 1.26 0.3 1959 
149 50628 San Mariano, San Antonio 100 38.7 37.5 -2.7 -5.2 0.38 0.1 1959 
150 11103 Fanabingan, San Antonio 150 30.5 30.5 -4.6 -6.1 1.26 0.8 1956 
151 50630 Sta. Barbara, San Antonio 100 34.1 31.1 -.18 -3.7 0.63 0.2 1959 
152 50627 Camias, San Francisco, 

153 50625 
San Antonio 

Sta. Barbara, San Antonio 
100 
100 

29.6 
29.6 

25.3 
25.9 

-1.5 
-1.8 

-4.7 
-2.4 

2.20 
0.63 

0.7 
1.0 

1959 
1959 

154 50626 San Francisco, San Antonio 100 25.0 22.6 -1.8 -2.1 1.89 6.3 1959 
155 17391 Maugat, 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 Julo School Site, San 

158 11104 
Antonio 

Coma Juan, San Antonio 
100 
150 

29.6 
31.4 

25.6 
31.4 

-4.3 
-3.0 

-4.4 
-4.0 

9.63 
1.26 

6.3 
1.3 

1959 
1956 

159 396251 Maungat, San Antonio 100 40.1 38.3 -8.5 -17.4 0.63 0.07 1962 
160 18283 Poblacicn, Pe~aranda 100 26.2 25.9 -5.5 -12.2 1.26 0.2 1957 
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AJN=X TABLE VTI-B-1 (Continued) 

CD 
Well 

Number 
Well 

Number Location 

Nominal 
Diameter 

(mm) 

Depth From Ground 
Surface In Meters 

Static Pumping 
Water Water 

Total Cased Level Level 

Test 
Yield 

s 

Specific 
Capacity 
(lps/m) 

Year 
Completed 

161 
162 

6404 
6402 

Sto. Tomas, Peliaranda 
Callas, Pefaranda 

150 
150 

22.9 
240.9 

17.4 
229.3 

-6.1 
-3.0 

-7.3 
-6.1 

1.26 
1.58 

1.0 
0.5 

1954 
1954 

163 
164 
165 
166 
167 
168 
169 
170 

5527 
4957 
5021 

17385 
50619 
6403 
50620 

396055 

Poblacion, Pefaranda 
Real St., Pefaranda 
Sto. Tomas, Pe~aranda 
Sinisahan, Pefaranda 
Sinisahan, Pefiaranda 
San Josef, Pefaranda 
San Josef, Pefaranda 
San Josef, Peiiaranda 

150 
112 
100 
100 
100 
150 
100 
100 

131.1 
122.0 
132.6 
41.8 
34.1 
51.8 
25.0 
35.4 

114.9 
118.0 
129.9 
37.2 
32.9 
32.0 
22.6 
34.8 

+0.6 
+1.2 
+3.0 
-4.0 
-4.6 
-5.8 
-5.2 
-9.1 

-6.1 
-1.8 
-7.3 
-7.9 

-12.2 
-6.7 

-13.7 

0.32 

1.26 
0.95 
0.32 
1.26 
0.50 
0.39 

0.3 
0.3 
0.1 
0.2 
0.3 
0.1 

1952 
1949 
1949 
1959 
1Q5e; 
1954 
1959 
1960 

171 
172 
173 
174 

18282 
4933 
4831 
4804 

Sto. Torias, Pe~aranda 
Poblacion, General Tinio 
Rizal St., General Tinio 
Poblacion, General Tinio 

112 
100 
100 
100 

64.3 
70.1 
70.1 
29.3 

64.3 
64.6 
66.5 
86.9 

-9.1 
-9.1 
-6.1 
-5.2 

-12.2 
-12.2 
-5.8 

1.89 
1.26 
1.26 
0.95 

0.4 
0.2 
1.6 

1957 
1949 
1949 
1949 

175 7NZ Pulong Sampaloc, General 

176 21753 
Tinio 

Tabuating, General Tinio 
150 
100 

8.8 
13.7 

80.5 
13.4 

-9.1 
-4.6 

-12.2 
-10.4 

0.63 
0.95 

0.2 
0.2 

1955 
1959 

177 396026 Bonifacio St., Foblacion 

178 39623 
General Tinio 

San Pedro, General Tinio 
100 
100 

24.4 
35.7 

22.4 
26.2 

-6.1 
-7.0 

7.9 
-8.5 

0.44 
0.76 

0.2 
0.5 

1960 
1962 

179 396025 Poblacion, General Tinio 100 36.3 34.4 -8.4 -10.7 0.63 0.3 1960 
180 396027 Lico, General Tinio 100 21.3 18.8 -6.7 -9.1 0. 4 0.2 1961 
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ANNEX TABLE VII-B-1 (Continued) 
Depth From Ground 
Surface In Meters 

0DM 
Well

Niumber 
Well

Number Location 
Diameter 

(mm) Total Cased 

Static 
Water 
Level 

Pumping 
Water 
Level 

Test 
Yield 
Ip 

Specific 
Capacity
(lps/m) 

Year 
Completed 

181 
182 
183 
184 
185 
186 
187 

188 

189 

190 

191 
192 
193 
194 

195 

196 
197 
198 
199 

9456 
5127 
5140 
4860 

17418 
17416 
50652 

17412 

17419 

17417 

17415 
17414 
17413 
39621 

39611 

6401 
396111 
396061 
20242 

Rio Chico, General Tinio 
Poblacion, General Tinjo 
Rio Chico, General Tinio 
Calle H. S., General Tinio 
San Gregorio, Sta. Rosa 
Rapalad, Sta. Rosa 
San Mariano, Sta. Rosa 
La Fuente School Site,

Sta. Rosa 
San Gregorio, Sta. Rosa 
Bajal School Site,

Sta. Rosa 
Malillo South, Sta. Rosa 
Malidlid, Sta. Rosa 
La Fuente Old, Sta. Rosa 
Sinaguing Rajal, Sta. Rosa 
Valencia St., Poblacion,

Sta. Rosa 
Poblacion, Sta. Rosa 
Sto. Rosario, Sta. Rosa 
Soladad, Sta. Rosa 
Div. Housing Proj., Sta. Rosa 

150 
100 
100 
100 
100 
I00 
100 

100 
100 

10; 
100 
100 
100 
100 

100 
150 
1GO 
100 
200 

163.1 
63.5 
100.6 
108.2 
35.7 
33.5 
38.7 

25.0 
26.5 

24.4 
28.4 
29.6 
25.0 
21.3 

39.3 
216.5 
3.3.7 
34.8 
61.0 

161.6 
45.7 
O0.8 

104.9 
29.9 
32.6 
37.2 

23.0 
23.8 

16.0 
28.0 
27.4 
22.6 
21.2 

39.3 
157.0 
13.4 
32.0 
42.7 

-9.8 
-8.5 
-6.1 
-4.6 
-5.8 

-12.2 
-5.8 

-5.5 
-8.2 

-2.1 
-4.6 
-4.9 
-6.1 
-4.0 

-12.2 
0 

-3.7 
-9.1 

-15.2 

-48.8 
-13.7 
-11.0 
-12.2 
-7.9 

-13.1 
-7.6 

-6.1 
-10.1 

-3.0 
-6.1 
-5.5 
-6.7 
-6.1 

-12.8 
-6.,7954 
-4.0 
-9.8 

-29.3 

0.32 
1.26 
1.26 
1.26 
0-95 
0.44 
0.50 

0.4 
0.63 

1.58 
1.26 
0.44 
0.32 
0.63 

0.76 

0.63 
O-63 
2.21 

0.01 
0.2 
0.3 
0.2 
0.4 
0.5 
0.3 

0.7 
0.3 

1.8 
0.3 
0.7 
0.5 
0.3 

1.3 

2.1 
0.9 
0.2 

1956 
1949 
1949 
1949 
1958 
1958 
1958 

1958 
1958 

195Z 
1958 
1958 
1958 
L962 

1961 

1961 
1961. 
195" 
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AMNE7 TABLE VII-B-1 (Contimiued) 

Derth From Ground 

CDE' 
Well 

Number 
.Jell 

iUnGIber Location 

Kominal 
Diameter 

n Total 

Surface in Veters 
Static Pimping 
Water Water 

Cased Level Level 

Test 
Yield 
(s) 

Specific 
Capacity 
(ps/) 

Year 
Completed 

200 20243 Div. Housing Proj., 

201 
202 

40671 

20244 

Sta. Rosa 
Sapsap 

Sta. Rosa Div. Site, 

200 
112 

59-5 
18.6 

52.6 
17.7 

-13.7 
-583 

-16.8 
-9O. 

2.21 
0.32 

07 
0.1 

1958 
1967 

203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

406612 
6285 
7638 

406619 
11405 
11706 
11404 
17345 
17344 
17343 
17342 

Sta. Rosa 
Sinipit, Cabiao 
Entablado, Cabiao 
Bagong Buhay, Cabiao 
Bagong Silang, Cabiao 
San Vicente South, Cabiao 
Ban Fernando, Cabiao 
Cabiao u.S., Cabiao 
Ste.. Rita, Cabiao 
San Roque, Cabiao 
Poblacion, Cabiao 
Pantalan, Cabiao 
Sinipit, Cabiao 

200 
112 
130 
150 
112 
150 
150 

150 
100 
100 
100 
100 
150 

61.0 
44.2 
47-9 
39.0 
46.6 
42.7 
20.4 
24.4 
56.4 
31.7 
38.7 
29.6 
30.2 

47.0 
44.2 
39.0 
23.5 
45.7 
42.4 
20.4 
21.6 
55.2 
29.8 
37.5 
28.1 
28.4 

-6.1 
-0.3 
-3.4 
-1.8 
-4.9 
-37 
-3.4 
-4.0 
-2.1 
-2.7 
-2.1 
-4.6 
-1.8 

-36.6 
-2.4 
-6.1 
-2.3 
-16.8 
-4.3 
-5.2 

-4.6 
-3.4 
-4.3 
-2.4 
-5.2 
-4.3 

2.65 
1.26 
0.95 
1.26 
0.32 
0.95 
0.95 

0.95 
0.38 
j.63 
0.50 
0.44 
0.95 

0.1 
0.6 
0.3 
2.5 
0.03 
1.6 
0.5 

1.6 
0.3 
0.4 
1.7 
0.7 
0.4 

1958 
1906 
1954 
1955 
1966 
1956 
1956 

1956 
1959 
1959 
1959 
1959 
1955 

VII-B-j 1 



b-ESCRIPTIVE DA'f,: GRAPHIC LOG 
. . .... DEPTH I. . . .. 

WELL N-0. ICDM) 
(OTHER)

LOCATIONLCTIO 
CITY 

1) 

NIA- PI 
BARRIO 

GAPANNUEVA 

_DEPT 

KAPALANGAN 

ECIJ 

, 
3.0___ 

F ASING 

-, 

STRATIFICATION 

GU RF 
-GROUND SURFACE

TOP SOIL , CLAYEY 

SAND , CLAYEY 

CONST. BY 

DRILLER 
STARTED 
COMPLETED -o 

OWNER 
STATUS 

CASING DIAMETER 

197 
NIA 

ABANDONED 
UNCASED 

10PWiRAL15,0 E 
i1.0 

o210 

3.C34.3 

=- CLAY 
SANDY GRAVEL , CLAYEY 

SANDY CLAY 

CL AY 

CA IHGAE 

, CLAY 

DRILLERS TEST 

DATE _CLAY 

DATA: 
64.0 

WITH GRAVEL 

STATIC WATER LEVEL __.o0_ LAY 

PUMPING WATER LEVEL 
TEST PUMP YIELD _CLAY 

TESTIELD75.0 

_ 

UMP 

_._ 

WITH GRAVEL 

REMARKS: 

DRILLED BY ROTARY METHOD 
HOLE DIAMETER! 200 MM,( 7 7/8 IN.) 
DEPTH: 155.2 M. 
SURFACE PIPE MAY EXIST 
HOLE FILLED WITH DRILLING 

MUD AND ABANDONEP 

IOO.o 

110.0 

115.0 

CLAY WITH SOME 
GRAVEL 

M.TO C.GR. SAND 

WITH CLAY 

CLAY WITH GRAVEL 

CLAY 

______________________________ 

126.0 
129.0 C A A D 

WATER QUALITY DATA: 

CLAY WITH GRAVEL 

185.2 

ANNEX FIGURE VII-B-I 
FEASIBILITY STUDY FOR WATR ~WELL DATA SHEET 
SUPPLY OF SECOND TEN UREAN AREAS LVVL, D WELL CDM-2 



I 

DESCRIPTIVE DATA GRAPHIC '.OG 

WELL NO. (CDM) 

(OTHER) ---

LOCATION 
-

SITIO MABURAC 
BARRIO SANTA CRUZ 

DEPTH 
M 

-" 

CAING 

_ 

STATIFICATION 

A-YCLAY. ROWN 
SANDYOWN 

-CITY GAPAN 

PROVINCE NUEVA ECIJA CLAY, BROWN AND GREY 

CONST.BY N_____I A. 
DRILLER __N_ 4 
STATED 1971 GREY. GRAVEY 

S1____ ______ ______ 52 CLAY, BROWN 

COMPLETED 1971 - Cy SANDY,ORE 

OWNER NIA ___S__ 

STATUS FREE FLYNING -4 SEPT I CLAYEY GRAVEL ,OREY 

CtaING.IAMETER 165 MM(6-e IN. )0-300M 90 CLAYBROWNOME GRAVEL 

CASING LENGTH 300 M 9______________GAE 
...- G- RAVEL. GREYSLOTTED PIPE 300 TO 327 M. 104 

CLAY, BROWNSOME GRAVEL 
DRILLER'S TEST VATA; 119 

DATE SEPTEMBER 1971 
CLAYEY SAN,M TO R.

STATIC WATER LEVEL I.E3 M ABOVE G.L. 
FREE FLOWING __.__.. (0.44 LPS) 143 

PUMPING WATER LEVEL 15.77 M BELOW G.L.
 

TEST PUMP YIELD .6 GPM (3.97 L.Pf)
 

SPECi*C CAPACITY 0.23 LPS/M(I.I GPM/FT.) CLAY, GREY-BROWN WITH 
SOME GRAVEL 

REMARKS:
 
ROTARY DRILLED 58 M. TO 15 3/4 IN.
 

58-401M. TO 13 IN.
 
ELECTRIC LOGGED SP 2 R 0-240 M. _
 

ELEVATION: 25.45 M. 221 _ i_
 

LOCATION: 227 CLAY, BLUE
 
CLAYEY RAVELIGREYCOORDIN ATE$S 


LAT. 120- 59 N
 
LONG 150 IS' E
 

WATER TEMPERATURE CLAY, BROWN, GRAVELLY 
29-50 C FREE FLOW IN PART 

32 o C PUMPING 
276
 

WATER QUALITY DATA 
"Y, BLUE AND BROWN 

FREE FLOWING SAMPLE 

LABORATORY ANALYSIS 1971
 
OND.4499 MICROMHOS/CM 304CLAYEY GRAVEL
-VE 
R .,S3 14 9 PPM 

pH 7.4, CLAY, BLUESH GRAVEL COARSE CLAYEY 

Co 6. 42 Meq/! 34 
Mg 7.40 Meq/I 317 ",CLAYGRAVELLY BLUE 

Na 43.48 Meq/I 
K 2.56 Meq/I CLAY. BROWN 
CI 45.90 Meq/.I 
S04 0.43 Maq/I 37o 
CO 0.00 Mq/I ORAVEL,CLAYEY GREY 
HCO 3 I. 85 Meq/I Bel CLAY,BLUE 

ADDITIONAL SAMPLES Bg GRAVEL, CLAYEY, BROWN 
10/9/71 TDS 2460 PPM FREE FLOW 401 
15/9/71 TDS 3700PPM PUMPED 
7/10/71 TDS 3600PPM FREE FLOW 

24/ 9/71 COND. 46.00 MMHO/CM 

FREE FLOW ANNEX FIGURE M11-B-2 

rEASIBILITY STUDY FOR WATER LWUACDM W ELL DATA SHEET 
SUPPLY OF SECOND TEN URBAN AREA8 DM WELL CDM-3 

http:CONST.BY


DESCiIPTtVE ClATA-.. .	 MA"PM!C... . . .. .. LOG 
DEPTH' (Cr 	 CASING',,t LL ) C~(PA 	 M (FT) I STRATIFICATION 

N-
(OTHER) .__._I P3 

LOCATION 	 SITIO RALANTE G ROUND SURFACE 
AIO SANTA 	CRUZ _ 4 OLAY, ROWN, SANY,SOME ORAVELCI TY-- G AN 
 GRAVEL,SANDY, BROWN 

GRAVEL,V COARSE ,SOME 
rf'VNE NUEVA ECIJIt 13__& 

CLAY 

- CLAY, BROWN,SOME RAVEL.__OMRAEC07STBY 	 NIA
DRILLER 	 dm,-,
E3 

. Z _ 	

GRAVEL COARSE ,SOME CLAY 
1971 _ _--STARTED 


C ',AP 	 _LrT E 

OWNER 	 NI A
 

STATUS SCREEN AND CASI0a3 REMOVED 
_ ..jL__SNONED-

CASING 300 MIM(12 IN.)0- 24.65 M. 

SCREEN 	 300 IVM (12 IN.) 
1180 M-15.80 'A,21.28-24.65M. CLAY, GREY 

DRILLERS TEST DATA:
 

DATE OCTOBER 1971
 

STATIC WATER LEVEL .3() N
 
PUMPING WATEk.LEVEL 20.9 M.
 
TEST PUMP YIELD 118 GPM (743LPS)

SPECIFIC CAPACITY 0.06.LPS/I (I.86 GPM F'j
 
TRANSMISSIVITY 44 CUMD/M (3500 GPD/FT.) .CLAYSOME QRAVEL,BROWN
 

REMARKS: 
 CLAY, SOME SAND, BROWN 

ROTARY DRILLED 105/c INCHES UP TO
 
24 5M , REAMED 15-/4 INCHES UP TO 142
 
28M. 

ELECTRIC LOGGED 0-1 90 M t SP FAILED 
TO FUNCTION CLAY, SOME GRAVEL, BROWN 

SURFACE ELFVATION 14.99M. 
GRAVEL ,CLAYEY, GREY 

17,5 

CLAY, DARK BLUESOME GRAVEL
ISO 

S - CLAY, DARK BLUE 
WATER QUALITY DATA: 

RVE-Y DARC1 	 AO BLUE 

OCTOBER 1971 1g6 G L E 
TEMP 25oC 200 L GRAVELLY,OARK BLUE 
COND. 469 MICROMHOS/CM. 
TDS 326 PPM
 
SAR 3.03
 
pH 7.r CLAY, GREY 

Ca 1, 0 Meq/I 
Mg 0.62 Meq/I 
Na 3.04 Meq/I 
K 0.13 Meq/I 242
 

Cl 0.23 Meq/.
 
SO4 0.51 Meq/I
 
COS 0.00 Maq/I
 
HCO2,2.90 Meq/I 

ANNEX FIGURE Vl-B-3
WELL DATA SHEET

FCASI.ILITY STUDYV FOR WATER L -CDM WELL CDM-4
 
SUPPLY OF SECOND TEN UPBAN AREAS L U -D ELCV



DESCRIPTIVE DATA 	 GRAPHIC LOG
 

WELN.. .. .D'EPTH I CASING STRATIFICATIONWELL NO. (CDM) to 	 (M) 7 ( FT) 

(OTHER) 	 BPW NO.6406 
BARRIO PAMBUAN ..- GROUND SURFACE

LOCATION- GAN 
---""---_GAPAN _-_ _-__ _--"_ 

-L-Y YELLOW 
CIT Y 
PROVINCE NUEVA ECIJA 	 -- YELLOW CLAY 

CONST. BY ..... _ _ _--__ _--

DRILLER NICASIO TANDOC 	 . 2

:E.STARTED JANUARY 41 1955 $AND 

COMPLETED . JANUARY 15, 1955 11.0 15 .. 

',_-_-__-7L
 
STAT US
 

CASING DIAMETER IO MM. (6 IN) -. =
 
CASING LENGTH 56.6 M(158 FT AND 7 IN.)
 

OWNER 	 -- =-

SPECIFIC CAFACIT..O0 P/ (4 G 	 _.--tF.,--- YELLOW SANDY CLAYLPs-m(4epM,'-FT)S C 

DRILLER'S TEST DATA' 

DATE _________________
 
STATIC WATER LEVEL - 1.22 M (4 FT.)
 

7=.PUMPING WATER LEVEL - 2.74 M( 9 FT.) 


TEST PUMP YIELD 20 6PM. (1.26LPS)
 

_;41.oREMARKS: 


WHEN PUMPING 20 GPM (1.26LPS) --

DRAWDOWN 2.74 M (9 FT.)
 

WHEN PUMPING 25 GPM ( 1.58 LPS) -" --

DRAWDOWN: 32 M. ( I0 V2 FT) 	 --- = BLUE SANDY CLAY 

WATER BEARING STRATA AT 

65.5- 70.4 M.( 215- 231 FT.) ---.-- -

65.5 215 

WATER QUALITY DATA: 	 .. '.".1 
BLUE SAND 

70.4 21 

ANNEX FIGURE VH'-B-4 
WELL DATA SHEETWELL DM-FEASIBILITY 	 STUDY FORwA. LWUA-CDM 

SUPPLY OF SECOND TEN URBAN AREAl 	 WELL CDM-10 



),Crf-2YI', fE k GRAPHIC LOG 

. ,F CANG STRATIFICATION 

(OTHct-) 3pW, 6405 
CA L..~Akk:,;O CAPULANGAN_ ___GROUND SURFACEI... ____ 

PROVINCE __NULJEVA .".C_"
CONST. BY 

DRILLER - .I- -- . i- -C 
SrkTR 'i-ED D fL B ER 20.CIY5 

COMPLETED JANUARY 3, 1955 

OWNER 
STATUS 
CASING DIAMETER 155 MNi (6 N. 

CASING LENG'rH 8 7 M 1"17 FT. 
_ 

Z i-

YELLOW CLAY 

DRILLERS TEST DATA 

DATE _I) 

STATIC WATER LEVEL:. (19 IN.) 
PUMPING WATER LEVEL - 9 ( 31 F1.} 
TEST PUMP YIELD_92GPM( 1. 3 LPS) 

SPECIFIC CAPACITY 0.3 LPS/M(!.7 GPM/FT) 

. 04 

SLUE 8ANDY, CLAY 

REMAfRKS: 

36.C 120 

'58.7 127 - YELLOW, SANDY, CLAY 

411 135 

A4.2 148 

~~~ 
~ I.2>~:SLUE $AND 

WATER QUALITY DATA: 

ANNEX FIGURE MI-B-5 
WELL DATA SHEET 

EASIBILITY Y A-CDM WELL CDM- 12SUPPLY OF SECOND TEN URBAN AREAS 



_________ 

- -

__ __ 

DESCRIPTIVE DATA 	 GRAPHIC LOG 
DEPTHP(FT) CASING STRATIFICATION
 

WELL NO. (0DM) l 

(OTHER) BPW NO. 7808
 

LOCATION BARRIO SAN LORENZO- - .-- GROUND SURFACE
 
GAPAN
CITY 


PROVINCE NUEVA ECIJA
 
CONST BY 
 BPW -Y -- YELLOW CLAY
 
DRILLER GASTON DELOS PRIMOS
 
STARTED MAY 16,195 ___
 

COMPLETED AUGUST 5,1955 24.4 -0
 

OWNER GAPAN WATER DISTRICT 1o0 _._ ORAVEL
COARSE 

STATUS SOURCE WELL 	 00---- --- YELLOW fRTICKY CLAY
 

CASING 200 MM(81N.)-0 TO 125.6M 3e.0 125
 
150 MM (6 IN.) -125.6 TO 183.5 M - .
 

-- . ... O SND CA 

YELLOW SANDY CLAYDRILLERS TEST DATA: 

DATE _ _ _----_ _-
8TATIC WATER LEVEL +I1.22 M (f T)
 

ABOVE GROUND LEVEL -- --


PUMPING WATER LEVEL -2.44,M (8 FT F 76.0 250 --

TEST PUMP YIELD 80 GPM ( 5.04 LPS.) 

SPECIFIC CAPACITY 1.38 LPS/M - -


REMARKS'-_----	 .---

RB LUE CLAY
-- STICKY 

WELL WAS FREE - FLOWING AT -
30 GPM (1.9 LPS)
 

SOLE SOURCE OF GAPAN WATER DISTRICT. - 

120.4 395 

125. 412 	 SANDSTON 
' t2.5 425 _ 

____ADOBE CLAY
 

140L0 4 6o0 

YELLOW CLAY
WATER QUALITY DATA 	 4 

146.0 485 

I I'BLUE FINE SAND 

150.5 520 

-- -- ;------i BLUE STICKY CLAY 

FINE SAND 

SAND AND GRAVEL8060 5o """"0so-

.. COARSE SAND 

ANNEX FIGURE iI-B-6 
FEASIBILITY STUDY FOR WATr WELL DATA SHEET 
SUPPLY OF SEOND TIN ,U,A ARA, LWUA-CDM 	 WELL CDM-15 



DESCRIPTIVE DATA GRAPHIC LOG 
$i-%G S T RATIF;C.'TI; 

WELL NO. (CDM) 

(OTHER) 
LOCATION 

CITY 

... PW NO. 76ii 
_________HIGH ?CHOOL COMc'.ND 

POBLACIONdW
GAPAN 

(F.T-)____-_____NG 

_____-GROUND' 
__.-

i V 

SU11F1ACE 

.TICKY CL
OWI X 

PROVINCE NUEVA ECiJA 4 aLU STCKY Ct.Y 

CONST BY 
DRILLER 
STARTED 

- . PW 
GASTON DE LOS PRIM-S 
SEPTEMBER 5, 1I51955L 

. 2z .... - -

W 

- - -

O A 
-O--.-1 

- -. 

COMPLETED 
OWNER 
STATUS _V-LLO 

CASING DIAMETER 
CASINO LENGTH 

SEPTEMBER 16 

I50 MM (6 IN. 

Mi I (207 FT ) 

-o 

V 

YLL STICKY CLAY 
.. 

3 r IcKY 

CLAf Wiifh GRAVEL 

_______24.0 s0o 

DRILLER'S TEST DATA; 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 

3.3 M (10 Fr.)T 
6.6 M -(20 FT.) 

TEST PUMP YIELD 20 Q-(? 1.26( 
WATER BEARING STRATA 62.5- 65.5 M 

(205-215 FT) DEEP. 
SPECIFIC CAPACITY 0.42 LRVS/.2.0GPM/FTJ 

YLLOW STICKY CLAY 

REMARKS: 

.SAND 

a". 2115 

WATER QUALITY DATA: 

WATER, FRESH AND CLEAR 

ANNEX FIGURE Y--B-7 1 
WELL' DATA SHEET I 

FEASIBILITY STUDY FOR WATER LWUA-CDM WELL CDM-6 
SUPPLY OF 81COND TEN URIAN ARIEAS ! A 



_ _ 

DIFSC , IPTIVE DATA GRAPHIC LOG 

DEPTH I I 
WELL NO. (CDM) 22 ) T CASING STRATIFICATION 

(OTHR) PW 15080 
LOCATION BARRIO MALUPAN --- GROUND SURFACE 
CITY GAPAN 
PROVINCE-..-NUEVA ECIJA - LOECA 

CONST BY AY 

DRILLER QUIRINO CRUZ 
STARTED FEBRUARY 711957 4.3 14 

COMPLETED MARCH 21, 1957 
OWNER ADOBE 
STATUS ________________ 

CASING DIAMETER 112 MM (.4 1/2 IN.) 
CASING LENGTH -37. B M (124 FT.) 2 

a GRAVEL 
DRILLER'S TEST DATA: 

DATE__ _ _ _ _ _ _ _ _ _ _ _ _ _ 

STATIC WATER LEVEL -4.6 M ( 15 FT. 13.1 43 HARD GRAVEL 
PUMPING WATER LEVEL - 6.1 M (20 FT.) 

1.2 49.

TEST PUMP YIELD 20 GPM.( 1.3 LPS) 

SPECIFIC CAPACITY 0.8 LPSIM(40GPM#T.) -- _ HARD CLAY AND GRAVEL 

1S.0 59 

RE MAR KS: 

HARD ADOBE
 

_ __ . BLUE CLAY
 

WATER QUALITY DATA: 

34.7 114 - - -- --

ADOBE STONE 
35.7 117 

NIPb '".. SAND AND GRAVEL 

ANNEX FIGURE M1I-B-8 
WELL DATA SHEET

FEASIILITY STUDY FOR WATER LWUA'CDM 
IUPPLYOF SECOND TEN URBAN AREAS .r'AWL C 



j. VL ;,..07 " P'iWL 	 GRAPHIC LOG 
DEPTH 3 CASING J STRATIFICATION 

WELLNO. (CDM) 

(OTHER) 

LOCATION 

CITY 

PROVINCE 
CON ST. BY
DRILLER 

STARTED 

COMPLETED 
OWNER 
STATUS 
CASING DIAMETER 
TOTAL DEPTH CASED 
TOTAL SLOTTED CASING 
GRAVEL SHROUDED 

DRILLERS TEST DATA: 
D A T E 

G41.N TEST WELL-NO.I 

FREEDCM PARK 

GAPAN 
NUEVA ECIJA 
KATWELL INC.ELMER PAYNO 

NOVEMBER 22, 1976 

MARCH 26v 1977 
LWUA 

250 MU 
188 m 
66.5 M 

DAT - MARCH 22,1977 
STATIC WATER LEVEL - __ _ 

PUMPING WATER LEVEL MMSOE 
TEST PUMP YIELD -0 GPM.(37. 8J-PSl 
SPECIFIC CAPACITY 3.7 LPS/M(17.7GPM/FT) 
TRANSMISSIVITY 440 CUMD/M 

REMARKS: 

SLOTTED SECTION LOCATIONS 
DETERMINED FROM ELECTRIC LOG 
20 SETS (3 CENTRALIZERS/SET) OF 
CENTRALIZERS INSTALLED AT 
PERFORATED SECTIONS. 

75 MM GRAVEL FILL PIPE PLACED DOWN 
TO 13.2 M. BELOW GROUND LEVEL 
ARTIFICIALLY GRAVEL PACKED 
EOTTOM OF CASING WELDED SHUT 
BEFORE INSTALLATION 
12.2 M OF CEMENT SANITARY SEAL 

WATER QUALITY DATA: 

COND. 352 MICROMHOS/CM 
pH 7.75 

(M) (FT) | _ 

- TGROUND 
3.0___I 0 

13Q 

3 

• 

38.1 
4 1 2 
44. 

62.462.6 


12.2 TO 190 M 
• 

75.0 

MARC 227977a,., 

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

01.1 
84.1 

96. 

102.7 


I. 

106 


119.0 

134.4 

Sa 


46.3 

162.5 


16. 5 

170.7 

204.3 

lO 

25 

_3 	 5 

54 

7lln-K0tMD 


20
206
 

246 
z6 

26,e
 
276 

3126 


337 


70 


390 

420 
441 

45 


40LA 

5.S
 

, 

8I60N
 

s7o 

7
 

7. 

! __ 

SURFACE 
TOPLLIQLOILL 

__3ERY PI.NESAND,UG-RD 

- LAYL 

FINE SAND, ANQULAR 

E.DIUM BAND, ANU -I -- IMSND NUA 

GRAVEL , ANGULAR 

11UB-ANGULARCLAYEYMEDIUM SAND 

SUS-ANGULA CLAYEY 
- A N GU'_C ', LAE _ Y _ - I_U Dr_ 

L 

-RUNE_,CYY 
-DCLAYEYFINE
 

.. _5 
\LAY 

ANGULAR , COARSE BIAND 

SUB-ANGULAR,COARSE SAND
 

I.ANu 

A G L R 

A-ANGULA--


ANGULAR, 
ITH 

ANGD 

CARgr 
.. SUu-ANULAR, cACOARSE SAND 

\O NGULAR VERY COARSE SAND 
\AGUAR ASESAND WITH 

ANGULAR,-c-MSE SAND WITH 

U2s. S__UB-ANULARC____E= -Z UB-ROUNDED, coCARISLSAND 
\ - CLWTcAY A 

3SA7 
LAU IT 

CAF4 
U-ANGUAR E 

BN 
SAND 

till 

L 

yERY COARIE, ANGULAR SAND 

\ANGULAR, COARSE SAND 

W___ITHSOM E CLAY 

, i VERY COARSEANOULAR SAND 

-1- - VERY QOARSE SANDWITH CLAY 

---.- I -- , SANDY CLAY 

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 VJI-B-9WE.LL DATA SHEET 
WELL DT S
 

WELL CDM- I 

oS N
 
.QA.E--


COARSE SAND 
GRAVEL 

"No 

M__l 



SELF 
POTENTIAL RESISTIVITY GAMMA RAY 

DEPTH - + OHM-METERS COUNTS/SEC
METERS..._- -----0 -2 0 O 

10
 
- - -NIL-

20
 

30 " - . ....-

40 NOTE: 
..- WIDCO 1200 LOGGER 

SINGLE POINT 

RESISTIVITY 
GAMMA RAY LOG: 

TIME CONSTANT 
70 .. 0
 

RECOVERY SPEED
 

4 M/MI N.80 

90 

110 

120 --7 -7- --
130 

2150 

120I I !
160 - -

170 

180 

190 Q 

ANNEX FIGURE UJI-B-1O 
FEASIBILITY STUDY FOR WATER ELECTRIC LOGS 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM GAPAN TEST WELL 



DRILLER AT RIG CONTROLS 

* I" 

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 
e>1-DRILLING OPERATIONS 

GAPAN TEST WELL 



ANNEX TABLE VII-B-2
 

PUMPING TEST - OAPMN TEST WELL 

Data: 	 Start Ptmping 22 M.ar 1977, 4:00 p.m. 
Start Recovery 24 Mar 1977, 4100 p.m. 
Pumping Rate 37.8 ips 
Original Static 
Water Level 3.66 m
 

DRAIIDOIN TEST 

Pumping 	 Water Drawdown 
Time (mmn) Level (in)(m 

0 3.66 	 0
 
1 8.56 	 4.90 
2.5 8,.78 	 5.12
3 9.00 	 5.34 
4 9.14 	 5.48 
5.5 9.31 	 5.65
 
6 9.27 	 5.61
 
7 9.41 	 5.75 
8 9.56 	 5.90
 
9 9.63 	 5.97 
10 9.67 	 6.01
 
11 9.72 	 6.06
 
12 9.83 	 6.17
 
13 9.92 	 6.26
 
14 9.82 	 6.16
 
15 9.77 	 6.11 
16 9.87 	 6.21 
17 9.89 	 6.23
 
18 9.89 	 6.23 
19 9.92 6.26 
20 10.06 6.40 
22 10.06 6.40 
24 10.13 6.47 
26 10.21 6.55 
28 10.26 6.60 
30 10.26 6.60 
32 10.34 6.68
34 10.35 6.69 
36 10.33 6.67 
38 10.40 6.74 
40 10.41 6.75 
45 10.45 6.79 
50 10.58 6.92
 
55 10.63 6.97
 
60 10.65 6.99
 

10.73 	 7.07 
10.83 	 7.17 

VII-B-12
 



ANNEX TABLE VII-B-2 (Conti.med) 

Pumping Water Drawdown 
Time (min Lvl(m M 

2640 14.03 10.37
2700 14.00 10.34 
2760 14.06 10.40 
2820 13.90 10.24 
2880 13.88 10.22 

RECOVERY TEST 

Time Since 
Pumping Started 

Time Since 
Start of Recovery Ratio Water 

Residual 
Drawdown 

S(t) _tt) Level m) m 

2880 0 00 13.88 10.22 
2881 
2882 

1 
2 

2881 
1441 

7.72 
7.56 

4.06 
3.90 

2883.13 
2884 
2885 
2886 

3.13 
4 
5 
6 

921.13 
721 
577 
481 

7.43 
7.15 
7.08 
6.94 

3.77 
3.49 
3.42 
3.28 

2887 
2888 

7 
8 

412.43 
361 

6.82 
6.76 

3.16 
3.10 

2889 
2890 

9 
10 

j21 
289 

6.68 
6.63 

3.02 
2.97 

2891 11 262.82 6.59 2.93 
2892.3 12.3 235.15 6.52 2.86 
2893 
2894 
2895 

13 
14 
15 

222.54 
206.71 
193 

6.49 
6,41 
6.37 

2.83 
2.75 
2.71 

2896 16 181 6.34 2.68 
2897 
2898 

17 
18 

170.41 
161 

6.31 
6.28 

2.65 
2.62 

2899 19 152.58 6.25 2.59 
2900 
2902 
2904 
2906 

20 
22 
24 
26 

145 
131.91 
121 
111.77 

6.22 
6.17 
6.12 
6.09 

2.56 
2.51 
2.46 
2.43 

2908 28 103.86 6.05 2.39 
2910 
2912 
2914 

30 
32 
34 

97 
91 
85.71 

6.04 
6.01 
5.98 

2.38 
2.35 
2.32 

2916 
2918 

36 
38 

81 
76.79 

5.96 
5.93 

2.30 
2.27 

2920 
2925 

40 
45 

73 
65 

5.91 
5.79 

2.25 
2.13 

2930 50 58.6 5.78 2.12 
2935 
2940 
2950 

55 
60 
70 

53.36 
49 
42.14 

5.60 
5.58 
5.52 

1.94 
1.92 
1.86 
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AN= TIALE VII-B-2 (Continued)
 

Pumping Water Drawdown 
Time (min Level (i) (M) 

90 10.95 7.29 
100 10.96 7630 
110 11.00 7.34 
120 11.22 7.56 
150 11.41 7.75 
180 11.56 7.90 
240 11.84 8.18 
300 11095 8.29 
360 12.06 8.40 
420 12.12 8,46 
480 12.19 8.53 
540 12.33 8.67 
600 12.46 8.80 
660 12.15 8.89 
720 12.60 8.94 
780 12.71 9.05 
840 12.80 9.14 
900 12.84 9.18 
960 12.84 9.18 
1020 13.20 9.54 
1080 13.26 9.60 
1140 13.32 9.66 
1200 13.36 9.70 
1260 13.46 9.80 
1320 13.49 9.83 
1380 13.47 9.81 
1440 13.53 9.87 
1500 13.54 9.88 
1560 13.52 9.86 
1620 13.60 9.94 
1680 13.58 9.92 
1740 13.58 9.92 
1800 13.60 9.94 
1860 13.60 9.94 
1920 13.65 9.99 
1980 13.64 9.98 
2040 13.60 9.94 
2100 13.61 9.95 
2160 13.60 9.94 
2220 13.56 9.90 
2280 13.56 9090 
2340 13.58 9.92 
2400 13.94 l0.28 
2460 13.96 10.30 
2520 13.98 10.32 
2580 14.07 lO.41 
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Time Sinoe 
Pmpin StartedIt 


2960 

2970 

2980 

2990 

3000 

3030 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 

3600 

3660 

3720 

3780 

3840 

3900 

3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 


A3MJEX I'ABLE VII-B-P2 

Time Since 
Start of Recovery(t=N
 

I-A 


80 

9o 

100 

110 

120 

150 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

9oo 
960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 


(Conbinued) 

Ratio 

37 

33 

29.8 

27.18 

25 

20.2 

17 

13 

10.6 

9 

7.86 

7 

6.33 

5.8 

5.36 

5 

4.69 

4.43 
4.2 

4 

3.82 

3.67 

3.53 

3.4 

3.29 

3.18 

3.09 

3 

2.92 


Residual 
Water Drawdown 

Level (Mn) 

5.44 178
 
5.39 1.73
 
5.35 1.69 
5.29 1963
 
5.21 1.55
 
5.13 1-47
 
5.07 1.41 
4.90 1.24
 
4.79 1.13
 
4.65 0.99
 
4.57 0.91 
4.48 0.82
 
4.41 0.75
 
4.35 0.69 
4.27 0.61 
4.22 0.56 
4.21 0.55 
4.20 0.54 
4.19 0.53 
4.13 0.47 
4.19 0.53 
4.15 0o49 
4.10 0.44 
4.13 0.47 
4.12 0.46 
4005 0.39 
4.02 0.36
 
3.98 0.32 
3.98 0,32
 

VII-B.15
 

http:VII-B.15


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

CASING HANGER---- --

-CONCRETE PUMP BASE - STEEL SURFACE CASING 
550 MM DIAMETER 

00 

-GROUT SEAL
 

15 M MINIMUM DEPTH 

STEEL PUMP HOUSING CASING- RAVEL PACK 
350 MM DIAMETER 
25 TO 100 M LONG 

REDUCING CONE 

-STEELBLANK CASING 
250 MM DIAMETER 

CENTRALLIZERS * 	 250MM DIAMETER 1.5 MM SLOT 
CONTINUOUS WIRE WRAPPED 
CORROSION RESISTANT STEEL 
SCREEN PLACED OPPOSITEPERMEABLE ZONES 

OVERDRILL (BACKFILL IF 
EXCESSIVE) 

STEEL BLANK CASING 
(2 M MINIMUM LENGTH) 

200 M TO 'A00 M 	 " ---- ILOT HOLE 

ANNEX FIGURE 'I-B-13 
GENERAL DESIGN 

GRAVEL PACKED WELL 
FEASIBILITY STUDY FOR WATER ROTARY DRILLED 

SECOND URBANSUPPLY OF TEN AREAS LWUA-CDM 	 GAPAN WATER DISTRICT 



SUPPLEMENT TO FIGURE VII-B-13
 

GENERAL CONSTRUCTION SUGMSTIONS
 

Gravel Packed Well - Rotary Drilled
 

1. 	 Drill oversized hole to 15-meter minimum depth (more if condition 
condition require), set and grout 550 mm surface oasing. 

2o 	 Drill small diameter pilot hole inside surface oasing to 200 
or 300 meters (or less if in an area where saline groundwater
 
at depth is anticipated). 

3. 	 Run electric log. 

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

5. 	 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. 

6. 	 Install string of casing and screen with screen opposite all
 
permeable zones. Pump housing casing to be 2 5-meter minimum
 
length, maximum length dependent on depth of upper screened
 
zone and anticipated maximum water levels during life of oll. 

7. 	 Place gravel. 

8. 	 Clean and develop well thoroughly. 

9. Test well. 

10. Design pump.
 

11. Construct well head facilities. 

12. Install pump. 



'iMAPTER VIII ANALYSIS MID EVALUATION OF ALETEATIVES 

A. GENERAL 

The alternatives available for source development, treatment 
facilities, transmission, distribution systom and storable to meet peak
hour demands are identified and evaluated in this chapter. Other 
water conservation and augmentation alternatives are also discussed. 

13. WA'ITR SUPPLY SOUF:CE ALTERNATIVES 

Surface Water Sources
 

The Fefiaranda 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 Gapan 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 Peharanda is impractical as it would flood much 
valuable land. The Pefiaranda River therefore is not a practical 
source for water supply for Gapan. 

'ITe Pampanga River, about 6 km from the Gapan poblacion, is a 
large river. Near Gapan, at Barrio San Antoniot 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 cumd. 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-WID has been using ground water from a well in the service
 
area since 1933. It is believed 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 
also certainly have good yield throughout the years as they can induce 
infiltration from the river. An apparently suitable location for 
induced infiltration wells beside the Pampanga River has been found 
about 6 km from Gapan. 
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Two ground water sources may therefore be considered as possible
 
sources of water for 
aapan - deep ells in the service area, and
river bank induced infiltration wells 
aion ; the Pampan&.a River located 
6 km from Gapan. 

No large capacity sring are kno1,n to exist in the vicintiy of Gapan. 

Source and Transmission Analsis 

The discussjon above indicates 3 sources capable of supplying
water to the GAP-WD: surface water from the Pampanga River; inducedinfiltration wells beside the Pampanga River; and wells in the service
 
area.
 

Supplying water to Gapan from the surface water in the PampangaRiVer 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 process would certainly cost more than

supplying the quality from
same water induced infiltration wells on
the banks of the same iiver, as treatment and double pumping would
 
not be needed for the water.
well 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 
cured 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 a8 contrasted to a few

wells with higher capacity, as 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 nm 
pump housing pipe and 200 mm screens; (3) will each provide 5,450 cured 
with pumping water level of 28 meters below ground level; and (4) willbe 500 meters apart. Transmission mains will be constructed from the 
wells to the poblacion through San 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 preoent worth costs of these 2 alternatives 
are presented in Table V211-]. 
 The comparison shows that s,,yly from

wells in the service area will be cheaper by aypioximately 4.4 million 
peuos Iaed on costs throu:h the year 2UX). 

C. '!. 14., LTE iNA ;ITVi1 

Water qgality test 
results for the existing ;AMr-Di) production
well, 
4 other wells in lFirvios near the Gapan poblacion are shown in 
Table -I,, ani the eiiar;inda unld T,:inalunzrao 'livers in Table VII-4. 

AMUal.'As of -,al'lee from the GAY-WD Proluction well and three
other barrio wells shows thit 
aMl chermical cnnatituents are within

the accept;able limits of the Phililpine National .3t;dards for D)ril
kina Water.
 

The well in Narrio r:alimba h:u ; 0.25 m,/l man-nese contentexceeding; the r'ermi,.ible lirmit or 0.1 m;/t . The Peijaranda and a
tri bu t,.r-i.1e .',,Aumacho Hiver , have a maan,iuese content of 0.2 md/

-trd 0.,1', r':i,:lively, which also (xcoed the pernissible limit

'or riww meSe. In conentratjiuj 
 not aairn nt t, steu,u,:le,au

mfnga.lie~e is re~:arded to be of no to,: icol:,ical ii.,nijiic.ace in drin
kin water.
 

Un.iter s.'nr les 'rs,, the FLIili t.(-tt we', I inji ci td t.hat 'hr.:.. .a:s
"XW',h.:;ive tVa:'i, y, Volta And iro'on (']:u,]u "TT- 4 in that. well. A;,djunub: ed :illMh "Ler V71' the t.urLiA'Jt:. O, M,-. hei, to in-V i,, an 

comple te w. I devo olmer t. ..,, t.e iron mAy 1,e d m t" in 
 ,N lete we!l 
developmnr t or poor .,.lity wate-r from a s inle screvni section
 
which mli'Tht le sealed.
 

Water from wel b within the ,AT-.1 (the mowt econuoni ,al ult rniative) , i' (1 ne,i"e id constructed with p w r sal' ui:.,ds , W I l,
Prolal,]y not require ;ansy tre: toMI. However, in order to pves, rve
the .ooI qnntlily 
of waler thruh,,t the ,IIuLrihution systeu, .is
infi :rti,'n woul i he rec ssary at the 
s.ur,;e:,. Disirifection m-y b-)#accompl is ed with various mthu.s ,i.ch are ,i.c.tsed in Ape:dix J,
Volume 11. lor economic ad p'ractical re.,iNs (ready avail:rbililv
of the equipmunt, easy supply :,' :pl ic:ttion, ;ui l:stin , urrective
ne.s), cl]orkiration A. the recommended irncews f'o.r disinfection.
 

A'. D~~tISN IPItON AL.TEM:M
'U 1
 

,ene ral 

The distribution allernALive- conridered for the -3AI-';l1 are ;resented in thit section. The recommended iprorm,::t ),rir;ui for the 
water system is discussed in Chapter IX. 
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TABLE VIII-l 

COKPARATIVE PNZSENT WORTH COSTJOF ADDITIONAL
 
SUPPLY ALTRNATIVESYJ
 

Conatrvotion Cost Present Worth Cost 2 / 

-(P x 1000 (P x 1000) 
Wells in Sarvioe Area
 

Wells and Pumphouses P 7,410 P 1,581

Distribution Pipelinesy -.
 
Transmission Pipelines --

Operation and Maintenanoe -


Total Present Worth Cost P 3,012
 

Induced Infiltration Wells on 
Pampanga River
 

Wells and Pumphouses P 20206 P 510
 
Distribution Pipelinesu/ 1,436 794
 
Transmission Pipelines 12,120 3,408 
Operation and Maintenance - 21657 

Total Present Worth Cost P 7,369 

The components of a water distribution system and some of the 
alternatives in planning a system are discussed in Appendix K. The 
design criteria for the distribution system are given in Appendix F. 
Appendices F and K were largely developed for the First Ten Provin
cial Urban Areas and are applicable 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 
discretion. 

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

g/Includes salvage values and replacement costs. 
i/Cost for distribution pipelines only Inoludes the" costs in 

excess of distribution costs of other alternatives. 
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Particular attention han been given to the requirementr of fire 
flow in the GAP-4D. In general, fire flow is applied at various 
locations in a ,y, -oinidntally viitih maxi.,um-day demanads, and 
the pipelines are sized to convey the required flow at 4pecified head 
losses, In 2arge ncm.inities.. the tr, ;al jx'ak.-hour f1 lo -eater 
than the max.-&dpy i iow plis fire flow and therefore rola-ively mid 
nor adjustments are recquirad in the pipe system to provide fire flow. 
In the Smal.er coir-unies, espeoially small barrios come distance 
frow the central poblaA.on, the fire flow alone o xn. be .. or 4 times 
the total penk-ho-tr derand. 

Providing ad.equate fire flow to areas where the fire flow may be 
far greater than the ulti.mate peak demand Is rarely Justified economi
cally; but some f-Ire protection should be provided. In this study# 
information is given on the available fire fiow at various locations 
where the system has been designed for conditions other than fire flow. 

The flows used for the design of the various components of the 
distribution system for the GAP-4WD are as follows (see Water Demand 
Projections, Chapter Vi): 

i2 2IMO2000 

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-Dar Water Demand, cumd 2,750 7,990 19,960 

Peak-4four Water Detaid, cumd 4,010 11,660 29,110 

Pressure Zones
 

The ground elevation within the future service aea of the 

GANW through the year 2000 varies from a low of 13 meters in Barrio 

San Roque to a high of 22 meters in Barrio Santa Cruz0 The larger 

portion of the sexvice area includin, the poblacion is situated at an 

elevation of 18 meters. 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
 

Storage facilities are provided in a distribution system to meet
 

hourly fluctuations in demand over the day. The usual requirement
 

for operational storage is 15-20 percent of the maximum-day volume,
 

assuming the source of supply is capable of providing water at a rate
 

equal to maximum-day demand,
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In the flat- s t anlzon, s pore i liy , roded 
by means of an elsvated 6torage tank. This type of t ,uk lb Wery 
costly in the Fhil,.; becazao it muot be 4esign.ed to withcLawl 
high seismic loadiso An alternative method of meeting ae.,tnd fl-o 
tuations h.s been ifvcstig;ted for GapLa. 

As previously discissed the leaot-ost souroE *1ic-ntt1vs for 
Gapan is pumped Croundwawter. it is possble to inst tl additionral 
pumping capacity above the maximuni-da% demand rate in vrder to meet 
part of the peak-+our fluctuations and thereby reduce the wtount of 
storage required, The rationalo for providing additi-oOa pnping 
capacity 9-nd a ourvo to be used in entimating the required atot, 
volume based on varicue supply rates is presented ir hthodology :iemoran
dum No. 5. Ai eoonomin analysis comparing the cost.- u providing 
additional supply or st,-r-we for iapanpresented in Table VII-2.s 

Table VIIi-2 shown that in Gapax, providing additional pumping capac.
ity to meet hourly fluctvntions i.n demand would be .less costly than pro
viding extra stor,ge volume. It is recommended that Additionai pumping 
capacity be provided in 0IAP-WP and the volume of stora!g be minimied. 

Distribution S 

1The analysio for thi.o distribution system of Gapan gonerally fol
lowed the guidolines tr:-n in Appond.ces V and K. Unlike the First 
Ten Areas Feasibility Studes, oomputer ana.1-sis for the Second. Ten 
Provincial Urban 4reas considered pipelines amaller than 200 innm 
diameter, Gapan has veiy few pipelines greater than 200 ilm eve:n in 
the year 2000. 

The dibtr.b; tior. an.-sis did not include studies of vaa-ious 
alternative pipeline co)igurations beoauee the locatioan of pipes is 
controlled by the location of roadways and the barrios to be serveda 
However, tho analysis included alternative locations of Ccucoes of
 
supply. 

The, ocatjon of* tlh -.ell supplies is pa.tially centrnlled ny thV 

distance between wells to minimize drawdown interfsreine. Another 
criterion for well location is the location of the centere of demfnd. 
Generally it is cost 6ffective to locate wells near ninters of demanid 
to reduce pipeline sizer in other Farts of the distribution sybtem 
In locating wello at oenters of demand, the capacity of the wells 
must be considered. IyCraulically, the most efficienl well OacteAoy 
would be equal to the water demand in the area of the well, lioeGvert 
it would be more practioal to have wells of about the sailne Oapacity 
for easier operation and control of' the pumping ratti a deirand fluc
tuates. 
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ALITFINAII-E, J 'iAUNIALYS V~ 

ve 1tern.xA, Alternative 3i Klie~rative 2 
(Inet rmnediate 

St'oraws Roquir~od , 69~'tk 
(Vo .h..-e, orn) :')5(75 

780 380 

Present Wo 11 Coo±tf i '!tWA) ) 

WelbI 
510 
910 

310 
1.250 

-
1,410 

O0po-ation ad iant+nnccc 15) 210 230 

To.t a '- v- 0 Fi ,770 71,640 

rrjoa.r,.oi .y in Gpate would be about
63 l- ,;0 giif onstructed, rela
tively few wells wotdd be r r., Havrng tew large-oapacity wel].s 
propeil1 t4c o l. The f-:t L th;t the overall cost of pipelinee 
would inore~s; as 1ar-&: tjizae: wo-id Ie n to supply water to remote 
parts of' Lh, iytuterm The Peclmd poblem :Is that, with relatively few 
larga-cap-aoity -"'ls .o rat-os could oiiy be changed in large inurements of f 1ti. ring ri iod-.oi low demand the large pumps would have 

short cyclinxq tife. A ciore efficien' method of ¢.rration is to havir 
smalier-capiaiity weills (. that the o.ijrator can control the flow to 
closely match te ch-nje in dem<aLudV 

Two lternLtvces t -re analyzCd- to Atermne the most economical 
oapacity of wolR for tJro deiign year- i990 Altctzative 0"..o.s..Ts I 
2 wells in the 3.ystem, !:aoh of 63 lps (I.000 an) oapacity. The first 
well would b-, oontrucvi.,i In 1979 az part of the imniediate improvement 
Program on Don Simeon treet near F'reedom Park and the second well 
would b.. coresti-uted ia 19 3. at tLi sibe ,)f the Pxisting well on 
Bonifacin Stroete Al(,<irnative 2 consists of cqnstructir a 63 lpo 

I 000 qm) w;ell on Don 2ne)r St.eet neaor Freedom Park; a 31.5 IpS
k500 gp-) woil on Canine Street in P rro Sr Nioi~s in 1983; a 
seoond 31.5 .pu wll], at. tha existing well site on Bonifacio Stre+.. in1987. 

iAnalysis inoludes all facilitiee to the year 2000' 
Zfjce nt ee of maxdrnumn-day demand 

=Only inludes ndditioal stotere to ezlti: 380 om P-cX'ra tan-k. 
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The computer din)tribution analyois 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 possible so that a direct cost comparision would be 
valid.
 

Table VIII-3 showo the results of the present worth analysis com
paring the pipeline costs and the total well costs, The analysis
 
indicates that it is more cost effective to construct 3 wells located
 
near the demand centers, Alternative 1 requires an additional P220,000 
in pipeline construction costs, and is about 14 percent costlier than
 
alternative 2. Given that the cost estimates are probably accurate only 
within 10 percent, the actual difference appears quite small in view 
of the entire project cost. However, even if the alternatives are 
essentially equal in costs, alternative 2 would still be more favorable 
because of operational advantages discussed 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 centers.
 

Fire Protection
 

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

The alternatives considered for fire protection in Gapan took the 
consumers' "ability-4o-pasy" into account. The guidelines for system 
design in Appendices F and K were violated in some cases to mitigate 
the financial impact on consumers. 

The immediate improvements program (1978-1979), which is aimed at 
providing adequate domnatio 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 progam web's designed to provide full fire protection to the con
sumers, the coFt of the improvements required would become too high for 
the program to be feasible. 

The d: stribution improvements recommended under the immediate 
improvement program, including the existing facilities, would be capa
ble of providing abolit 50 percent of the required fire flow to most
 
sections of Gapan, provided adequate supply and 24-hour operation 
were achieved. Some of the existing hydrants would require rehabili
tation to provide partial fire protection. 
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TABLE VIII- 3 

PRESENT WORTH COMPARISON OF WELLSIZE AND 
LOCATION ALTERNATIVES.U 

Alternative 1 2Wells) Present Worth 
Well No. 1F 960,000
 
Well No. 2 6609000
 
Pipelines constructed in 1980 10,000

Pipelines constructed in 1985 1401000

Pipelines constructed in 1990 10,000
 

to provide 

Total P1,780,000 

Alternative 2 (3Wells)
Well No. I P 960,000 
Well No. 2 380,000 
Well No. 3 220,000 

Total P1t560,00 

For design year 1F90, the distribution improvements would be able 
about 70 to 100 percent fire protection although full pro

tection 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 section on System Operation 
and consequently some pipelines were increased in size. The capacity 
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 discussion of fire protection relates only to the 
capacities of the distribution mains, In providing fire proteotion, 
an adequate number of fire hydrants also has to be considered for the 
various service areas. The primary criterion for providing fire hy
drants would be the degree of development in a specific area. In 
Chapter IX, a schedule of fire hydrant construction is included, based 
on the projected development in Gapan. 

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

7/Includes 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 o1' 20 Ips at 2 adjacent fire hyd ,ants should be provided;
in the single-family residential areas, only 10 Ips at 2 adjacenthydrants should be provided. The quoted percentages of fire protection

for the design yearo 1980, 1990 and 2000 are on thebased required flowsfor these two types of fire protection. Figure VIII-1 shows the out
line of the fire service areas in Gapan. 

System Operat ion
 

This section includes various operational aspects of the alter
native distribution systems. 
 While there are no different distribution 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 were conducted on several
combinations of demands and number of operating wells. 
 In the analyses,

only operating problems, that commonly occur such as one well being outof 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 demands at minimum pressures when 2 or more wells are not in operation,

were not considered. 
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 ivestigated in Gapan was when one well along one of the long extensions of the distribution system,
radiating from its central section, has become inoperable. This may
occur if one well breaks down or if a well is out 
of service for routine

maintenance. 
Under this condition, the distribution system is assumed
to have been designed to meet average-day demands at minimum pressures.
It would be possible to meet peak-hour conditions with larger pipelinesbut 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 possible outside the poblacion to meet water
demands. 
This operational procedure 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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oient number of wells would have to be operated to refill the tank. 
However, the major problem in this operation schedule is the time 
available to control the number of wells in operation as the water
 
level and. pressure fluctuate. In thc year 2000, for instance, the 
recommended volume of storage (500 cum) would provide the operator

about an hour to change the number of" wells operating* This estimate 
is baed on the assumption thtv the tank is one-half empty and that 
there is an excess cupply rate of 63.0 lps. 

As experience i gained in the operation of' wells, a schedule
 
of operation based on normal demane variations may be devised. If a
 
satisfactory schedule is devised, the system may go vuiattended for
 
several hours*
 

Internal Network
 

A general 1hut comiplete discussion of the internal network for
 
distribution system is included in Appendix K. The small size of the 
GAP-WD does not affect the application of the recommendations con
tained in Appendix K since those are the minimum pipeline sizes 
recommended for any municipalir. The cost data contained in Appendix K 
would be multiplied by a factor of 1.21 to obtain mid-1978 costs in
 
this report,
 

E. 	OTHER ALTERNATTVES FOR WATER
 
CONSERVATION AND AUGIMNTLTION
 

In areas where water is a scarce resource, there are several
 
alternative measures of conserving water. 
These alternatives depend
 
o n sophisticated technology in the case of' water reuse and de
salting or on governmental policy in the case of land management. 
Appendix M, Volume II is a discussion of these conservation and aug
mentation altern'atives,
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ANNEX VIII-B
 

SCHEDULE OF FACILITIES FOR ALTERNATIVE ANALYSIS
 



ANNEX VIII-B-I 

COMPARATIVE PRESENT WORTH COST OFI UPPLY 
FROM WELLS II SOURCE AREA-I 

Construction Present Worth Cost 
Date Cost ? x 1000 (Less Year 

Item Constructed (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 Punp 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 41 
Well and Pump House 1997 658 30 
Well and Pump House 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 

P7410 

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

YEconomic life taken as: 

Well and Pumphouse - 25 Years 

Replace Pump and Motor - 15 Years 

For the remaining items, refer to Appendix F, Volume II. 
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ANNMX VII-I-B-2 

COMPARATIV PRESENT WORTH COST OF SUPPLY
 
FROM INDUCED INFILTRATION WELLS ALONG PAMPANGA Rn-IR/
 

Date 
Item Constructed 

Well and Pump House 1979 
Transmission Main 1979 
Well and Pump House 1988 
Transmission Main 1988 
Well and Pump House 1992 
Transmission Main 1992 
Replace Pump and Motor 1994 
Well and Pump House 1996 
Transmission Main 
Well and Pump House 

1996 
1998 

Transmission Main 1998 
Well and Pump House 2000 
Transmission Main 2000 
Operation and Mainte

nance Costs (1978-2000) 
Distribution Pipelines 

Total 1978 Present Worth Cost 

Construction 
Cost 


.,(I x 1000) 

730 

3,200 

351 

320 

351 


3,700 

100 

351 

320 

351 


41260 

351 

320 


-
1,4 6 

(P x 1000) 

Present Worth Cost 
r x 1000 (Les Year 
2000 Salvage Value) 

645
 
2,700 

101
 
83
 
54
 
504
 
11
 
22
 
17
 
10
 

104
 
-
-

2,657
 
794 

P7,369 

2Eonomio life taken as: 

Well and Pumphouse - 25 Years
 

Transmission and Distribution
 

Pipelines - 50 Years 
For the remaining items, refer to Appendix F, Volume II. 



CHAPrrtI iX ]MSCRIPTION AD COST OF 751E RECOMWSDED MAN 

A. 	 GENMRAL 

The i m-ctire imProvement and -thz .... cd e"pro±>, "-
of tho long-term oet.ction progr. are described in t"Us -hapter, 
In addijionr the capital and omratic d maintenanoe costs of the 
roemimended proream, oncept, concorni4 sewerae ad ,oom
 
mentr reardin' the manatement of water reneuroper P. a 9tatement
 
regr-diaz the n 
 onental iupaot of this projact afe included,
 
Appendices F. G t N mid O, Va!un* 11 contain dGJcuesiova (f Denig
Criteria, Bais of Coot Estinmates, Conetruti, nd- Mateirala,
mhd 

and Outline Specificationov respeeively, The rnznstruo
 
tion program coneisto of the following five impleatat.on etepS:
 

1, 	 Immediate lmprovemamnt Program (1978-79) 

2. 	 Stage i a'a A of the L Gonstriatiia &rau.. 

3. 	 Stage I Mmase D of the Long-Term Cortruction 1rogram 
(1986-90) 

4. 	 stag II Phae A of the Ion&-Term Constt-.or P.,g=am 
(1991-95) 

5&. Stage I Phase 13 of th. Long-Term 'Construction F!Lrogra 

(1996,2000) 

Souros 

The current source of water supply to Gapan in a wall locazed ht 
the eastern extremity of Donifaoio Street, whey. it appro.chn the 
abandoned MR Railway line. Because of the Me (eontructe4 in 4956)
and poor productivity of thie well, additional wells wili be required 
to meet the projected demanda of the 0.4?-WD 1980. A test walby waz 
drilled near Don Simeon Street south of the public mark-ot s part of 
the field work reauired for this stuay, D)uring the immediate imprve
ment program, this test well will be completed and furnished with 
pumping equipment, and a second production well will be canetructed 
along the San Isidro Road in Barrio San Nioolas. Addition. wells 

will be constructed in Phmsen I- ' (one), I-B (one), I-A (two) and 
II-B (two). By year 2000, a total of 8 wells will have been oontr-toted 

SteraAe 

At present, Gapan haa a 3 8 0-oum atorage tank 3gtoaed ne the 
Interseation of Tirnia and Mal ap* Stroats, This roiforti.4 tnorte 
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olvated tarnk vao onot"troted. in 1932. In Chapter VIII, the 
required volume of storage was studiede It was determined that the 
e.ioting storage facilities would be adequate until 1996. Based
 
.n a voll suppl.V Of 1-5 times the maximum-day demand# a total
 
olume ot storaV'o equal to 500 cum is required by the year 2000.
 

The additional 120 cum of elevated storage will be provided in 
1996 at the site of the test well and its cost has been included in 
•hie feasibility study. However, a 120-oum storage tank is only 
,..equate for 4 years which is too short a design period for the pro
posed storage tank. It is recommended that the storage requirements 
beyond the year 2000 be investigated prior to oonstruotion of the 

The e isting distribution system of GAP-WWD serves the poblaoion
ef Gapan and the barrios of San Nicolas, Sto. Nifio, angin and 
Pambuano The majority of the pipelines were constructed in 1932-34.
 

The existing distribution system will be expanded to serve the 
barrios of Bayanihan and Sto. Cristo Norte by 1990 and the barrio@

of Sto. Crigto Sur, Malimba, San Roque, Sta. Gruz, Malapit and the 
poblacion of San Isidr by the year 2000.
 

A total of 29 km of pipelines with sizes ranging from 100 to 
300 mm will be constructed by 1990, including 12 km of pipelines to 
replaae the exieting mains that are undersized and in poor condition* 
.Au additional 18 km of 200 mm pipeline will be constructed between 
!990 and 2000. Tis doe2i not include new internal network pipelines 
to be installed in newly served areas* 

Figure IX-i (Appended) shows the overall recommended construc
tion program by phases.
 

Administrative and Other Service Failities 

In addition to the source, storage and distribution facilities 
required for the production and transportation of water to consumers, 
it will be necessary to provide facilities to improve administrative, 
operation, maintenance and quality control capabilities within the 
water district. Administration and shop buildings will be constructed 
durin, the immediate improvement program. Water meter repair and 
laboratory facilities, which are required for effective operation of 
izter aupply facilities, will not be constructed in Gapan, It is 
recommended that the laboratory and meter repair facilities of nearby 

IX-2
 



larger water districts (such as Tarlac or San Fernando, Pampanga)
be constructed with adequate capacity to serve the needs of adjacent

smaller water districts such as the GAp-WDo
 

Doesign Copiderat ionls 

The recommended program of pipe construction presented in
this chapter reflects the results of successive computer analyses
on the GAP-WI distribution system. 
The general design oriteria
and method of analysis are discussed in Appendix K, Volume II,
and Chapter XII, Methodology Manual.
 

The method of seleoting pipeline sizes consists of analyzing
a number of flow requirements and operating conditions, and design-.
ing each pipe for the worst set of conditions. 
Since each computer
analysis is critical to a different series of pipes, there is
no
single program result that can be included herein as a "design

runof
 

The computer printouts for the peak-hour and minimum-hour
conditions are included in Annex IX-C as representative of the
worst conditions for pipe design. 
The peak-hour condition can,
in general, be considered as the "design run" for the majority of
pipes. 
However, certain variations in operational modes, especially
in systems with well supplies, can be more critical for some pipe.

lines.
 

During final design of the recommended facilities, it is
imperative that the design engineer re-run the computer program
to determine the critical condition for each pipeline to be
designed. It is also important to revise the program during each
design phase to take into account the actual system conditions.
It is recommended that ",new series of hydraulic studies be 
onducted on the distribution system after some improvements are
completed and the system operates with adequate pressures for
24 hours a day. 
The results of the new studies can be inoorpo.

rated into any future designs. Other considerations in updating

this report are discussed inAppendix Q, Volume II.
 

In some oases, facilities in the last phases of construction
 are only designed for a short term to the year 2000. 
These facilities are included in the cost analysis to determine their economic
impact on the feasibility study. 
However, from a technical point
of view, these short-term facilities may not be the most practical
or economical to construct. 
During the design of the last phases
of the recommended construction programthe design engineers should
study alternativesbeyond the year 2000 and design facilities accord
ingy. 
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B. IMMEDIATE IMPROV124MIT PROGRAM 

While the findings and recommendations of this report are 
being reviewed, pending their approval by the GAP-WD, LWUA and
 
financial agencies, certain steps may be taken to facilitate
 
immediate improvements in the GAP-WD water supply system* These
 
"high-impact" improvemenh1 will provide improved service to
 
existing consumers and provide additional service to a limited
 
number of new connections to thb system, before implementation 
of the initial phase of the .'on&-term construction program. 

At present, about 13 percent of the service area popuiation 
is actually served by the (AP-WD system. By 1980, the total 
population served within the 1980 service 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 faoilities
 
for the previously ccnstructed test well, as well as
 
the completion 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 m 
diameter distribution pipelines; 

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

5) 	The metering of 440 existing service conneotiona, 
the provision of about 1,400 new oonneotions, and the 
repair or replaoement of 20 percent (88) of the exist.
ing connections. 

6) 	The construction of new administrative and shop build
ings and provision of appurtenant equipment such as
 
shop tools, vehicles, office machines and furniture,
 
eto., to increase the operational capabilities of the
 
water district.
 

7) 	Repair leaks in the existine storage tank. 
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Ae test we ll, lotnated near IWon :imeon :tret-t aoutl of the pobiic
market will be equiplwed with a pn.p]ouro0 j~wnpset, flow ;ieter, valves, 
etc., and will produme about .'O72 oumd. The wfe ll will be e,i ,ipped
with1 dua l (di:Ael ,e tric) drives A Vacond WAI aIot with capa,
c;ity of 2,'/.; n n, will te (onst iuctod alung the ;a, 
 L ;idro iiotd in 
fArrio Zan Ni:ola"., The second wOll will provia ,,.:i tional water and 
better jsun- ,iitribution in the syutem, The comijnud napacity ofm v 


the wOL, *£climd, will apioximatelyt , w) be 10 times Ike ja'eent
 
source capacity.
 

New disotributi(on mnain. will be installed as shown in Pii.gre 1-2,

and eiunmarized in 'TJ. lo IX-1. These mains will primarily serve areajn 
outside the present service area. It is anticipated that the lu-ger
prolosed pipelinee will serve au main ar'teries in the flture, while 
the prox)ceu 1(ts-mn pipelinev will, in most Oaues, provide service to 
additional ,xonsmej.xe within the preuent se'vioe area. 

The proviion or letter preoaslre thro.Tght the OAP-dl; distribution 
system on a .- hour basie will tend to increFae the ourrent level of 
system lakage and watitage. It A,, therefore, es:;ential that an in
tensive proTr.ni of leakage and wastage surveys and related system
 
repairs be undertaken during the immediate imyrOvement progran.
 

Chlorination equipmrent, complete with struc:tures, will be pro
vided at the nsites of the javolosed wells to proviAl" an initial dosage
 
of d.0 mg/I, to mainta.in a ,liinimun oi,lurine re.:idual or wo m,/ 1 ] at
 
all points Withiin th di ,-tri ution uystem.
 

The exi. ti ,t 4.0 flat-rate service (ronrectiln. will be provided 
with water moters. Aiuut 0 percent (88) of theie coneCtions will 
be rlpaired or rlilaed. An additional 1,4O() new connectionw will he 
Inrutulled, iO(:'r.;eui.g the nived pol"natl.n to aijioximately W per
cent of Ih, to A.i .evine area p,.,l:,ti~nL in 1t0. 

Phe oer'.at oral ,aat i li t ie. oF the JA'-iv b;will 1,e st.p ifi cantly
imlliq'ved Ly the ,",..:t.I' ction of a ""w administrative 1 'ildinte, comi
11 ete w t h of ',.e v It'ce to r atm i A st rat i on, Ii 1 i int and re(cord keepf
ing, and iwil lihro, . Thi; new lii di n,g will he 'uxniser,iwith 
(esks, MY:, FIil w ,qt]ainetv t.ypewriters, adkhreszot-aph and 
validating machtinmes-,. A plumbintrg S oi, will lro be con:ntru edciu!! 
equipied with tooS ri.,uiredrnfr the intaliation of warter Wetere anti 
mervjice :onnec ion. and rio, ' wir and intal iation work Q the dii.
t rii, t ion s.sterm. 

TaIle IX-Q pie:vertm the lrealdowri of cowt, (at July 1''.8 prie 
levuls) for the immediate improvement program. The total p:,ject 
cost of P5.*.8 r:illion oonsis tn or P. 5(,C)mil lio in ,,ri.2 i gn eyehjn,.,lfl 
and rMM1
, mili]on in lo;al cur'rencv. 
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TABLE IX-1 

DI SIMBUTION 11IPLILES 

B4'10DlIATIL DiPRViL,2,T PiBJ RAM 

Pipe 
l.umber Location/Des cript ion 

Pipe 
Diameter 

0 

Pipe 
Length 

146 To Well at "oule 55 350 

15 
147 Tinio St. 300 30 

30 
114 Manila Rd. (to I:ode 88) 200 750 
115 Don Simeon St. 200 290 
116 Don Simeon St. 200 155 
120 
122 
123 
205 

1,:alrapo St. 
Maleapo St. 
Don Sieon St. 
To Well at Tode 2 

200 
200 
200 
200 

95 
40 
100 

15 
1,445 

103 
104 

Camino St. 
Camino St. 

150 
150 

300 
240 

111 Don Simeon St. 150 195 
126 Don Simeon St. 150 80 
132 Jacinto St. 150 80 
133 Jacinto St. 150 100 
134 Bonifacio St. 150 315 
135 Valmonte St. 150 185 
140 
143 

Subdivision near 
Subdivision near 

axisting Well 
Existing Well 

150 
150 

300 
250 

144 
157 

Subdivision 
Subdivision 

near 
near 

Eisting Well 
flbcistin, Well 

150 
150 

150 
280 

2,475 
101 
102 

Bo. San Nicolas 
Bo. San Nicolas 

100 
100 

270 
200 

105 
106 

South of Tinio St. near Real St. 
South of Tinio St. near Real St. 

100 
100 

40 
50 

107 South of Tinio St. near Real St. 100 150 
108 
109 

South of Tinlo St. near Real Ste 
South of Tinio St. near Real St. 

100 
100 

160 
40 

110 South of Tinio St. near Real St. 100 50 
112 Cabantuan Rid. 100 240 
113 Cabanatuan Rd. 100 160 
117 Bo. Sto. Nifio near Pefiaranda River 100 200 
lie 
119 

Bo. Sto. Nifio near Pafiaranda River 
Malgapo St. near Pefiaranda River 

100 
100 

150 
130 

121 Bonifacio St. 100 200 
124 Malgapo St. 100 130 
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TAII'LE IX-1 (Con imlca) 

Pipe Pipe 
Pipe Diameter LenjLh 

!.;uinber o brim (in)c/)~:cip 

125 Southof 1.uiblic Earkat rcar 111 Track 100 105 
127 Souh of' Iublic 1arket near R1 Tracl: 100 170 
128 Southof Public Ilarlot near RR Track 100 55 
129 Donifacio St. 100 145 
130 Jacinto 3t. 100 130 
131 Southcfi'Public Market iear RHZ Track 100 95 
136 Tinio St . near jz-ngco St. 100 150 
137 NorthofBo. Ma1jio near RR Track 100 550 
138 Nthof Be. Iian-iro near RIU Track 100 150 
139* San;co St. North of Bo. N;ino 100 110 
141 aibdivision near xisting Woll 100 150 
142 Subdivi:ioii near 3'-sitinr; Well 100 250 
145 13o. San :Ficolas 100 150 

Total 

*Final design of this pipeline is recommended to be 150 mm although 

the computer printouts do not indicate it is hydraulically neoessary. 

This is recommended to simplify overall pipeline design. 
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TA1IL2 IX-20
 

COST SU1IJiLtl.
 

Cost (1') 

Item Local Fore Total 

Source ]'aciliLiw.; 
kPumiphoueo and 2(cuipmenont for Tost 'Jell)
 

;aterials :.nd Equ ipment 20,000 160,000
 
Civil and Structural 80,000 10,000
 

(Additional P'roduction WIell Complete) 
Material, and l quipment 20,000 265,000 
Civil and Structura] 395,000 10,000 

(Disinfection Pacilities for Two lells)
 
Materials and 3luipment 4,800 34,600
 
Civil and Structural 9,600 

529,400 479,600 1,009,000 

Distribution Facilities 
(Loaka e- Detection and Roair) 

.ateriLla and .c~ui 1 meri 17,000 21 t00 
Civil and Structural 18,000 86,000 

(350 mm x 15 in) 
'Materials and X..i .pment 800 5,900
 

Civil and Structural 3,100 
(250 mm x 30 m)
 

iatOri ls and i'qipment 1,700 6,6oo
 
Civil and Structura] 3,600 

(200 mm x 1,445 m)
 
Materials and !quipment 46,200 182,100
 
Civil and Structural 122,800 

(150 mm x 2,475 m) 
Materials and Equipment 54,40o 215,300
 
Civil and Strunctural 180,700 

(100 mm x 4,380 m) 

Materials and Equipment 17,500 175,200
 
Civil and Structural 232,100 

(valves)
 
Materials and Equipment 14,300 37,000
 
Civil and Structural 12,900 - _
 

725,100 729,100 1,454,200

Sub-Totaly-

Materials and Equipment 196,700 1,102,700 1,299,400
 
Civil and Structural 1,057.800 106,000 1,16a.800
 

1,254,500 1,208,700 2,463,200
 

_/Coiputed at U31.00 to 17.00. 
e/ontingencies and engineering are 15 and 10 percent respectively, 

for these items*
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'3-1M IX.X2 (Continued) 

Item Local 
Cost 

F 
(?) 

Total 

Servico conyfeotion 
' + 

(supply 440 connections with meters, 
replace 88 connections and install 

,40 new connectiions) 
Materials and Equipmont 
Uivil and Struotaral 

35,600 
499,200 

788,500 
-

534,800 788,500 1,32300 
Administrative and _ 1iscellaneous 

(Administrative Building and Equipment) 
Materials and Equipment 18,000 26,000 
Civil and Structural 363,000 -

(Two Vehicles) 
Materials and Equipment 60,000 60,000 
Civil and Structural - -

(Plumbing Shop and Equipment) 
Materials and Equipment 
Civil and Structural 

2,000 
363,000 

26,000 
-

(Miscellaneous Items) 
Materials and Equipment 5,000 8t00 
Civil and Structural -

Sab-Ttaii/ 8 1000 120,000 931,000 

Materials and Equipment 
Civil and Structural 

120,600 
5 

9089500 
.-

1,029,100 
1,225.200 

1,345,800 908,500 2,254,300 
Total Construction Cost 

Materials and Equipment 317,300 2,011t200 2,328,500 
Civil and Structural 2,283,000 106,000 2.389.000 

Sub-Total 2,600,300 2,117,200 4,717,500 
Contingencies 

@ 15 Percent 188,200* 181,300 369,500 
@ 10 Percent5 134.600 90 225500 

4 / Sub-Total 2,923,100 2,389400 5,312,500 
Enirin T 2 

@10 Percent / 99,100 184,200 283,300 
* 5 Percent Q.400 80,600 124.00 

Sub-Total 3,065,600 2,654,200 5,719,800 
S111.000 , 111,0Q 

Total Proiect Cost 3,176,600 ,654,200 5,830,0 

A/Coatingencies and engineering costs are 10 percent and 5 percent 
respectively, for these items. 

!/Consists of 65 percent foreign exchange, as per recent similar 
contracts. 

511100 sqm at160/sqm and 1,500 sqm at ?10/sqm. 

* Includes ?'.0,000 for storage tank repair. 
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C. FIRST STAI(7 OF Tlff1 LONGJr4M VCCl"'PUCTION PROrPIAT, (198-909o) 

A, a resul6 of alternf.tivw studies, a scheme for devwlopment of 

groundwater sources and ,onstruction of distribution facilities has 

been seoectod as the rec,.-.mended program. The alternative studies 

are descrihd in Cap.or 7111. In the recommended schene, the entire 

GAP-WD service awt!a, up to the year 2000, will be served by ground
-,.¢tr abstracted from locally construoted wells. The water produced 

will be rLaisported to consumers by distribution pipelines to be con

structed in exiting roaJ, rights-of-Way. 

The first stage of the recomencld oonstruotion program, inolud

ing source development, treatment and distribution facilities, will 

be implemrunted in 2 cctrtuotion phases with duration of 6 years and 

5 years, respectively. 

Existing fa, ilitioe! are incorp raeed into the recommended 

program to as grcQ"t an f:)tent as practical. The existing distribution 

piping networh, iecauie ,-I' iA extrcm; age and consequent poor 

hydraulic capicity, will be replaced between 1980 and 1530 Half of
 

the existing piping will be replaced during Phase I-A (1980-85) and 
the remaining half. diu3:.ig Phaso I-B (1986-9O). Also because of age 

and poor servico, the r r::aining 80 percent of the existing 440 ser

vice connections ;ill be repaired or replaced during Phase I-A (20 

percent of the existing -oenetions will have been replaced during 

the immediate improvement program).
 

Provisions hiave been made in this feasibility study to replace 
all existing pipelines between 1980 and 1990 due to their age* During
 
the leakage survey and Cdesign of Stage I improvements the condition
 
of each of those pipelines should be verified by actual inspection.
 
It may be possible to continue to use some of these pipelines inspite
 
of their advanced age.
 

CONSTRUCTION PHASE I-A (1980-,35)
 

Source DevloD-izn, 

As previously discussed, alternative studies were made to 
determine the most economic and practical percentages of storage 
and soaroe capacity to moet peak flow demands. The results of the 
studies inicato that the supply of 1.5 times maximum-day demand 
from wlls .sthe most -conomical. Figure IX-3 showa the relation
ship bctwnen projected demand and well construction under these 
circiu:stane,.e. 4_. ind:l: :ated. the wells oonitructed before 1980 will
 

provido adl rua.t, capocVi4 until appxiximately 1982. At that time, 
it is raccn.-n.:.lid3 that i !azrger- rAppe+ be installed in the well 

constructed at node 55 (see Figure rX-5), during the immediate 
improvement program. This increase in source capacity will satisfy 

system de.'eaied until approximately 1986, at which time another well 
will be r-ruirod. ThIs well will bc constructed at node 75 (along 

32-I0
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Bonifacio Street, msar the ab.ioned P! railway , ' .he site of the 
existing well, zd will p_-oide suffii::n sourccc, c!, jutil about 
1989. All Phase I-A wells will be fu-nished with neoessa-y structures, 
piping, meters, valves and spec iahi required for efficient operation, 
In addition, completeo-hiorinaion farcilities will 1,, installed in a 
chlorination bui2Ki;ng to be constructedt at the site of e; production 
well, to ensure adequate disinfection of water supplied to the distribu
tion system.
 

D: stribut ion SLj ,r 

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

The salient features of system piping installed during Phase I-A
 
are (1) ths provision of a 200 mm diameter system "core" along Tinio
 
Street, from Barrio San Nicolas to the center of Gapan Poblacion; (2)
 
The completion of a 150 Inn loop along the remainder of Tinio and Tinawin
 
Streets, and De Loo Reyeu and Real Streets; (3) the expanion of 150 and
 
100 mm internal network piping throughout the servicc area; and (4) the 
extension of 200 rimmpipelines to the bairios of Malapit, Sto. Cristo Norte, 
Mangino and Pambuan. Details of all pipelines to be constructed during 
this phse are listed in Table IX-3 and shown in Figures LX-4, IX-;5 and 
]C-I (appended). 

All pipelines recomiended for construotion 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
, 

available 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 are included in Annex IX-0.
 

Internal Network
 

The schedule of additions to the internal network system is pre
sented in detail in Annex IX-C. The existing internal network system
 
in Gapan will be reinforced by replacing a portion of the old 150 mmo
 
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 to 100 per
cent of the 1976 service area; 100 percent of the additional
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1,2LE IX-3
 

PHASE I-A DISTRIBUTION PIPELINES
 

Pipe
Number Looation/Deveription 

, , ,(mm) 

Pipe 
Diameter 

Pipe 
Length

= 

REPLA CEMiNT 

2 Bo. 4an Nicolas 200 200 
3 Tinio St. (Bo. San Nicolas) 200 225 
6 Tinio St. (Bo. San Nioolas) 200 95 
7 Tinio St. (Bo. San Nicolas) 200 90 
8 Tinio St. (Bo. San Nicolas) 200 95 

13 Tinjo St. (Bo. San Nicolas) 200 120 
14 Tinio St. Bo. San Nioolas) 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 
47 

Tinio St. 
Tinio St. 

200 
200 

130 
75 

61 V. Liwag St. 200 80 
80* SanCoo St. South of Tinio St. 200 500 
81 Tinio St. East of Del Pilar St. 200 110 

3,125 

1 
23 

San Isidro Road (Bo. San Nicolas) 
Tinio St. 

150 
150 

250 
220 

26 Real St. North of Ranos St. 150 100 
29 Tinio St. West of Malgapo St. 150 170 
36 Malapo St. 150 115 

54 Tinio St. East of Malgapo St. 150 130 
62 
63 

V. Liwag St. 
East End of Don Simeon St. 

150 
150 

115 
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 recormnended to simplify overall pipeline designs 
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TABIB UX-3 (Continued) 

Pipe Pipe 
I~h3DiameTter Length 

- Lm. I--_ 

71 TiJin'o St, 150 

76 
78 

.....: , 
Tir,vin : .150 
Ti-io o't, West%of smgoo t, 

150 

150 

125 
100 
245 

79• . - ,,. .. . of Tiio -, 150 220 

2,380 

2a r NOc1"oth f L 1'i-i100 210 
30 h1-at ' ' " i i o St" 100 140 
31 100 300 
34
3 5 Ds-

S 
!: }< : 

100
100 

95160 

4350 .a-o1 Reyefr bi,.
Ye los ~e-e. S,r' 100

100 
90 

135 
56 
57 

. l, 
D'e loe 

o 
R,.yw r 

100 
100 

85 
190 

58 7. iw St. 100 80 

60 V. Liwag St, 100 135 

65 Dj 10o1 Rye. 2t 100 285 

1,905 

Sub-l'otzi' (R4%pioment Pipelines ) 7,410 

YEN ?IFI LDME

201 Bo.,aa Ni*ooia., to Do_. ahlapit 200 1 ,700 
202 bo. Bqyan~hPb to Bo. Cristo Norte 200 2,000 
203 To. Bo, !,,t oi++ 200 1,300 
204 To .. , \ibu-n 200 1,050 
206 To Well td Notle 75 200 

um-T<otal (11611-P!liuee) 6,065 

Total .iM1 



lines will receivc irj-kice d.reootlr .romthese plpeline. and have 
been hl ];.1.5 tota Iintc -rn network roqu"ir emento; A 
de ;cr'iption i~ ,-v-'i;.lt p t 7_1 ,'pin'j.dx Kt,'... -; i iietuo'V 103 .'fA..l ><'0 
Volume i1. 

i'h':: L.ke - totall of 2 ?70 new aervice oconnec'ionio 
wil]. ba-i in.italicd ai 1 C," bIut Por yea.or'tte 4' 0 connoctj.ono 
By 1985 the GAP-Wli '-1.l1 hav. a tot Of 4,110 B:,rvi.c- oonnoctions 
In addition7 about YJ-0 exis-, n.,service orniaolo.ions will be re-

D oro,,pletinl the improvement oi h 440cis.-. 
ing sarvict- conrinctinou. The detailed jnstajla'tion schedulo of 
service conr'eotions; is presi-nted ifn Annex IX- . 

Fire Pro't ot ion 

i-.j. u>.e C'- fire yra-.-.t installation within the water 
district i:- p-eeet-3d in Annex Dlu.'; l.-1A'only GapanTring Phiase 
poblucior wi1 rnceive- fire protlecton Wuring this period, 
25 peronl; of :.he ,poblaoion area (27 hectares) will be supplied 
with d, nLs, inreta, inj to a l fi-e proteotion service by 1985 
to 33 prcent "th areas areas existinC yIdrants., cf iH inoluding with 
Bocause of the p'e.n3.ce of cotmeroial areas within tho poblacion 
of Gapan, a hij-jer level of hyci'rant service will be provided for 
the poblho:ion, Normal residential tyie of service will be provided 
for other ar.3. 
Go S 1 TIm1,;', -!Z--A ha 

Tho c,-st sunma- for the propooi construcition during Phase 
I-A is pre.ni'::l d in Table U-. I3- scd on 1978 price levels,total oec, the 

totl broc this hase h ).0 million with a foreignot 
exchange compo;,Eont )of .59 rillion which includes direot 
and indir,:,xI; _ir., i Lems IX -4 also presents a costoort Table 
breakdown base.! on mteriahi asnd eq'rpmel-t pro uirmerno. and re
quire. civil an.i structural work. Matorials and equipment con
sidered in thi:.s bre-akdown incl.ude pumps, pipes, valves, water meters, 
hydrants ald chiorinators. 

O)IISTRUCTION PHS -' 

Source 1Faciit.ias 

A new 'well will, be eonstrIc t 3noie .9,.-long the San Isidro 
Road in Ba;rjo ;,knlapit, inr1989, 'i; will be equipped with a dual 
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TABLE' IX-4
 

COST ~3UMMA ,. COSPI'R.(T.01 STA7. EA.. 

cost (Y) 

iNew Puir.ip,-t T.Pode;, irn 1982 and 
com i'o w;el]. Q od . 7; in 1985 

)iatcrJ.al and Eq-,ijI1en 20,00 265,000
Civil 'Axld 0t1uet 395,000 I0,000Ot 11 

(Dsn~~o I ~ilitIs £or one 

Ma%d.iM, 17,00lulpent.1.100 

Cs-- v -i- ianl 

Mi1i]7/ S,200 .d 292,300 714,5007/4_2,200 292,300 714950
 

DeCIi 1 . ~n m~~ 781 p200
yitevialz anr. limrent 29400 i7,900(10 930 ~CiV,.1J al'j 91t.m'otLLral -1817200 

(1150ox :,7 2j360, m) 
Naterila are, A~uipment 520400 207,100
 

Civil and St-uotiual 173,700 

M.Aterials and Equiment 7,600 76;200 
Civil and Structural 101,000 

(Valv's) 
dtorials arid Eqaipment 13,800 41,000 

Civil and Straotural .J00 

1,437,500 1,482,200 2,919,700 

Materialb ad Equipment 390,300 1,764,500 2,154,800 
Civil arid Strixotllal I1.490 __:.9 L AM 

8 1,859,7oo ,774,500 3,634,200 

Materialo and ,u:ipment 88,900 695,400 
Civil and Structural 8_7-.9.- 

" 3ervioe Conoet ionO8 966,800 695M400 1,662,200 

Serv7ia Connotiomi an 
350 Replaements) 

Materials and Fqutnment 63,000 I200,800 
Civil and Struotural 844700 

907,700 1,200,800 2,108,500 

/Ccmipted at US41.00 to 7.00., 
Y-aotingenaloa end enrineex-in oost-i are 15 percent and 

10 pa' ent, rcepJotively, for these items. 
WContingencieo and engineering costs are 10 peroent and
 

5 percent, respectively, for these items, 
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TAKlE IX-4 (Continued) 

Cost 

Item Locoal oriTotal 

Fire
(27.2 

d-rantsV/
ha) 

Materials and Equipment 
Civil. and Strtotural 

13,900 
20,400 

47,400 
_I 

34,300 47,400 81,700 
/ 

Sub-12otala 
Materials and Equipment
Civil and Structural 

165,800
14 0 

1,943,600 
-

2,109,400 

1,908;800 1,943,600 3,852,400 

Total Contructlon Cost 
Materials and Equipment 556,100 3,708,100 4,264,200 
Civil and Structura 10,000 3222,400. 

Sub-Total 3,768,500 3,718,100 7,486,600 

Cent ingencies 

@ 15% 
@ 1 

279,000 
19o,90 

266,200 
194,400 

545,200 
38300 

Sub-Total 4,238,400 4,178,700 8,417,100 
Engineeringa/ 

@ 10% 
@ 5% 

146,300 271,600 
14,20013,700 

417,900 
211,900 

Sub-Total 4,458,900 4,588,000 9,046,900 
6,000 - 6,000 

Total Project Cost 4,464,900 4,588,000 9,052,900 

O/Contingencies and engineering costs are 10 percent and 5 percent 
respectively, for these items. 

Consists of 65 percent foreign exchange* 
1-I00 sqm at P60/sqm. 
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Cd,eJ/,"~c't ri) d,-e.he i]h.e~i1 i)i] have a cor . 2.9, .
 
curend, n .Ilo total sourcec,,pa,,:ity to about 13 500 cuw
 

d s u n til 1 599 Fi ,ar 
wh ic l i. , uff. io I.en'c t , moot sy !t czr d ema 

5 100oi 2 00 ip i - wilA D ou 0f ," 1nd mm P11ne s be 

increnanue ohf '-p-..ibasic estab'dx' "1o li e laxge "loop"

lisdied lqj pipe-ine.f Fh ase "-,ew pipeline. with a total
 
].fth of 2f 00 200 and 150 iruag will 
be conmtructce to rc'infoa'ce 1re:-. insttaled pipelines? to 
O01-111Ct lv,2 ot~ucitho~~y-~m to px'ovidic scxice to Uith-

The prolpoeo' pipolinos fcr' P Ise .-B are listed in Table 
h i ..,,andr A.7-5 and IX-1 (appended). 

New fiternal not.;ork will be provided during Phane I-B in 
about 92 hectares, comp-itiny. the aroa served within the 1990 
sHEvice area. Intornal network will be provided at an approximato 
rate of 18.3 hectares per voa.r. ii.formly over the period 1986-90 
(see Annex EX.-C for dotail-). 

Service Connectionz; 

DIring Phase I-11, 21270 new service connections will be
 
installed. at a rate of ahout 4.50 connections pF-r yesa,. J 1990,

the GAP-WI) will have a total of ab 
 thi 6,400 service connections.
 
(See Annex IX-C.)
 

Fire Protection 

])ring Phase I-B 23.0 hentares in Gapan Poblaoion and 95,2
 
hectares in other communities within tho service 
area will be providei with fire protection service by the inatall
ation of fire hydrwit . Thia will increase tota] fire protection
service to 55 percent of Capan Poblaoion and 26 percent of the 
other communities by 1990 (6e0 A.,nex IX$=C). 

Coat Sma.ha I-Di 

The cost summary fa: propou et construction during PhiAse I-B is 
presented in Table -6. 1978 price levelst the total prolZe Based on 
ject cost for this phase is ?5.86 rillion, with a foreign exchange 
component of ?2,98 million 
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Pine i.xc.-
Pipe 

Diameter 
Pipe 

Lmt,4 h 

70 Sou
;2 

c-"Pinio 
. etNo. 

. 
to W&. 

E is tEilt. 
iat ..t 

11Well
75 

200 
200 

95 

320 

5 
9 

12 
2-

" 

±"s....io .&. (B~o. Lx K:,oJ.'n) 
'f. . - :,o >*, (o, .m Ni ccl.' 

- J o (0Pat- _;>--ItB) 
c'P-'cr ,5! 

c o'f T.rio St 
ew':. ,. - d T'irdo St. 

!i 8",,'.. r ar, Don siweo ,nSt-
*~~~t 9:-tcS 

-' s150 
.,l iion. ..n, S"t . 

150 
150 
150 
150 
150 
150 
150 

5 

150
150 

300 
70 
35 

205 
145 
210 
140 
130
130 
200 

1,470 

19 
25 
.,2 

D61 Mar S.,+ 
Riio, .i 

a.1f,,'2A,
D)3 JXrro ; 

100 
100 
100
100 

150 
370 
160 
240 

33 
37 
i 

42 
4 

AC 

66 
.. 

73V'-

VSUloAnt S" 
Del P;orro Sv 
'Thuontoe St. 
jacintc' St,. 
Jaolnt' St: 
Dd. Corro st 
'P:,m~~t PS100 

49 
',L,., . SiA 

. two st 
a.r., i St 
11"M. ,".. 

....~ ' o 

17 . 
, c*-.'t . 

fV,,P, p : 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

155 
160 
100 
120 
100 
85 

150 
120 

90 
125 
125 
190 
180 
90 
100 
305 

3,245 

3r.bPotd1 (Riaslaoriient Pipelines) 5,035 
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TA13LE IX-5 (Continued) 

Pipe Pi-r 
PIpe Diameter Length 

Number ocationepscript ion (rm) W 

IT PIPELINES 

307 To Well at Nodo 89 (Malapit) 250 15 

201 To Bo. Malapit 
123 Don Simeon St. (R)* 

207 Between Camino and Tinio 
(San Nicolas) 

208 Between Camino and Tinio 
(San Nicola.) 

200 1,700 
200 100 

1,800 

St. 
100 180 

St. 
100 	 190 

370 

Sub-Total (New Pipelines) 21185 

Total 7,220 

*Reinforcement 	 to previously installed pipelines, 
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" ' 
T &AA D-6 

COST SU1MARY FOR CONSTRUCTION STAGE 1 PHASE B 

Co t W 
Item Local, Flreim- Ttal 

2 /Source, Facilitiea
(Complet well @Node 89 in 1989)
 

Materials and Equipment 20,000 265,000
 
Civil and Structural 395,000 10,000
 

(Disinfection Facilities for one
 
well)
 

Materials and b4uipmant 2,400 17,300

Civil cmd Structural 4,800 - ...... 

12I/ 422,200 292,300 714,500 

(250 mm -r 15 m)
 
Material and Equaipment 900 3,300
 
Civil and Structural 1,800 

(200 mm x 2?120 m)
 
Materials and Equipment 67,800 267,100
 
Civil and Struotural -80,200 

(150 am x 1,470 m)

Materials and Equipment 32,300 127,900
 
Civil and Structural 107,300
 

(100 mm x 3,615 m)

Materials and Equipment 14,500 144,600
 
Civil aund Struotral 191,600 

(valves) 
Materials and Equipment 10,500 25,100
 
Civil and Structural 8-800
 

1,183,700
615,700 568,000
SbTotal 2/ 

Materials and Equipment 148,400 850,300 998,700 
Civil and Structural 9 5 12,000 89,500 

1,898,200Internal Nto. V 1037,900 860,3001., 
(91 .5 hOctarcoF 

Materiale and Equipment 49,000 383,80

Civil and Structural APA&M
 

2,270o n.eo i 533,OOu 383,800 916,800 

(220New Cotuections)
Materials and Equipment 54,500 1,098,700
 
Civil and Structural Z -,
 

796,800 1,098,700 1,895,500 

"/,0mi~tAat U,31-00 to P7.00,-- t Contingencies and engineering costs are 15 percent and 10 percent 
respetely, for these items, 

T-"Contine-ucies and engineering costs are 10 percent and 5 percent,
respeotively, for these items, 
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TABLE IX-6 (Continued) 

Cost (' 
t em Local ForejtIM Total' 

Fire Rydrants 
- / 

(118.2 hectares) 

Materials and Equipment 30,500 104,200 
Civil and Structural - -

SubTotalll/ 
75,400 104,200 179,600 

Materials and Equipment 134,000 1,586,700 1,720,700 
Civil and Structural 1,271,200 -1271,200 

Total Conetr.iction _Cost, 1,405,200 1,586,700 2,991,900 

Materials and Equipment 282,400 2,437,000 2,719,400 

Civil and Structural 2 1I0.00Q 

Coni~oies 
Sub-Total 2,443,100 2,447,000 4, 8 90,100 

@ 15 Percent 155,700 129,000 284,700 
@ 10 Percent 1 158,7 299,200 

E_ ri _ / Sub-Total 2,739,300 2,734,700 5,474,000 

@ 10 Percent 76,400 141,900 218,300 
@ 5 Percent -57,600 107.000, 16,600 

Sub-Total 2,873,300 2,983,600 5,856,900 

6,000 - 6,000 

Total Project Cost 2,879,300 2,983,600 5,862,900 

1-/Contingenoies and engineering costs are 10 percent and 5 percent, 
respeotively, for these items. 

14/Consists of 65 percent foreign exchange. 

1-//lOOsqm at 6o/sqm. 
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D. SECND STAGE OF THE LONG-TIMI 
CONSTRUJCTION4 ?IiOGIPAM (1991..20QX)) 

The second stage of the recommended program includes provisionof additicnal so_:ce, storage and distribution facilities and expansion
of internal network, service connection and fire protection facilities. 
These works will be implemented in two construction phases. 

GONSTRUCTION PHA4SE II-A 19-5 

Source Facliies 

Two additional wells will be constructed at node 88 (south of
 
Cababao Creek along the 1Manila Road) and node 95 (in Barrio Mangino) in1991 and 1993, respectively, In addition, a larer pumpset will be

installed in the we-
 at node 89 (near Barrio Ialapit), These source
 
facilities will increase production capacity br 8,175 curd, 
 bringing
the total capacity to about 21,900 cumd vdioh is sufficient to meet system

demands until 1996 (see Figure IX-3).
 

Distri tion System
 

The distribution system improvements recommended for construction 
during Phase II-A will provide reinforcement to previously installed
pipelines along Tinio Street, the Manila Road and the road to San
Isidro. Approximately 13,300 meters of pipelines, 2 00mm in
diameter , will be constructed to provide additional 
or new serviceto barrios Sto. Cristo Sur l Malimba, Sta. Cruz, Pambuan and San
Isidro poblacion. The pipelines for Phase II-A are described in

Table IX-7 and shown in Figures IX-4, IX-5 and IX-i (appended). 

I.ternal Network 

An additional 216 hectares of internal network will be provided

during Phase II-A. This will provide service to 50 percent of the
additional area to be served between 1990 and or2000, 70 percent

of the entire year 2000 service area,
 

Service Conlections 

An additional 4,470 service connections will be installed during
Phase II-A, at a rate of 890about connections per year. By 1995,
the GAP-WD will have a total of about 10,800 service oonnecticns. 

Fire Protection 

During Phase II-A, 23 hectares in Gapan Poblacion and 134 hectares
in other communities within the GAP-WD will be provided with fire protection service lr the installation of fire hydrants. By 1995, 78 per
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TABLE 	IX-7 

PHA3E II-A - DISTRIBUTION PIFELINE3 

Pipe Pipe 
Pipe Looation/Denoription Diameter Length 

13 Tinio St. (San Nioolas) (R) 200 120 
14 Tinio St. (San Nioolas) (R) 200 310 
15 Tinio St. (West of Del Pilar St.) ( ) 200 340 
16 Tinio St. (Weut of Del Pilar StR)(i) 200 30 
20 Manila Rd. (To Cababao Creek) (R) 200 190 
21 Manila Rd. (Near PNR Railway Traok)(H) 200 45 
81 Tinio St. (East of Del Pilar St.) (R) 200 110 
114 Manila Rd. (To Well at Node 88) (R) 200 750 
2U2 Manila Rd. to Sto. Cristo Norte (R) 200 2,000 
301 San Isidro Rde to San laidro 200 1,300 
302 Manila Rd. to Sto. Cristo Sur 200 1,550 
303 Manila Rd. to Malimba 200 1,750 
305 From Bo. Mangino to Bo. Sta. Cruz 200 3,450 
306 To Bo. Paaba-n 200 1,350 
308 To Well at Node 88 (Manila Rd.) 200 15 
31, To Well at Node 95 (Bo. Mancino) 200 is 

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 communities, 
representing 67 percent of the total year 2000 service aroa t will 
have fire protection. 

Cost Sn nI: Phase I-A 

A cost summary for construction during Phase II-A is presented
 
in Table IX-8e Based on 1978 price levels, the total project cost
 
for this phase is F13.28 million, with a foreign exchange component
 
of ?6.93 million.
 

CONS TRUCTIONPAEI- (1229 00O 

Source Developinent
 

In order to provide the required source capacity in 1996, the 
pumping capacity :of the previously constructed well at node 75 (along 
Bonifaoio Street near the abandoned PNR Railway Track) will be in
creased. T'wo new wells will be constructed at node 93 (along the 
Manila Road near Barrio Malimba) and node 96 (near Barrio Pambuan)in 
1997 and 1999, respectively. These wells will have a capacity of 
8,175 cumd, bringing the total source capacity to about 30,000 cumd 
which is sufficient to meet projected demands through the year 2000. 

Storje,Facilities 

In order to meet projected system demands by 1996, a 120-oum
 
elevated storage tank will be constructed. 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). This 
storage tank, together with the wells to be constructed 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 11-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 connect the wells located 
at nodes 93 and 96 (near Barrio Pambuan) to the distribution system0 
These pipelines are listed in Table IX-9 and shown in Figures IX-41 
IX-5 and IX-I (appended). 

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 CONSTi(JTION STAGE II PHASE A 

Cost{ 
Item Local -------F' Total 

Source Facilitiecl- /
 

(New umpseat@-Node 89 in 1994 and
 
two complete wells @ Nodes 88 aad 95 
in 1991 and 1993) 

Materials and Equipment 50,000 690,000 
Civil and Striotural 7909000 20tO00 

(Disinfection facilities for two 
wells)
 

Materials and Equipment 4,800 34,600 
Civil and Structural 9.6oo 

854,400 744,600 1,599,000 

13,325 m) 
Materials and Equipment 426,400 1,679,000 
Civil and Structural 1,132,600 -

(Valves) 
Materials and Equipment 10,800 37,000 
Civil and Structural 12,000 -

Sub1Tot7a1i/ 1,581,800 1,716,000 3,297,800 

Materials and Equipment 
Civil and Structural 

492,000 
1.944.200 

2,440,600 
20.000 

2,932,600 
1o964.22Q 

i erna N2etwor,1d/ 21436,200 2,460,600 4,896,800 

(215.8 heetares)
 
Materials and Equipment 115,700 905,100 
Civil and Structural 1.342,700 -

Conneoio 1 1,258,400 905,100 2,163,500service Cne 

(4,470 New Connections) 
Materials and Equipment 107,300 2,163,500 
Civil and Struotural 17 , 

3,732,5001,569,000 2,163,500
&r rantsI/


(157.3 hectares)
 
Naterials and Equipment 38,300 130,800
 

Civil and Structural 56.3.,-.,0
 

94,600 130,800 225,400
 

161cOmputed at US$1.00 to ?7.00. 
Contingencies and engineering costs are 15 and 10 peroent, 

respeIy,,ely, for there items. 
Contingencies and engineering costs are 10 percent and 5 percent, 

respectively, for these items. 
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TABLU IX-8 (Continued) 

- ~~cost (' 
Itom Local Foreign Total 

Sub-JTotal2§/ 
Materials and Equipment 261,300 3,199,400 3,460,700 
Civil and Structural 2,660,700 - 21660,700 

2,922,000 3,199,400 6,121,400 

Total Constniction Cost 
Materials and Equipment 753,300 5,640,000 6,393,300 
Civil and Structural 4,624,900 20,000 4,624,900 

5,358,200 5,660,000 11,018,200 

Contingencies 
@ 15 Percent 365,400 369,100 734,500 
@ 10 Percent 292,200 319,900 612,100 

Sub-Total 6,015,800 6,349,000 12,364,800 

~~inEngineerim& 

@ 10 Percent 197,100 366,000 563,100 
@ 5 Percent 117,800 218,900 336,700 

Sub-Total 6,330,700 6,933,900 13,264,600 

LandS0 12,000 - 12,000 

Total Project Cost 6,342,700 6,933,900 13,276,600 

1--/Engineering @ 5 percent and contingencies @ 10 percent for 

these1ems.konaistv of 65 percent foreign exchange. 

200 sqm at ?60/sqm.
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TABLE 1X-9
 

Pipe Pipe
 
rdpe Diameter Length
 

Number Lvocation/h!.crin i on) m 
304 Manila Rd. to Bo. San Roque 200 850 
305 To Bo. Sta. Cruz (R)* 200 39450 
309 To Well at llode 93 (Manila Rd.) 200 15 
311 To Well at Node 96 (Bo. Pambuan) 200 

4,330
 

Service Connections 

During Phase II-Bt about 4,470 connections will be installed at a
 
rate of 870 connections per year. By 2000, about 15,300 service connec
tions will have been provided within the GAP-JD.
 

Fire Protection 

An additional 23 hectares within Gapan Poblacion anld 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
 
area. 

Cost Suimmr: Phase II-B 

The cost sunmmary for construction during Phase II-B is prisented in 
Table IX-1O. Based on 1978 price levels, the total projected cost of this 
phase is P12.72 million, with a foreign exchange component of r5.83 million. 

E. CAPITAL COST SIZINIARY 

The capital costs for each phase of the recomnended construction pro
gram, including the inmediate improvement program, are summarized in Table 
IX-11. The total project costs shown in this table include engineering,
 
contingencies and land costs. All construction cost estimates are based 
on 1978 price levels. The foreign exchange component of the total project 
cost includes the coats of direct and indirect import items. 

F. ANIWAL OPERATION ANT' MAINTENANCE COSTS 

Annual operation and maintenance coots include personnel, power, 
chemicals, maintenance, rentals, office supplies and other miscellaneous 
expenses which are necessary to sustain the overall water supply system. 
The total annual budgeted cost of the existing system in 1976 was P130,400. 
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 estimated to be ?270,300, P662,600 and P1,221,600 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 rehforcements to p~rvIsusly installed pipelines. 
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-Cost J__L_-

1*t , ca ft-r-Total 

Source Ftailitieo2-/
 

TNew pumPse' i'odcxl 75 in 1996, 
new well without pumpset @ Node 93 
in 1997 and new wall complete @ 
Node 96 in 19Q9) 

Mate'ials and EDaipment 
Civil and Strotural 

(Disinfection facilities for 
two wells) 

Materials and Equipment 
Civil and Straerua 

Store Faoilitias2/ 
(120-cum tank * ode 55 in 1996) 

Materials and Equipment 
Civil and Structural 

Pinelines&/ 
(20 mm 4,330 rA)
 

Materials an Equipment 

Civil and Structural 


(Valves)
 
Materials and Equipment 

Civil and Structural 


99/ 


Materials and Equipment 

Civil:and Structural 


Internal ,etworc2. 

(2157 hectares)
 

Materials and Equipment 

Civil axd Structural 


/ 
Service Corinctt9jj Za 
4470 New Connections)
 
Materials and Equipment 

Civil and Stnctural 


"(77.5heotares)

Materials and Equipment 

Civil and Structural 


40,000 

790,000 


4,800 

960
_2L600 

844,400 


i,169,400 

_J20,600_
 
1,560,000 


138,600 

368.000 


3,400 

-

513,800 


1,356,200 

1,562,000 


2,918,200 


115,600 

1.142,100 

1,257,700 


107,300 

I.461.700
 

1,69,000 


38,400 

56.40
 
94,800 


530,000
 
20,000 

34,600
 
.

584,600 1,429,000
 

390,000
 

390,000 1,950,000
 

545,600
 
-

11,700
 
-


557,300 1,071,100.
 

1,511,900 2,868,100
 
20,000 1.582,000
 

4,450,100
1,531,900 


904,600
 
-


904,603 2,162,300
 

2,163,500
 

3,732,5oo
2163500 


130,900
 

130,900 225,700
 

omputed at U501.00 to 17.00.
2E/ngineering and contingencies are 15 percent and 10 peroent,
 

respe Wtvciy 1 on these items. 
ZWEngineering at 5 percent and contingencies at 10 percent for these
 

items.o 
IX-28 



TABLE 


Item 

Sub-motal3/ 
Materials and Equipment 
Civil and Struotural 

Total Contruction Cost 
Materials and Equipment 
Civil and Structural 

Contingencies 
@ 15 Percent 
@ 10 Percent 

Sub-Total 


@ 10 Percent 

@ 5 Percent 


Sub-Total 


Land / 


Total Project Cost 


IX-1O (Continued) 

Local 

261,300 
2,660,200 

2,921,500 

1,617,500 

4,222,200 

5,839,700 


437,700 
- 2 


6,569,600 


1799100 

117,800 


6,866,500 


18,000 


6,884,500 


Cost (
 
Forei-n Tota) 

3,199,O00 3v460,300 
-2660,200 

3,199,00 6,120,500 

4,710,900 6,328,400 
04242,22Q 

4,730,900 10,570,600
 

229,800 667,500 
39, 612,100 

5,280,600 11,850,200
 

332,700 511,800
 
218,800 336,600
 

5,832,100 12,698,600
 

- 18,mo 

5,832,100 12,716,600
 

-/Eigineering at 5 percent and contingencies at 10 percent for 
these Vemso 

Sonsists of 65 percent foreign exchange.
 
ff300 sqm at r60/sqmo
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TABLE IX-li
 

CAPITAL COST SU.LARY
 

Construoion Construction Construotion ProAe1 Cost 
Phase Period Totacost (P)local oea Ttl 

Immediate 
Improvement 
Program 1977-80 

I-A 1980-85 
I-B 1986-90 

II-A 1991-95 
1I-B 1996-2000 

4,717,500 
7,486,600 
4,890,100 
11,018,200 
10.57,60 

3,176,600 
4,464,900 
2,879,300 
6,342,700 
-6,884,500 

2,654,200 5,830,800 
4,588,000 9,O52:900 
2,983,600 5,862,900 
6,533,900 13,276,600 
-583210 

Total 38,683,000 23t748,000 22,991,800 46,739,800 

TABLE IX-12
 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Annual Coatesp)6 
Item 16 .. 2000 

Administration and Personnel 62,700 142,500 376,800 509,600 
Power and Fuel 55,100 62,700 147,900 387,900 
Chemioals - 11,400 27,300 639700
 
Maintenamce 9,300 48,900 98,100 227,800
Miscellaneous 4.80 12,500 _ 

Total 130,400 270,300 662,600 1t221,600 

2-Computed at 1978 prioe levels. 
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G 	 SE pi rr_ Aoi CONCEPS 

I~xistinj-, Draxa~ ~ae 

The 	 e isin,: (.iinak'v Eystci,, in Gapan (see Figure IX-6) couisiets
primarily of 600 and I1O0 mm concrete pips and a 600 mm : 800 :amm open concrete-]incd canal trave iin&the municipality from east towest along Tinio Street., iive other conduits (two along Jacinto and
Nagno Streets in tha poblacion, one along Del Pil" Street in Ste.Nifo, and two *open conduits alo_,. Lhe OaFtern aide of Barrio San Nicola-;) 
transport storm wat.er-wi-off to the Pei randa River, Aditional
oonduits, located adjacent to the 	 andpablic market alaughterhouse,

drain these facilities into nearby lov-'lying areas south of Tinio
Street, where ponding of-ton oocairs near 
the 	railway embanment,. 

In addition to thess pormanent drainage facilities, many small open unlined peripheral street transportcaiials local drainae to

the larger conduits or other local low-lying areas. These street

canals consist mainly of earthen ditches varying in width from 0.30
 
to 0,60 meter with depths varying from 0.25 to 0.45 meter.
 

Over half of existing drain age facilities are old and
currently inadequate, The muioipality has a 
plan for additional
drainage facilities, but no lonT-term engineering planning has been
done, Draange facilities are maintained by muiioipal staff, but
inadequate funds are available for effective drainage system main-. 
tenance 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 non-rainy periods, During rainy periods,
surface run-off, as well as some miscellaneous solid wastes and anunknown amount of domestic wastewater, is carried ty the street 
canals via the larger drainage conduits or various overland routes 
to the Penaranda River. 

Pield observations of the 0rainage system in Gapan are as
 
follows:
 

1. 	 The major disposal area for storm water run-off is the 
Peiaranda River, which runs along the north side of themunicipality, Some storn water is disposed of into areas
between Tinio Street and the railway embanikment south of 
the poblacion. 

2. 	 Domestic wastewator is discharged into septic tanks and 
pit privies. Some roof drainage is traiisported to these
facilities, causing occasional flooding during raiW periods.
Although direct discharge of domestic wastewater to stormwater facilities appeais to be unoommon, it is likely that 
an appreciable amount of domestic wastewater travels over
land during rainy periods.
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public and 
waters into ar sepa,ate(7 physically from.+ t.ho (ipoa 
a rt a utilized by the rema-itur of' otizconmui!ity, However, 
it is likely that pollution of surlace , , .c ue 
place from these sources to oome extent. 

3* 	 The ,ar'C.et ia o hterLhtk a1"o.k;':. 

4. 	 There aro j-,o exirsting induistries pro(lucirg rignlficiint 
wast zwat ers 

9*Approximately 20 cured of oblid wastes is colleot~id y U10 munnicipal
staff. and dispored of in an area adjaconr: -to th, Pefiaianda 
Rivbr near the Gapan-Cabanatuan iPoad. 

6. 	 Olong of drainage conduits is caused by i'eposition of 
locally eroded soils and the duniping of solid wastes intodrainoLe canal. The lack of gra~ins ¢n drinage oo;aduin 

inlets aggravates this problemi
 

7. No significant flood problems have been experiacned in 
Gapan, although periodic flooding between Tin o Streert 
and the railway embankment is occasionally e nuisances 

elaiozship With Infrastr cture and 0the" eoriri- nd Econcriic
 
Factors
 

The provision of sewerage and drainage facilities within the 
GAP-WD ias a significant impact on water spply and other infra
structure components. However. economics (public's ability-to-pay)

and 	the etatus of public health affect directly the feasibility of
 
providing sewerage and drainage facilities.
 

In view of the relatively minor storm water drainage problems
being experienced in the GAP-WD area, it appears that drainage
facilities do not warrant high priority in Gapan's list of infra
 
strioture components. Before decisions can be made concerning the
implementation of :3ewerage anid/or drainage programs, additional 
tehnioal and economic data must be collected ad evaluated.
 

Information from the Municipal Census Office indioates that in
 
1970, 28 percent of Gapan's households had water-borne toilet facili
ties; 32 percent had closed-pit type toilets; and 40 parcrit had no 
private toilet f cilitiee. Itis unlikely that such a low percentage of 
'odern" facilities can econaically jjstify a near-fut ue sewerage program. 

The rationale for the provision of wastowatec facilitieo has 
traditionally been based on aesthetics and publi, health benefits. 
At present, there is an obvious water supply p-oblem in *the GAP-Ifl. 
As the water supply problem is resolved, wastorator volmnea will 
incArease. Related aesthetic and public health starndairds will i','rcvw
in time, increasing the urgency for solution of thr! w at iater prolem. 
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)td asetwater Volumes 

Proiections have been made for wastewater flows in the GAP-WD

for thi' 3ears 1990, 2005 and These
2025. estimates are shown in 
Table IX-13.
 

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

The 	wactcw.ater volume which could be collected was determin,4
by e timating the percentage of water supply connections (domestic

and 	commerciLiindustrial/institutional) with sewer connections
during the design period from to 2025.1990 It was assumed that all
water Pupply connections would have sewer connections by 2025p _.nd
that in 1990, 30 percent of domestic and 50 percent of commercial/

industrial/institutional water supply connections will have sewerconnections, It was assumed that there would be no unusually largewater-consiuing connections during the design periodt and 	that 90 
percent of water consumed would, therefore, be returned to the
 
sewers, 
An allowance was made for groundwater infiltration into

the sewers, based on projected percentage of physical area with
 
sewers and an infiltration rate of 0.15 lps/hectare. 
The 	number of
 
sewer connections required during the des..gn period was then checked
to ensure that the annual rate of sewer connections was realistically

within tho capabilities of the water district.
 

Al -ernr.Atives Available 

The cost of sewerage/draihage facilities for the GAP-WD area is 
expectad to be significant.
 

A financially self-eu"Picient sewerage/drainage syst0 z
is seldom
achieved even in developed countries, It is likely that the GAP.WD
 
is no exception to this rule. 

Feaoible alternatives for sewerage in GAP-WD area appear to
 
be av follows:
 

I. 	individual (septic tanks) 
or unified public collection
 
system;
 

2. 
combined or separate sewerage/drainage systems;
 
3. 	various degrees of centralized sewage treatment; 

4-	 disposal system (river or land disposal) for treated
 
sewage.
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Served 

Area 

Design 

earsic 

Poblaoion 1990 

2005 

Barrio 

San Nicolas 

2025 

1990 

2005 

Barrio 

Sto. Niffo 

2025 

1990 

2005 

2025 

T o t a 1 1990 

2005 

2025 

TABLE IX-.13 

AVERAGE DAILY WASTEWATER FU)WS 
GAPAN WATER DISTRICT 

Wastewater 
Commercial/ 
Industrial/ 

Flows (cumd) 

Infiltrat ion 
Institutional, Allowaace Total 

396 92 739 1,227 
1,415 341 1,064 2,20 

5,507 1,211 1,477 8,095 
175 41 544 760 
626 151 784 1,561 

2,434 536 1,089 4,059 
90 21 259 370 
320 77 373 770 

1,246 274 518 2,038 

661 154 1,542 2,357 
2,361 569 2,221 5,151 
9,187 2,021 3,084 14,292 



The question of whether the GA1P-WD should construct a con. 
bined or a separate sewerage/drainage system depends on economic 
circumstances.
 

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

Alternative treatment and disposal methods for intercepted 
wastewater may consist of: 

(I) 	Screening of gross solids; high-rate lagoons and
 
effluent discharge into the Pefaranda 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. 

Reoommedations
 

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 combincd versus 
separate sewers. It should also update the population and water 
demand projections of this water supply study. 

Once the decision has been made to use either a combined or 
separate system, the water district must embark as promptly as 
possible on a street sewering and house connetion program. 

A plumbing code should be developed by the GAP-WD to coordinate 
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 compiled 
and accurately recorded in preparation for the sewerage/drainage 
feasibility study. 

For residences and establishments that currently lack waste 
disposal facilities and are financially unable to provide the modern
 
flush toilet with septic tank, the Department of Health (Division of 
Environmental Sanitation) has developed an inexpensive water-seal 
toilet. 
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Permanent rights-of-way should be acquired for the main routes 
that will be used for drainag~e/ewerage canals. 

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

H. MANAGMIZAT OF WATER RESOURCES 

In order to make the best use of water resources available for
 
present and future detards 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 by 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 P1,Volume II of this report. 

I. UPDATING THE WATER SUPPLY KASTM PLAN 

To be a meaningful working document, this water supply master 
plan must be periodically updated. Changes related to technological 
developments, social goals, land use concepts, unforeseen population

growth or movement, etc., must be reviewed for possible long-range 
impact on the prog-rams recommended in this report. An outline of
 
the steps required for such periodic updating is presented in 
Appendix Q, Volume II. 

J. ENVYRONMNTAL CONSIDERATIONS 

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

DISTRIBUTION SYSTEM GROWT
 



DISTRIBUTION SYST31 GROWTH 

General
 

It is necessary 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 
based on (1) an apportionment of the served population among 
individual sections within the service area; (2) the projected
number of people served tlr each connection; and (3) the indivi
dual areas of served sections within the service area. The 
details of these items are discussed below. 

Served Population
 

The projections of served population presented in Chapter VI 
are also presented in Annex Table IX-C-1 according to individual com
munity served and respective service areas in 1976, 1980t 1990 and 
2000. 

Number of Persons per Connection 

Based on the pilot area survey donducted within the present 
service area, the average number of persons served ty a single
service connection is 7.0; this figure is expected to remain 
until 1980. As living standards 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. 

Totual Served Area for Individual Communities 

The total areas of individual served communities were pro
jected on the basis of field studies and locations with potenti;-1 
consumers of the GAP-WD water supply. These projections Are pre
sented in Annex Table IX-C-2. 

Area Served by Internal Network
 

In order to project the net area to be served by internal 
network, the gross served areas were reduced in proportion to the 
expected percentage of population served. This se'rved area was 
further reduced based on the assumption that (1) some of the 



ANNEX TABLE IX-G-1
 

SERVED POPULATION PROJECTIONS
 

Commnity 
Served 

Gapan Poblaoion 

Bo. Sai Nicolas 

Bo. Sto. Nifio 

Bo. !ancino 

Bo, Pambuan 

Bo. Bayanihan 

Bo. Sto Cristo Norte 


Bo. Malapit 

Bo. Sto Cristo Sur 

Bo. Malimba 

Bo. San Roque 

Bo. Sta Crus 

San Isidro Poblaoion 

Total Served Population 

Total Service Area 
Population 

Percent Served 

GAPA19 WATER 

1976 
Service 
Ana 

2,595 


51 


195 


13 
6 

-

-

-

-

. 

-

-
4 

2,860 


22,038 


13% 


IDSTRICT 

1980 
Service 
Arga 

6,650 


2,940 


1,505 


980 
315 

490 

-


-

_ 

-

-


12,880 


31,330 


41% 


1990 2000 
Servtioe Service 
. Area - Am 

11,400 19,300 

8,400 13,800
 

4,080 5,820 

3,600 7,500 
3,800 8,580 

1,500 2,700 
1,320 4,020
 

4,200 8,400 
3,300
 

2,220 

- 4,800 

- 4,500 

6.960 

38,300 91,900 

63,830 131,290
 

50% 70% 
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ANNEX TABLE IX-O-2 

TOTAL SERVED AREA M)R INDIVDhUAL OOMNMlITIES 
(inhectares)
 

Commnity 
Sejred 

1976 
Service 

Area 

1980 
Service 

Area 

Gapa" Poblaoion 

3o San icolas 

75 

57 

114 

84 

Bo. to.oifio 28 40 

Bo. Maraino 

Bo. Pambuan 

5 

4 

35 

16 

Bo. Bayanihan 

Bo. Sto. Cristo orte 

-

-

12 

Boo Malapi. - -

Bo. Sto, Cristo Sar -

Bo. Kaliba - -43 

Bo. San Roqe - -

Bo. Sta. Crmu -

San Isidro Poblaoion --

Total Served Area '169 301 

1990 
Service 

Area 

2000 
Service 
Area 

114 

112 

40 

88 

50 

68 
55 

84 

-

114 

132 

40 

110 

101 

128 

100 

118 
108 

-

-

55 

115 

611 1,239 
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distribution systemn pipes included in the analyses performed for 
this study are actually internal network pipes, and (2) some of
 
the proposed distribution pipelines themsolvw s will serve consumers 
directly. It has been r,--ued that relevant distribution system 
pipelines passino-; 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 Annex Table IX-C-4, according to construction 
phase. 

Number of Servica Copnectios 

The number of service comections was projected by dividing

the served population by the average 
number of persons per connection. 
The estimated number of service connections for each community with
in the service area is presented in Annex Table DX-C-5. 

During the leakage survey which will be conducted as part of
 
the immediate improvement program, it is expected that some 
 exist
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.
 

Areas to Receivo Fire Protection
 

Because of the finanoial impact of the overall construction
 
program on the served population,it is proposed that only the
 
poblaoion 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 tto. Cristo Sur, Malimba,

San Roque and Sta. Cruz and San Isidro Poblacion will receive
 
30 percent coverage. All the communities within the service area,
 
except the poblacion, will be provided with the normal residential
 
type of hydrant coverage* Portions of the poblaoion, because of
 
higher property values assooiated with commeroial areas, will be 
provided with a higher level of hydrant service. The schedule for
 
fire hydrant installation ispresented in Annex Table IX-C-6.
 

It should be noted that although a community may not receive
 
comp .-te fire hydrant coverage within the design period, it will be
 
provided with full fire-4flow pipeline capacity. The pipelines will

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

installation scheduling.
 

Distribution System Computer Printouts 

The following computer printouts (see Annex Tables IX-C-7 and 

IX-C-8) indicate the estimated hydraulic conditions of the GAP-1-)
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ANNEX TABLE IX-C-3 

IERVD INTERNAL
 

NTWORI SYSTem, BY S&RVICE AREA
 
(in hectares)
 

NET AIREA S MY 

1980 1990 2000 
Servioe Service Servioe

'3ve.A.rea Area Area 

(1,1 ,~4FQb iof 17.0 18.5 41.5 

Jic, San icAlas 8.0 39.8 67.8 

20.0
B0 . 'Sto> Mno 8.0 16.0 

50"c mw-iLlo 12.0 23.0 47.0 

11o.P b-i 5.0 60,0. av 29.0 


B0. T',ixiha 6.0 50.0 113.0 

,Sto, Cristo Norte - 12.0 60.0 

B0, Yalapit - 69.0 79.0 

Do. Sto. Criato Sur - - 60.5 

"9, Malirx . - 11.0 

oG Sr, Rocrue - - 29.5 

5o, Sta. Cru - - 54.0 

San Isidro Pobiacion -5* 

Total 56.0 257.3 688.8 

ANNEX TABLE IX-C-4 

NEW AREA SERVED BY INTIUNAL NETWRK 

BY CONSTRUCTION PHASE 

Area 
Con.t,r ' ction Contruction Srwved 

Perici . e (haj. 

I-A 165.8
1980-85 


1986-90 I-B 91.5
 

215.8
1991-95 II-A 

2
1996-2000 II-B 

688.8
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ANNEX TABLE IX-C-5 

SCHEDULE FOR SERVICE CONECTION INSTALLATION 

Immediate Phase I-A Phase I-B Phase II-A Phase II-
Location mrovem (1986-90) (1991-95) (1996-2002'; 

Gapan Poblaoion (399)1/ 551 475 475 660 660 
Bo. San Nicolau (8) 412 490 490 450 450
 
Bo. Sto. Nifio (30) 185 233 232 145 
 145
 

Bo. Mangino (2) 138 230 230 
 325 325
 

Bo. Pambuan (I) 44 292 293 400 400
 

Bo. Bayanihan 70 
 90 90 100 100 
Bo. Sto. Cristo Norte 
 - 110 110 225 225
 

Boe. Malapit 
 - 350 350 350 350 

Bo. Sto. Cristo Sur -  275 275 
Bo. Malimba - - 185- 185 
Bo. San Roque -  - 400 400 
Bo. Sta. Cruz -  - 375 375 

San Iaidro Poblacion - J 580 

Total I,400 2,270 2,270 4,470 4,470
 

Cumulative Total 1,840 
 4,110 6,380 10,850 15,320
 

!/Numbers in parentheses indicate existing servioe oonneotions. 
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ANNEX TABLE IL-C-6 

SCHEDULE FOR FIRE HYDRANT INSTALLATION
 

Area Reoivinx Fire Protelt. 
Phase I-A Phase I-B Phase II-A 

Location(1981-85) 1 0 (1991-95) 

Gapan Poblaoion (6.8) 27.2 23.0 23.0 

Bo. San Nicolas (1.7) - 17.1 17.1 
Bo. Sto. Ni o (1.6) - 4.8 4.8 

Bo. Manino - 12.8 12.8 

Bo. Pambuan - 1108 11.8 

Bo. Boanihan - 21.3 21o3 

Bo. Sto. Cristo Norte 11.7 11.7 

Bo. Malapit - 15.7 15.7 
Bo. Sto. Cristo Sur - - 11.4 

Bo. aliaba - - 3.9 
Bo. San Roque - - 5.7 
Bo. Sta. Cruz - - 10.3 

San Isidro Poblaoion -5m 7.. 

(10.1) 27.2 118.2 157.3 


- (ha) 
rA toe II-B 

(199 Toal 

23.0 103.0
 

17.1 53.0
 

4.8 16.0
 

12.9 38.5
 

11.9 35.5 

21.4 64.0
 

11.6 35.0
 

15.6 47.0
 

11.4 22.8
 

3.9 7.8 

5.7 11.4 

10.4 20.7 

7.. 


157.5 470.3
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distribution system in the year 2000. The peak hour and minimum
hour conditions are included as representative of the design conditions. 
The critical conditions for some pipelines are not
necessarily the peak or minimum hour conditions but that the majorityof the pipelines are at design capacity during peak-hour conditions. 

The format of computer printouts is discussed in Chapter XII
of the Methodology Manual. Pipeline numbers of the series 0 to 100
on the computer printouts are existing pipelines. If an existingpipeline is replaced at 
some point, the 0 to 100 series pipe is
replaced with a 400 series pipeline. 
The 100 series pipelines are
recommended for installation during the immediate improvement program. 
The 200 series pipelines are intended to satisfy 1990 design conditions, and the 300 series pipelines, to satisfy year

2000 design conditions.
 

Some of the pipelines in the recommended construction program
may appear to be in a phase not indicated by their pipe number.

This may result when other considerations govern the timing of 
recommended construction. An example might be that a 300 series pipeline is included for Phase I-B construction. 
The 300 series indicates
that the pipe is not required in an area to serve people until after1990. 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 overflow elevation of 41.0 meters as first reported by the GAP-WD. 
Subsequently, the tank was measured and assuming a ground elevation of
19 meters the tank overflow would be at elevation 45.0 meters. 
The
effect on the 
program would be to raise the overall hydraulic gradeline 4 meters, which would improve service. The computer programs
we-a not revised since there were no actual survey data in the GAP-WD.During the design phase these elevations should be determined accurately and the design adjusted accordingly.
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ANNZEX TABLE 11-0-7 

C0O4PUTER PRINTOUT 
IAR 2000 PFA HOUR
 

GAPAN WATER DISTRICT
 

f . .n .--r} C -A= K H rO uW 

ITJPIJT -in, (IJT1 IJT T1 I I., 
N frr -: c  *"!n rF i 

rqjf ,2 1 pr', 14,A 

MAX N '1 0"f TrF,' V T 
E < T,i,; FACrll,., 1. 71):) 

AI.Ln',, P-pP', rQ'/ TATTC - pr7 0 .. 
STATTC, 4r1 [.!'-'-qr i n) ( , 1Ifa~ 
MAX iI','. L. - L** 11O'-C:1 

MAy AL.L.rt V'L -X PC 
MT I Al I ri ' . - S ), 

MAY Al.. HI. - OOC1)/ . 
M TM AL t V! 141. Mf)1.)NJ 
MAY AL I.6 P F - Arm4 7.0,). 

111TKI Al I flW T'1 - 'hi7)r
NOJ -F',I S T 1 :',r' - : r,9 

-N')N'q q- IHKHNN rrNS.JrPIrls;N T'Tr MDsTg2 1pIJ 
SIJv. OF r. Xn "): AN,,; 

riAhfnW TnTH 7 

1Tr.P 1 0J tVIAL ?J7 q 
TT p l! i.t! .Af!i I 

° TTF "3 tJP~gVl 4.1 V"S 

TTrf 4 IJWR t 9.) LOS" T  F 'T '-) I '] " 1~. .} .g I 

iTFR 7 .U1 . .)-) rS 

SO I.IIT TIN I [, FACOFn I N 7 T--.TTONC 
0,0.2€..2 UNIPA! .A.N.rr 

n . ; " , 7 o 
: .1 : ' /". ' 

.l W".'. 



AINEX TABLE IX-C-7 (continued) 
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ANNFEX TABLE IX-C-7 (continued) 
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AV=El TABLE IX-C-7 (continued) 
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ANEX TABLE IX-C-8 

COMFUTER PRINTOUT 
YEAR 2000 MINIMUM HOUR FLOW 

GAPAN WATER DISTRICT 

iAPAN U00 AINIMUM HOUR 

I'IP'JT AINC OUTPUT IN LPS 
N;) ')F NCUES IC7 
NJ) UF PIPES 1146 
,%'AX NO .JF ITEkATIUNS 20 
PEAKING FA(:rlOR C.30CCO 
ALLOW P-CROP FR/STATIC - PCT jO.0 
STATIC rCL F0Q P-DROP CALC 41.C 
MAX UNBAL - LPS C.C5CCO 
4X ALLC, VEL -MPS 3.CCO 

MN ALL 0i VEL- MPS C.4CC 
,lAX ALLO,3 HL - M/1000 M lo.CC 
41N ALLOW HL - M/1000 M 0.30 
.AX ALL CW PRESS - ATM 7.000 
AIN ALL LW PRESS - ATM C.7GO 
N40 ,F HE.OS TO BE READ 1 
'40 JF JNKNJWN CONSUMPTICNS 1 
SUM OF FIXED ,JFM&tNDS -37.16 

7
 
ITtR I UN BAL 23.54 LPS 
[TEa 2 UNBAL 12.75 LPS 
ITER 3 UNBAL 5.88 LPS 
ITE-R 4 UNtBAL 2.69 LPE 
(TEk 3 LNi3AL 1.12 LPS 
ITER o UWBAL 0.30 LPS 
ITER 7 UN6AL 0.02 LPS 

SOLUTICN NJ. I kEAC*-EC IN 7 IIERArIONS 
U.0241 GPM UNBALANCE 

11-G-i 6 



ANNEX TABLE IX-C-8 (continued)
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A1N1Z. T2ABLE IX-C-8 (continued) 
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ANNEX TABLE IX-C-83 (continued) 

lPIP NOCEJ- DIA L H-W K-VA L E LuW -- V.:!L- .. .. FADIj.,j-S---

NC FP.R -I" MM 14TRS C MPS--CK Ml MT/,lY)) (IK 

122 42 41 200 AC. 11 0.491E--U5 30.62 0.. 7 0.Z8 (.97 
123 55 42 250 100. 1 ic C. 41 lE--u 4 .Ij 0.')2 0.'/1b .62 
124 43 4. 100 130. 1Ci C. D6uJ[- ,L 0.1) J.1J LU O.0 t i.28 LD 
125 44 43 100 105 ICJ 0.4',2E-ui U.-33 0.1) Li0 0.03 C.29 L 
126 55 54 15u 8C. 100 C. 47.j- U 1s.29 z3.1 0.75 t,. 3 
127 55 ,44, 100 17C. ICO 0.702L-oi z.5o 0.. 3 LU 0.42 .5 
128 44 57 100 55. 1(0 0. 7L-01 1 .7,t 0.2, LU 0.07 I .. 
1 29 5 62 100 145. 1UO 0.6e5E-01 2.46 J).31 L,] 0.33 
1.0 56 5* 100 130. 1CO C.560L-ui 1.71 J.42 LJ 0.15 1.17 
131 5 56 100 9,. 1CO 0.401-u 1 1.73 0.2 LJ 0.11 1 , 
132 53 51 150 8C. 18GO 0. 4 7,:--Uz &.1 U. . 0.23 ".9j 
133 54 53 150 ICC. ICJ0O. 5 ' U--uL d.63 0..,9 0.*2 3.Z4 
134 162 74 150 315. IC0 0.18 L-ul .26 0.35 LU 0.5& [.7c 
135 7t 17 150 1Ef 5J.LJ 0.1.L-Ui -t. 0.L LLu 0.17 0.31 
136 76 79 100 150. 1Cu C.u4oLt-01 0.53 J.3I L.) 0.02 3.15 Li 
137 1 80 lUO 550. 100 0.23/r uu U . 3 0. 3 LU 0.02 J.33 LU 
13H. 1 80 100 150. 100 0.6L4.t-U i .2 0.02 LU 0.00 0.31 LJ 
13v t 1 i2 100 11C. ICO 0.414-81U 1.93 0.23 LU 0.16 1.48 
140 75 85 150 300. 1CO 0.17v -ul ,.d5 0.21 LU 0.33 1 .11 
141 85 84 100 150. ICO C.64jL-L1 1.27 0. i LU J.lu j.(h7 
142 6' 83 103 25C. 11O 1. 10,t C.O 1.03 3.13 L) J.11 0.4: 
143 £5 66 150 250. 1 i 0.O5dt.-ul 6.35 0.19 LJ 0.1't 0.53 
[4,' E 83 15u 150. 1u 0.8 1F-02 3.12 0.1J LU u.07 U.49 
14: 3 5 100 15C. ICO C.640L-0 1.73 0.:22 LU 0.18 1.21 
14t iuC 55 350 15. zo 0. 10.t-u4t o3.00 O.63 0.02 1.' 
[47 40 39 250 3C. 110 0.12 E-03 //.3j 0.57 0.06 1.97 
157 63 ,32 150 280. ICO 0.161L-01 3.-)1 0.2:' L0 0.21 0.75 
201 89 250 170C. IlO C.1J,3-0L 9.,5 3. ZJ LJ 0.47 0.2,1 L 
?02 E£ 91 250 2000. 110 0.tC35#-u2 9.01 0.1 J LJ 0.49 0.2'4 LJ 

0 4:2 95 200 1300. 11it) . i i£-U1 5.50 0.1J LO 0.36 u.29 LL) 
204 17 96 d00 105(. 110 C.L JL-Ui 3.98 J.13 LO 3.17 0.to I.:.. 
205 101 2 200 15. 110 0.IdiE-03 31.305 .UU 0.11 7.5 
206 15 102 200 15. 1i0 0. 1,E-0b u.J 0.% Lt) 0.0 0,. 0 Li 
201 4 103 18C. ICO 0.77L-I 0 .3u .35 LU 0.01 0.00b L) 
208 e 10 100 19C. ILO C.b1-E-J1 0.5') D.J11 LU J,. 03 0.16 Li 
301 190 2UL 1300. I0 0.16E-0i 4..17 J.i LU U.L5 u.1, Lu 
302 91 r; 2 200 155C. 110 C.19LE-Ji 6.4) 0.21 L0 0.1 0.3 
303 12 93 200 1750. 110 0.215E-J1 4.41 '.it+ LU 0.34 ,.19 LJ 
304 S; 94 200 85C. 1lU 0.i05E-01 i.02 0.10 Li u.Ob U.IJ Li 
305 $5 98 25U 345C. 110 C. 14-tt-l 4.3j 0.OCN LU 0.10 . 03 L, 
306 96 S7 200 1350. 110 U.16 E-01 1.31 0.0JJ Li 0.04 LL 133 
301 103 89 250 15. ki 0.L E- ut 0.0 0.0 LJ u. u.3 I 
308 iC4 88 200 15. 110 0.1& E-,, U. 0. J LU 0.0 3.3 LJ 
309 I0 93 200 15. 11i 0. .18j-03 0.J O.J LO J.u J.J LJ 
310 
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I[d.0 -G. tC 36,.(lU I .C)2 1.30 1. 04 
i1,.0 -C.64 )6. 1;bHIb.9u I. 4 17.57 

3 10.0 -C.70 1()to.,I 1.77 20.38 
4 13.0 -U.bO .OU o.:,0 1.71 20.43 
5 18.0 -0.55 3.131) 1o.i3 1.76 21.17 

7 18.0 -0.55 35.s2U 17. 1.74 22.02 
8 18.0 -0.64 : . U i7.9d 1.74 21.E3 

18.0 -0.7C 35. L1it 17.v1 1.73 22.13 
10 18.0 -0.61 2 i ';511 l1.v! 1.74 21.96 

13.0 -4,.7C -"3.4UU 1 . 1.73 
12 18.0 -L.5? 36. 17U 1.17 1.76 2U.99 
13 1,J.0 -0.56 6.C60 1 .06 1.75 21.49 
14 18.0 -0.67 35.76U 17.75 1.72' 42.70 
15 Id.0 -. 42 5.q2U i7.'2 1.6, 24.27 
16 18.0 -0.38 15.aLU i 7.i 1.7o 23.43 
1 7 1. 0 -C.3 b 17.58 1.70 23.5t 
18 18.0 -0. 34 7•5U '17. 1.70 3. 72 
1) 18.0 -0.34 i.>2 1.5ZU.70 23.81 
Z0 13.0 -0.3A z5.s7U 17.41 1.69 24.05 
21 Id.d -0.3'q 35.52U0 i17.,2 1.70 .23. 
22 £u.0 -6.40 35. SUJ 17.:o 1.10 23.b7 
23 13.0 -0.36 35 .3U 17.'43 1.5$, 24.20 
24 1.3.0 -0.28 35. i90 11.i9 1.56 25.21 
5 18.0 -0.3 T5.17U 1.7.11 1.66 25.35 

26 Io .0 -0.35 35.26U 117.6 L.67 2'..94 

d 
18.0 
ld.U 

-0.2S 
-0.1-

35.2VU 
35.43U 

1 l..i3 
17.43 

.. ,) 7 
1.69 

24.89 
24.1 

29 10.0 -0.16 -5.42U 17.42 £.59 24.25 
1)t8.0 -0.02 35.2 U 17.2a 1.7 24.88 

31 13.0 -C.2E 35.2EU 17.26 1. b7 . 
32 16.0 -0.47 355.35U 17.35 1.b8 24.50 
33 18.0 -0.17 55.t2U 17.o2 1.71 2:.38 
34 18.0 -0.4 c 3 E.CU 17.o 1.b5 25.72 
35 13.0 -0.G0 -5.17U 17.17 1.L6 25.6 
36 1,3.u -0.25 35. 17U 17.17 1.56 25.35 
37 L.O -0.4. 35.C4U 17.o4 1.65 25.93 
36, 13.0 -0.5 D.UzU 17.02 1.65 2t0.02 
39 1.0 -37.160 .CO 1I.Lu 1.5 26.09 
q 0 18.0 -0.34 35. CA 17.j6 1.o5 25.83 
,t1 18.0 -0.0- 35.-4U i7.o4 1.71 23.L9 
'2 13.0 -0.u2 35. e*lJ 1/.92 1.73 22.08 
4 16.U -0.01 ;5. 6U 17.96 1.74 21.92 
144 18.0 -C.01 3.sgi I7.V'9 1.14 21.79 
'+5 18.0 -0.31 23. C3U 17.J3 1.65 2:.c5 
46 13.0 -U.lo _34. 99tJ 10.9) L.64 20.i3 
47 lu.0 -0.21 35. C3U 17.13 1.55 25.96 
4b 18.u -0.13 34.YU 16.9' 1.6% 2o.12 
49 13.0 -C. 21 35. C50 i7.J- 1.65 25.b6 
50 13.0 -C.1- 35. C1U 17,01 1.65 2t.04 
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1 1.0 -0.25 35. 10U 17.10 l.b6 25.65 
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16.0 

-0.17 
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I 
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24 .64 

54 13.0 -0.02 33.tJ 17.o6 1.71 23.Z3 
55 
50 

10.0 
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-C.02 
- C. 01 

4.4OU 
3 E.IU 
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22.57 
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1A .0 
-0.01 
-0.26 

>5.(CU 
34. 2U 16.92 

1.1.. 13 
1.(34 

,2.Ld 
25.44 

59 IJ.0 -0. 18 Ji.CU 16.)0 1.04 2o.50 
60 1b.0 -C.Z2 3'.411 Io.91 1.64 2o.49 
.1 18.0 -C.2 7 34. qU Ii.9 1.o4 26.14 

18.0 -0.06 35.CCU 17.L6 1..6 26.07 
63 1l.0 -0.01 3 .35U i7.)5 1.63 24.55 
64 18.0 -0.18 34. Q1U 10.91 1.64 26.46 
65 13.0 -0.27 34. 61U 1i.o1 1.61 27.80 
66 I.0 -C.34 J+.. ,2 IJlo.o2 1.1 27.74 
7 13.0 -0.27 34 .(bj 16.t6 1.61 2. 57 

68 LU.O -0.15 .j4. OU 10o UJ 1.55 30.42 AIl 
5,;.O -0.21 31.CCU i.L0 1.55 30.42 'iI 
10 13.0 -0.36 34. C4LJ 16.04 1.55 30.25 H! 
71 i.0 -0.42 -4. cLO 6.J9 1.56 3J.u4 HI 
7 11.0 -C.42 J4. IOU Ill.±J 1.5t 3u.00 lil 
73 Id.0 -0.22 34.A4U 10.,4 1.59 29.52 
!4 18.0 -0. L6 24.14U lo.44 1.59 2u.52 
i5 13.0 -0 2- 34.-EU 16..8 1.59 26.76 
16 
77 

18.0 
19.0 

-U. 6 
-0. 36 

33.820 
33.esC-,.J5 

1i.d2 1.53 
1.,+2 

31.21 
33.39 

HI 
AI 

1b 13.0 -017 33.63U 1.d3 1.5i 31.19 M1 
19 18.0 -0.34 .:.6.1J 1.dU 1.53 31.29 0I 
30 18.0 -0. )6 31. 7U .9 1.53 31.3t HI 
31 13.0 -C. .s 33. 1PYJ Ij. 1 1.53 31.35 r'1 
32 
3' 

1b.0 
18.0 

-0.D6 
-0.23 

33.o3UU 
23. 4U 

I . 3 
15.J'. 

1.51 
1.53 

32.06 
31.15 

[1II 
iA 

4 i.0 -0.24 33. C5U I:. 5 1.54 30.5 H I 
J5 
d6 

1 .0 
13.0 

-C.24 
-0.23 

,4.C5U 
33. )Ili 

i6. J 
15.91 

1.5-
1.54 

30.2,.-
30.di6 

:41 
-3I 

67 18.0 -0. E6 .5.3U 17.36 1.68 24.54 
1dld.0 -0.9 2 5. L. U i7.LJ 1.t6 25.51 

139) 17.0 -5.28 36. 451J i9.,f9 1.89 13.80 
90 
vi 

16.0 
16.0 

-4.37 
-2.52 

3,.e4U 
J4. l5U 

U.24 
10.-5 

Igm 
1.30 

19.04 
25.42 

92 15.0 -2.C zj4.C,U IV .U4 1.84 26.79 
93 14.0 -1.3 33.70U ).7, i. ,I 27.05 
94 13.0 -3.-02 --..t2U J.o0.? 2.00o. 
95 19.0 -2.67 33. 251J 14.2 5 1.3& 35.23 it 
96 20.0 -2.,*7 3j .4U 1J.4S I . a 35.78 0 1 
97 21.0 -1.51 33.45U i .43 1.21 31.74 0I 
;b 22.0 -2.83 3-3.15U 11.15 1.08 41.31 1I. 
99 18.0 0.0 .5.64U i7.d4 1.1 22.44 
100 18.0 63.G0 26.43U 1.43 1.7t; 19.69 
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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 district management may use in making 
crucial decisions during the next few years. The technical aspects 
and project cost of the recommended plan have been presented in
 
Chapter IX. Its economic justification follows in Chapter XI. In 
this chapter, a plan is developed to indicate how and when funds will
 
be used to operate and maintain the system, implement the program,
 
establish reserve funds, and retire indebtedness. 

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 
agencies and LWUA. The water rates that have been developed appear 
to be within the ability-to-pay of the average householder in the
 
water district.
 

The financial analysis includes only those revenues and disburse
ments for the proposed construction program from 1978 to 1990 (Imme
diate Improvements, Phase I-A and Phaue I-B). All those revenues and 
disbursements shown between 1990 and 2000 are directly attributable to 
continued service and expenses occurring from facilities constructed 
between 1978 and 1990. 

B. THE EXISTING SYSTM 

Personnel
 

As of October 1976, the water dietriot was operated by 12 per
sonnel, with some key positions vacant. Th order to meet the needs of 
a developing organization, recent developments have been directed 
towards the expansion of its present staft and the adoption of LWUA 
guidelines in the area of personnel mana. )nt. 

Water Rates
 

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

Residential:
 

without booster pump and reseroir P12.15 per month 
with booster pump and reservoir 12.20 per month 

Commercial: 

without booster pump aid reservoir 15.00 per month 
with booster pump but without reservoir 20.00 per month 
with booster pump and reservoir 25.00 per month 
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Financial Statements 

GAP WD has been operating at a deficit of approximately 
P19000.00 per month with a 1976 average monthly eperation and mainte-. 
nance cost amounting to about P9,000. Biger leses are operated if 
allowances are made for depreciation. This has been the trend in
 
spite of the subsidy it receives from the municipal government. The
 
monthly subsidy was0 increased in January 1977 from P2,500 to P3,500 
and would be discontinued altogether in June 1977. It is assumed
 
that the financial ituation will improve with the implementation of
 
LWUA commercial prabtices and the proposed improvements on the
 
system.
 

Historio financial records have not been based on organized
 
basic accounting systems. Therefore, data on past finances ef the
 
presont system are iiiadequate to form a sound basis for future pro
jeotions. It is therOfore necessary to made certain asumptions for 
the finanoial feasibility analysis. These are discussed later in
 
this 'chapter. Validity of these assumptions will be tested as the
 
project is implemented.
 

C. EVELOPMENT COSTS 

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

Proltot Cots r: 

Project costs of facilities recommended for implementation 
through Phase I-B are summarized on an arnual basis in Annex Table 
X-C1-*Engineering se:roes for design and construction supervision 
are broken dowv. It hat been assumed that 70 percent of the ergi
neering services applie to surveys and design and 30 percent to 
construction supervision.j Design costs are shown in the year preced-
Ing construction. Contiigenoies (15/10 percent) are distributed 
uniformly during the construction period. Foreign exchange component 
of total project cost includes cost of direct and indirect import 
itemsa, waell as a pirtion of the engineering costs. 

Escalation of Costs
 

To account for the effects of inflation, capital cost estimates
 
are escalated. This has b en done year by year on an item by-item
 
basis using esoalatl'7 factors computed frod assumed inflationary
 
trends and applied to the basic current cost data as shown in Annex
 
Table X-C-2. The escalation factors 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 6 percent per year thereafter.
 
On the 	other hand, annual operation and maintenance costs and family 
income 	are escalated at a rate of 8 percent all throughout the 23-year 
study period. These escalation facitri; have been assumed to apply

equally to the local and foreign exchange costs. 

D. Oni;RATINIG Ull) MAINTENANCE COSJTS 

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 are:
 
personnel salary and benefits, power, chemicals, maintenance, rental,
 
and 	other miscellaneous expenses which are necessary to run the overall
 
water system. Most items increase in accordance with the quantity of
 
water produced; the number of customers served; and the extent to which 
the physical plant will be operated and maintained. 

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

E. 	 FINANCIUhI POLICIES COVERDIG LOCAL 
WATER DISTRICT DEVELOPMNT 

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

Operating Source 

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

Non-Operating Sources 

Non-operating sources of funds for development include 3 basic 
groups: 

1. 	 Loans - funds may be borrowed by the water district for 
development, One of IUA's primary functions is lending
funds for development to water districts. From the water 
district's point of view, LWUA is the primary if not the
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only realistic source of funds. LWIUA borrows both foreign

currencies and pesos at w.rying ter- and i'elends needed 
funds to water district according to the composite terms 
needed to support the blend of debt service terms LWUA 
itself must meet. At present, LWUA's termr include: 

Immediate Improvements Loan Phase I-A and I-B Loan
 

Interest - 9 percent per anum to be 9 percent per annum to be
 
computed at j percent per computed monthly at per
month. Interest due on the cent per month from the 
local component 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 30-year loan from the date
 
assumed made at mid-year, of initial disbursement.
 
thus will earn interest for
 
6 months.
 

Principal - amortized equally for 30 No principal payments due 
years to start one year during construction periods
after construction. (Construction periods of 

Stage I-Phases A and B are 
explained in Chapter IX). 
Principal repayment period 
is 30 years less the dura
tion of the disbursemen. 
period. 

2. Charges and Assessments - consist of payments made by new
 
customers and benefiting property owners for the rosts 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. 
 LWA guide
lines suggest that new customers may pay for connections
 
and water meters, but currently do not include an assessment
 
for distribution system costs. 
For purposes of this analysis,
 
new cus3tomers 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
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in aid of construction" in accounting terminology
 
and hav,.2 Pti effect of reducing w.wr,itt to be borrowed. 
Since mavy new cust:mors will not be in a position to pay 
connection fees (or benefit assessment charges) in cash, it 
will be necessary to provide finatcing assistance. Present 
practice to allow such pa~ynfmtn -L- e Ii1 e at a flat 
monthly rate oi" 115.0O over a peiriod of 10 years. 

3. 	 Grants or Credits - L.JUA has access to loan funds on con
cessionary terms and isi thus able to rolend funds at rates 
that are below market rates. Thi: A-, itself is a 'credit' 
available to the local water ,ii'.t borrower. In some 
coointries, the nation-al gvoin,crit makes outright grants to 
local water districts in recognition of the overall national 
benefit of having safe and reliable water systems. Another 
approach is for the government to advance a portion of the 
finds needed duiring early years of' development at little 
or no interest to aist the local utility in building its 
financial capacity. This is another form of 'credit' as 
referred to above. Later, as the revenue base expands and 
development expenditures decline, the local utility frnds 
such advwaces as permitted by its cash position. At the
 
present time, however, the local water district is expected
 
to undertake its development proLrams with no equity 
participation by government or assistance other than the
 
L WA loans. 

Reserve 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 funds. For purposes of this study, a lower percentage
 
will be used, starting at 3 percent progressively increasing to 10
 
percent.
 

F. 	 FIMS FOR CAPITAL DEVELOHEI4T 

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

Depreciable Assets/Depreciation lExpenses
 

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 continues for 50 years and it is assumed to be retired in the
 
51st year. The cost of large facilities that require several years
 
to construct is carried as "work-in-process" until completed.
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Annex Table X-F-I shows the water district's assets and depre
ciable value forecasts, the initial purpose of which to showis the
appropriate "depreciable" values for use in calculating replacement
costs and annual depreciation expenses. At the same time, year
end book values of assets are shown as well as the value of work-in
process.
 

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

Revolving Fund for Connections 

To assist new customers in financing service connection charges,
it is necessary to provide working capital for a revolving fund. It
is proposed that WUA's present policy which provides for the costs to
be payable at 13.0O/month over a 10-year period be increased to
P6.8 3 by 1978 to cover the increased unit price of meters. Net in
flow funds will be required over a period of 10 years to build
sufficient income to support the annual costs of connections. At 
some future point, income exceeds annual expenditures and the revolv
ing fund can be used to refund the earlier advances of working 
capital. 

Annex Table X-F-3 indicates the working capital requirements.

In this table, the two key assumptions are: 

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

2. Sixty (60) percent of all new customers would utilize

the installment method of financing connection charges. 

Revenue Unit Forecast 

The present LWUA rate policy incorporates the use of "revenue
units" (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 price. Asthe 	basic 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 discharge of a 3/8-inch connection (actually a --inchconnection, but regillated by a water meter to give the discharge of 
a 3/8-inch conmction) is multiplied by 1.0; that of a J-inoh by 2.5;
that of a 
-inch by 4; that of a 1-inch by 8; and so forth, to get

the total RUs delivered.
 

Two charget arc levied on metered connections - the service
 
charge and the commodity charge. The service charge 
 is the fixedcharge which covers the first 10 cum of water. It varies according
to the size of the connection. The commodity charge is payment forwater consumed after the first 10 oum. The unit price is uniform
 
for every size and type of connection.
 

Annex Tables X-iL4a and 	X-F-4b give the revenue unit forecast. 

G. ANALYSIS OF WATER RATES 

Ability-To-Pay Issue 

Presidential Decree No. 198 stipulates that water districts must
 
be financially self-sufficient. In the most
past, water system have
 
not been able to generate sufficient revenues to cover even the
operation and maintenance expenses to various
due factors including

poor pricing schemes, defective collection system and inadequate con
sumer promotion. The major reason 
for insufficient revenues, however,is that certain consumers being served by the water district have suchlow 	 incomes and hence, are not in a financial position to pay

the full costs of the system. Therefore, before a water system is
improved and expanded, the ability-to-pay of the population targeted

to be served must be ascertained first.
 

Since water districts are not expected to be extended government
subsidy, the analysis theof factors affeotine ability-to-pay has been
significantly simplified. The factors that affect ability-to-pay arethe annual income of families covered by the water district and thepercentage of the their income allocated to water supply. 

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

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

i) 	 Though 10 of the water dietricts were revenue-producing priorto the change in management of the water district, 13 imposed

increased water rates upon takeover.
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2) Water consumers generally accepted the increase after some 
explanations justifying it. Only five receivred formal 
complaintsi about the increased rates while eight received 
formal complaints about the poor quality of water supply. 

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

4) 	 Assuming that capital and service improvements were made, 
the general managers indicated they could increase their 
rates by as low as 25 percent and as high as 447 percent for 
the 	average and below average households.
 

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

The survey covered 556 families t clasaified into 4 income groupe. 
Approximately 28 percont cam3 from the low-income class (below ?220/
month); 55 percent from the middle-income (?221-P750); 12 percent
from the upper middle-income class (P751-4Pl,500); and 5 percent from 
the 	high-income group (above ?1,500).
 

The table below presents the highlights and pertinent findings
 

of the survey:
 

ESTIMATED ABILITY-TO-PAY INCOME GROUPING
 

Weighted 
Average 

Above 
Income Group ?220 221-750 P751-1,500 P1,500 
% Distribution 28% 55% 12% 5% 

Probable Ability
to-Pay on Basis of
 
Improved Service P13.50 P24.50 P37.00 P67.50 P25.00/mo 
Estimated Average

Income 	 P220 ?660 P1,000 2,700 P680Aouse
Ability-to-Pay hold 
Divided by 
Average Income 6.1% 3.7% 3.7% 2.5% 3.7% 

The foregoing table indicates that the low-income group may be 
able to pay a maximum of P13.50 a month for water (about 6.1 percent 
of their average income). In the extreme end, the high-income group 

X-8
 



may ba abl. to v;V a a,,ximmuj1 f ?67.+3Gi a mon-h for water (onl]y 2°5 
perccont of tii:Ir .verate inoome). Thia dlisparJty in the percentage
of income allocated '- water by the tuo income gro.pe may well be the 
best argument of t.hose advocatinjg a socialized price structure. 

The p.>b!,. maxit:aum abiliLy-t oTP4y of tho pilot arta average 
household in about 25+00 pei mantb-,o/ 

In the Survey of Iouseholdz Palletin Series No. 34, published
July 1973 by tho 11CS0, Manila, (page 3, Table 5), the following data 
are given: 

Manila Other 
Total Total and Urban 

Familie3 Urban Suburbs Areas Rural 

Median FamiLly Annual
 
Income, Pesou 
 P2,454 p3,972 P5,202 P3,650 P1,954 

Size of Sample, 
Fpnuilie: 62347 1 913 525 1,388 4,434 

Tho above data - for The 12--month ;))ried Hs% 1970 to April
1971, more or less. The fig-Lire for "other urban aavas", P3,650
median family anmual inoomo, may approximate, or may be a little less,
than -the median family income at the areas served with piped water* 
As the figu.res cited above show, in general, people in urban areas 
tend to be financially better off than people in rural areas* The 
term "urban areas" includes all urban areas in the country, in gene
ral, mout urban areas off the oity or municipality. The inhabitants 
of the central urban area are expected to be somewhat wealthier than 
the other areas of the city or municipality. 

BY July 1976, the annual income for "other urban areas" cited
 
above, escalated at 10 percent per year, would be about P6g200 per
 
year*
 

The report, "The Filipino Family, Community, and Nation" by Emma 
Porio, Frank Iynoh and Mary R. Hollnsteiner published by the Insti
tuteof Philippine Culture of Atonso de Manila University in 
April 1975, cites in Table A9, page 99 the rsults of a survey in
 
April 1974. The families surveyed were distributed among 15 urban
 
areas, and included 373 families in Metro Manila. Excluding the fami
lies in Metro Manila, mean monthly income of the remaining 1,599 
families was P572, or P6,864 per year. Escalating this income at an 

I/This figure includes appropriate allowances for the respondents
 
understating their income or willingness to pay and the increase in
 
amount they are willing to pay as a result of improved services.
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annual rate of 10 percent, by 1 July 1L976, it would be an income of
about P8,510 per year. These 14 urban areas among theare more urban
ized in tHie country. They included, for instance; only 3 municipali
ties, the ocher eleven being t]ausifiod as cities. The median
population of the 14 uh'ban aveas in the 1.970 census was about 70,000. 

Bas, n t' ase dta, thf, mean family income of the people residing
in the water service areas of the communities whon water system are 
proposed to be improvee might be, by 1 July 1976, somewhere between

the ?6,200 per year (developed from the 1970/71 data of the NCSO) and 
the r8,510 per year (developed from the data of Porio, Lynch and 
Hollnsteiner). For lack of other data, the average water-using family
 
may have an income of about P7,900 during 1976 (or P660 per moz th,

which is close 
to the Lipa household survey). This is equivalent to
 
an annual income of $1,000 for a family of six or seven.
 

Initial Rate Determination 

Several trials were made to devise "revenue unit" (RU) prices

that can be used for a period of several years. It is good praotioe

for the water district to adjust prices approximately every 3 years

instead of annually.
 

Based on the trials made, the water rates established at reason
able intervals are as follows:
 

Period 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 step of PO.70/RU was selected as an intermediate rate,

in anticipation of the second step (1I.20/RU) which is indicative of

the required cost to make the system financially viable. The rate of
-1.20/RU in 1982 cost levels is equivalent to P0.82 in 1978 prices

(based on 10 percent discount rate). Likewise P1.50/RU in 1986 is
 
equal to PO.70 in 1978 prices.
 

*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 ;,ould actually be higher if GAP-WD con
tinues to construct facilities beyond 1990.
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The quention ,-or'easil;iiity s Li .atter of:taialying whether or 
,.- the3 wcr ,ti L.U. Ejbj-.to pazy the x'cuired 

;-n .d : u~.;':t., obi~t.in~ ;..r:jchai.'2o I:o . : .; I' i e~f 

~~~~;r 

r~ener the :erid ion q',, een L~in~ fc 


reliable wtt-e * .e ~ r dwte~r ra-I e rej-
L,.- that g'o!tp of
 

hou~ho~t-~ rh "!aean"Orto the 
Probabj.e. u~s~of \."....b ths .rop wan ca culateu ..it 24 cure per 
month 4 i, ' ,.r ,,.. " t co.3rvers oonsiumers with 
- inch , . n - - toti c'w-,, .... tia: sulk of th,. domestici 
government. Oonurie1 - Ao- b.cn..the: j'.'79 rate of 9,70 per 

revenu turi vip. monthFly r1Xri7 off Phei ye (hal-'e 7150, 
commodity char;. f 4- conu-p~ i.n Js 9, "0 (0),70 F14).or 
newly conu&:tecr r- o avail of Ithe 10-yeir in,3tallment plan,
monthlyo w6Csiwter wil inreaae by to account for 

the s-ervice no!;.ncct ton otuce both-hbnv'. wator and household 
incomes inc,'ea'(e each arO the impact the chlrage on. of i1Lu31aalhnent 
the enpandituio pal; tern of the houuehold will decline over the 10
year period of p,.nt The esti.malted impact of he increased rattLs 
and conn.ction charges on household patterns io shown below for the 
mid--Ixoint of each rate block.
 

, -Q 19998621282 


Escalated inoome of 
household earning
 
M7O/mo in 1976 
(8% per year) 882 12111 1,511 2,220 39021 4,110
 

Expenditure for 24 cum 
water conauiition
service charge
 
(first 10 rpn) 17,50 30,00 37,50 40,00 42.50 45.00 

Cormnodity charcge 
(Rate/RlW x I4 ctum) 9.80 16.80 21,00 22,40 23,80 25.20
 

inaome allocation to 

water for exi.otinr: 

consumore (-) 3.! 4.2 3.9 2.8 2 a2 1-7 

Connection charge for 
new custom;ers 
(1*6.83/no in 1978) 7.51 9.63 12.86 17.20 21.71 27,40 

Income allocation
 
to water for new
 
customers 3.9 5.1 4.7 3.6 2.9 2.4
 

bnable use of water by income groupa: 

Income 
Grouping 

elow 
Average Avera 

Upper 
Middle Hig 

Weighted 
Mean 

Probable Water 
Use cumM/o 16 24 32 44 23.7 

.11 

http:obi~t.in


Since the mid-pointsb o'11 of the period was1 selected" I for comparison,. . -1.,,.. it 

ill *'h-3 vyae..-1.1" d e'i- .:ti i.,, "., i.!,.7::.:.. ..r L h soccer',sing 

year of each block. 

~ tL~ ~e ;2~cI Op'r ien± or, the hO";W ilholU. 
income requireu water kexcept in l9i82 awd 1986f' "ices which 
ar,: the . : oonu.i. Ir(,i withi the i. it of Uit,h 

ft~ ".... . I.~~ability-l~~~~~~~c.--u~... L 
I 

....].. ~C"*-~.i ]C.i~VO~~ . --.. J .; :h...',;,i" ; .'St a..
 topay 
aarrovd was about 3.7feva for ver.ioei foz i o bi percent of the 

hIy}.,aif yf aiy si -;,rficwt 2provement in to be 
achieved lhe ;i.e q:ality of public water service if thesr .- and xnd 
recqutii'c.. nt .- oc 'cPailyr viabJ.e. aid Jnanciaiily self-snpporting
water (isetrich* 3s to be .Iaintainrd aix _Toups of wateriudtom 

will have to pay aub~tnnti.a]ly higher chax-,",e& fo'" water services 
thani they 1-.vo, pa.jid i.n the paae' 

A policy guideine in the UrL. Otjrin- of water rate charges is 
that they mauit be reosonable and r-calistic. Since water is a prime 
oomitwodity both for the por' and the rich, the socialized rate may 
be determined such that a greater finxnoial burden is carried by 
those who oan afford (but not to the point that it becomes oppressive 
to them). 

In the prv-ceding fections, specific rates established meet the 
cash reqiireoients for an improved syatem and at the same time fall 
withiua the wve.ag, conaumers ability-to-pay. Thider this scheme, 
the cost for the first 10 cum ounauned is 17.50 and the subseqaent 
consumption, ?0.j0ican. ' tis monthly rate; for the following 
water consumnption will be; 

16 21.70 
18 23.10 
20 24.50 
22 25.90 
24 27.30 
30 31.50 
32 32.90 
44 41.30 

The estimated impact on the averaje incoe household (assumed 
to have a monthly 2976 income of 660) and the below averajge income 
household (asutned to have an adjurined monthly 1976 income of P300) 
is as followa:
 

*For - inioh oennection domestic olasoifioation. 

X-12
 



,,, ...1.7. ;,;.,, Ut:-i Vo.-of%noom rf 

Income Level M~onthly Tcoj~j cof W - vajr Iio Al'Irioated to Water 

Below 
Average b3" 24 cu.1 

Ire"1~0 
27 . 30 3.3 

Th-
average 

rr-e-edinc t,1-Ie rjihcws 
incon.e 3-"u1lp 103 iiCA'. 

t*h.! the finaincial burden t(o the below 

A Ctia1z ;d "r'ici1I;lr. ern1'. has been dcvel o ped tf relieve 

the low income oroujp of th,.c high fi'*nancia] cost of water aith the 
following rate stricture : 

first 46 a, P / 

from 17-24 cuie/mo at ?l.7O/cumn 
from 25 or mope ... I!h at ?2.70icumn 

The resulting monlhly ratos for the various water usages will be: 

~92~). Cost/month } 
16 13,60 
18 17.00 
20 20.40 
22 23.80
 
24 27.20
 
30 43.40
 
32 48.80 

81.2044 

The corresponding impact on the various income levels is as
 

follows:
 

Projected 1979 Monthly Uoage Cost of Percent of Income 

Thoome Level Monthlr _Income of Water Water/mo Allocated to Water 

Below Avera.,e P .28O 16 cutm ?13a60 3.6 
Average 830 24 cur 27.20 33 

Upper Middle 1,260 32 otum 48.80 3.9 
High 2t910 44 cure 81.20 2.8 

The preceding table shows that across the income profile of the 

community, the monthly costs raznge from 2.8 - 3.9 percent of house
hold income.
 

Revenue Forecasts 

Estimated fnture levels of income from water sales are shown in 
Annex Table X-G-I. 
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H. FINANCIAL SUbMARY 

Several trials have been conducted in developing the forecasts
 

of financial statements of the GAP-D. These statements are based 

on the following major assumptions: 

1. 	 Reserve Fund: 3 percent of sales for 1978-1990; 6 percent 

for 1991-1995; and 10 percent for 1996-2000. 
2 percent of gross revenue requirements
2. 	Uncollectibles: 


for the first year of a new rate application, and 1 percent
 

for 	the second and third years.
 

3. 	 Accounts Receivable: equivalent to 3 months of sales. 

4. 	 Accounts Payable: equivalent to 2 months of operating 

expenses. 

External Borrowing Required
 

Annex Table X-H-1 shows a summary of the external borrowing 

required and the annual debt servicing of the loans. Two separate 
immediate improvement loan and theanalyses were made for the 


Phases I-A and I-B loans to comply with prevailing INUA terms.
 

Borrowing will start in 1978 and continue through 1990. The 

immediate improvement loan (1978-1981) will amount to P6.914 million. 
The Phase I-A loan will cover the 8-year period 1978-85 inclusive 

and will amount to r11.098 million. The Phase I-B loan will cover 

the 5-ojear period 1986-90 inclusive and will be about ?9.226 million. 

Projections of Finanoial Statements 

Annex Table X-H-2 shows the net income (loss) on a yearly basis. 

Net loss is forecasted in 1978 through 1980 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 water production, water sales t 
on fixed assetunaccounted-for-water and rate of return based net 

in operation are also presented in the table. 

Cash Flow Statemerls 

The cash flow statement provides an indication of the adequacy 

of ,orking capital. It is not generally sufficient to cover cash 

outlays with revenues because of the tendency of cash receipts to 

lag behind cash outlays. In general, an expanding organization with 

an active capital development program aid increasing level of 

activities will require similarly increasing quantities of working 

capital. 
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Annex Table X.-41-3 presents the snnual "Sources and Applications 
of Funds." Potential net decreases are expected in the year 1978,

1979, 1983, 1994 and 1998. By 2000, positive net cumulative cash
 
balance will be IT1.723 million even if "cash at the beginning of
 
1978" has been assumed equal. to zero.
 

Other Fincacial statements
 

Appendix Table X-4i-4 presents the "Projected Balance Sheet"
 
Thich shows tue 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 truc efficiency of mobilizing investments on the pro
ject from a broader perspective. Taken from a different perspective,
 
it measures the effective 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 cash
 
outflows and the resulting inflows from such investment.
 

Net asset salvage value of P4,663 million is added to net cash
 
inflow in the year 2000. 
This is done based on the assumption that
 
the project will terminate in the last projection year. Hence,
 
assets are to be liquidated and all liabilities are to be paid from
 
the proceeds of the assets.
 

Several trials were made in finding the rate of interest that
 
equated the present value of the cash inflows to the unrecovered
 
investments. 
 In the GAP-WD, the rate of return, with the assumptions 
made, is estimated to be 7.03 percentQ 

I. FINANCIAL RECO110ENDATIONS
 

1. 	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 follows: 

Period 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
 

*This rate is recommended to cover expenses incurred by implement
ing and operating facilities in immediate improvement progran and
 
Stage I only.
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It is recommended, however t that in the implementation of these rates t

the water district follow the Eocialized pricing approach which will 
generate the same amount of income to weet its requirements. 

3. 	 The 'ecommended plan for the first construction phiase (Phase I-A)
of CM%4MD is financially feasible. Borrowing for that period
would be 111.098 million,
 

External borrowing would still be necessary for the Phase I-B 
period. 
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ANNEX X-C
 

DEVELOPMENT COSTS 



ANMI TABLE X--C-1 

FMJEC OOST OF MCO 
GAMA VAIMR DISTPIO7 
(vrmU.r ESCAL.ATION)

(r x1000) 

item 102 1980 1961 198 1U 142& 1-c66 1*7 198 1069 191 1'ota 

Source Pcilities a' Equipm.t 
b) Structure 

6 
2 

16 
5 

-
-

-
-

-7 
107 

. 

. 
... 
.. 

a 
4 

232 
127 -

611 
245 

0) Wells 7 20 --9 - - 17 516 - 952 
Distribution Facilitisa 
I.eral Network 
Fire 44rants 
Service Connection a) Notero 

b ) ioe 
Lamwsto eSrts a Pacilities 1. Equipment 

59 
16 

1 
5 

15 
4"74 

176 
48 

2 
15 
46 

576 
186 
-
-
-

1,153 
371 

11 
73 

221 

1,153 
371 

23 
146 
443 

576 
371 

23 
146 
443 

-
371 

23 
146 
443 

47 
Z4 

15 
82 

24s 

3918 
145 
29 
83 

218 

70T 
256 

50 
146 

"383 

351 
256 

50 
146 
3,83 

-
-56 

50 
1U6 
383 

-510 
118. 

,25Z 
72 

192 

3'; 

1,206 
3,15 

474 
2. 
3. 

StrOture 
Wall 

271 
531 

Z"1 
531 

)Ditribt-tion Pailitie. 
e) Sezrloe Conneotion 1. Xeters 

1,840 
174 158 157 

1,64C 
489 

6) dmniatration 
2. Pipe. 370 335 335 1 ,C40 

a) 

buildizg 

Pl-bing ,,p 

1. 
2. 
1. 

" ZdIneo 51 
Structure 419 
Xqu."Ut 30 

51 
419 

30 

f Vehicl,, 
2. Strwutrv 421 

139 
421 
139 

Feasibility tah..Y 
i, me.11.~@a Items 

8 _4, 
15 1 

207 
-sub 4otal2 4,904 823 1,403 1,829 2,!'2 1,559 983 596 373 1,536 1,215 1,710 417 20,!30 

Land 

TOTAL PROJECT COST 3/  
Ill 

5,015 823 
6 

1,409 1,829 2,982 1,559 983 596 
6 

8T9 1,536 1,215 1,710 4.t7 
123 

P.953 

tbe 

,,jaloulated at 1 percent of total projo.-t cost. 
-/Inolud=s dssign (first 7ear of each major megmesxt 

pe aod of oonertruction. 
or awmiopment), super-sion of ozoatrititnaA ntinags=c., spred vlfwalj. 4=r14 

wDoes not n lude interst dnrize onsotru tion. For oalolaedo interest wee Table L.-i. 
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ANIX TABLE X-G-2 

PROJECT orCO 'OF oEC0O=7, PW 
GAPAN WATMMDIsacT 

rx 10o 

Itemi ~ j 1980 1-981I IZL 19M ~ 18 10I2~ 1M z-ta 

PPS7P 7'R 1.00 1.100 1.210 1.307 1.412 1.525 1.647 1 779 1.&.56 1. 99 2.i2 2.246 2.381 

Source Facilities a) 
b 

Equiment 
Structure 

6 
2 

20 
6 

490 
151 

17 
8 

521 
-35 

1,054 
452 

e Well 7 22 554 36 1,159 1,778 
Diatrib-t ion Facilities 
Internal Network 

59 
16 

194 
53 

697 
225 

1,507 
485 

1,?P 
52 

8;3 
566 611 

84 
363 

751 
273 

1,401 
512 

744 
542 575 305 

7,943 
5, 05-) 

Fre Eydran 1 2 14 32 .5 'B 27 55 100 16 112 60 572 
Service Connection a) Raters 

b) PiPen 
5 
15 

17 
51 

95 
289 

206 
626 

223 
676 

240 
730 

146 
441 

157 
411 

292 
766 

309 
812 

328 
860 

171 
457 

2,1-9 
6,134 

Iinmedate Improv-ents a) Source Facilities 1. Equipment 474 
2. Structure 271 

b2 
3. Well 

Distribution Facilities 
Serie Connection 1. Meters 

531 
1,840 

174 174 190 

531 
1,840 

533 

d) Adminietrativo
Building 

2. Pipes 

1. E.-uipmant 

370 

51 

369 405 1,144 

51 

2. Structure 419 419 
e) Plmingbi Shop 1. Equipment 30 30 

2. Structure 421 421 

Peasibility Studies 

f)
) 

Vehicle. 
UlKoellanhous Items 

139 
15 
58 180 

133 
15 

231? 

Sub-4otal 4,904 908 1,697 2,390 4,211 2,378 1,619 1,061 1,647 3.071 2,574 3,840 993 31,293 

Land 111 7 11 129 

TOTAL PW0CT 0052 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 
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ANNEX X-F
 

FUNDS FOR CAPITAL DEVELOMENT 



APX TABLE X-P?-1
 

ASST LADDEPREC0 IC':. 7 -R .5
 
WAPNM WA-R DISn=L2' 

(P x 1000) 

I. WORK-l3-MO CSS 

Souroo Facilities 
J Equiipment 

Stricture 
Wells 

Immediate nprovmntm 
& Equipmant 
b Structure 

Wells 

- Souroe Facilities 

6 
2 
7 

474 
271 
931 

26 
8 

29 

26 
8 

29 

26 
8 
29 

516 
159 
583 

17 
8 

36 

538 
293 
1195 

Total Work-In Prdoesu 1291 63 63 63 1258 61 2026 

11. AS S ADDED Br TEAR OM 

Distribution Facilities 
Internal Network 
Fire Irdrants 
Service Connections 

8 Mters 
b Pipe" 

Fsibility Studies 
Iwoediate Improvements 

& Distribution Facilities 
2. Pipes 

59 
16 

1 

5 
15 
58 

1840 
370 

194 
53 

2 

17 
51 

z69 

697 
225 

-

-
-

180 

405 

1507 
485 

14 

95 
289 

1628 
524 

32 

206 
626 

878 
566 

35 

223 
676 

-
611 

38 

240 
730 

84 
363 

27 

146 
441 

751 
273 

55 

157 
411 

1401 
512 
100 

29 
766 

744 
542 
106 

309 
812 

575 
112 

328 
860 

305 
60 

171 
457 

A) dministration Bldg 1. Equipment
2. Structure 

51
419 

d) Plumbing Shop 1. Equipment 
2. Structure 

30 
421 

ehicles 
fi liscellesneoun Items 

Replacements 
,% Source Facilities - Equimet 

Service Connection - Meter% 
Ad.inistration Bldg. - Equipent 

d rlubirv, Shop - Eupment 
Vehicles 
Miscellaneous Items 

139 
15 

253 

1335 
475 
147 
90 

403 
"5 

503 530 261 
1317 

554 587 623 

Total assets Added By tear Ed 3613 860 1697 2390 3016 2378 1619 1061 1900 3071 2313 1-T? 593 2495 503 530 261 1'71 537 <23 

Mi.ERECIABIZ VALLES 

A. 50 Tears Service Life 
Eristir. Facilities 3794 
Source Facilities - StructU -
Distribution Faoilities -
Internal Network -

Fire Hydrants -
P~re~nternal~r~rsmt.Ne6w2 

Service, Connction - Pipes -
Administration Building - Struot2e -

Plumbing Shop - Structure -

3794 
271 

1899 
16 

1 
161 

385 
419 
421 

3794 3794 
271 271 

2093 2790 
69 294 

3 3 
8 1210 
419 419 
421 421 

3794 
271 

4297 
779 

17 
1499 
419 
421 

464 
430 

5925 
1303 

49 
2125 
419 
421 

413 
430 

6803 
1869 

84 
2801 
419 
421 

299 
430 

6803 
2480 

122 
2 

3531 
419 
421 

248 
430 

687 
2843 

149 
3972 
419 
421 

248 
430 

7638 
3116 

204 
4383 
419 
421 

2,: 2. 
430 43-
5K,3997! 
3623 4170 
334 410 
3 40 

5149 5361 

413 419 
421 421 

-
723 
33 

4745 
522 
27 

419 
:21 

-.. 

K7-3 
55:15 

532 

419 
421 

24: 
723 
573 
50 
55.-2 
127:7 

419 
421 

24 
-73723 

97 3 
3050 

5 z.2 
7278 

419 
421 

248 
723 

9733 
5050 

52 
7278 

419 
421 

248 248 248 04 
723 723 723 723 

9783 9733 9723 97:3 
5050 5050 5050 5050 
582558282&'5t2 

7278 7278 7278 7273 

419 419 419 419 
421 421 421 421 

24Z 52 
723 -23 
973 
5053 -:f0 
582 52 
25 = 

7278727

419 419 
- 421 Z51 

11497 1113,6 13240 14505 15369 16859 19635 21842 23652 245:4 24504 245%94 24504 24504 24504 24504 245064 24504 24504Total 50 Years Life 3794 7206 787 9202 



ANx TABEI1z.P-I (CorzT=) 

19 0 1981 196 19_61 &t ~ 12a1 =6 18108 1- 199I9 o6 V 1- 1q9 2000 

B. 30 Teama Servioe Life 
Feasibility Studies - 58 58 238 238 238 238 238 238 238 238 238 238 2)8 238 238 238 238 238 23. 238 2, 
?vial 30 Tears Lifs - 58 58 238 238 238 238 238 23B8 238 238 238 238 2.8 238 238 238 238 23 ;18 238 238 238 

C. 25 ream Service Life 
Source Pacilities - Wells. 
Total 25 Tea Litfe 

-
-

531 
531 

531 
531 

531 
531 

531 
531 

1114 
1114 

1114 
1114 

1114 
1114 

1114 
1114 

1114 
1114 

1114 
1114 

1114 
I1 

23*9 
2?:" 

23)9 
23J9 

2309 
2309 

230,9 2309 
2309 2309 

2309 
2309 

2309 
2%9 

2,r<. 
230, 

2309 

2309 
;29 
2."9 

23052 
2309 

D. 15 Tears Semrice LIe 
Source Facilities - EqAumint 
Service Connection - *etere 
Administration IkLildinC - qui. 
Plmbi C p - Euipent 
.iscell.neousItu 

nt 

-
-
-
-
-

474 
179 
51 
30 
15 

474 
370 

51 
30 
15 

474 
560 

51 
30 
15 

474 
655 
51 
30 
15 

930 
861 

51 
30 
15 

590 
1084 

51 
30 
15 

990 
1324 

51 
30 
15 

9) 
1470 

51 
30 
15 

990 
1627 

51 
30 
15 

990 
1919 

51 
30 
15 

990 
2228 

51 
30 
15 

1528 
2556 

51 
30 
15 

1528 
2727 

5t 
30 
15 

152F 
2727 

51 
30 
15 

1526 
27,27 

51 
30 
15 

1054 
254B 

-
-
-

238r7 2385 
2832 3145 

147 147 
90 90 

-.45 

23 1 73 
3 2Z0 3635 

147 147 
91 9C 
45 415 

"'3 
3 ?,6 

147 
90 

43 
17 

90 

Total 15 Tears Life - 7? 940 1130 1225 1947 2170 2410 2556 2713 3005 3314 4180 4:51 4351 4351 3602 5503 5816 6251 573* 7.'3a 7765 
N. 7 Tears Service 

Vehicles 
Lire 

- 1391 139 139 139 139 139 139 - 253 253 253 253 253 253 253 - 403 403 4"3 40, Z03 -ZQ 
Total 7 Years lfe, - 139 139 - 139 139 139 139 139 - 253 253 253 253 253 253 253 - 403 403 403 403 403 403 

TOTAL "MEPECIABL 
BOOK VALUE AOF ASS 

L~n 

VALUES 
0TM !. 

3794 
81698 
Il 

863 9543 11240 13630 14574 16901 18406 1977 21177 2424.8 26761 30662 31555 31655 31655 306,3 32957 33270 -3705 33244 . . 3'
X06 11303 13693 179 4 16952 18520 19467 2117"7 P4 26822 30662 31655 31655 31655 31655 33148 33460 33800 33966 3511, 35479 
III l a11 118 118 118 Il8 118 129 129 129 129 129 __ 29 129 129 129 129 129 129 129 129 

35239 
35-3 

129 
TOTAL BxK VAL, OF ALL CIZ.TAL A 8809 t971711421 ;3811 i8M2 17070 18638 19585 213306 24377 26951 30791 31784 31784 31784 3174 33277 33589 3399 34095 35W 35608 35991 
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l,'d TABLE X-F-2 

SCITMULE OF DEPRECIATION EXPENSES
 
GAPAN WATIMM DISTRICT
iooo) 

NeI
 
Total Annual Accumulated Book Value of Assets Accumul ted
 

S Service Life Category Depreciation Depreciation Rp+ijd Ihirn ±Wp y.r Deprec. tion
Year 50 Years 30 Years 25 Years 1) Years 7 Years Expenses Prior Year 50 Years 25 Years 15 Years 7 Years Total Year nj
 

1978 76 .... 76 3,589 3,66 
1979 144 2 21 50 20 237 3,665 3,9C
1980 158 2 21 63 20 264 3,902 4,16 , 
1981 184 
 8 21 75 20 308 4,166 4,47.,

1982 230 8 21 82 20 361 4,474 4,8V,
1983 223 8 45 130 20 426 4,835 3,330 3,330 1,931
1984 265 8 45 145 20 483 1,931 51 51 2,363
1985 290 8 45 161 20 524 2,363 114 114 2,773
1986 307 8 45 170 - 530 2,773 51 139 190 3,113 
1987 337 8 45 181 36 607 3,113 3,720
1988 393 8 45 200 36 682 3,720 4,402
1989 437 8 45 221 36 747 4,402 5, 4
1990 474 8 
 92 279 36 889 5,149 6,03,7

1991 490 8 92 290 36 916 6,038 6,95 ;
1992 490 8 92 290 36 916 6,954 7,87o
1993 490 8 92 290 36 916 7,870 8,78:
1994 490 8 92 240 - 830 8,786 749 253 I,G)32 8,614.

1995 490 8 92 367 58 1,015 8,614 191 191 9,438
1996 490 8 92 388 58 1,036 9,438 190 190 10,284
1997 490 8 92 417 58 1,065 10,284 95 95 11,254
1998 490 8 92 386 58 1,034 11,254 722 722 11,566
1999 490 8 92 496 58 1,144 11,566 223 223 1.2,487
2000 490 8 92 519 58 1167 12,487 240 240 13,41L. 

X-F-3
 



AN,EX TABLE X-F-3 

WORKInG CAPITAL R2MUIRE'NS 
GAPAN WATE7,DISTRICT 

P x 1000 

Number of Number of Number of 
New Installment Installment 

Year Connections Plan Added Plan Paid 

Total Paying Monthly 
Monthly Installment 
Installment Plan Incremert 

(Cumulative) (Escalated) Added-/ 

CA P , 
Lump Sum Installment 

Increment/, Paymenta / Payments Total 

Deducted2/ (Escalated) (Cumulative) Payments 

Annual 
Costrurion 

Coot L/ 

Working 
Capital 

Rea-aired 

('%u1ati-; 
Capital 

R irec:te 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
19911992 

467 
467 
466 
454 
454 
454 
454 
454 
454 
454 
454 
454 
454 
a 

280 
280 
280 
272 
272 
272 
272 
272 
272 
272 
272 
272 
272 
0 

0 

0 
140 
280 
280 
276
272 

280 
560 
840 

1,112 
1,384 
1,656 
1,928 
2,200 
2,472 
2,744 
2,876 
2,868 
2,860 
2,584
2,312 

6.83 
7.51 
8.26 
8.92 
9.63 

10.40 
11.23 
12.13 
12.86 
13.63 
14.45 
15.31 
16.23 
17.20
18.23 

23 
25 
28 
29 
31 
34 
37 
40 

42 
44 
47 
50 
53 
a 

12 
24 
27 
29
30 

118 
130 
143 
150 
162 
176 
190 
205 

217 
230 
244 
259 
274 

12 
36 
62 
91 

121 
153 
189 
227 
268 
311 
345 
369 
393 
391
361 

130 
1"6 
205 
21 
2e3 
329 
379 
432 
485 
541 
589 
628 
667 
391
361 

296 
326 
357 
376 
406 
439 
47z 
512 

543 
576 
610 
647 
C036 
Q 

166 
! 0 
152 
!35 
123 
1O 
95 
80 

58 
35 
21 
19 
19 

(391)
(3613 

16 
32 
47r 
34 
466 
576 
671 
751 

80 
81 
86 
Ei'4 
865 
474
113 

1993 
1994 
1995 
1996 
1997 
1998 
2000 1992T20 a 

272 
272 
272 
272 
272 
272 
272 

2,040 
1,768 
1,496 
1,224 

952 
680 
408136 

19.32 
20.48 
21.71 
23.01 
24.39 
25.85 
27.4029.04 a 

33 
36 
39 
41 
43 
46 
4952 

328 
292 
?53 
212 
169 
123 
7422 

328 
292 
253 
212 
169 
123 
7422 0 

328 
(292 
(253) 

169 
(123
7 

215!j 
507 
'760 
9212172' 

1,141' 
1,264.
,3(1,360, 

4/Accumulated installment payments are calculated on the basis of 100 peroent incremental additions 
during previcou years and 50 peroent of the last year. 

/Based on the assumption that installment plan will be paid back in 10 years. 
Assumed to be 40 percent of construction cost. 

7./Aaount to be shouldared by the customers which is: 2/3 of pipes + meters. 

X-F-4 



A NEX TABLE X-F-4a
 

STRATIFICATION OF SERVICE CC"NCTIONS 
GAPAN WAI DISTRI:? 

Dovestio/gvermen%. Cc-nerial/Industrial Total 
Year 1/21 3L4"S'-- Sub-oa' 4 1" buD-total Connections 

1978 758 32 8 798 82 18 9 109 507 

1980 i,538 65 16 1,619 166 36 19 221 1,840 

1985 3,436 145 36 3,617 370 79 44 493 4,110 

1990 5,333 225 56 5,614 575 123 68 766 6,380 

AIR=EE TABLE X-F-4b
 

REVME UNIT FORECAS'Di/
 

Dome st io/Government Commercial/Industrial Estimated Consumpt ion 
1/2" 3/4" 1" 1/2" 3/4" 1" Grand., Servi/" (cm) Cooodity1 Qh-'e, )L7 otal 

Tear (2.5)j (4.0) (8.0) Sub-total 12.0 (8.) (1.)SbttlDfo~esti.c Gevezent Dome stio=~Commercial aRUja 

1978 1,895 128 64 2,087 410 144 144 698 2,785 334,200 179,945 20,440 84,185 14,720 433,105
 
1980 3,845 260 128 4,233 830 288 304 1,422 5,655 678,600 446,760 56,210 252,480 59,380 990,460
 
1985 8,590 580 288 9,458 1,850 632 704 3,186 12,644 1,517,280 835,120 105,485 401,080 92,650 2,011,010
 
1990 13,333 900 448 14,681 2,875 984 1,088 4,947 19,628 2,355,360 1537,745 209,875 864,065 235,910 3,455o'5
 

A/ amputation of revenue units based on current LWUA guidelines n structuring of water rates.
 l -/rntotal of number pf ccmnetions muliplied by heir repeative conversion factors for cc~puting revenue units (in RU.). 

2 	Domstioonmsumpti.,s - (120 x number of domstic connections) x use factor. Use factor for dcmestic/institntioal olassifioatic I.s 1. 
Crmeioal ocnsuaption - (120 x number of crol asnoom~tions) x use faotor. Use factor .'or omercial classification is 2. 

X-F-5
 



ANNEX X-G
 

ANALYSIS OF WATER RATES 



ANNEX TABLE X-G-1
 

REVENtE FORECAST 
GAPAN WATER DISTRICT
 

Estimated
 
Number 

of p x 1000 

R.U.s Income Total
 
Rate/RU YearL from Bad- Other1/ Net 

Year P (in 1000's) Sales Debt Income Income 

1978 0.70 433 303 6 6 303 
1979 0.70 712 498 5 10 503 
1980 0.70 990 693 7 14 700 
1981 1.20 1,194 1,433 27 27 1,433 
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 1.50 2,011 3,017 30 60 3,o47 
1986 1.50 2,300 3,450 35 69 3,484 
1987 1.50 2,589 3,884 39 78 3,923 
1988 1.50 2,877 4,316 43 86 4,359 
1989 1.50 3,166 4,749 47 95 4,797 
1990 1.60 3,455 5,528 111 111 5,528 
1991 1.60 5,528 55 111 5,584 
1992 1,60 5,528 55 111 5,584 
1993 1.60 5,528 55 111 5,584 
1994 1.70 5,874 117 117 5,874 
1995 1.70 59874 59 117 5,932 
1996 1.70 5,874 59 117 5,932 
1997 1.70 5,874 59 117 5,932 
1998 1.80 6,219 124 124 6,219 
1999 1.80 6,219 62 124 6,281 
2000 1.80 3,455 6,219 62 124 6,281 

2L/Other income (derived from meter replacement charges, 
contingency fees of new connections, service fees, etc) is about 
2% of sales. 

X-0-1
 



ANNEX X-H
 

FINANCIAL SUMMARY
 



AN=.X TABLE X-3--1 

DET SRVICE SCET.U.Z OF TOTALR1 
GAPAN WATER DISTRICT 

(Px 1000) 

ECT MAN 

Year 

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

Outstanding Loan 
End of Year 

Immediate 
Improvement Phase 1-A and. 

4,999 -
5,754 199 
6,-: ;,1O3 
6,914 3,252 
6,863 7,180 
6,808 9,229 
6,748 10,469 
6,682 11,098 
6,610 12,188 
6,532 14,635 
6,447 16,537 
6,354 19,624 
6,253 19,825 
6,143 19,631 
6,023 19,354 
5,892 19,077 
5,749 18,681 
5,593 18,285 
5,423 17,807 
5,238 17,260
5,036 16,712 
4,816 16,097 
4,.576 15,397 

1-3 Total 

4,999 
5,953 
7,715 
10,166 
14,043 
16,037 
17,217 
17,780 
18,798 
21,167 
22,984 
25,978 
26,078 
25,774 
25,377 
24,969 
24,430 
23,878 
23,230 
22,498 
21,749 
20,913 
19,973 

Capital Repaymenta 
" Imediate 
1Mmosnt Phase 1-A and 

-
-
-

- -
51 -
55 -
60 -
66 -
72 83 
78 83 
85 83 
93 125 
101 125 
110 194 
120 277 
131 277 
143 396 
156 396 

-170 478 
185 547 
202 547 
220 616 
240 700 

1-B Total 

-
-
-

-
51 
55 
60 
66 

-. 155 
161 
163 
218 
226 
304 
397 
40B 
539--
552 
648 
732 
749 
836 
940 

Intereet 
Irmediata 

Improvement Fbaa 

126 
262 
282 
293 
622 
618 
611 
607 
60. 
595 
588 
580 
572 
563 
553 
542 
530 
517 
503 
488 
471-
453 
433 

Pasment 

1-A and 

-
-
18 
99 

293 
646 
831 
942 
999 

1,097 
1,317 
1,488 
1,766 
1,784 
1,767 
1,742 
1,717 
1,681 
1,646 
1,603 
1,553 
1,504 
1,449 

I-B Total 

126 
262 
300 
392 
915 

1,264 
1,444 
1,549 
1,600 
1,692 
1,05 
2,068 
2,338 
2,347 
2,320 
2,284 
2,247 
2r198 
2,149 
2,091 
2,024 
1,957 
1,882 

Total 
Debt 

Service 

126 
262 
300 
392 
966 

1,319 
1,504 
1,615 
1,755 
1,853 
2,073 
2,286 
2,564 
2,651 
2,717 
2,692 
2,786 
2,750 
2,797 
2,823 
2,773 
2,793 
2,822 

X-H-I 



A2MMX TABE X-4-2 

PMOJE=T i.C01x STz.. 
GAPAMWATER DISTRICT 

(P x booo) 

1978 I=2 1980 1981 198 = 1984i 1985l8 1 2 ; 10 2 12 T-_ 1_1_3 12 = 2~ 19916M 9 I 2000. 
Water Pmduction per Tear 

Water Sales per Year 

Unaocounted-for-Water 

Connections - Metered 

(1,000 x cm) 

(1,000x ami) 

() 

385 837 

153 Imn&*503 

60 t - 40 

907 1840 

- Increasing 

to 

1427 

941 

34 

4110 

- Xnoro-. iv 

t -

2:32 

1748 

25 

6380 

- MarmasAf to -
2432 

1748 

28 

6330 
Consumption (1pod) 

0-RATIMGN0VEME 

Watcr Sales 
Lose: LUncolleotibles 
Other Revenue 

Total Revenue 

303 
6 
6 

303 

493 
5 
10 

503 

593 
7 

14 

700 

1433 
27 
27 

1433 

1678 1924 
17 19 
U.4 38 

1695 1943 

2711 
54 
54 

2711 

3017 
30 
60 

3C47 

3450 3884 
35 39 
69 78 

U84 3923 

4316 
43 
M 

4359 

4749 
17 
95 

4797 

5528 
111 
111 

5525 

552; 
55 

11 

5584 

5528 5522 
55 55 
I11 1l 

5584 -5584 

5574 
117 

117 

5874 

5874 
59 

1i7 

5932 

5874 
59 
117 

5932 

5874 
59 
117 

5932 

6219 
124 
124 

6219 

6219 
62 
124 

6281 

6219 
F2 

17Z 

6281 

OFE11ATMlG EXPRES 

A!.tinistration and Personnel 
Power and Fuel 
Chemicals 
Maintenacne 
Xiecellaneoun 

Depreciation 
Total Operating Expenses 

65 
58 

7 
18 
4 

76 
228 

97 
65 
10 
37 

5 

237 
451 

167 
73 
13 
57 

6 

264 
580 

259 
90 
16 
69 

7 

308B 
749 

294 368 
108 130 
20 22 
82 97 
8 9 

361 4A26 
873 1052 

409 
154 
28 
114 

11 

483 
1199 

457 
18C 
34 
133 

13 

52,:4 
134 

529 
21-

39 
131 
16 

-830 
1476 

579 625 635 
245 263 3.25 
45 52 60 
172 19.: 21; 
15." 22 27 

60' 652 --
26T1-58 2063 

050 1025 iV03 
373 402 43 

69 74 33 
2.47 267 2.5 
32 3. 3-

: 1E:f, 
25EC 211 26-.. 

1192 
469 

87 
311 
40 

-f 
3017 

1295 139. 
507 547 

94 101 
336 363 
43 46 

830 1015 
3102 3466 

1507 
5P2 
109 
392 

50 

1036 
3686 

1628 
639 
118 
424 

546 
1 -,'5 
3923 

1756 
689 
127 
457 

. 

04. 
4121 

1895 
744 
137 
493 

63 

11.! 
2276 

2 0 
E,05 
149 
534 
C8 

116" 
4773 

Operating Inco:e 
Plus: Interet on Reserves 
Net Inoome Before Interest 
Intereot on Debt 
Noet Income (lose)
Cumulative Net IM M7(2M) 

75 
1 

76 
126 

0 
(SO 

52 
3 
55 

262 
207 

2 

120 

125 
300 
175 

684 
9 
3 

392 
301 
11 

822 891 
115 
83 
915 1264 
(77 349 
22022) 

1512 

15 
1444 
102 

1706 

1752 
1542 
203 
252 

200, 

2068 

4 
216 

2256 

2331 
11,1" 
69 

2501 2-:. 

253" 2z5 
2245-: 

ii~ 77 
15-:3 2,o2 

296 

3"01 
2 

2C2?1 

2866 272,C 

30, 294 
2." 232., 

o 4 
3, 43-61 

2567 

2-27 
22& 
52 

2772 

30 
2247 

3 

2466 

2024 
219_ 

2 
6Z 

2246 

2670 
2140 

2 
63 

2 C4 

2510 
201I 

1 
3 '2 

2099 

2t69 
2C2" 
665 

-2 

18 

22:3 
I5' 
526 

1 

157. -

2273 
1=.2 
39i 
-

Appropriation to.Reserve. 

Average Net Fied Acata in 

Rate of Return 
Operation 

9 

2077 

1.9 

15 

5004 

0.7 

21 

6911 

1.7 

43 

8954 

7.6 

50 

11474 

7.2 

58 

14406 

6.2 

81 

16579 

9.1 

91 

17416 

9.8 

104 117 

18375 20297 

10.9 11.1 

129 142 

22445 23-:24 

11.1 11.4 

166 

25553 

11.6 

332 332 

26160 2524: 

1.0 .. 

3-32 352 

24328 24703 

10.6 11.2 

352 587 587 

25279 24770 24115 

9.8 9.1 8.3 

622 

24132 

8.7 

622 622 

24272 23721 

7.4 6.4 

X-H-2 



A,---X TA3L X-E-3 

PROECTED SOULRCESA D AMICOIZS 0? V=S 
GVAP: WAIMM DISIC2

(?' x 1000) 

SOURCES OF FUNDS 

Net inore Before Interest 
Ads Depreciation 

76 
76 

55 
237 

125 
264 

693 
308 

83 " 

361 
915 
426 

1546 
153 

17,22 
524 

20C-
5,-0 

2331 25?3 2--45 
4-

310. 
-

32 2934 
. 

2827 
16 

3G,1 
210 

2822 
1015 

2670 
1036 

2510 
Ic6, 

2659 
1O 

2.:.3 
. 

2273 
116? 

Total Internal Cash 0Goneration 152 292 389 1001 11K- 12. 2029 2276 2593 2.-3- 75 5 3 3 52 325Z Y42 .11 33,3 3706 3575 3723 3627 3440 
Longerm Borrowing 4999 954 1762 2451 3928 209 1240 629 1173 2530 1. 5 ''2 -26 
Capital Contributions 111 166 205 241 28 3 29 -' 432 4 , "- 6-._ 7 3.1 _" .25 2-2 25 212 1 1 -1 22 

Total Eternal Cash Generatiou 5110 1120 1967 2692 4211 2378 1619 1061 1658 3071 2574 3:4C 993 391 36 328 202 253 212 169 123 74 22 
Total Souroes of Pond 5262 1412 2356 3693 5410 3719 36418 337 4256 609 5549 742 4)t:3 4341 421! 4071 4203 40,-2 3918 3744 3.46 3701 3462 

AFPLICATIOSOF FUM) 

Capital Exrpnditu-re 
Capitalized Interest 
Debt Service c Interest 

Prinipl 

Sub-total 

5015 

95 
126 

. 

126 

908 1704 
212 263 
262 300 

. 

262 300 

2390 
302 
392 

.-

392 

4211 2378 

915 1264 
51 55 

966 1319 

1619 

144, 
60 

1504 

1061 

1549 
66 

1615 

1658 

1600 
155 

1755 

3,71 

1692 
161 

1853 

25." 

195 2362 
1E3 213 

2073 2256 

23_5-
22_ 

2564 

22-7 
"C4 

2E51 

232 
30 

271' 

225 4 
-7 

2692 

227 
539 

2786 

219 
5,2 

2750 

2149 
6 
2797 

2091 
T. 

2523 

2024 
74 

2773 

1957 
. 36 

2793 

1852 
941) 

2322 
Replaements 
Inc~rease in Workdn Capital 

Total Application FPdeMs 

207 

5443 
60 

1442 

53 

2320 

90 

3174 

206 

5383 

62 

3759 

199 

3322 

(76) 

2600 

253 
81 

3747 

269 

5193 

112 

4759 

1C? 

6235 

53 

3-W2 

' 
214) 

24-37 

21)'23) 

269: 2069 

2495 
203 

54a4 

503 
(3) 

3250 

53C 
(22) 

3305 

261 
(122 

2962 

1871 
3i 

4777 

557 
ic) 

3370 

623 
C.o) 
3415 

IIRAm (=cxi:A:x) i CASE BALARce (181) (30) 36 519 27 (40) 326 737 509 816 109 1197 .l 13.4 1517 1402 (1281) 242 613 782 (931) 331 47CASH BALNCE BEGD= OF YEAR 0 (181 )(211) (175) 344 371 331 657 1394 1903 2719 3309 5x06 C.: -- P40 9918 11320 10039 10831 11494 12276 11345 11676CASE BALANCE YEAR END (181) (211 (175 344 371 331 657 1394 1903 2719 3809 5006 6497, F401 9915, 11320 10039 1081 11494 12276 11345 11676 11723 

DE-.MVICE RATIO 0.92 1.05 1.30 2.55 1.24 1.02 1.35 1.41 1.48 1.59 1.58 1.57 1.56 1.49 1.2 1.39 1.40 1.40 1.32 1.27 1.34 1.30 1.22RATIO OF INTERNAL CAM --ERATMON - 1 5 23 6 I 32 62 51. 35 47 • 34 144 
Leas Debt Servie to Capital 
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A:7;EX TABLE X-0-4 

PROJEcT,= B"L'= S==
 

GAPA!" DIS7=1C 
(Ix 1,000) 

- 1978 =2 1980 1981 198 198-3 &1 985 138 13517 12a !L2 122a 1914 19T 1'q iZ 10-3 _.,2 2000 
ASSETS 

Pled Asset.:
 
Groms Value of Pixed Assets 7613 9961 11928 14620 17636 17342 19510 20457 22178 25249 27762 26353 326., 32656 32
6I 3.2656 34149 34461 3.&01 34967 36116 3L4W-O 36:63Leass Accumulated Depreciation 366 3902 4166 4474 4935 1931 2363 2773 3113 3'20 . 02 51 60'_3 6:5 - '0 -"?£6614 9438-10283 12- 666 12- 7 13414Net Value of Fixed Asets 3948 6059 7762 10146 12901 16011 17147 17684 19065 21529 23360 246z 26618 25702 247-6 23470 25535 25023 2A517 23713 24-530 23:i3 23449
Worki n Prooess 1291 63 6 61 12.5- . . - - 61 2326 - .- . . . - - - . - -

Total Fixed Asset* 5239 6122 7825 10209 14059 16011 17147 17684 19065 21529 23421 26514 266"5 25702 2476_6 23870 25535 25023 24517 23713 2455023993 2349 

Current Assets: 
Cash 
Accounts Receivable 
Provision For Bad Debts 
nvenrtory 

(181) 
66 

1 
167 

(211) (175)
120 173 

1 2 
194 202 

344 
358 
7 

133 

371 
420 
4 

285 

331 
481 
5 

304 

-57 
678 

14 
332 

1374 
754 

8 
191 

1903 
863 
9 

166 

2719 
971 
-0 

36' 

3-c09 
1C? 
11 

391 

5CO6 
1187 

12 
415 

6497 8401 
132 1382 

2c 14 
22 25 

9913 11320 I0039 10881 
1,382 135Z2 1469 1469 

14 14 29 15 
27 21 1, 202 

11494 12276, 11345 116.'611723 
1469 1469 1555 1555 1555 
1: 15 31 16 16 

21 126 227 242 255 
Total Current Assets 51 92 198 828 1072 1113 1653 2331 2943 4C47 5265 6597 053 r7,:4 11313 12717 116613 12537 13161 13,S56 13096v13.457 13520 
Total Assets 5290 6214 8023 11037 15131 17124 18800 20015 22008 25576 2-59 33111 34731 35456 3-3 365,7 37203 37560 37678 37569 3746 37450 36969 
E2UTIT A3 1 LLLI 

Current Liabilities:
 
Acoounta Payable 
 25 36 53 74 85 104 119 136 158 171 196 219 279 
 30 3.25 350 379 409 442 477 515 55 5 6-01=
Current Y)aturities on LongOorm Debt - -  51 5, 60 66 155 161 15_ 21 2--_6 37 zc. - 5,,2 64E_ 72 74C 3 94, 1030 

Total Current Liabilities - 36 53 125 140 164 185 291 319 3.45 414 445 ?3 637 733 -39 931 '057 1174 1225 1351 ,.::5-631
 
Long4-Term Dabt (Less Current Maturities) 4999 5953 7715 10115 13988 15977 17151 17625 18637 2099 22766 257.2 2974 25377 24>6 
24430 23o7S 23230 22433 21743 20-13 15373 16343 

Equity:

Gov rnment Contribution 205 205 205 205 
 205 20- 205 205 205 2o5 2 :5 2=Z 205 27 27, 205 205 20, 26 205 L25 2c5
Capital Contribution 111 277 482 723 1006 "35 1714 2146 2631 3!,-2 371 . 5 -9 ,36 -423 6681 6633 7062 7135.252.
Z
Resevs 9 24 45 88 138 196 277 368 472 
 1.I , 2,373237% 2726 3313 3?Cc 4.22 1;: F'55UMappropriated Retained Earnings (59) 

1: 
(28) (477) (219)L(46) (753) (732) (620) (256) 26 --2: 14,2 2f- 24 .2Z54 29-07497 '661 32 -"4c427 3515 


. ,t7 : t~l 5P5Y 47'143Total Equity 266 225 255 797 1003 983 1464 2099 3052 4232 5509 6914 8344 5422 039'7 11268 12394 13.273 14006 14534 "5352 155E2 !63?3 
= -
Total Equity and Liabiliti" 5290 6214 8023 11037 15131 17124 18800 20015 22008 25575 2S6 \31 1 34 ,, -'.. 36587 3720337560 37678 37567 37E46 7360 -- . 
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A4NEX TABLE X-H-5 

RATE OF RETURN ON TOTAL INVESTMENT 
(DISCOUNTED CASH FLOW METHOD) 

GAPAN WATER DISTRICT 
(I x iooo) 

Not Total Net 1st Trial 2nd Trial 
Debt Increase Cash Cash Present Value: 6% Present Value T 

Year Service In Cash Inflow Investments Inflow Factor Value Factor Value 

1978 126 (181) (55) 5,110 (5,165) 1.000 5,165. 1.0 5,165 
1979 262 f 30) 232 1,120 (888) .943 837.) .906 822 
1980 300 36 336 1,967 1,631) .890 1,452 .857 1,398 
1981 392 519 911 2,692 1,781) .843 1,501 .794 1,414 
1982 
1983 
1984 

966 
1,319 
1,504 

27 
(40) 
326 

993 
1,279 
1,830 

4,211 
2,378 
1,619 

(3,218) 
(1,099) 

211 

°792 
o747 

.705 

2,549 
820) 
149 

.735 

.681 

.630 

2,365 
748 
133 

1985 1,615 737 2,352 1,061 1,291 .665 859 .583 753 
1986 
1987 

1,755 
1,853 

509 
816 

2,264 
2,669 

1,911 
3,071 

353 
( 402) 

.627 

.592 
221 

( 238) 
.r 
.00 

191 
(201) 

1988 
1989 
1990 

2,073 
2,286 
2,564 

,090 
1,197 
1,491 

3,163 
3,483 
4,055 

2,574 
3,840 

993 

589 
( 357 
3,069 

.558 

.527 

.497 

329 
( 188) 
1,522 

.463 

./29 

.397 

273 
(153) 
1,216 

1991 2,651 1,904 4,555 - 4,555 .469 2,137 .368 1,676 
1992 2,717 1,517 4,234 - 4,234 .442 1,871 .310 1,440 
1993 
1994 
1995 

2,692 
2,786 
2,750 

1,402 
(1,281) 

842 

4,094 
1,505 
3,592 

-
2,495 

503 

4,o94
(990) 
3,039 

*.117 
.394 
.371 

1,707 
(390) 
1,146, 

.3;5 

.29! 

.270 

1,290 
(289) 

834 
1996 2,797 613 3,41C 530 2,880 .350 1,008 .250 720 
1997 
1998 

2,823 
2,773 

782 
( 931) 

3,605 
1,842 

261 
1,871 

3,344 
29) 

.321 

.312 
1,107

( 9) 
.232 
.215 ( 

776 
6) 

1999 2,793 331 3,124 587 2,537 .294 746 .199 505 
2000 2,822 47 2,869 623 6,909* .278 1,921 

+1,574 
.184 1,271 

-1,471 

RATE OF RETURN a 

*Includes net asset value of P4,663 
Total assets P36,969 
Total liabilities 20,574 
Cash 11,732 
Net Asset Value L4j663 
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CHAPTR 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
 t
 
this basic function diminishes in relative importance as a higher 
level of economic development is attained by a country. In most 
instances, the availability of water alone will not spur economic 
growth for there are other significant factors that influence deve
lopment, such as peace and order, political stability, rate of 
taxation and availability of infrastructare facilities. Hence, a 
water supply project must be considered a- "nly one part of a re
gional development program. It must be viewed within the context of 
the overall government program.
 

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 consequenoe, the regard 
given to it is far below its true mportance. 

To the water consumer, the value of water is measured by its 
contribution to the satisfaction c f the family group which uses the 
water. His perpective includes hi',self and his household and all 
the health, well being and product vity aspects of family life. To 
the businessman, water is valued f-r all it does to improve business. 
From the national viewpoint, the benefits to the water user, both
 
householder and businessman, are only a part of the total.
 

Major Uses of Water Supply
 

Domestic. Water for domesti. use is usually given top priority
 
because water is essential to lif, and, up to a point, essential to 
general well-being. Estimation of the beneficial value of water for 
domestic purposes is best viewed in terms of average willingness to 
pay for water rather than do without it. It will be noted that willing
ness to pay is higher thaii'the prioe charged insofar as most users are 
concerned* 

Industrial Use. Water is used by industry primarily as a factor 
of production. In some instances, it goes into the production process 
as an input. This is the case for the soft drinks industry. One 
method of determining the value of water to industry is to analyze the
 

XI-I
 



cost of alternative industrial processes which produce the same pro
duct but use less water. This is not, however, always possible and
 
may be unduly laborious. 

Other Uses. Crop irrigation is one of the major uses of water.
 
The value of water used for irrigation purposes can be estimated by
 
an elaborate calculation of "with" and "without" project conditions.
 
All other costs are 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 electric power. Lastly, bodies of water serve a 
basic role in many recreational activities. Ordinarily, water qua
lity is not adversely affected by recreational use. Water value 
in this case depends on a number of factors such as accessibility, 
setting, beauty and quality.
 

In the Philippines, the National Water Resources Council
 
establishes the water priorities, in pursuance of the policies laid
 
down by its charter, Presidential Decree No. 424. In general, the
 
system of priorities for the development, conservation and utiliza
tion of the c. atry's water resources reflects the current usage of
 
water and is responsive to the changing demand for water. Another 
presidential decree (Presidential Decree No. 198) has declared that 
the creation, operation, maintenance and expansion of water supply 
and wastewater disposal systems are a national policy of high 
priority.
 

B. METHODOLOGY
 

Recommended and Next.-Best System 

One approach in determining the economic feasibility of a water 
supply project involves a comparison of the benefits and costs of 
the recommended system and those of the next best system. In this 
method, the capital expenditure costs and the operating and mainte
nance costs for both alternative systems are transformed to an 
equivalent annual cost basis during the projection period. The 
comparison will show which of the alternative systems will generate 
the same level of benefits at less cost.
 

Benefit-Cost Ratio
 

A second approach in determining the economic feasibility of
 
water supply project involves the following steps:
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1. 	The identification of the economic benefits and costs that
 
can be attributed to the establishment, operation and
 
maintenance of an inproved water supply system;
 

2. 	The determination of the possible babes for quantifying
 
these benefits and costs; and
 

3. 	 The comparison of the present value of the benefits likely 
to be generated and the present value of the costs. 

The results of the economic analysis are then expressed as a
 
single ratio oalled the benefit-cost ratio. The project is considered
 
feasible if the ratio is equal to or greater than ll.
 

Internal Rate of Return 

Another method involves the calculation of the economic internal 
rate of return of the proposed project. The total amount of the 
benefits as well as of the costs is determined throughout the pro
jection period. By trial and error, the interest rate at which the 
present worth of the benefits is equal to the present worth of the 
costs is then calculated. The project is considered desirable if 
its internal economic rate of return is higher than the minimum 
rate generally acceptable in such projects, which is usually the 
opportunity cost of capital. 

Method(s) Adopted
 

Both the second and third methods were employed in determining 
this project's economic feasibility. These two were considered more
 
appropriate than the first method because in this case, the recom
mended plan has already been selected from several alternatives on 
the 	basis of present worth cost comparisons (as discussed in Chapters
VIII and IX). 

Calculation of Benefit and Cost Streams 

The economic studies cover only Stage I of the proposed water
 
supply program, which extends from 1978 to 1990. Benefits, however, 
were projected up to 2000. This is because the benefits from the
 
facilities to be constructed up to 1990 would continue to accrue
 
beyond their construction period.
 

The construction costs included in the analysis are those which
 
will be incurred up to 1990, except replacement costs and the operation
 
and maintenance costs which were projected up to 2000. This is due to
 
the fact that proper maintenance of the facilities will have to be 
undertaken regularly for as long as benefits are desired to be realized 
from the system.
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Estimates of benefits and cets woe based on 1978 prices. In 
recognition cf inflionary preswares, all benefits were escalated 
by 10 percent from 1978 to 1980, by 8 percent from 1980 to 1985 and
 
by 6 percent from 1985 to 1990. All project costs were also esca
lated in the same manner, with the exception of operation and mainte
nance costs which were escalated uniformly by 8 percent all throughout 
the study period. In both cases, hoever, the escalation factor for 
1990 was held constant up to 2000. This is because only Stage I of 
the proposed project is being considered in the economic analysis; 
hence only partial inflation has been adopted. 

C. QUANTIFIABLE BENEFITS 

The economic benefits that will be derived from the proposed
 
water supply improvement program for the water district may be
 
classified into quantifiable and non-quantifiable. Quantifiable 
benefits are those which can be expressed in monetary terms. On the 
other hand, non-quantifiable benefits are intangible but real, and 
are extremely difficult to express in monetary terms. 

Benefits resulting from the proposed project were evaluated on 
an incremental basis, i.e., on a "with" or "without" principle. 
Hence, the benefit figures reflect only those that will accrue to the 
service area as a result of the improvement of the water supply 
system. They exclude the benefits arising from the present system.
 

The quantifiable benefits that are discussed in the following 
sections are: increase in land values, improved health conditions, 
reduction in fire damage, and beneficial value of water. 

Increase in Land Values
 

The implementation of the water supply project will result in
 
an increase in the land values of the service area. However, it must 
be pointed out that the increase in land values cannot be attributed 
solely to the water supply project. Any difference between the 
acquisition cost and the present market value of a piece of land 
evolves from a series of market and public forces which exist whether 
or not the water supply project is undertaken. Such forces include 
the general pace of industrialization, construction activity, inflation, 
land speculation, taxation, public land acquisition and selling. 
More particularly, such difference could be the result of a general 
estimation of productivity due to infrastructure investments which
 
include a water supply project.
 

The section of land values attributable to the provision of an
 
improved public water supply system was estimated in the household
 
survey in Lipa City (May 1975) to be about 22.6 percent of the
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market value of a piece of land. It is reasonable to assime that 
this figure represents the incremental value of a piece of land 
given access to water supply. In a specific instance, a residential 
lot 	about 400 sqm has the following market valuest
 

Without Water 400 sqm x r50 - r"20,0O0 
With Water 400 sqm x ?65 - ?26,000 

Ratio M 1.3 or 30, increase 

In this particular case, the incremental cost of ?6,000 closely
 
represents the market value of a private well (complete with pumps#
 
electric controls etc.) to serve the premises.
 

On the basis of this information, it may be conservative to 
assume that 20 percent of the value of land served by the water 
distribution system could be attributed to the water supply project. 

Assumptions made for this analysis are explained in Annex XI-C. 
Annex Table XI-C-l shows the computations of this benefit, which 
amounts to a present value of P11.6 million. 

Health Benefits 

The establishment of a water supply system in a community will 
necessarily bring about health benefits to the population. Undoubt
edly, the provision of safe, potable water to the population is a 
prerequisite for the maintenenoe of minimum health standards. These
 
health benefits are ordinarily manifested in the followings
 

1. A significant reduction in the incidence of water-borne 
diseases such as cholera, dysentery, gastro-enteritis, 
and typhoid/paratyphoid. As a result, there will be a 
decrease in the amount of time lost by income earners 
who are afflicted with such diseases. 

2. 	A subsequent reduction in premature deaths due to the
 
lower incidence of water-borne diseases.
 

3. 	A corresponding reduction in medical expenses for the
 
same reason,
 

Calculation for the health benefits and associated assumptions 
used are presented in Annex XI-C. Annex Table XI-C-2 shows the health 
benefits on a yearly basis, with a total present value of P71,107. 
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neduction in Fire Dama 

With th installation of suitable fire hydrants especially in 
- th high-valuq as wall as the residential districts in the service 
area as part of the proposed project, savings due to reduced fire
 
damaoeo will result from the availability of an adequate amount of 
water and increased wtater pressure for fire-fighting purposes. 
Calculations relative to this benefit are explained in Annex XI-C
 
and shown in detail in Annex Table XI-C-3. The present value of
 
this benefit amounta tor P1.6 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 satisfaction") is
 
quantified by the additional revenue generated by the water district
 
as a reault of an improved water supply project. In the case of a
 
community which p:_oviously 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
 
expansion and improvement of the existing system, this benefit may
 
be measured by the economic value of the incremental water production
 
directly resulting from the improvement of the system.
 

For this benefit, the concept of 'consumers' surplus was adopted.
 
This concept takes into account not only what households and commer
cial establishments are actually paying for water but also how much
 
more the consumers are willing to pay for this essential commodity.
 
Calculations for the beneficial value of water are shown in Annex
 
XI-C and Annex Table XI-4. The present value of this benefit amounts
 
to r14.3 million.
 

D. NON-QUANTIFIABLE BENEFITS
 

The non-quantifiable benefits arising from a water supply pro
ject are generally as important as the quantifiable benefits. How
ever, they do not easily lend themselves to valuation. The approach
 
taken herein is to acknowledge their existence and importance. No
 
attempt has been male to quantify or include them in the benefit
cost calculations.
 

The proposed water supply project will set off a chain of events
 
beyond its construction period. Those activities include among others
 
the inducement to industry to establish plants in the service area due
 

XI-6
 



to availability of a depandable water supply. Without such supply, 
new industrial and commercial establishments would be forced to 
develop their own supply system or relocate elsewhere. The overall 
cost of providing eparate water systems is normally large and
 
represents a deterrent to invest in -the area and consequently to
 
industrial development.
 

Because of the emnployment generated by the project, hired 
laborers are able to spend their wages for purchasing goods at the
 
local stores. Hence, each peso they spend is generated back into
 
the income stream of the local economy. In the operation and
 
maintenance of the project, the water district would find it 
advan
tageous to purchase required supplies locally and engage local
 
service.
 

E. ECONOMIC COSTS
 

General
 

The total cost of the proposed water supply system is the sum
 
of all expenditures required to realize project objectives and
 
benefits.
 

Costs have been divided into the followings
 

1. Project Costs
 
2. Replacement Costs
 
3. Operating and Maintenance Costs 

In general, economic costs are easier to identify and quantify
 
than benefits. This is because most of the 
costs are incurred in
 
real, monetary terms to pay for either goods or services while bene
fits are usually intangible. 

Proeet Costs 

Project costs include the construction oost 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 costs of the proposed 
water supply project for the water district. They are listed by 
component as to type of expenditure, in 1978 prices. They are further 
broken down into foreign and domestic components. 

The cost of unskilled labor is shown separately 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.
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Adjustment on Project Costs
 

In the determination of the project costs, adjustments were
 
made for those items which are not properly valued by the price 
mechanism. A price other than the market price (called the shadow
 
price) was applied to these items. In this way, most of the effects 
of price discrepancies which could be identified, whether primary or
 
secondary, were incorporated directly into the project analysis and in
eluded as direct costs to project investment. The 'shadow prices' 
used in thia analysis are those employed by international lending
 
institutions and the Planning and Project Development Office (PPDO) 
of the Department of Public Works, Transportation and Communication. 

One of the items where 'shadow pricing' was applied is the
 
price of unskilled labor (otherwise known as common labor). In a
 
perfectly competitive market, the price of labor is determined by
 
the marginal value of its product. In this case, therefore, the
 
price of labor is equal to the value of the output which an extra 
laborer hired would produce. However, this is not applicable in 
an economy such as that of the Philippines where there is a surplus 
of labor. Since there is widespread disguised unemployment in such
 
an economy, unskilled labor is normally valued below the actual wage
 
rate likely to be paid. In this. study, the opportunity cost of 
unskilled labor or its potential in other employment was valued at
 
one half of its estimated cost in the project. The net effect is to 
reduce the cost of unskilled labor by 50 percent, thereby reducing 
the summation of project cost. 

Skilled labor, on the other hand, was valued at its going rate. 
It was assumed that if skilled labor were not employed in the service 
area, it would probably migrate elsewhere to obtain employment of 
better wage. 

Adjustments were also made with respect to cost of project
 
facilities which use up the limited foreign exchange reserves. Foreign 
exchange used to import project components %ias valued at 1.2 times 
their actual peso cost. This effectively increased foreign exchange 
cost by 20 percent, thereby affecting project cost in a similar 
mmaner. This was done to refleot the opportunity cost or alternative 
value of foreign exchange. Domestic components, on the other hand, 
were priced at their actual cost. 

Interest was likewise not included since this is considered a 
financial instead of an economic cost. 

Annex Table XI-E-l shows the conversion of financial costs to 
economic costs through shadow pricing and other adjustments. The 
total economic project cost 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 criteria used in the financial studies, vehicles
 
have a life expeotatcy of seven years while water meters are expected to 
be replaced every 15 years. Other items which have a service life 
of 15 years are the electrical/mechanical equipment for the source faoi
lities, the administration building,the plumbing shop and misoellansoum 
items of the immediate improvement program. The feasibility studies were 

assumed to be good for 30 years, while the wells and their structures 
were assued to last f&r 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, vehicles, 
meters, equipment with a service life of 15 years and the misoella
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 value of total replacement costs
 
for GAP-WD amounts to P723,300 (see Table XI-E-4).
 

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 service life of the facilities 
in 2001. For GAP-WWD, the present worth of the salvage value is 
P1.9 million (see Table XI-F-4). 

Operating and Maintenance Cost 

Operating and maintenance costs refer to the costs associated 
with the maintenance, operation and management of the project. 
Otherwise known as annual costs, they include personnel salary and bene
fitspower, chemicals, and other miscellaneous maintenance expenses such 
as fuel and lubrication,repairs, communication needs and office rental. 

Only the operating and maintenance costs of the proposed project 
(i.e., excluding those of the present system) were considered in 
this financial analysis. 

Annex Table XI-E-4 presents the incremental annual recurring
 
costs associated with running and operating the water district up 
to 2000. The present value of these costs amount to ?4.8 million. 

Calculation for Economic Costs
 

The economic 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 sumary of the quantifiable economic benefits and economic
 
costs for GAP-WD is shown below. They are expressed in their present
 
values (discounted at 12 percent) after the 1978 prices have been
 
escalated.
 

SUMMARY OF BENEFITS AND COSTS
 
(in MP) 

Benefits Costs 

Increase in Land Values P11.639 Project Cost ?18.730 
Health 
Reduotion in Fire Damage 
Beneficial Value 

.071 
1.594 
14.32 

(+) 
Replacement Cost 

(+) 
.723 

P27.639 Operating and 
Maintenance Cost 4.837 

Sub-total P24.290 
(-)

Salvage Value 1.920 
P22.370 

Benefit-Cost Ratio - 1.24 : I 

The preceding table shows that the quantifiable benefits exceed 
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 actually be greater

than what the benefit-cost ratio represents because the non-quantifiable 
benefits have not been incorporated into the analysis for obvious reasons.
 

G. INTERNAL ECONOMIC RATE OF RETURN 

The internal economic 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 percent as shown in Annex Table XI
G-1. On the basis of the above iitated principle of IERR, therefore,
 
the proposed project appears to be economically feasible and justified.
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ANNEX XI-O
 

QUANTIFIABLE 
I 
BENEFITS
 



ANN XI-C 

QUANTIFIABLE BENEFITS 

Portion of Land Values Attributable to Water Supply Project
 

Annex Table XI-C-l shows the present value of the portion of
 
land values attributable to the propooed water supply project,
 
based on the following assumptions&
 

1. 	 In accordanoe with th3 staging program of the construction 
of facilities, the 1980 service area of 301 hectares 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 hectares 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. 

2. 	 Land use was assumed to be 89 percent residential and 11 
percent conrcial/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.
 

3. 	 In the absence of specifio data on Gapan, the 1977 costs of 
land based on estimated assessed values in Urdaneta were useds 

Residential : P 10 per sqm 
Industrial/Commercial/Institutional : P 20 per aqm 

These costs were assumed to be constant over the pro
jection period. 

4. 	 The portion of the total cost of land specifically 
attributable to the provision of water supply was assumed 
to be 20 percent of the cost of land. This land value benefit 
was escalated by 8 percent from 1980 to 1985, by 6 percent 
from 1985 to 1990, after which the escalation factor was held 
constant up to 2000. 

5. 	 A discount factor of 12 percent was used to obtain the 
present values of the benefits. This is believed to be 
the opportunity cost of capital and is commonly used for 
public investment projects like water supply development. 

For GAP-WD, the land value benefit in its present worth amounts 
to P11.6 million. 
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ANN=X TABLE XI-4-1 

PORTION OF LND VALUES ATTRIBUTABLE TO PROJECT
 
GAPAN WATER DISTRICT
 

(1978 PRICES)
 

Lad Use (sqm) Cost of Landt (P 1000) Total Cost 
20 Percent Benefit 	 Escalated Present Valueof Due 	to Pro'ect Escalation Benefit Diaoou.t of Ber efitYear Residential Com./Dns./Td Residential Com°IInst./La Land (P x 1000) (F x 10001 Factor (P x 1000) Factor (P x 1000) 

1980 2,678,900 331,100 F26,789.0 P6,622.0 P33,411.0 ?6,682.2 1.210 P 8,085.5 .797 P 6,z4.1
1981 	 195,800 24,200 1,958.0 484.0 
 2,442.0 488.4 1.307 
 638.3 .712 54.5
1982 	 213,600 26,400 2,136.0 528.0 2,664.0 
 532.8 1.412 752.3 .636 478.51983 	 222,500 27,500 2,225.0 550.0 2,775.0 
 555.0 1.525 846.4 .567 
 479.91984 	 249,200 30,800 2,492.0 
 616.0 3,108.0 621.6 
 1.647 1,023.8 .5071985 	 258,100 31,900 2,581.0 638.0 
 3,219.0 643.8 
 1.779 1,145.3 .452 517.7
1986 	 275,900 34,100 2,759.0 682.0 3,441.0 688.2 1.836 1,297.9 .404 524.4
1987 302,600 37,400 3,026.0 
 748.0 3,774.0 754.8 
 1.999 1,508.8 .361 54.7
1988 	 320,400 39,600 3,204.0 792.0 3,996.0 
 799.2 2,119 1,693.5 .322 545.31989 	 347,100 42,900 3,471.0 858.0 4,329.0 865.8 2.246 
 1,944.6 	 .288 560.0
1.990 	 373,800 46,200 3,738.0 924.0 4,662.0 932.4 	 6
2.381 	 2,220.0 .257 5QO
 

?21,156.4 P11,638.8
 

XI-C-2 



Health Benefits
 

To determine the amount of benefit arising from the reduction
 
of income lost of those afflicted with water-borne diseases, perti
nent statistics on morbidity rate were gathered from the Department 
of Health. From 1964 to 1974, an average of 70.9 out of every
100,000 population in the province of Nueva Eoija were afflicted with 
primary water-borne diseases every year, regardless of age, sex, 
and income class. The same rate was assumed for the municipality 
of Gapan in the absence of specific data. The morbidity rate in 
the service area was assumed to remain constant during the 2O-year 
projection period. 

Since not all of those afflicted with said diseases are wage
earners, an adjustment was made accordingly. Based on the 1970 
Census on Population and Housing of the National Census and Statis
tics Office, 292percent of the municipality's population was econo
mically active. =J It was assumed, therefore, that only 29 percent
 
of 70.9 per 100,000, who were afflicted with primary water-borne
 
diseases were economically active. Hence, this is the only segment
 
of the population who would suffer a reduction in income due to said
 
diseases. Farthermore, these afflicted wage-earners were assumed 
to be earning F8 a day and unable to work for 15 days the averageon 

because of their illness. The fintl figure corresponding to the
 
economic cost of time lost due to water-borne diseases was thereby
 
arrived at by multiplying the number of people afflicted with 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 service area. Obviously, the reduotijn
of the life span of the population caused by said diseases is an 
economic loss to the community. 

This economic loss due to premature death was determined by
multiplying the 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 11-year 
mortality rate for primary water-borne diseases in the province of 
Nueva Eoija, as gathered from the Department of Health. These 
figures indicated that 14.9 persons died of the 70.9 per 100,000 who 

-/Economically active population includes these who are 10 
years old and over, whether employed or unemployed, excluding
 
retired persons, students and hous-3wives. 
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were afflicted with water-borne diseases. This mortality rate was
 
assumed tc be constant over the projection period. The 29 percent
 
corresponds to the portion of the service area population who are
 
income earners. The P11,629, on the other hand, represents the
 
monetary value of each death. This was derived from the estimated
 
income to be earned by the average wage-earner over a period of
 
five years discounted at 12 percent plus 20 percent associated
 
@conomic costs (summalion of 0200 a month x 12 months x discount 
factor + 20 percent associated costs), 

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 diseases. 
According to the Lipa City pilot survey on "AbiJ.ity-to-Py'",I- an 
afflicted person spends P113.00 annually on the average for medical 
expenses, which include hospitalization, medicine and doctors' fee.
 
Based on this finding t the total medical expenses incurred due to
 
w4er-borne diseases were arrived at by multiplying P113.00 by the
 
number of peqple afflicted with such diseases in the servioe area.
 

The sum! of all three economic costs related to health benefits 
had to undergo three final adjustments to arrive at more meaningful 
figures. First, 40 percent .ofthe total economic loss due to water
borne diseasps was taken as the health benefit directly resulting 
from the water supply improvement program. This reduction was made 
to account fo ' the fact that not all water-borne diseases are caused 
by a poor water system and ray also be due to less than ideal personal 
hygiene or lack of sewerage 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
culations, associated with the health benefits for GAP-WD. The total 
present value of said benefits after the adjustments amounts to P71,107. 

Reduction in Fire Damage 

The proposed water supply improvement program will result in 
increased water pressure and reliable supply for domestic as well as 
for fire-fighting purposes. At present, none of the 30 fire hydrants
in Gapan is operational. With the implementation of the 

3'Refer to Methodology Manual, Chapter 20 for "Ability-to-Pay" 

studies. 
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ANEX TABLE XI-C-2 

HEALTH B.'- EFITS 

GAPAN WATER DISTRICT 

Fc4omio Loss Total 

Tear 
Served 

PoDulation 

Cost of Time 
Loot Due To 

Illness 

Due To 
Premature 

Death 

Cost of 
Medical 
Expenses 

Eoonomio 
Losses Due 
To Illness 

40 Peroent Reduotion 
Due To Project 

(Benefit'i 
Escalation 

Factor 

Escalated 
Reduction Due 

To Project 

Disocunt 
Fa-tor a' 
12 Percent 

Presant Vpl.e 
of 

Health "nefil 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

12,880 
14,141 
15,526 
17,046 
18,715 
20,548 
22,560 
24,769 
27,194 
29,857 

?318 
349 
383 
421 
462 
507 
557 
611 
671 
737 

P 6,472 
7,106 
7,802 
8,565 
9,404 

10,325 
11,336 
12,446 
13,665 
15,003 

?1,032 
1,133 
1,244 
1,366 
1,499 
1,646 
1,807 
1,984 
2,179 
2,392 

F 7,822 
8,588 
9,429 

10,352 
11,365 
12,478 
13,700 
15,041 
16,515 
18,132 

73,129 
3,435 
3,772 
4,141 
4,546 
4,991 
5,480 
6,016 
6,606 
7,253 

1.210 
1.307 
1.412 
1-525 
1.647 
1.779 
1.886 
1.999 
2.119 
2.246 

P 3,786 
4,490 
5,325 
6,315 
7,487 
8,879 

10,335 
12,027 
13,998 
16,290 

.797. 

.712 

.636 

.567 

.507 

.452 

.404 

.361 

.322 

.288 

T.3,01? 
3,197 
3,381 
3,580 
3,796 
4,013 
4,175 
4,342 
4,507 
4,69! 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

32,780 
32,780 
32,780 
32,780 
32,780 
32,780 
32,780 
32,780 
32,780 
32,780 
32,780 

809 
809 
809 
809 
809 
809 
809 
809 
809 
809 
809 

16,472 
16,472 
16,472 
16,472 
16,472 
16,472 
16,472 
16,472 
16,472 
16,472 
16,472 

2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 
2,626 

19,907 
19,907 
19,907 
19,907 
19,907 
19,907 
19,907 
19,907 
19,907 
19,907 
19,907 

7,963 
7,963 
7,963 
7,963 
7,963 
7,963 
7,963 
7,963 
7,963 
7,963 
7,963 

2.381 
2.381 
2.381 
2.381 
2.381 
2.,81 
2.381 
2.381 
2.381 
2.381 
2.381 

18,959 
18,959 
18,959 
18,959 
18r959 
18,959 
18,959 
18,959 
18,959 
18,959 
18,959 

.257 

.229 

.205 
o183 
.163 
.146 
.130 
.116 
.104 
.093 
.083 

4,875 
4,342 
3,887 
3,A69 
3,0 
2,768 
2,465 
2,199 
1,972 
1,763 
1,574 

771,107 

Total MunLcipal Population : 45,426 1) 29%x 70.9 x S.P. z 78 x F15 
Eoonomically Active : 29% 100,000 

2) 29% x -1j2 x s.P. x P11,629 
Korbidity 

ortality 
: 70.9/100,000 
a149/100,000 3) 70.9 

10,P00 
x S.P. x 113 

100,000 
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program which will involve the installation of now fire hydrants, fire 
protection coverage will be extended to the service area in an inorea
sing basis. Hence, a reduction in fire damage is expected in the 
service area. 

This reduction was assumed to be 0O75 percent of the combined
 
assessed values of all structures in the service area. For Gapan,
 
the averqqe assessed value of each structare was assumed to be
 

-
Pl8t8O0. ' The number of structures was derived from the projected 
population to be served by theystom, assuming that each household 
has an average of 6.1 members.- 1 

The fire protection benefit was based on the assumed overall 
reduction in fire danmge, but correlated with the schedule of fire 
hydrant installation in the service area. Percentage of fire pro
tection starts at 6 percent in 1980, gradually increasing to 35 
percent in 1990 in accordance with the extent of the service area to 
be covered by the fire hydrants. 

The net reduction in fire damage was escalated by 8 percent from 
1980. .to 1985, by 6 percent from 1985 to 1990, after which the 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 XI-C-3 amounts to P1.6 million. 

Beneficial Value of Water
 

Since water is essential to human life, all members of the 
served population in the service area presumably would be willing 
to obtain it in sufficient quantities at some given price. With 
the proposed improvement of the system's facilities, the volume of 
water production is expected to increase considerably to serve the 
needs of the growing population. This will bring about additional 
revenues to the water district, especially since a price increase 
of water may be justified in view of the improved service. 

In general, water rates charged by the water district do not 
reflect the true value of water. Moreover, it is recognized that 
households and commercial users are really willing to pay more than 
what they are actually being charged for water consumed. From the 
economic viewpoint, therefore, there is a consumers' surplus. This 
consumers' surplus refers to the additional amount consumers are 
willing to pay over and above what they are paying for water. For 

4 	Based on the records of the assessor's office in Gapan. 
Based on the 1970 Census on Housing in Nueva Ecija provincea 
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purposes of this study, this additional value has been estimated to
 
be 25 peroent higher than commerial/industrial/institutjonal water
 
rates and 50 Percent higher than domestic water ratesI 

In the determination of this benefit, the following steps were
 
taken#
 

1. 	Only the incremental volume of aooounted-for-water was
 
considered; hebe, the 1976 accounted-for-water amounting
 
to 73,920 c=m wav dedoted from total aooounted-for-qater
 
projections in Chapter VI. 
The water demand projections 
in Chapter VI, expressed in liters per oapita per day, 
were converted to oubic msters per year. 

2. Classification of accounted-for-water into domestic and
 
others (oommeroial/institutional/industrial) was based
 
likewise on Chapter VI. 
For GAP-WD, water use was olassified 
into 89 percent domestic and 11 peroent ooeroial/institu
tional/industrial. 

3. The price per cubic meter of water was obtained from the
 
uneoalated rate per revenue unit in Chapter X, Annex
 
Table X-0-1. The rates were, however, adjusted up
wards to reflect consumers' surplus: 50 percent higher 
for domestic water and 25 percent higher for others. 

4. 	The net eoonomic revenues were obtained by subtracting
the assumed 1977 revenues of GAP-WD of P64,950 from total 
economic revenues. The net economic revenues Way be con
sidered as benefits of the proposed project since revenues
 
of the existing system have been duly excluded.
 

5. 	The net economic revenues were then escalated by 10 per
cent from 1978 to 1980, by 8 percent from 1980 to 1985, 
by 6 percent from 1985 to 1990, after which the escalation 
factor was held oonstant up to 2000. Finally, the escalated
 
values were discounted at 12 percent to obtain their present
 
values.
 

For GAP-WD, the beneficial value of water amounts to P14.3 
million, as shown in Annex Table XI-0-4. 

2/Refer to Procedures for the Economic and Financial Analysis
 
of Water Projects, LWUA, May 1976.
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ANEX TAfBLE XI-C-4 

BMEFICIAL VALUE OF WATER 
"GAPAN WATER DISTRICT 

Total Escalated Present ValueInrementl 

of'conomic
 -e Economic Water Economic Economic Discount
Economic Vaue
Acoor"teado ie rPer cum- Revenues (000) Revenue EsoalaV Revenue Factor at Revenue 

o te- ,Oe 

-(12Pe0nt0L..._7 -Va Dmsi Othore Domestic Others Domestic others (o -Factor
Year (cmyer 

1976 75,920
 
1977 1.0 134.7

.70 1.40 1.05 1.75 111.7 23.0 134.7 1.000 134.7 
1978 119,502 106,357 13,145 274.8 .893 245.4

.65 1.30 .98 1.63 207.2 42.6 249.8 1.100 
1979 -37,613 211,476 26,137 397.9.90 1.50 342.1 70.5 412.6 1.210 499.2 .797 

1980 427,108 38o,126 46,982 .60 1.20 990.4 .712 705.2
628.5 129.3 757.8 1.307 

1981 493,815 439,495 54,320 .95 1.90 1.43 2.38 


806.7 1.412 1,139.1 .636 724.4
668.9 137.8

1982 569,369 506,738 62,631 .88 1.76 1.32 2.20 747.7
1.525 1,318.7 .567
1.23 2.05 717.0 147.7 864.7 

1983 654,941 582,897 72,044 .82 1.64 

2.35 843.5 194.4 1,137.9 1.647 1,874.1 .507 950.2
 
1984 751,862 669,157 82,705 .94 1.88 1.41 

2.20 1,012.2 208.7 1,220.9 1.779 2,172.0 .452 981.7
 
1985 861,635 766,855 94,880 .88 1.76 1.32 983.5
1.886 2,434.4 .404
1.22 2.03 1,070.6 220.2 1,290.8

1986 985,966 877,510 108,456 .81 1.62 985.9
1.999 2,731.0 .361
1.13 1.88 1,133.2 233.0 1,366.2

1987 1,126,784 1,002,838 123,946 .75 1.50 3,04,.6 .3 2 979.4
1,190.6 244.8 1,435.4 2.119 

1988 1,286,277 1,144,787 141,490 .69 1.38 1.04 1.73 977.7
2.246 3,394.6 .f88
1.60 1,253.3 258.2 1,511.5

1989 1,466,920 1,305,559 161,361 .64 1.28 .96 

.257 1,042.6
1,413.3 290.5 1,703.8 2.381 4,056.7
1,487,651 183,867 .63 1.26 .95 1.58 .229 870.3
1990 1,671,518 1.48 1,324.0 2-2.1 1,596.1 3,800.3
-59 1.18 .89
1991 
-54 1.08 .81 1.35 1,205.0 248.2 1,453.2 1 3,460.1 .205 709.3
 

1992 .50 1.00 -75 1.25 1,115.7 229.8 1,345.5 3,203.6 .183 536.3
 
1993 
 522.2
3,203.6 .,.7 22.3,253.6
229.8 1,345-5
1994 .75 1.25 1,115.7
150 1.00 *,0 360.3 

.74 1.23 1,100.9 226.2 1,327.1 1 3,159.3

.49 .98 .306o.8
1995 1.08 967.0 198.6 1,165.6 2,775.3

.43 .86 .65
1996 6 312.2


.63 1.05 937.2 193.1 1,130.3 2,691.2
.42 .84
1997 877.7 180.2 1,057.9 2,518.9 .104 262.0 
.39 .78 .59 .98
199,8 .36 .72 .54 .90 803.3 165.5 968.8 2,306.7 .093 214.5


7999 

743.8 152.6 96.4 2.381 2.134.2 .0837
2000 1,671,518 1,487,651 183,867 .33 .66 .50 .83 
 53,315.3 14,332.4
 

study period to 
e of 75,920 cum per year of acounted-for-water was deducted 

frea ths water dhmand projectiox tlirourhout the 
LOYTbe 1977 vola 


Obtai!.he incren .ntal vol1m. 
utit cf water i:.Table Y-I, Chaper X: + ,3 rate

The proe per aum of water for dcme.ic use was dfriltd by d -osoa1atig the rato per reyrnue 

to be twioo tkat, fuir de-,;ia "e,.


af *. (co~'mercial, inatitutina. ard inaitral waxaEr.zedf.r obther userA 
for 'ethora1i
rate: e, 25 perc,_r higher the t 

o h-i than.domestic fter which the e0calatio-- 50 jroe)it Uhar 197a to 1980t by 8 rcent fr4m 1980 to 1593, b7 6 porceiat from 18 to 1990,=uc 10 percent fzoi
1fctowaated annuatly b.T
far~tc.r uas held onetant up to 2000s, 
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ANNEX XI-E
 

ECONOMIc COSTS
 



ASM TABIZ XI-r-1 

0O0MItUN OF FINANCIAL COST 0ECO XICCOST
 
CAPAN WATER DISTICT
 

S-aow Pricirg 
Financial Foreign Domestio Balance of o, igrn Ezcn Unakilled Economc / Eonomio 
Project Exchange Cost Unskilled Domentio e. -Y/Others Co---onezt Labor Others Projecr Contructio 

-
Cost cmponen"t o Labor Co=pon ntW £ L x 1,2 X.5 X 1.0 Cose _ _ __ 

Source Facilitie 
a) Equipment 611,000 196,708 414,292 12,688 401,604 20,080 381,524 236,050 6,344 381,524 623,918 493,216 
b) Structure and wells 1,197,000 582,400 614,600 18,822 595,778 29,789 565,989 69-5,550 9,411 565,989 1,274,280 1,0C7,336 

Distribution Facilitles 5,190,000 2,664,460 2,525,540 480,930 2,044,610 102,231 1,942,380 3,197,352 240,465 1,942,380 5,350,197 4,253,120 

Internal Network 	 2,979,000 1,279,320 1,699,680 330,880 1,368,500 68,440 1,300,350 1,535,184 165,440 1,300,360 3,000,984 2,59-8,255
 

Pire Ebraunts 	 302,000 176,162 125,898 28,710 97,188 4,859 92, 29 211,322 14,355 92,329 318,006 273,330 

Service Connections 
a) Meters 1,206,000 1,006,210 199,790 60,117 139,673 6,934 132,689 1,207,452 30,059 132,689 1,370,200 1,18.6,3-0b) Pipes 	 3,418,000 1,666,383 1,751,617 527,063 1,224,554 61,228 1,163,326 1,999,660 263,532 1,163,326 3,426,51 2,96,6,31 

Iimecdiate Improvements
 
1. 	Source Facilities 

a) Equipment 474,000 435,791 38,209 1,679 36,530 1,827 34,704 522,949 840 34,704 558.493 Iz...,4 

b) Structure and Wells 802,000 191,172 610,828 26,841 583,987 29,199 554,758 229,406 13,421 554,788 797,615 63C,526 

2. 	Distribution Faoilitiee 1,840,000 947,166 892,834 178,365 714,469 35,723 678,746 1,136,599 89,183 678,746 1,904,528 1,505,555 
3. 	 Service Connections 

a Keters 489,000 407,829 81,171 25,652 55,519 2,77,6 52,743 459,395 12,826 52,743 55Z,964 48C,4-5 
b) Pipes 1,040,000 506,829 533,171 168,498 364,673 18,2.34 3 6.,.9 608,155 84,249 346,439 1,035,83 89-..L66 

4. 	Administratlon Building
 
a) Equipment 51,000 30,173 20,827 2,920 17,907 8 17,012 36,2C,, 1,460 17,012 54,6.6 4-,-:2
 
e) Structure 419,000 12,977 406.023 56,920 349,103 17,455 331,648 15,572 28,460 331,645 375,6E- 325,264


5. 	 Piunbing Shopa) 	ui Sh 30,000 29,6O1 399 58 . 341 '17 324 35,521 29 3.24 35,874 1,00 
b) Sturoture 421,000 12,977 408,023 59,782 343,241 17,412 3 ,2 9 15,572 29,891 330,52? 376,292 ,25,.4 

6. 	Vehicles 139,000 70,290 68,710 - 68,710 3,436 65,275 -4,. - 65,275 149,623 129.5 
7. 	 Nieoellaneous Items 15,000 9,265 5,735 - 5,735 227 5,.25 11114 - 5,445 16.566 14,.,43 

Peasibility Stuies 	 207,00 115.920 91.050 - 91,080 4." =6.,26 1"90C4 - 4.526 25,6-io 1'A3. 

Sub-4otal 20,830,000 10,341,573 10,488,427 1,979,925 8,508,502 425,425 8,083,079 12,409,887 989,965 8,083,079 21,482,931 17,789,50 
lad123.000 - 123.000 - 123,C00 6,150 116.85a - - 116,850 116,850 9r,'. 

Total Project Cost 20.953,000 10.341,573 !0.611,427 1.97q.925 8.631.502 8.19. c?9 	 98.,75 8.",99 -. €',8I.$2431.57 12,40.9,6 	 98781 

,_ osemeto cost omponent less unsilled labor cost.
4 o at* 5 percent of domestio cost component after unszlled labor cost wa dedncted from It.
 
by forein exoha ne "een adj±usted throug
I /jObtai.d AAd cost, uakijlled labor cost end cost of 'others' after they hbae shadow pricing.
 

-!Derivedby mahtrsatine oontian oles and engineering mervicee from the economic project cost.
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ANWIEX 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 r129.5 P129.5
 
1987 
1988
 
1989 
1990 
1991
 
1992
 
1993
 
1994 129.5 P176.0 P525.0 ?14.3 844.8
 
1995 169.4 14.3 183.7
 
1996 154.2 154.2
 
1997 72.4 72.4
 
1998 143.5 280.0 423.5 
1999 143.5 143.5
 
2000 143.5 143.5
 

TOTAL 259.0 P1,002.5 P819.3 F14.3 ?2,095.1 
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AT.= TABLE XI-a-3 

SALVAGE VALUE IN 2001 
GAPO WA R DISTRICT 

1978 PRICES 
(I- 1000) 

__________25________ 7 Team. Inifinite 

Service Zervice 
ni&T-ReainJing 

Service Service Service 
Reairnin 
Service 

Life Life Life Life Life Life 

year 
Eoonomio 

alue 
in 2001 

(Percent) 
Salvage 

Valu 
Ecomcic 

Value 
ki 
(.e 

2001 
t 

S&Ivage Mconmic 
Value 7l 

in 2001 
(FPeme~t) 

Salvage 
Value 

Economio 
Valua 

in 2001 
(Percent) 

Salvage 
Value 

Eoonomio 
Value 

in 2001 
(Percent) 

Salvage 
Value 

Eoocei 
Value 

in 2001 
(rcent 

Salvage 
Value ,., 

1378 
1979 
1980 
1981 
1982 
1983 
1984 

2,549.5 
516.3 
922.8 

1,471.7 
1,67,5.5 
1,203.6 
731.4 

56% 
58 
60 
62 
64 
66 
68 

1,427.7 
299.5 
553.7 
912.5 

1,072.3 
794.4 
497.4 

50.0 

128.4 

27% 

33 

13.5 

42.2 

638.6 
21.2 

420.0 

-2% 
16 

28 

76.6 
3.4 

117.6 

83.2 

4.6 

100% 

100 

83.2 

4.6 

1,601.0 
302.9 
600.7 
912.5 

1,189.9 
794.4 
497.4 

1965 439.6 70 307.7 307.7 
1966 670.7 72 482.9 81.9 7% 5.7 4.6 100 4.6 493.2 
19-37 
1988 
19P9 
1990 
1991 

1,175.7 
890.7 
601.5 
300.6 

74 
76 
78 
80 

870.0 
676.9 
469.2 
240.5 

18.o 
540.0 

52 
56 

9-4 
302.4 

143.5 
149.9 
330.9 
71.2 

13 
20 
27 
33 

18.7 
30.0 
89.3 
23.5 

888.7 
716.3 
860.9 
264.0 

1992 
1993 
1994 
1995 

715.3 
183.7 

60% 
67 

429.2 
123.1 

129.5 14% 18.1 447.3 
123.1 

1996 
1997 

154.2 
72.4 

73 
80 

112,6 
57.9 

112.6 
57.9 

1998 423.5 87 368.4 368.4 
1999 143.5 93 133.5 133.5 
2000 224.2 10 2242 224 2 

P13,149.6 P8,604.7 P178.4 P55.9 MP637.8 Pr09.4 P2?694.2 P1,616.1 P129.5 P18.1 P2.4 P2.4 P10,896.6 

•otal Tl Eoomic Value P17,881.9M/Salvag values for each year represent the ealvage value of Ihe item in year 2001. Total Salvage Value P10,896.6 
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Am= TABI r1.4r4 

SU4MARIOF ECONOXIC COS 
W A=R DJfISTRICT 

(• x 1000) 

Preaezt Present Prevent Preaset 

Tear Pioleat Coat 

Raplaoameut 

oD 
Salva6, 

Value 
)nd X 

aCost 

Total 

Coat 

Escalation 
Factor For, 

Other Coat 

Escalation 
Factor For 

0 d X Co 

Zacalated 
2 2 , Project 

221 Cost 

escalat ed 
a.laopec t 

Coat 

Escalated 
0 and X 

Co st. 

Zacalate. 
'.otal 

cc 

Discount 
Factor at 

12 Prcent 

Value 
of 

Project 

Coat 

Value of 
Replace.-

vont 

Cost 

Value 
of 

0 and X 

Co -. 

Value 
of 

Total 

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

P 5,116.0 
852.7 

1,464.3 
1,887.2 
3,090.8 
1,607.8 
1,010.6 

605.2 
911.2 

1,586.8 
1,257.4 
1,780.6 
429.5 

3 

129.5 

844.8 
183.9 
154.2 
72.4 

423.5 
143.5 
4_.5 

1,601.0 
302.9 
600.7 
912.5 

1,189.9 
794.4 
497.4 
307.7 
493.2 
888.7 
716.3 
860.9 
264.0 

-

447.3 
123.1 
112.6 
57.9 

368.4 
133.5 
224.2 

P 20.4 
66.8 
139.6 
218.9 
245.9 
296.5 
320.1 
347.0 
380.3 
398.8 
414.0 
433.8 
531.9 

531.9 

P5,136.4 
919.5 

1,603.9 
2,106.1 
3,336.7 
1,904.3 
1,330.7 

952.2 
1,421.0 
1,985.6 
1,671.4 
2,214.4 

961.4 
531.9 
531.9 
531.9 

1,376.7 
715.8 
686.1 
604.3 
955-4 
675.4 

- 6T54 

1.000 
1.100 
1.210 
1.307 
1.412 
1.525 
1.647 
1.779 
1.886 
1.999 
2.119 
2.246 
2.381 

2.381 

1.000 
1.080 
1.166 
1.260 
1.360 
1.469 
1.587 
1.714 
1.851 
1.999 
2.159 
2.332 
2.518 

2.518 

P5,116.o 
938.0 

1,771.8 
2,466.6 
4,364.2 
2,451.9 
1,664.5 
1,076.7 
1,718.5 
3,172.0 
2,664.4 
3,999.2 
1,022.6 

P 244.2 

2,011.5 
437.9 
367.2 
1,2.4 

1,003.4 
341.7 
41. 

P 20.4 
72.1 

162.6 
275.-8 
334.4 
435.6 
506.0 
594.8 
703.9 
797.2 
893.5 

1,011.6 
1,339.3 
1,339.3 
1,339.3 
1,339.3 
1,339.3 
1,339.3 
1,339.3 
1.339.3 
1,339.3 
1,339.3 
13 

P5,136.4 
1,010.1 
1,934.6 
2,742.4 
4,6:92.6 
2,887.5 
2,172.5 
1,671.5 
2,666.b 
3,969.2 
3,556.Z 
5,O10.8 
2,361.,l 
1,339.-3 
1,339.3 
1,339.-3 
3,350.3 
1,777.2 
1,706.5 
1,511.7 
2,347.7 
1,681i0 
1.681 

1.000 
.893 
.797 
.712 
.636 
.567 
.507 
.452 
.404 
.351 
.322 
.288 
.257 
.229 
.205 
.183 
.163 
.146 
.130 
.116 
.104 
.093 
.083 

P5,116.0 
837.6 

1,412.1 
1,756.2 
2,775.6 
1,390.2 
843.9 
466.7 
694.3 

1,145.1 
857.9 

1,151.8 
262.8 

-

P 98.7 

327.9 
63.9 
47.7 
20.0 
104.9 
31.8 
28.4 

P 20.4 
64.4 

129.8 
196.4 
212.7 
247.0 
257.6 
268.9 
254.4 
287.8 
287.8 
291.4 
344.2 
306.6 
274.5 
245.0 
216.3 
195.5 
174.1 
155.4 
139.3 
124.6 
111.2 

P 5,136.4 
9.0 

1,541.9 
1,0952.6 
2,9&,.3 
1,637.2 
1,101.5 
755.6 

1,077.4 
1,432.9 
1,145.7 
1,443.2 

607.0 
3C6.6 
27.-.5 
Z45.0 
546..2 
259.4 
221.6 
175.4 
244.2 
156.4 
1396 

P21,600.1 P2,095.1 9,133.0 32,957.5 P.-.,426.4 P5,232.4 P20,542.7 P57,894 1 P18,730.2 P723.3 P4,E37.3 P24,290.8 
Salvage value 10, 896.6 10,896.6 2.381 25,944.8 .074 1,919.9 

21,931.8 P3I,949.3 P22,370-.9 

2Prjot cost, replacement cost and malvai" -sis were escalated a-ually by 10 ;earet from 1978 to 1980, by 8 peroent from 1980 to 1985 
and by 6 percent from 1985 to 1990.

2./ojsot cost and replacement coat wer escalated annually by 10 peroent from 1978 to 1980, by 8 percent from 1380 to 1985, b7 6 peroent from 1985 to 1990, after shich the 
escalation factor wam held constant up to 2000. 

2fopeiating and maintenance costs were escalated annually b7 8 percent from 1978 to 1990, after wbich the eacalation factor was held constant up to 2000. 
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ANMX TABLE XI-G-1
 

TTRAL ECOTIOM.IC RATE OF RTR
 
GAP N JATER DISTRICT
 

Year 
Escalated Values 
Benefits Costs 

Discount 
Factor at 
20 Percent 

Present Value 
at 20 Percent 

Benefits Costs 

Discount 
Factor at 
25 Percent 

Present Value 
at 25 Percent 

Benefits Costs 

1978 
1979 

134.7 
274.8 

5,136.4 
1,010.1 

1.000 
.833 

134.7 
228.9 

5,136.4 
841.4 

1.000 
.800 

134.7 
219.8 

5,136.4 
808.1 

1980 
1981 
1982 
1983 
1984 
1985 
1986 

8,610.1 
1,663.1 
1,932.2 
2,225.5 
2,976.6 
3,419.2 
3,880.3 

1,934.6 
2,742.4 
4,698.6 
2,887.5 
2,172.5 
1,671.5 
2,666.6 

.694 

.579 

.482 

.402 

.335 

.279 

.233 

5,975.4 
962.9 
931.3 
894.7 
997.2 
954.0 
904.1 

1,342.6 
1,587.9 

*2,264.7 
1,160.8 
727.8 
466.3 
621.3 

.640 

.512 

.410 

.328 

.262 

.210 

.168 

5,510.5 
851.5 
792.2 
-730.0 
779.9 
718.0 
652.0 

1,238.1 
1,404.1 
1,926.4 
947.1 
569.2 
351.0 
"'P.0 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

4,446.3 
5,042.1 
5,789.7 
6,927.0 
4,450.8 
4,110.6 
3,854.1 
3,854.1 
3,810.3 
3,425.8 
3,341.7 
3,169.4 
2,957.2 
2,784.8 

3,969.2 
3,558.2 
5,010.8 
2,361.9 
1,339.3 
1,339.3 
1,339.3 
3,350.8 
1,777.2 
1,706.5 
1,511.7 
2,347.7 
1,681.0 
1,681.0 

.194 

.162 

.135 

.112 

.094 

.078 

.065 

.054 

.045 

.038 

.031 

.026 

.022 

.018 

862.6 
816.8 
781.6 
775.8 
418.4 
320.6 
250.5 
208.1 
171.5 
130.2 
103.6 
82.4 
65.1 
50.1 

770.0 
576.4 
676.5 
264.5 
105.9 
104.5 
87.1 
180.9 
80.0 
64.8 
46.9 
61.0 
37.0 
30.3 

.134 

.107 
,086 
.069 
.055 
.044 
.035 
.028 
.023 
.018 
.014 
.012 
.009 
.007 

595.8 
539.5 
497.9 
478.0 
244.8 
180.9 
134.9 
107.9 
87.6 
61.7 
46.8 
38.0 
26.6 
19.5 

531.9 
.0.7 

Z,30.9 
163.0 
73.7 
58.9 
46.9 
93.8 
40.9 
30.7 
21.2 
28.2 
15.1 
11.8 

83,O80.6 17,020.5 13,448.5 

Salvage Value 
57,894.1 
25.944.8 
31,949.3 

.015 
17,255.0 

8.2 
16,865.8 

.oo6 
14,756.1 

155.7 
14,600 4 

2.60 1.00 1.01 1.00 0.92 1.00 
Present Value at 205 = 154.7 IERR - .20 + .05 ( 154.7) 
Present Value at 25% =01,151.2) 1,3 0 6.6
 

19306.6 = .20 +.0059
= 20.6c,, 
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METHODOLOOT
 

MENORANDA
 



CAMP MDESSER & MOKES .INTERNATIONAL INC.
 

Methodolog Memorandum No. 1 

To : L, V. Giierrez, Jr. 

From : A. de Ve.ra 

Date , 4 January 1977 

Subject: Pilot -Area Survey 

A, 	Need
 

In estimating water aooountability, data on the ratio of 
borrowers to primary users, average persons per household, an 
per capita consumption are necessary. Information on oapaoity 
and wiliingness-to-pay would greatly aid finanoial analysis. 
In all oases, these data are not readily available in the
 
Philippines. The only way to get these data would be to aot"iflly 
perform a house-to-house survey within the served areas of the 
water district (WD). Considering time and financial constraints, 
a pilot area survey would be the best approach. This is merely 
surveying a representative area within the WD and projeoting the 
data obtained for the entire served area of the WD. 

B. 	 Ketbodology 

1. 	 Choose a pilot area within the WD. Desirable requirements 
for the area are as followe 

a. 	 adequate line pressures, preferably with 24-4our servise; 
b. 	metered connections;
 
o. 	 presence of domestic as well as commercial connections* 

Ratio of commercial to domestio connections for the area
 
must not exceed that for the entire WDI
 

d. 	 representative income levels of the oonoessionaires. 

2. 	Devise a one-page questionnaire so that its
 

a. 	 is easily understood by WD personnel (who will serve as 
interviewers);

b. 	 provides relevant information; 
c. 	 provides a means of cross-cheoking some answers given 

by respondents; 
d. 	would make tabular analysis easy.
 

A eample questionnaire in attached* 

1-I
 



3, 	 Get assistance froM the WD perso=Gnl in the house-to-house 
survey. It is suggested -that they do the actual interview 
because of their femi liarity with looal customs and dLalsots. 
However, before allowing the WD enumerators to proseed on 
their own it is neoeLry the%! 

a$ 	 the enueratoru be Tiven a thorough briefing on the 
im.nportae o)f the f3ur- y0 as well ar tbh purpose of 
each item in tho qu~ctiornnaire. 

b. 	the enumeratoro be aocompanied to the tirst few 
houses. and .i raan ddtional pointers or feedback 
before they proceed on their own. 

4, 	 Conduct a houae-to-houso survey of all housebolds within 
the pilot .axea, A nap at this point indioating the exist
ing houses (with their code numbers) would be neoessay. 
The 	following wouid be helpful during the surveys
 

a. 	 brief the respondents about the purpose of the survey 
before asking questions. It is very important that 
they be receptive to the interviewers. Otherwise data 
given could be misleadings

bo 	 in asking for estimates o7 oonsumptiont avoid using 
technical terms, i, liters, gallona, etoo Use 
local containers like pails, drums or whatever thaey 
use. Note the capacity of the container in the 
qucestionnaire. 

C. 	 Data 

The 	following data may be obtained from the surveyc
 

1. 	Pilot area density
 
2. 	 Averae peraonu/household 
3. 	Borrowers from connected households and peroentage of
 

households dependent on the WD
 
4. 	 Potential concessionaires 
5. 	 Consumption estimates 
6. 	 Income levels and the respeotive rates showing
 

willingness to pay for Emproved service
 
7. 	 Water accountability 



__ 

____ 

WATER DISTRICT
 

PILOT AREA QUESTIONNAIRE
 

DATE
 
TIME 

INTERVIEWEE __ADDRESS
 

TYPE 	OF DWELLING CONSTRUCTION MATERIAL
 

WD CONCESSIONAIRE 	 NON-WD
CONCESSIONAIRE FOR ALL HOUSEHOLIS 
1. NO. OF OCCUPANTS: 	 I., NO. OF OCCUPANTS:  .e WD-WATER AVAILABLEi 

No. of hours 
2. 	 CLASSIFICATION: 2. SOURCE OF SUPPLY: Time
 

MDomestic [3own private well 2. FAUCETS:
 
E3 Commeroial E-rainwater 0 1 El 3 r- 5
 
El Institutional 0 spring El 2 El 4 El -__ 
E3Industrial Opublio faucet 
0 _ , _ I)WD concessionaire 01SHOWE33
 

3. 	 SIZE OF CON1CTION: HH Code No. -

Elpublio well 4. FLUSH WATER CLOSO'


1- 32"
l " 1" 	 mlothers' private well [31 32 0 3 i__. 
D j 0lj" . El . 5. MANUAL WATER CLOSET: 

4. TYPE OF CONNECTION: 	 3. CONSUMPTIONs 6. 01 02 0-/3 
0.w/septic Ow/o 8Wp..0[]metered: meter functioning Ofree tank tank 

[]metered: meter damaged [paying 7, AVERAGE MONTLY8 
El flat rate (unmetered) volm.9 used per AVEAnConm O Tl:. 

Consumtion -W: 
5. 	 APPURTENANCES (Connected to Paying P wells: ....... 

System) for . .... others:
 
0lwith hand pump REMAR"
 
Owith electric motor pump 8. USER:
 

HRS used/day ___o 
 w/ borrowers
 
Pump rated HP C3 	 0 w/o borrowers 

GPM Total no., of IH
 
borrowers
 

Total no. of HH borrower'.
 
6, OTHER SOURCE ASIDE FROM WD: 
 oooupants
 

Own Other HH How much wuld
 
Dwells w ells 	 9. wi wo you be 

o 	 springs 0 springs willing to pay if 
0rainwater 0 rainwater[]_ 	 water servioe wereimproved? 

- /month. 

(TO BE FILLED UP AT THE WD OFFICE) 

1. HOUSEHOLD CODE 	NO. 3. WD CONCESSIONAIRE, 

0 registered2. INCOME: 	 ED unregistered ________ 

P)SITION
Obelow average (P220 below)
 
Elaverage (P221 - 750) 4. PAYmENTS:
 
Oupper middle P751 - 1,500) 0up-to-date

Ohigh P9,500 above) ] delinquent
 



CAMP ORESiSER & MaKEE iNTERNATDvNAL iNC. 

Methodology Memorandum No. 2 

To LL. V. ie7ierre2, Jr. 

From * A. de Vera 

Date : 31 January 1977 

Subjeot: Estimating Water Accountability 

A. 	 Need 

To be able to determine future water demand per oapitaq

need for leak detection and survey program, 
 and 	the level ofdevelopment possible for reducing wastage and 	leakage, the
following information must first be available. 

1. 	 Ratio of acoounted-efor and unaocounted
for-water.
 

2. 	 Ratio of wastage and leakage in relation
 
to total production.
 

3. Domestic consumption per oapita.
 

Although there are 
various methods for estimating water
accountability, the selection of a method dependa on the
purpose for which 
 it is to be used and the level of aoouracy
desired. Aooounted-for-wator as used herein refers to the

revenue-producing water for the water district. 
It is the 
sum of the billed metered consumption and inferred water oon
sumption at flat-rate connections. 

B. 	 Nethodology 

1. 	Pilot Area Srvey
 

a. 	 ObJeotive - To be able to estimate total aoounted
for and unaooounted-for-water. Accuracy will depend
on the reliability of the oonsumptj figures as 
obtained in the pilot area survey.!r 

b. 	 Data Necessary - Monthly production; number of metered 
and unmetered connections# water rate schedule; pilot
area data; and total monthly metered consumption. 

/Refer to Methodology Memorandum No. 1. 

MM2-1 



0. 	 Steps 

1) 	 Obtain total number of households dependent on 
water systent. To do this, first obtain ratio
 
of households dependent on the system to total 
households in the pilot area and apply ratio to 
the whole service area. Compute for number of 
primary and secondary users. 

2) 	 Compute for inferred flat-rate use per month. 

3) 	 Compute total aoounted-fox-water by adding average
monthly metered eaonsumption and total inferred 
flat-rate use per month. 

4) 	 Unaccounted-for-water is total produotion less 
accounted-for-water. 
It is also the total of
 
potentially billable water plus wastage, leakage

and 	 other uses. 

5) Potentially billable water isthe sum of: 

o Usage of borrowers from flat-rate
 
primary users; 

o Unbillse flat-rate use 

o Wastage of flat-rate users 

2* 	Weighted Average of First 10-City Survey 

a. 	 Objeotive - In a water system with all functions billed 
as flat-rate, computing for water accountability is 
impossible without resorting to detailed surveys. How
ever, this method implies that the figures obtained. 
during the first 10-area survey (CDM - 1975) approximate
those of other water districts. Aocuracy, however, is 
not 	determined. 

b. 	 Data Neoessary - Total monthly produotion and figures
obtained during the First 10-Area Sui-vey of CD. 
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0. 	 Stes 

Multiply monthly produotion by:
 

.31 	to get acoounted-for-water
 

.11 to get underestimated flat-rate use
 

.26 to get wastage
 

.25 to get leakage
 

.07 for others
 

3. 	 Field Study Method 

a. 	 Objective - To be able to determine within :t 5 percent 
accuracy water aocuntability figures. This method, 
however, is time-consuming and very expensive. 

b. Data Neessary - All data received shall be generated 
in the field. The number of concessionaires and the 
water rate schedule are basio requirements. 

o. 	 Ste__s 

1) 	 For eaoh section of transmission and distribution 
line in the water system, appropriate measuring devices 
shall be installed in order to determine the amount 
of water flowing in and out, water used by the can
oesionaires, and water leakage. 

2) 	 Desk-top analysis is then necessary to determine 
water accountability. 
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CANIP IRESS6ER & Mn~i~r; INTERA1(OAL g1JAC. 

METHODOLOGY MEMORANDUM NO. 3 

To : 	 L. V. Gutierrez, Jr. 

From : 	 P. del Rosario 

Date 2 	 8 February 1977 

Subject: 	 Classification of Water Districts According to 
Future Water Requirements 

The purpose of this methodology manual is to classify water 
districte (WD) so that future water requirements may be estimated. 
The factors to be considered in classifying WD's are economia and 
social 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 lowest
 
water consumption, Group V. Affluent and highly urbanized
 
water districts may fall under Group Iywhile less developed
 
and small water districts, under Group V. 

B. Methodology 

The initial service area of the WD will most likely include
 
the central urban area or core city (poblacion). To classify it
 
according to future water demands, the WD and its central urban
 
area are judged according to 5 grouping criteria - 1975 urban
 
income, 1975 standard of living, 1975 business index, 1980 cost
 
of water, and served population in 1980. For each oriterion, a
 
number of points, from 0 to 20, are allotted to each water
 
district. The total number of points under the 5 criteria
 
determines 	the olassifioation of the WD4. 

Table MM 3-1 lists the 5 criteria by which the WD can be
 
olassified, and the points allotted to rank-igs in eaah or1
toron.
 

The grouping of the WD's based on the range of total
 
points under the 5 criteria is as followva
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TABLE MX3-1 

WATER DISTRIOT GROUPlG CR'IInIA 

1975 
Urban Income 

inco-e Tz-xes 
Paid by Urban Points 
Residents (:,) 20 

- ofi Households 
with Refrigerators 

in Urban Area 

1975 
Standard of Li.ring' 

; of Households 
Points with Flush Toilets 

10 in Urban Area 
Points 

10 

1975 
Business Index 

53 of Commercial 
Establishments Points 
in Urban Area 20 

1980 
Cost of Water 

Source of 
Additional Points 

Water Supp;X 20 

18o 
Served Popuation 

Population 
Served ia Points 
Urban Area 

=ore than 30,000,000 20 more than 30 10 more than 60 10 more than 6.6 20 Spring, gravity 20 more than 150,0O0 2u 

10,O0O,301-30,O00,o00 
5,000,001-10,000,000 

18 
16 

25.1- 30 
20.1 - 25 

9 
8 

50.1 
40.1 

- 60 
- 50 

9 
8 

4.6 -
3.1 

6.6 
4.5 

16 
11 Spring with 

100,001 - 150,000 18 

1,000,V0i- 5,000,000 14 15.1 - 20 7 30.1 - 4Q 7 1.7 - 3.0 7 
booster pump 

Infiltration 
17 80,001 - 100,000 16 

with short trans-
Mission line/ 

500,001-
iJ0 001.-

1,000,00 
500,00C 

12 
.0 

10.1-
5 -

15 
0 

6 
5 

20.1  30 
10 - 20 

6 
5 

1.0 - 1.6 
leas than 1 

4 
2 

well poinIts 14 

Infiltration with 

65,001-
52,001 -

80,000 
65&DO 

14 
12 

long trannrmi
"1o. line/ 

50,001-
20,001-

100,000 
50,000 

8 
6 

less than 5 4 less thaz 10 4 
wells 

Surface water 

11 41,001 
31,001 -

52,000 
41,000 

10 
9 

without 

8,001- 20,000 4 reservoir 
Surface water 

7 22,001  31,000 

4,001- 8,000 
4,000 or loss 

2 
1 

with reservoir 5 15,001 - 22,000 
10,001  15,000 
leas than 10,000 

7 
6 
5 

XN3-2 



GTotal Points 

I 70 and above 
II 60 - 69 
II 50 - 59 
IV 40 - 49 
V 39 and below 

In allotting points under eaoh oriterion, readily available 
data are taken from the latest NCSO report (1970 or 1975 oansus).
These data are: total population in the eity or munioipality; 
total households; number of urban households; number of commer'
sial establishments; number of industrial establishments; number 
of households with refrigerators; and number of households using
flush water-sealed toilets. The data on total inoome taxes paid
in the oity/munioipality in 1975 were obtained from the BIR office. 
Data on the probable sourses of additional water supply were 
taken from the reoent preliminary hydro-eurvey oonduoted by LUA 
and the WD. 

The following is a procedure for assigning points to a WD 
on the basis of the 5 oriteria. 

1. 1975 Urban Inoome 

Urban income is based on the total inoome taxes 
paid by individuals and business entities and the per
oentage of urban households with respect to total house
holds in the city/munioipality. If the 1975 data a"e t 
available, the peroentage of urban households is projected 
to 1975 by applying an increase of 0.1 to 0.4 peroent 
per year. In projecting the peroentage of urban house
holde growth charateristios and urban development 
must be oonsidered. The projected peroentage In mul
tiplied by 1975 total income. Table NM 3-1shews the 
breakdown of the annual income with points ranging 
from 1 to 20. 

2. 1975 Standard of Living 

The standard of living is measured by the number 
of households in the urban area with refrigerators and 
those with flush water-sealed toilets. 

The percentage of urban households with refriger
ators with respect to total urban households is projected 
to 1975, if the 1975 census is not available. An increase 
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of I to 4 percent per annum is appliedo depending upon 
the recent economio and nodial development in the oity/
municipality. The same procedure is applied to the 
percentage of urban households using flush water-cealed 
toilets. Table MiM 3-1 shows the percentages of households 
with refrigerators and those with flush toilets with res
pect to total urban households, with points ranging from 
4 to 10. 

3. 	 1975 Btiness Index 

The busineso index is measured by the percentage
of commercial establishmento with respect to total urban 
households in 1975. One industrial establishment (data
from NCSO consun) is assumed to be equivalent to 10 oom
meroial establishments (except when the 1975 census is 
available). An increase of I to 20 establishments per 
year is applied, depending on the reoent business aotivi
ties and urban development in the city/munioipality. The 
number of urban households in 1975 is obtained by multi
plying the 1975 total households (total population + 
average of 7 persons/household) by the 1975 percentage
of urban households as derived in the methodology for 
1975 urban income. The 1975 sum of commercial estab
lishments divided by the number of 1975 urban households 
is the business index of the city/munioipality. Table 
MM 3-1 shows the various levels of business indexq with 
corresponding points ranging from 2 to 20. 

4. 1980 Cost of Water 

The cost of water is inferred from the probable 
source of additional water supply by 1980. The probable 
soure of additional water supply is weighted accord
ing to its apparent eoonomio viability. A spring source 
that is located within the 1980 service area and can flow 
by gravity is considered the most economical. Surface 
water requiring complete water treatment with impounding 
reservoir is the most expensive. Infiltration galleries 
with short or long transmission lines, wells, or spring
 
sourae requiring booster punp, are considered to have 
weights between the most and least expensive (see Table
 
MM 3-1).
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5. Served Fopulation in 1980 

The served population in 1980 is projected by
 
delineating the future service areas of the WD and
 
projecting the population of the city/murioipality 
and of the service areas* The 1Q80 served population 
is determined ac a portion of the service area popLila
tion. In projecting the population served and the 
future service areas, economic growth and urban develop
ment, availability of water supply and capability of 
the v'ater district to provide service must be oconaidered. 

C. Expeoted Water Demand By Class of W) 

The experienoe of the LWUA-CDM staff, especially during
 
the First Ten Urban Areas Project in the Philippines, has been
 
used to assign values of expected water demand to the 5 classes
 
of water districts. These expected water demands are shown in
 
Table MM 3-2.
 

D. Example of Water District ClL..sifiOation 

This method of classifying a water district is illustrated,
 
with the Silay City Water District as an example. Available
 
data fnr Silay City are taken from the NCSO and BIR reports#
 
and from the preliminary hydro-survey by LWUA and the SIL-WD.
 
The following data were obtained:
 

Total income taxes paid in the city - 920,049,139 (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 area - 3,693 (1970) 

Total number of commercial establishmcnts in the city - 36 (1970) 
Total number of industrial establishments in the city - 1 (1970) 
Total urban households wit# refrigerators - 266 (1970)
 
Total urban households using flush water-sealed toilets - 807 (1970)
 

Probable source of additional water supply - wells (1980) 

Population in the service area - 21,280 (1980) 

To determine the specific weights of the above data for aa~oh 
grouping criterion, the methodology developed is applied as follmm.r 
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TABLE KK 3-2
 

WATER DEMAND OF WATER DISTRICT GROUPINGS 

Classification Year 
1290 2000 

Group I 

Domestic use, ipod 140
Commercial/Industrial/Institutio15 

155 175 

% of domestic 

Equivalent, ipod

Accounted-for-water, ipod 
Unaccounted-for-water 

%of production 
Equivalent, ipcd 

Total production required, 

Group II
 

Domestic use, ipod 

Ipod 

Commercial/Industrial/Institutonal 
%of domestic 
Equivalent, ipcd 

Accounted-for-water, Ipod 
Unaocounted-for-water
 

% of production 

Equivalent, Ipod 


Total production required, 

Group III 

Domestic use, lpod 


Ipod 

Comner 'ial/Indus trial/Inst itutional 
% of domestic 

Equivalent, lpod


Acoounted-for-water, Ipod 
Unaccounted-for-water 

%of production 

Equivalent, ipod 


Total production required, lpcd 

17 21 25
 
-J 

1 i* 210 

40 28 20
 
1 0 52
 

273 261 262
 

120 135 150 

15 17 20 
18
 

1 5 

40 28 20
 
.2 6 .4
 

230 220 225 

105 120 135
 

13 16 18
 
U -R 2U
 

119 139 159 

40 28 20 
U _ 40 

198 193 199 
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TABLE MM 3-2 (Continued) 

WATER DEMAND OF WATER DISTRICT GROUPINGS 

Tear
 
Classification 10 LM 00 

Group IV
 

Domestic use, Ipod 
 95 110 125 
Commercial/Industrial/Institutiona 

% of domestic 
 12 14 16

Equivalent, Ipod 12 _.a 20 

Accounted-for-water, Ipod 107 125 145 
Unaccounted-for-water 

%of production 40 28 20 
Equivalent, lpcd 71 _ .L 

Total production required, lpod 178 
 174 181
 

Group V 

Domestic use, lpcd 90 100 110 
Commercial/Industrial/Institutional
 

% of domestic 
 10 13 15

Equivalent, ipod .. _U _U 

Accounted-fc:-water, lpod 99 113 127 
Unaccounted-for-water 

% of production 
 40 28 20
 
Equivalent, tpod 66 
 " 44 

Total production required, lpod 165 157 159 
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1. 1975 Urban Income 

In 1970, the urban households accounted for 
33.8 percent of the total households in the city.
But due to recent developments in the local economy
and subdivision housing projects in the urban sector 
of the city, the number of urban households was pro-
Jerted to increase to 35 percent in 1975. The product
 
of the total 1974-1975 income taxes and the 1975 per
centage of urban households represents the urban in
come taxes which amount to about P7,017 million.
 
Table MM 3-1 gives this a weight of 16 points. 

2. 1975 Standard of Living 

This is measured by:
 

a. 1975 urban households using refrigerators
 

In 1970, 7.2 percent of the urban house
holds had refrigerators. Due to economic and 
housing developments, the percentage was esti
mated to increase to about 12 percent in 1975. 
Table MM 3-1 gives this a weight of 6 points*
 

b. 1975 urban households using flush water-sealed
 
toilet facilities
 

In 1970, the households with toilet facili
ties represented 21.9 percent of urban households. 
Due to the recent housing developments in the 
urban area, the households with toilet faoili
ties were projeoted to be about 32 peroent in 195. 
Table NX 3-1 gives this a weight of 7 peintse 

3. 1975 Business Index 

It is assumed that one industrial establishment is 
equivalent to 10 commaroial establishments. Based on 
the 1970 census, the number of commercial establishments 
(equivalent industrial establishments included) was 
46 (36 + 10). These establishments were expected to 
have increased to 96 (at 10 establishments per year) 
in 1975. Total urban households increased from 3,693 
in 1970 to about 5,180 in 1975 (1975 population of 
103,493 4 average 7 persons/household). Hence, the 
business index in 1975 was 1.9 percent (commeroial estab
lishments divided by the number of urban households in 
1975). Table MM 3-1 gives this a weight of 7 points. 
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4. 1980 Cost of Water 

Based on the hydro-survey of LWUA-CDK 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 15,630Vas projected from the 1975 NOSO Census
 
of Population and Housing. Table MM 3-1 gives this a
 
weight of 7 points.
 

Therefore, the SIL-WD has a total of 54 points under the
 
5 criteria, indicating that it belongs:to Group MII. The water
 
demands of this group from 1980 to year 2000 are listed in
 
Table MM 3-2.
 

Table MM 3-3 classifies 16 water districts in the
 
Philippines according to the 5 grouping criteria.
 

2/See Chapter VI, Table VI-3, of the Silay City Feasibility
 
Study Report.
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TALE X 3-3
 

suRY OF CITIEs/XmiCIPALITIsS SUBJECTED
 
TO TE WATER DISTRICT GROUPING CRIlE IA 

19M Standaz of LivizA 
Urban Urban 1980 Cost 

1975 Households Bouseholds 1975 of Water 1980 
Urban with Betri- mith Flush Business Source "o Served 
Incom gerators Toilets Index Supply Population Total 

Mli, Surigao del Sur 14 6 7 11 14 7 59 3
 
Uzdamuta Pangasinan 6 7 9 11. 11 6 50 3
 
Calmba, Lagum. 14 9 10 7 17 6 63 2
 
Gas="$ ueva goija 6 8 9 T 11 6 47 4
 
MiAY City 16 6. 7 7 11 7 54 3
 
CebuCity 20 10 10 *7 5 20 721 
Dwso city 16 9 16 11 10 71 1 
SaomlodCity 20 9 97 11 18 714 1 
ZotbaoagaCity 14 7 9 7 7 16 6 2 
Digos, Daa del Sur. .12 6 9 7 115 50 3 
Baaowu Alber 1 9 11 20 5 51 3 
Bangued,Abra, 1 68 7 20 6 48 4 
Da agtopCebu 1 5 a 4 11 5 34 5 
BqbajLeyte 10 9 8 16 9 6 58 3 
Boxaucity 10 9 8 16 7 6 56 3 
Cotabato City 12 9 8 11 11 7 58 3 
O16apo city 1s .9 10 20 11 1 
Subic 4 5 6 16 11 5 47 4 
5mPnado"(Papan ) 14 6 7 20 11 7 65 2 

'aao12 8 a 16 11 a 63 2 
Cbs mCity 12 a i16 1t 11 9 61 2 

LipsitI a8 10 16 11 7 60 2 
Luanne-Paoilao-Yayabas 14 '6 8 7 17 12 64 2 
Dut 10e 4 4 20 10 53 3 



CAiMtP DRE.SSER a MoKLE INYERPE'ATONAL INC. 

Methodology ]emorandun No. 4 

To t L. V. Outierres t Jr. 

From : E. Jaoildo 

Date : 20 January 1977 

Subject: Probability Analysis of Stream Flows by Ougbel 

A* 	Need
 

In evaluating the sdrfaoe water sources for water supply 
purposes, the analyst has to focus his interest on statistical 
frequency of extreme low flows. Sinoe the exaot sequenos of 
streamflow for future years can not be predicted, he also has 
to consider the probable 'variations in flows in order to 
ddvelop a design on the basis of caloulated risks 

In 1941, E. J& Cubel devised a probability method by
which reourring flown oan be computed for deign requirements.
Uhicr this method, the hydrologic data are analysed as an 
"extreme value" distribution and the sets of hydrologic data 
are plotted as straight lines. Gambel's method has been found 
advantageous to use.
 

Be 	 Basic Data
 

The hydrologic data are found in Surfaoe Water SuDly 
Bulletins published by the Water Resouroe-.Division of the
 

Data i 

ing sequenoe:
 
Bureau of Public Works (BW). are ted Sn the follo,'

1. 	 Name of river basin 
2. 	 Name of stream 
3. 	 Location of gai lg station in latitude and longitude 
4. 	 Drainage area.in square kilometers 
5. 	 Records available: months and year 
6. 	 Gage elevation 
7. 	 Extremes; magnitude and dates of maximum and minimu= 

flows 
8. 	Remarks
 
9. 	 Revisions 

10. Presentation of daily discharge for one year 
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It should be noted that Surface Water Supply Bulletins
 
after 1967 have not been published; they are on file at the BFW 
Water Resources Division. 

C. 	 Methodolog 

Below are the steps in Gumbel'e probability analysis of
 
streamflows. 

Table MM4-1 

1. 	 Tabulate the monthly flows (mean, minimum or 
maximun, whatever is desired). 

2. 	 Take note of any changea in the yearly records as 
stated under "Remarks" or "Revisions" ,f the 
Bulletin. Write them under remarks in Table MX4-1. 

Table MM4-2 

1. 	Arrange all monthly flows in ascending order, i.e.,
 
from lowest to highest. Any flow that occurs
 
more than once should be listed.
 

2. 	 Rank the arranged flows under "Im". 
3. 	 Take the logarithm of Q. 
4. 	 Solve for the probability flow by the formula 

m 

x 10n+l 
where, m is the rank of a particular flow 

n is the total number of recorded flowo. 
5. 	 Solve for the return period by the formula 

n+l 
m 

Figure 12M4-1 

1. 	 Plot log Q as ordinate against probability as 
abscissa. Figure MM4-1 is Gumbel's special proba
bility paper.
 

2. 	 Draw a straight line (Month lin4 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 scale 
(ordinate). The antilogs are the recurring flows in 
cubic meters per day. 
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TABLE MM4-1 

MEAN-DAT DISCHARGE PER ISNTH 

Basin: 

Station: 

Looation: 

Drainage Area. 

Pampanga (San Vicente) 

Pefiaranda River 

lat. 15018'46"; long. 120P56130" 

575 sqkm 

Gage Elevation: 

Units: 

11,050 m 

cumd x 1,000 

Ytar Jan Feb Mar Apr M Jun Jul A S Oct NoV De 

Minimum-Day
Discharge/ 

Year Remark 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 
1974 

-

-

4,922 

66 

141 

1,989 

3,123 

5,992 

697 
1,405 

2,283 

2,915 

857 

77 

32 

814 

642 

4,873 

823 
1,332 

753 

-

1,189 

120 

336 
979 

732 

406 

82 

2,191 

351 

-

547 

540 

689 
17 

294 

1,461 

108 
471 

372 

8,941 

873 

96 

664 

17 

1,499 

767 

95 
621 

1,313 

1,595 

425 

301 
3,561 

4,567 

415 

686 
3,781 

- - -

2,682 4,215 5,425 

oo12 6,614 4,415 

- - -

3,203 2,394 2,248 

2,928 1,628 9,590 

4,021 1,824 1377 

18,347 15,977 6,306 

2,525 2,650 4,405 

3,497 10,761 10,014 

3,239 

1,413 

5,707 

-

1,175 

11,726 

11,161 

216 

14,582 
12,567 

5,156 

9,801 

5,896 

-

1,785 

9,689 

5,229 

4,701 

4,149 
16,317 

4,358 

5,380 

125 

117 

2,190 
6,915 

15,007 

2,896 

2,124 
13,693 
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TABLE IM4-2 

iw'ow (riARANA RiVE, SAN ViCENTs) 
GPAN WATER DISTRICT
 

Return Period 
Probability (Monthe) 

oumdz~~L2" n. ....
,x-
. =__ x 0 + 100) (±. 

1 17 4.230 0.93 108.00 
2 17 4.230 1.85 54.00 
3 32 4.505 2.78 36.00 
4 66 4.820 3.70 27.00 
5 77 4.886 4.63 21.60 
6 82 4.914 5.56 18.00 
7 95 4.978 6.48 15.43 
8 96 4,982 7.41 13.50 
9 108 50033 8.33 12.00 
10 117 5.068 9.26 10.80 
11 120 5.079 10.18 9.82 
12 125 5-097 11.11 9.00 
13 141 5.149 12.04 8.31 
14 216 5.334 12,96 7.71 
15 279 5.446 13.89 7.20 
16 
17 

294 
301 

5,468 
5,478 

14.82 
15.74 

6.75 
6.35 

18 336 5.526 16.67 6.00 
19 351 5.545 17.59 5.68 
20 372 5.570 18.52 5.40 
21 406 5.608 19.44 5.14 
22 415 59618 20.37 4.91 
23 425 5.628 21.30 4.70 
24 471 5,673 22.22 4.50 
25 540 5.*72 23.15 4.32 
26 547 5,738 24.07 4.15 
27 621 5,793 25,00 4,00 
28 642 5808 25.93 3.86 
29 664 5,822 26,85 3.72 
30 686 5.836 27.78 3.60 
31 689 5.838 28.70 3.48 
32 697 5.843 29.63 3.38 
33 732 5.864 30.56 3.27 
34 753 5.877 31.48 3.18 
35 
36 

767 
814 

5,885 
5.911 

32.41 
33.33 

3.08 
3.00 

37 823 5.915 34.26 2.92 
38 857 5.933 35.18 2.84 
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TABLE XN4-2 (oontinued) 

sPLmOvO (pidiAMwDA RIVER, SAN~ VICE=T) 
GAPAN WATER DISTRICT 

Ai ad x Io3 

39 873 5.941 
40 1,012 6.005 
41 1,175 6.070 
42 1,189 6.075 
43
44 

11313
1,332 

6.118
6.124 

45 1,377 6.139 
46 1,405 6.148 
4748 

10131,461 
6.150
6.165 

49 1,499 6.176 
50 1,595 6.203 
51 1,628 6.212 
52 1,785 6.252 
53 1 824 6.261 
54 1,989 6.299 
55
56
57 

2,124
2,190
2,190 

6.327
6.340
6.341 

58 2,248 6.352 
596061 

2,28329394
2,9525 

6.3586.3796.402 

62 2,650 6.423 
63 2,680 6.428 
64 2,896 6.462 
6566 29152,928 

6.465
6.466 

67 3,123 6.494 
68 3,203 6.506 
69 3,209 6.510 
70 3,497 6.544 
71 3,561 6.552 
72 3,781 6.578 
73 4,021 6.604 
74 4,149 6.618 
75 4,215 6.625 
76 4,358 6.639 

Probability 
Return Period 

(Months) 

11&Q+1 N 

36.11 
37.04 
37.96 
38.889 
39.815
40.741 

2.77 
2.70 
2.63 
2.57 
2.51
2.45 

41.667 
42.592 
43.518
44-444 

2.40 
2.35 
2.302.25 

45.370 
46.296 
47.222 
48.148 
49.074 
50.000 
50.926
51.852
52.778 

2.20 
2.16 
2.12 
2.08 
2.04 
2.00 
1.96
1.93
1.89 

53.704 
54.63055.555
56.481 

u86 
1.831.801.77 

57.407 
58.333 
59.259 
60.185
61.111 

1.74 
1.71 
1.69 
1.66
1.64 

62.037 
62.963 
63.889 
64.815 
65.741 
66.667 
67.592 
68.518 
69.444 
70.370 

1.61 
1.59 
1.56 
1.54 
1.52 
1.50 
1.48 
1.46 
1.44 
1.42 
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TABLE M144-2 (coontinued) 

MEANL0W (PERAR2MA RIVE~R, SAN{ VIGU!2TE) 
OAPAN WATER DISTRICT 

Return PariL" 

Probability (Months) 
L .Q.(.. oo) 

77 
78 

4,405 
4,415 

6.644 
6.645 

71.296 
72.222 

1.40 
1.38 

79 
80 

4,567 
4.701 

6.660 
6.672 

73.148 
74.074 

1,37 
1.35 

81 4,873 6.688 75.000 1.33 
82 
83 
84 
85 
86 

4,922 
5,156 
5,229 
5,380 
5,425 

6.697 
6.712 
6.718 
6.731 
6.734 

75.926 
76.852 
77.778 
78.704 
79.630 

1.32 
1.30 
1.28 
1.27 
1.26 

87 
88 

5,707 
5,896 

6.756 
6.770 

80.556 
81.481 

1*24 
1.23 

89 5,992 6W778 82.407 1.21 
90 6,306 6.8o0 83.333 1o20 
91 6,614 6.820 84.259 1.19 
92 6,915 6.840 85.185 1.17 
93 
94 
95 

8,941 
9,590 
9,689 

6.951 
6.982 
6.986 

86.111 
87.037 
87.963 

1.16 
1.15 
1.14 

96 9,801 6.991 88.889 1.12 
97 
98 

10,014 
10,761 

7.001 
7.032 

89.815 
90.741 

1.11 
1.10 

99 
100 
101, 

11,161 
11,726 
12,567 

7.048 
7.069 
7.099 

91.667 
92.592 
93.518 

1.09 
1.08 
1.07 

102' 
103 

13,693 
14,582 

7.136 
7.164 

94.444 
95.370 

1.06 
1.05 

104 
105 
106 
107 

15,007 
15,977 
16,317 
18,347 

7.176 
7.203 
7.213 
7.264 

96.296 
97.222 
98.148 
99.074 

1.04 
1.03 
1.02 
1.01 
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Methodology Memorandum No. 5 

To : L. V. Gutierrez, Jr.
 

From : J. B. Arbuthnot/B. R. Conklin 

Date : 16 May 1977
 

Subject: Quantity of Storage Versus Rate of Supply 

A. 	General
 

The demand for water in a water system is not uniform, 
tberefore, 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 capacity 
and supply the difference between demand and pumping capa
city from a water storage facility.
 

The most economical amount of pumping capacity and 
storage volume is selected based on cost studies of alter
native combinations of facilities that would meet a com
munity's needs. Some of the factors that should be considered 
in these cost studies and some basic guidelines for selecting 
properly sized facilities are presented in this memorandum. 

B. 	 Discussion 

The amount of water a community needs at any particular 
instant is primarily dependent on the following factors: 

1. 	 The number of people within the community 

2. 	 The number of water-oonsuming facilities within the 
average home (faucets, toilets, showers, automatic 
washing appliances, *to.) 

3. 	 The habits of people (what times people eat, shower, 
sleep, etc.) 

MM5-l
 



In general, daly usage of wa-ter fellows a pattern with 
two peak usage periods durirg the day and low usage late at 
night. Figure KI5-1 shows a typioal variation measured in a 
section of the Cebu City diatrib.tion system. 

The 	relationship of the peak usage on an average day can
 
be determined statistically for a givn community. The sta
tistical peak is an average of each person's peak. usage and 
has 	two important properties; 

1. 	 The statisti(al peak is a function 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 affect the total flow. 

2. The statistical psea should be reoognized as a mathe
matical average, and on some days the peak usage could 
be much higher or lower than the statistical peak, 

The common engineering practice for wator systems is to 
supply water from a source at maximum-day rates either by pump.
ing -.r gravity. Maximum-day demand is the maximum quantity of 
water used during an entire day in a single year. Water usage 
can be at or near maximum-day demand for a period of weeks 
during summer months. Source capacity must equal maximum-day
demand because it wculd be impractical to store sufficient
 
water to supply maximum-day demand -'ates for more than a few
 
days.
 

The difference in demand between the peak-hour demands and 
the supply (which is equal to maximum-day demands) occurs during 
a period of short duration where demand exceeds supply. Stored 
water is used to meet this short period of excess dpand and is 
called operational storage. It should be noted at this time that 
there are three categories of storage:
 

1. Operational storage - useid to meet hourly fluctuations 
in demand.
 

2. -%ergencystorage - used to meet demands in case of 
broakdowns in source facilities; typically equal to 
a full day's demand. 

3. Fire storage - used to meet the required volume of 
water used to extinguish the worst fire expected in 
the community. 
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Storage requirements for the last two categories have been
 
largely neglected in these studies because of the excessive cost 
involved to provide the storage. 

C. Met odolo&V 

The 
capacity 

engineer must determine the amount of storage 
to meet the demands in a specific community. 

and source 
A set of 

curves that relate the peak hourly usage 
in a community has been developed by CDM 

to the numbl 
and others.v1 

of people 
Practice 

has shown that a volume of about 15 to 20 p9rcent of the maximum
day usage is required as operational storage if source facilities 
can supply maxinnun-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 oases,
the cost of storage facilities is so high that it may be more eco
nomical to provide addi.tional source capacity and reduce the quan
tity of storage. This is espeoially 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. 

-/ASCE Nanual of Practice No. 37. 
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Methodology Memorandum No. 6 

To : L. V. Gutierrez, Jr. 

From : J. Arbuthnot; B. Conklin 

Date : 22 March 1977 

Subject, Economical Sizing of Pumped Waterlines 

A. General 

This memorandum develops an expression for the most eoo
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
struction. Also, the larger the pipe the lesser the cost of 
energy reaquired to pump water through the pipe. The most eco
nomic pipe sizes would be where the incremental cost of pumping 
is equal to the incremental coat of pipe construction. 

In most situations, the above cost factors are the most 
important factors in determining the economical size of trans
mission mains. Even when these are not the only important 
factors, it is still advantageous to know what is the most
 
economic size of pipe with regard to these two factors. 

B. General Relationship
 

The total annual cost of a pipe line is equal to the sum of 
its construction cost (expressed on an amortized annual basis) 
plus its annual pumping cost. 

Ct a. C0 + CpI

To determine the most economic pipe diameter both the faa
tore on the right hand side of the equatioA were expressed in 
terms of the diameter of the pipe. The equation was then 
differentiated with respect to the diameter, and solved for 
the d ieter for which the resulting expression was equal to 
zero.. 

i/Total Annual Cost - Annual Construction Cost + Annual 
Pumping Cost.
 

d(Ct)" d(CC d(C ) - 0, where X w pipe diameter 

dx dx dx 



Artnial CPni C1.t iqn Cnat 

Thi contruction cost of the pipe was taken from Table G-4
of Append-:.. (b Bais of Cost Estimatesi in Volume II of the final 
r;,ol: ,,," -".,re ojutc v:a]nhy adding &. fotknecessary
valves fud by escalating these by 10 percent per year for 2 years
to obtain July 1S'78 construction costs. These costs were then 

.y 1-3 %rcent for c,)ntingencio and then by 10 percent
for engineering. The following equation was derived and represents
the ad.junted construnction co'+.n in Table G-4 in terms of the dis
meter. 

C ' 2845 (Dia.) 1.292 Equation 1 

C is the installed cost of pije in pesos per meter, and Dial the
 
diameter of the pipe in meters.
 

The amortized vnnual cost of construction is the cost of con
struction multiplied by the capita.l recovery factor.(as influenced
 
by the economic life of the pipe and discount factor). The gene
ral equation is-


Arual Const of Coastruction - CRP x 2845(Dia.)1.29 2 

- Equation 2 
where CRY1 is the capital recovery factor; for n - 50 years, dis
count rate - 120, CRF is equal to 0.12042. 

D. Annual Puming Cost
 

The annual cost of pumping energy may be expressed in terms
 
of the amount of water pumped, the energy required to overcome
 
the frictional loss in the pipe, the price of electrical energy
 
and the efficiency of the pumping machinery. The general equation
 
may be written as:
 

Mass/Year x g x x
Annual Cost of Pumping Energy - fi
efficienoycinwh x 3.6 x-10,6

... - -Equation 3 

where maas/Year is the 
amount of water pumped in kilograms; g, the
 
gravitational constant; Hf, the energy lost by friction of flow
 
in the pipe expressed in meters; P/kwh, the cost of energy in pesos
 
per kilowatt hour; and 3.6 x 10 6
 ,the number of newton-meters per

kilowatt hour.
 

The friction loss of energy in the pipe may be expressed in
 
terms of the diameter utilizing the Hazen-Williams (H&W) equation,
 

Hf = L x MLD1 8 52 
8 52 D4
361.27 C1. . 

- -
- Equation 4 

where L is the length of pipe in meters; MLD, the flow of water in
million liters per day; C, the Hazen & Williams roughness coeffi
celnt; and Dia, the diameter of the pipe in meters. 
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go Minimum (;Olt Diw~svtar 

*Te ~ fox' Mi~zos cotit dim~o tf bii oblited 11V 
inserting the expression for Elf im the equation f r the cast of 
pumping energy, oobining this with the expre sion for the annual 

c~tof czrtionu &ifforatiwUimg, a*tting the reu1ting 
expression equal io soro awd (AreLvi for the di art 

M*iIACs *304628 X _ 0* 1623 

using a 0 value of 120 azd a tmpital recovery faotor of 012042, 

the following equation is ob airetu 

*inimm Cost " *- - .- -. &Sation 5 
Diewoer 7*149 (effioincqT)O0 623 

The above Gqua&iou is expressed graphioally in Figure NN 6-1. 
F* Limitations of the Ae-9lsis 

How reliable ie the preceding relatiiship (Equation 5)p 
between water oarried and eocnomic pipe diawateP? The derivation 
is rigorous but the relation is no more exact than are the simpli
fyi~z assumptions upon which the derivation ws baseds 

1 Construction Cost Relationahip 

The construction cost relation (Equation 1) has a stand
ard deviation of jumt under 10 percent. This ments that two
thirds of the time the formnla will represent the adjusted 
costs tabulated, within 10 percent. The lar set difference 
observed was 20 percent. £ven sot economic conditions and the 
oost of pipe may obange in time. Probably, a new table 
of pipe costs has to be maade every 2 or 3 yearg, and the 
formulae, along with Figure RM 6-1, adjuated a.coordingly. 

2a Other Assumptions 

Other aesumptions arei 

C 0 120 (Hasen & Williams coefficient) 
i a 12% (Discount rate) 
n - 50 yeArt (Eoonomical life of pipe) 

The derivation slso "assums tbut for the dhazon in 
pumping head, using various pipe sizes for a design flow, the 
total constrmotion cost of the pumping station remains constants 
This assumption is reasonable since the difference in ooat 



'-etfen n&nut .uniyct on ml, :.jxther for differeit hads 
zt te saiie flok tmuld not alter the cost of the compie% 
s'tation i:: , .-.i' . ,. the installed 

i .2 7 6 5 onsC MS.Y uediqji r airrl Si2, L' f i')I 
nluxr'br of 'ilj I -- i--,, ton at given flow~. 

*h"-' ' iv<rate of Jinflalion for pipeline constr ction 
i.- aFJSU2Th-3. ~cdt10 i Of 005tir 

3. !c -re B.aad3o;.i onstirzt Ilou 

Th i: :i.Clfo of -:h::z., Incoriomi pipe diameter is 
bB.-" d on a co.notant rat! of Cl.o; within the pipe. This in 
pr:;oblyte, ;rxot gene'aJ ani.therefore the least accurate 
of any of the asumtions 

Normallt7 a popnline Ii., deijned for a peoific flow 
conddtion; evi:ender eig n oditions that flow way occur 
only ]Fart of tho time, Thc fcow in t t'ranlmission main 
could be expicted .oneary equal the diigEn flav for long 
period of timr-. I-lowever, in a diritribution main, sized for 
peak-hour flows, thi flow myi .-ot b eqnual to the design 
flow except fcr very short periods of time. 

The variation in energy co- duo to a fluctuating pum
ping r-to tbhrcugh a pipeline can be calculated and applied to 
adjust the ,mcost eoonomi7 pipe diaireter determined from Figure 
MM 6-'I. This sc-calle:l. "energy variability factor" is dis
cussed in the following qection. 

Figure MM 6--I is based on ".elootinga pipeline where the flow 
will be constant throuighout the year. In most cases, pipeline 
sizes are selected on a maximum exp.3cted rate of flow. If the 
flow through the pipeline is less than the design flow the pump
ing head (whicii directly affects energy costs) would decrease 
acoording to the 2.852 power of the flow (Q). Conversely, if 
flow greater than des.gn flow rate is pumped through a pipeline, 
the energy cost would be increased by the 2.852 power. 

The overall difference in energy costs over the day or year 
can be calculated by comparing the costs of pumpmng at a constant 
flow rate with the cost of pamping at the erpeoted flow variation. 
This ualue is the so-called "energy variability factor" (EVF). 
The design flow for the pipe is used as tho base flow and the
 
actual flw to the design flow over the day is expressed as a 
percent.
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"'he eTROblod -Aed to va~ tha ~ ~ial flow 

and the 'Mae ricoW (ltxoreafed %s t pec,-tn~e) to the 2.,8tz power, 

MMd6-2 and4 ii H~A 6-1 prirt two r-osuible flow~vaiations and 

The -to Co pattes na 1eoed for Fi~wre 06-2 are -not 

-the pipolino duxitgy a cto of 6ho dayt the -NIF in gew1tr tha~ 
1'0' patt'~iti V2Qh:'6 if actual floll rintoe ntq~alj' Oqaa 
to -~desi)b-i ."aw -dho T"IF lb' to~i~" 

W-F~~C 1623I~l 

minirmn cot pipe 1623a-er Tb L~ th-a -nsre 6ka 

The applieatioz%%a ;' ri cq'dro 2 steps: first, desig& 
Mki"M e0 noi p.-,.elind for iea fl~ow uging Figure My. 6-1; and 

ulutipl.y the pipe~ nize etalolaled in Step I ~Iy tho VV x'Jnised to 

-Tie fea L oindNnP xoial U~rbanib'I y'AA'y*i 
ALreas deals maitij' ith theiU~o ai:L 
njooted FEVF that ic appiic&b1o to distrillmtlez eytatem-S in Pre~

calulation of' an ENT dependn antirely on~ the flwW data 
or azzun(A~ flo-j.tIthit a spboiif'ic palixe. The Only ace 'rate 
data produoad durigthi :2eaifbity atudies are Ibe divilki&1 
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Flow Pattern No .1 Flow Pattera No. 2 
Per"oM of Avera~o Werv Poroont Or Aver~e Ener~r

Hmr m DeandVari-Ttion Da ea Vriatin 

1 32 0.039 48 0123 
2 36 0.054 4S 0.123 
3 39 0.068 48 0.123 
4 33 0.042 100 1.000
5 46 O.10.9 100 1.000 
6 95 0.864 too 1.000 
7 193 6.522 120 1.682 
8 206 7.8551 120 1.682 
9 198 7.o16 12Q 1.682 

10 156 3.554 120 1.682 
11 169 4.466 120 1,682 
12 129 2,067 120 1.682 
13 123 1.805 120 1.682 
14 95 0.864 120 1.682 
15 99 0.972 120 1.682 
16 96 0.890 120 1.682 
17 107 1.212 120 1.682 
18 i33 2.255 120 1.682 
19 130 4.113 
 120 1.682 
20 87 0.672 100 1.000 
21 64 0.280 100 1.000 
22 54 0.172 100 1.000 
23 42 0.084 48 0,123
14 38 i 48 0.123 

44.038 28.481
 

ZV I A - 1.83 28480 1 
24-000 
 4 "1,19
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usd for this study. Figure WI 6-3 presents an adjusted graph of 
diurnal flow using the shape of the Cebu our-3 but a maximum 
peak of 1.75. 7te EVF for this omrvo is equal to 0.32 (see Table 
MM 6-Q) and when raised to the 0.1623 power,equals 0.83. 

In practice the EV used for distribution systems in this 
study is only significant when the pipeline sise is greater than 
300 mm (significant means that EVF ohanges the recomiended pipe 
size IV a large incremental size). 

. imple 

Problems Select an economical distribution pipe size to con
vey a peak-hour flow of 20 MLD. The cost of power is 49 centavos 
per kilowatt hour, the punp effioiency is 81 percentand the 
motor *tfioien(y is equal to 90 percent. 

Solutions
 

49SPe-/kwh say .675
.672, 
ff .81 7.9O 

From Figure MM 6-1 using the flow of 20 IO and Pesos/kwh/ 
Eff - .675 select a pipe size of 500 mm. 

For a flow variation in a distribution main, the EVP is equal 
to 0.32 and the RYF raised to the 0.1623 power is equal to 0.83*. 
The most eoonomioal pipe size for the aotues flow variation is 
equal to 0.83 x 500 m or 415 mm; so ohoese 400 a- pipe size,

Im16-7 



TABLE MM 6-2 

"Wyp" FOR DISTRIBUTION SYSTEM
 

Peroent of Average :Perent of/Deign Efergy /Hour Day Demand _ Mo Varitationk! 

1 35 20 00010
 
2 40 23 0.015

3 39 22 0.013
 
4 37 21 0.012
 
5 73 42 00084
 
6 134 77 0.475
 
7 164 94 0'838
 
8 175 100 1.000
 
9 174 99 0.972
 
10 163 93 0.813
 
11 162 93 0.813
 
12 134 77 0.475
 
13 11 67 .0.317
 
14 94 54 0*172
 
15 94 54 0.172
 
16 94 54 o.172
 
17 105 60 0*233
 
18 129 74 40.424
 
19 123 70 .00362
 
20 96 55 0.182
 
21 72 41 0.079
 
22 58 33 00o42
 
73 47 27 0.024
 
24 40 23 0*015
 

7.716
 

OF - -32 Z01623 - 0.83 

Al ,ing 175 peroent of averape day an base flow for pipe design*
FEqual. Peroent Design Flow raised to the 2*852 power.
SEnergy variation at oonstant flow 
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