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CHAPTER IX 

DESCRIPTION AND COST OF THE RECOMMENDED PROGRAM 

A. GENERAL
 

This chapter describes the immediate improvement program, and
the first and second stages of the long-.term construction program.
In addition, the capital and operation and maintenance costs of therecommended program, concepts conceriing sewerage and drainage,comments regarding the management of water resources and a statementregarding the environmental impact of this project are included.
Appendices F, G, N and 0, Volume II, are discussions of Design Cri­teria, Basis of Cost Estimates, Construction Methods and Materials,and Outline Specifications, respectively. The recommended construct­ion program consists of the following 5 implementation steps: 

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

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

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

(1991-95)
 
5. Stage II Phase B of the Long-Term Construction Program

(1996-2000) 

Source
 

The current sources of water supply to Silay are wells no. 1, 2
and 4 located within the poblacion. These wells currently produceapproximately 20, 22 and 21 lps, respectively, or a total of 5,000 cumd(24-hour operation). 
 From the discussion of alternatives in ChapterVIII, future water supply will involve increased exploitation of the
aquifer underlying Silay. 
A total of 12 wells (including the test well
constructed during the course of this study) will be required to meetprojected water supply demand to the year 2000 based on the provisionof sufficient well capacity to supply 133 percent of anticipated maxi­mum-day demand. The Silay Water District will also be required tosecure water rights with the National Water Resources Council. 

Storage 

Silay currently has 570 cum of elevated storage. 
This total
volume consists of a 190-cum elevated storage tank locatedsite of nearthe existing wel no. 4, and a 38 0-cum elevated storage tank 
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near the site of existing well no. 1. Because the relatively low
overflow elevation of the 190-cure storage tank is hydraulically in­compatible with other recommended facilities, this tank will be
abandoned early in the construction program. 
The recommended volume
of storage capacity (as discussed in Chapter VIII) is equivalent to
6 percent of projected maximum-day demand. It is recommended thattotal additional storage volume required by the year 2000 be dividedbetween 2 sites, as discussed in subsequent sections of this chapter. 

Distribution System
 

The existing distribution system of the SIL-WD serves portionsof the poblacion and barrios Rizal and Mambulac. 
Seventy-five percent
of existing piping were installed betweeni 1930 and 1955. 
Additionalareas within the poblacion and barrios Rizal and Mambulac, and somenew area in Barrio Guinhalaran, will receive service by 1980, with
further additions by 1990. By the year 
2000 these communities, aswell as Barrio Lantad, will receive virtually complete water service 
coverage. 

A total of approximately 27.7 km of 100-250 mm pipelines willbe constructed by 1990, including 3.6 km of pipelines to replaceexisting pipelines that are undersized or in poor condition.additional 12.5 km of pipelines will be constructed by the year 
An 

2000.These do not include new internal network pipelines that will beconstructed during the study period. Figure IX-I (arpended) showsthe overall recommended construction program by construction phase.
 
Internal network, service connections and fire hydrants will
be installed in a program parallel to distribution aystem growth. 

Administrativ-! and Other Service Failities
 

In addition to the source, storage and distributicn facilitiesrequired for the production and transportation of wrater to consumers,it will be necessary to provide other facilities to improve the ad­ministrative, operation, maintenance and quality control capabilitiesof the water district. An administration building will be constructedduring the immediate improvement program. A plumbing shop will be pro­vided during Phase I-A. Because of the proximity of the SIL-WD to
Bacolod City, mucha larger water district, it has been assumed thatthe latter will nhare its laboratory and meter repair facilities with
the SIL-WD. 
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B. IMMEDIATE IMPROVEMENT PROGRAM (1978-79) 

While the findings and recommendations of this report are

being reviewed, pending their approval by the SIL-WD, LWUA and fi­
nancial agencies, certain steps may be taken to facilitate imme­
diate improvements in the SIL-WD water supply system. These "high­
impact" improvements will provide improved service to existing con­
sumers and additional service to a limited number of new connections,

before the implementation of the long-term construction program.
 

The existing operating wells within the SIL-WD oan produce about
5,000 camd for au estimated served population of 5,900. This amounts
 
to a daily production rate of about 850 lpod. Although two of the

3 existing wells are more than 25 years old, the existing source 
capacity is deemed adequate to meet projected system demand beyond

1980. It is recommended that the test well constructed during the
 course of this study be furnished with a pump house, pumping equip­
ment and other equipment required to make the facility operational.

Although not required on a priority basis, the additional well will
provide standby capacity and provide sufficient water to overcome

excessive leakage while the leak detection program is being oonducted.
 

Disinfection facilities, including chlorination buildings,

chlorinators, scales, booster pumps and other required appurtenances,

will be provided at each of the 3 existing operating wells and at the
proposed additional well. These facilities will provide an initial
 
dosage of 2.0 mg/l to maintain a minimum chlorine residual of 0.1
 
mg/l at all points within the distribution system.
 

The provision of better pressure distribution throughout the
SIL-WD system on a 24-hour basis will tend to worsen the current
 
level of system leakage and wastage. It is therefore essential that
 
an intensive program of leakage and wastage surveys and associated
 
system repairs be undertaken durii.6 the immediate improvement program.
 

New distribution pipelines will be constructed within the SIL-ID
 
service area. These pipelines are listed in Table IX-1 and shown in

Figure IX-2. The majority of these pipelines will provide water sup­
ply to areas previously unserved, such as Seaview, Elena and Employee
Subc1tvisiona and Barrio Guinhalaran. The remaining pipelines will

provide system loops or improve service to sections of the currently

served area. The total of approximately 9.5 km of recommended pipe­
lines consists of 200 meters of 250-m pipelines, 2,960 meters of
 
200-mm pipelines, 2,175 meters of 150-imm pipelines and 4,160 meters
 
of 100-mm pipelines.
 

All the existing 908* servie connections will be provided with 
meters durinz the inmediate improvement program. In addition, 35percent (318) of these connections will be repaired or replaced. 

*Amof October 1976.
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DISTRIBUTION PIPELINES 
IMMIATE T3M0VEYMT PROMMA 

Pipe
Number 

PlpePipe 

Looat ion/De oript ionU( 
Diameter 

Pipe 

Lenjth 

125 
148 

Rizal St. South of Freedom Blvd. 
To well at Node 66 

250 
250 

190 
!0 

120 
122 
123 
127 
130 
131 
133 
134 
135 
136 
140 
141 
142 
143 

Freedom Blvd. EZsat of Rizal St,
Freedom Blvd. East of Rizal St. 
Freedom Blvd. LFt of Rizal St. 
"izal St. South of Freedom Blvd. 
Rizal St. South of Freedom Blvd. 
Rizal St. South of Freedom Blvd. 
Rizal St. Scuth of Frcedom Blvd. 
Rizal St. South of Freodom Blvd. 
Rizal St. South of F'eedom Blvd* 
Bo. Guinhala:-c.-n 
Along Mataoy Crcek 
Freedom Blvd. ELst of Plizal St. 
Freedom Blvd* East of Rizal St. 
Freedom Blvd. i-lst of Rizal St. 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
150 
75 

175 
130 
310 
125 
245 
405 
250 
310 
140 
225 
190 
2 

101 
104 
105 
108 
'110 
111 
144 
147 

From Freedom T3!v.d to 5 de Noviembre St.
From reeeom Blb-d. to 5 de Noviqmbre St. 
Risal St. 
from Freedom "!',_V to Abad St. 
From Freedom DIvcd., to Abd St. 
From l'-eedcm 3I7. to Abad St. 
Bonifacio St. 
Pipe lntercornection at Rizal and 

150 
150 
150 
150 
150 
150 
150 

250 
210 
570 
75 
75 

185 
240 

500 * 
ThX'rgos St.

Hofilena Subdivsion 150 
150 

10 

100 
102 
103 
106 
107 
109 
112 
113 
114 
115 

MoRIInley St. in Bo. 
Bo. Mambuleo 
Moinley St. in :no,
Abad St. 
Lopez St. 
Abad St. 
Elena Developnw-et 
Elena Davelopient 
Elena Dwrnlop int 
Elena Development 

,.mbulao 

I!,rtbiilac 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

2,175 
230 
90 

130 
300 
300 
250 
380 
90 
90 

320 

* Not used in oomimitcr ,%nli 
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Pipe
Number 

116 

117 

121 

124 

126 

128 

129 

132 

137 

145 


146 


T IDI- (Continued) 

Looation/Desoz'jpt ion 

Elena Development 
len& Development 

from Freedom Blvd* to Abad Ste 
Elena Development 
Hofilena Subdivision 
Hofilena Subdivision 
Hofilena Subdivision 

Hofilema Subdivision 

Bo. Ouinhalaran 

Pipe Interconnection at Plaridel St. and


Zamora St* 
Pipe Interconnection at Rizal St. and 

Zamora St. 

Pipe Pipe 

Diameter Lwmfth 
(m) 

100 290
 
100 105
 
100 270
 
100 70
 
100 170
 
100 160
 
100 150
 
100 375
 
100 370
 

100 10
 

100 10
 

Total 9,495 m 
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About 400 new connections will be provided within the present
service area and an additional 1,132 connections will be provided
within the 1980 service area extension.
 

The operational capabilities of the SIL-WD will be significantly
improve d by the construction of a new administrative building,complete with officu space for administration, billing and record
keeping, and a small library. 
This building will be furnished with
desks, filing cabinets, typewriters, addressograph and validating
machines. 
A vehicle, production meters for the tLee currently
operating wells, ane ether minor distribution system appurtenances

will be provided.
 

Table IX-2 presents the breakdown of costs (at 1978 price
levels) for the immediate improvement program. 
The total project
cost of P5.18 million consists of P2.65 million in foreign exchange

and P2.53 million in local currency.
 

C. FIRST STAGE OF TIE LONG-IM 
CONSTRUCTION PHOGRAM (1980-90) 

As a result of alternative studies, a scheme for development
of source, storage and distribution facilities has been selected as
the recommended program. 
 This selected scheme has been described in
Chapter VIII. 
In this scheme, the entire SIL-WD service area, up to
the year 2000, will be served by groundwater abstracted from the under­lying aquifer by wells near the service area. 
The water produoed will
be transported to consumers via pipelines to be constructed along thealignments of existinI and proposed roadways.
 

The first stage of the recommended construction program, in­cluding source development, storage, treatment and distributioniilities, fa­will be implemented in 2 contruction phases with dura­tions of 6 years and 5 years, respectively. 

Existing facilities are incorporated into the recommended
scheme to the greatest extent practical, although the 3 existing
wells are assumed to be abandoned by 1986, 
 and about 1,700 metersof existing pipelines will be replrcoed during Phase I-A. 

CO1STRUCTION HASE I- (190-85) 

Source Paoilities 

Current capacity of existing wells in Silay is estimatedto be approximately 5000 oumd. The test well drilled for aquifer
stratigraphic and production information during the period of studywill be completed and furnished with pumping equipment during theimmediate improvement program. 
It is anticipated that this well will
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TABLE IX-2
 

COST SUMMARY
 
IMMEDIATE 

Item 

Source Facilities
 
(Pump Station complete and 
chlorination facilities for
 
test well)

Materials a'd Equipment 

Civil and Structural 


Distribution Pielinoos 
(200 - x 250 mim)

Materials and Equipment 
Civil and Structural 

(2,960 m x 200 mai4)Materials and Equipment 
Civil and Structural 


(2,175 m x 150 mm)
Materials and Equipment 

Civil and Structural 

(4,160 m x 100 mam)

Materials and Equipment 

Civil and Structural 


(Valves)

Materials and Equipment

Civil and Structural 


SuIb-t oral2/ 

Materials and Equipment

Civil and Structural 

IMPROVEMENT PROGRAM 

Cost (r) 

Local Fore igni/ Total 

26,200 161,300
 
5 ­

81,000 161,300 242,300
 

11,600 44,000
 
24,200 ­

94,700 3'3,000
 
251,600
 

47,600 188,400 
158,000 ­

16,600 166,400 
220,500 ­

16,900 44t200
 
15,300 -

857,000 
 816,000 1,673,000
 

213,600 
 977,300 1,190,900

724.400 - .- 724.400 
938,000 977,300 
 1,915,300
 

2/Caloulated at US$1.00 to ?7.00
!/Contingencies and engineering costs are 15 percent and 10 per­

cent, respectively, for these items. 
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TABLE IZ-2 (Cont inued) 

cost (ps) 

ItmLocal Eore ign Total 
Service Connections 
(Convert 908 existing connections
 
to metered connections)


Materials and Equipment 
Civil and Structural 

(Replace 318 existing 

-

32,600 
176,200 

connections)
Materials and Equipment 
Civil and Structural 

(Install 1,532 new connections)
Materials and Equipment 
Civil znd Structural 

7,600 
929500 

36,800 
501,000 

92,200 
-

741,500 

-

670,500 1,009,900 1,680,400 
Administrative and Miscellaneous 
(Admin-istrative fuilding and 
Equipment)

Materials and Equipment 
Civil and Structural 

18,000 
363,000 

43,000 
-

(Vehicle)
Materials and Equipment 
Civil and Structural 

30,000 30,000 
-

Sub-total3/ 
Materials and Equipment 
Civil and Structural 

411,000 
92,400 

989,100 

73,000 
1,082,900 

-

484,000 
1,175,300 
-28 0 

1,081,500 1,082,900 2,164,400 

Leakage Surveji and Repirs
Materials and Equipment 
Civil aid Structural 

4,000 
211,000 

6,OOO 
90,000 

25,000 96,000 121,000 

Contingencies and engineering costs are 
10 percent and 5 percent,respectively, for these items.
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TAhBL IX-2 (Continued)
 

Iten'Cost
 

Item 


14iscellarous items 
. terials and Equipment 
Civil and Structural 


Sub-t otali/

Materials zind Equipmuit 
Civil and Striuctural 

Total Construction Cost 
Dlaterials and Equipment 

Civil and Structural 


Contingencies

@ 15 percent 

@ 10 pLrcent 


Engine 


@ 10 percent 

@ 5 percent 


Landc"/ 


TOTAL PROJECT 	COST 


Local 


5,000 
1,500 


vi5® 


9low 

22500 
31,500 


315,000 

1,736,000 

2,051,000 


140,700 

108,200 


2,299,900 


77,100 

4 


2,418,600 


115000 


2,533,600 


Foreign Total
 

17,000 
-


17,070 23,500
 

23,000 	 32,000
 
90,00 112,500
 
113,000 	 144,500 

2,083,200 	 2,398,200
 
10,pO
.0,826,000
 

2,173,200 4l224,200
 

146,600 287,300 
108,300 216,500 

2,42P,I00 4 ,72t;O00 

143,200 220,300
 
74 119,000
 

2,648,700 5,067,300
 

- 1,200 

2,640,700 	 5,182,300
 

/o 
engineering and contingency 
 costs are included for these
 
items.
 

-/EngineerinC 	 costs consist of 65 percent foreign exchange, based 
on recent projects of this type.
 

J-Ncludes land costs3 for administration building and plumbing shop. 

IX-9
 



produc,' abont 2,700 e',,d to orovide .9.total source capacity of
7,700 oumd within the 'IL-WD. This will be adequate to meet pro­jeoted system demands, based on source production ;a) to 133
 
percent of naxilmm-day demand (as (tscussed in Cha;yter VIII) Il­
til 1982. (See Figuro IX-3. I)
 

During Phase i-A (1982) two adt' ;tional wells will be construo­
ted and existing weil no. 2 ;v.I1 be abandoned due to its age and
anticipated declining pr oductivity. result a-ntThe additional
5,400-cumd sourcf, capm city will increase the total iource capacity
to 11,200 -umd, This will satisfy projected water deniandk tntil1986, at which time additional source devolopmeni will be required.
The proposed wells will be located at nodes no, 91 and 94 (see Figure
 
IX-4). 

1te wells to be constructed will be 200 meters deep and will

consist primarily of 250-mm diameter casing and screen. 
 They will
 
be provided with pumping equipment, valves, piping , meters and ancil­
lary equipment.
 

Of the wells to be constructed during Phase I-A and subse uent
phases, a sufficient number will be provided with dual (diesel/elec­
tric) drives to meet projected average-d[y system demaund. The other
 
wells will be provided with electric prime movers. Each well will
 
be provided with a chlorination facility, complete with an 
isolated
 
structure containing a chlorinator, chlorine gas cylinders, booster
 
pump, scales and all aw; ;ociated valves, meters and piping. 

Storage Facilities 

As indicated by the alternative studies in Chapter VIII the 
most economical combination of 
source and storage facilities to satis­
fy peak demands requires that a volume equal t, about 6 percent of
 
maximum-day reqTirements be provided in the form of storage tanks.
 

The existing 190-cum storage tank located adjacent to existing
well no. 4 has an overflow elevation too low to be hydraulically

compatible with the other elements of the recommended program.

tank will therefore be abanduned d-uLing Phase I-A. 

Tis 
The existing 38CL­

cum storage tank loca;ted adjacent to well no. 1 will be adequate
until 1982. 

In 1982, ui
1 elevated storage tank will be constructed at node 6
 
(see Fi~ares IX,-4 and IX-5), near the intersection of Rizal Street

and Freedom Boiul vard. 
This storage tank will have an overflow ele­
vation of 23.4 reters, and a usable volume of 500 aum. 
At this time

there wil 
 be a total of 880 cun useful elevated storag,-e within the

SIL-WI). This will be adequate to meet peak water supply demand within
 
the distribution system until 1991.
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The location of the addit:nal storage tank on a second
 
site was determined to Lt. more hydraulically efft,-? ,thn would
be the case with !tlta"e .. city iccwtedat a zinw , nii. 
Thi- evalual,ion -iS madce. luring the cauiputer analyses of the dis-­
tribution Esystem. 

Distrilnt ion Pipjkinejs " 

Pipelines proposed !cr installatiax durijw{ the immediate 
improvement program extO;Ld servioe to xmew eas ina5arrios Guin­
halaran, Mambulac and Rirzal .nd in the dirtotion of the proposed
nei weJl earrt of the 'Mcia Devoopment with virtus!t.y no addition-.
al pipt!i ine wit}h:u t. .6obla .:ion. Plaso 1I--;, i iis rooommend­
ed that about 1,-.'O mejt:.-'a of -xistiu ,pgl- n: within the poblacion
be replaced with new mm It ic also100%-250 pipes. -.1oommended that 
about 9,620 met&rn of 100-250 -. diame-ter nipelines be ccnstruoted to
improve servic.e in ex,-.:.:. scrvioo ar:e to ex-elnd service to newareas; and to provide tr. nsmioion oaps ityio additional wells con­
structed during this phas;e. The propos,6d Phase I-A ipe) lnee are 
lisoted in Table TX-3 ard are shown in Yieures IX-4, IX-5 and IX.-1 
(appended).,
 

Pipeline replacements within the poblacion inolude construction
of a pipeline from the storage tank near existing viell no. 1, along
Plaridel and Zulusta Straets; a pipel:Uie from the storage tank and 
pump station located at existing well no- 4: an extension of the 
pipeline previously constructed along Ponifacio Street to Preedom 
Boulevard; reinforcemant of the pipeline along Rizal Street, f'om 
Bargos Street to the vic-Lnity of Barrio Lantad Road: and reinforce­
ment of the? pipeline aloag Matagoy Street leading to Barrio Rize.l. 

New pipelines to be constructed during Phase I-A include an 
extension along Rizal Street near Seaview Subdivision; a new pipe­
line east of Seaview Subdivision; service area extension east of the 
Elena Development and the poblaoion; pipelines from the well at 
node no. 91 in Barrio Rizal; an additional pipeline to Barrio Mambulao
(along Freedom Boulevard); a pipeline to prov; le service to Barrio
Lantad; and a pipeline along Rizal Street to the well at node no. 94. 

The pipelines to bx' oonutructed during Phase I-4 include 345 
meters of 250--mam pipeliriis; 6?j45 mote:. of 200-mm pipelines; 2,930 
meters of i150-,mm pipeli;,as and 1,40 m-.ters of 100-mai pipelines,
or a total of approximately 11,360 meters of pipelines with dia­
meters from 100 to 250 ri. All required valves, and fittings will 
be included. 
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TABLE IX-3 

IlTS71-11BUTI0N IfI1-PAS14 

Pip
Number 

~.nete
T- oat ion/Desoript ion 

Pipe Pipe 
Length

-(M 

459 
Roinforceront/Re, laoement Pipe
Rizal Street to Matago Creek 250 125 

462 Rizal Street to 14tagay Creek 250 200 

325 
435 Prom Well at Node No. 31 200 70 
438 
447448 

From Well at Nod eNo 31 * 
Prom Burgos St. Storage -tenkrerom Durgos St. Storage Tank 

200 
200200 

5 
5010 

465 
477 

RiZal St. to Bo. 
Prom Burgos St. 

Lantad Rd. 
Storage Tsak 

200 
200 

280 
LO 

425 

405 Bonifacio St. 150 170 
406 Bonifacio St. 150 80 
4108 Bonifaoio St. 150 70 
446 From Zamora St. to Burgos St. 150 175 
463 atagoy St. 150 115 
464 Mataaoy St. 150 

700 
473 McKinley St. 100 190 
474 Plaridel St. 100 100 

290 

Sub-total 1,740 

220 
Additional Pipes 
To Well at Node No. 94 250 10 

240 To Rizal St. Storage Tank 250 10 
20 

205 Bo. Lantad Rd. 200 340 
206 From Tres Puentes Creek to Bo. Lantad Rd. 200 130 
207 Prom Bo. Lantad Road East of Bo. Laxitad 200 300 
208 From Rd. East of Bo. Lantad to North 

Io. Lantad Rd, 200 335 
140 Along Matagoy Crek 200 360 
211 Along Matagoy Creek 200 325 
212 MoKinley St. South'of Bonifacio St. 200 550 
214 MoKinley St. South of Bonifacio St. 200 250 
215 Freedom Blvd, Sout;h of Well at Node No., 66 200 415 
216 East of Elena Development 200 420 
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T&BLE IX--! 

Pipe 
Pipe 

Diameter 
Pipe 

L.th 

221 East of Ele.x Development 200 350 
223 Seaview Subdivision 200 160 
234 Freedom Blvd. West of Rizea. 200 600 
238 Freedom Blvd., (Bo. ambula,.) 200 130 
241 
242 
244 

Burgos St. to $AorageTank 
MoKinley St. South of Bonifoio Ot. 
East of Sea-v.ew Subdi7ision 

200 
200 
200 

105 
500 
580 

245 East of Seavicr Subdivision 200 
6,320 

204 Bo. Lanttd Rd., 150 760 
218 
219 

Eart of Elena Dwelopment 
East of Elena Developmnt 

150 
150 

250 
570 

224 Seaview Subdivision 150 105 
227 Seaview Subdivision (Rizal St.) 150 425 
229 Pipe Interoonneotion at Bonifaoio and 

231 
A. Yjuna St. 

Pipe Interoonnection at Bonifaoio and 
150 10 

Zamora St. 150 10 
237 Frseedom Blvd. (Ba. ambulao) 150 90 
239 Pipe Interoonneotion near Tres Fuenies 

Creek 150 10 
2$230 

201 Bo. Lantad Rd* 100 290 
213 From AbAd St. to MoKinley St. 100 260 
217 East of Elena Development 100 310 
226 Seaview Subdivision 100 150 
228 Pipe Interoonneotion at Plaridel St. and 

230 
Burgos St. 

Pipe Interoonneotion at Rizal South of 
100 l) 

Publio Plaza 100 10 
232 Pipe Tnteroonneotion at Bonifaoio St. 

c.nd Abad St. 100 10 
233 Pipe Interoonnection at Bonifaclo and 

Durgos St. 100 10 
11050 

9,620 

Total 11,360 
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Y -stincdistribution system pioin and internal network

pipix <g 1 gCethualr wi-., ihe pipelines installed during tho immediate
 
improvement program, provide service to 182 hectares within the

SlW2 aervioe area by 1980. The remainder of the 1980 servioe 
area will be provided with Lnternal network piping 1985. In

addition, 50 percent %f the additional area to rec -e sernoice by­
1990 fi]l be provided with internal network pipir by 1985.
 

Thus, by 1985, the final year of const.ruction Phase I-A, atotal of 340 hectares within the S11--WD serice area (37 percent of
the year 2000 net service aroa or 75 percent of "the 1990 net ser­
vice area) will be provided with equivalent internal network aystem
pipino. This consists of 182 heota&es covered by existing pipes in1980; 92 heotares covered by distrilation pipelines installed during
Phase I-;k and 67 hectares of int.-n.nIr network piping installed du­
ring Phane I-A. The dtails of the proposod internal network system 
are present ,d in Annex IX-C, 

Sevioa Conneotions 

During Phase I-A about 35 percent (318) of the existing 908
service connections will be replaced or r'paired. 
Together with the
318 other service connections replaced or repaired d-ing the imme­
diate improvement program, total major repair or replacement will
 
cover 70 percent of the existing conneotions by the year 1985. Be­
cause of the percentage of existing pipelines installed before 1951

and the poor quality of instaliation practices and materials used,

it has been assumed that the exinting service oonnecwions to be re­
paired and replaced provide sub-standard service.
 

About 3,065 new earvioe connections will be installed between

1981 and 1985, at a rate of 610 connections per year. Hence, IV
1985, the SIL-WD will have 
a total of 5,505 connections. The detailedschedule of service connection installation in presented in

Annex IZ-.C. 

Fire ALdqants 

The SIL-WD has 45 fire hydrants installed within the distri­
bution aystem. However, field sar-feys indicate that only 78 per­
cent (35) of the existing hydrants are merviabl and capable of
providing fire protection service to about 28 hectares of the pre­
sent service area, if system pressures are raised to within accept­
able limits. 

Additional 289 hectares within the service area will be pro­
vided with fire protection cervioe in Phase I-A by installing fire 
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hydrants. k 1985,fir, hydrant service will have been provided to

34 percent (317 htotares) of the projected year 2000 service area.

Of the 317 hectares to receive hydrant service, 
 about 100 hectares 
within the Roblacion, Barrios Hisal, Cuinhalaran and Mlanbulac will
receive a higher level of hydrant service due to higher property

values and high population densities within these communities. A

detailed schedule of fire hydrant installation is presented in
 
Annex IX-C
 

Plumbing Shop
 

During Phase I-A a plumbinS 
shop will be constructed and equipped
with all tools required for the installation of water meters and ser­vice connections, as well as for repair and installation works within 
the distribution system. 

Cost - Phase I-

The cost summary for proposed construction during Phase I-A is
presented in Table IX-4. 
Based on 1978 price levels, the total pro­
ject cost for this phase is 711.49 million, with a foreign exchange

component (FEC) of P5.29 million which includes direct and indirect
 
import items. 
 Table IX4 also shows a cost breakdown based on ma­
terials and equipment procurement and required civil and stxuotural

works. 
Materials and equipment considered in this breakdown include
 
pipes, valves, pumps, water meters, fire hydrants and ohlorinators.
 

CONSTRUCTION _PHASE IB (1986-90) 

Source Facilities
 

As system demands approach the available source capacity in

1986, additional wells will be constructed. Two wells will be cons­
tructed in 1986 to provide 5,400 cumd additional source capacity.
Existing wella no. 
1 and 4 will be abandoned at this time beoause 
of anticipated deolining productivity. Total source capacity withinthe SIL-WD will hence increase to 13,100 oumd, sufficient to satisfysystem demand until 1988. 
The proposed additional wells will be oon­structed at nodes no. 108 and 31 (nee Pigures IX-4 and IX-5). 

In 1988 and 1990, 2 additional wells will be requirod. 
These
 
will be constructed at nodes 127 and 122, respectively (see Figure
IX-4), and ;rill each produc about 2,700 oumd. Thus, the total source
production capacity will be 18 500 cumd by 1990. This will be suffi­
cierr to satisfy system water demand until 1991-92 at which time addi­
tional wells v:ill be required to be able to meet the projected water
 
supply demand.
 

All wells constructed during Phase I-B will be equipped with
z,-n,.red structures and pumping, metering, piping and disinfection
 
equipment.
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TABE IX-4 

C0ST SUIOIARY . {tL3E I., 

Cost (?I 

Souroe acilities
 
(2 wells cotrplete wi-I e.'- ip-L
 
ment and chlrination (aci] itI3)


Materials and !qripmcnt 52,400 537,600

Civil Sa uLctu:a 77,d (4,600
 

WO, 000 fMO5 TVh-STh0 
k500 oui c'levated f;torag
 
tank at 1ode No. 6)
 

MatoerLia s and ,qu.pnnt 
 "132,600 52,300 
Civil and Striictuxal _ 2 OO 

19046600o430 -, Zo , 
Distribut ion Pipalines
(45 imx250 -)

Materi;dls and Equipmont 20,000 75,900

Ci'vil z- d Sfru&.ura] 41,700 ­

(6,750 mx 200 mim)
Materials and Equi,,,ent 216,000 8509500 
Civil ;:d Structura.l 573,800 ,

(2,930 m x 150 mm)
Materi;-LIs and Equipment 64,500 254,900
Civil and Straotural 213,900 ­

"1,340 D,x 100 r"')
Materials and Equipmnt 5,400 53,600

Civil and Structural 71,000 -

Ova ±vosI 
Materi:loI ;ad Equip -ent 12,500 37,900

Civil and. Structural . 12,700
,1. ..,23,50o 1272,806 2,51 300:o--­

Sub-t otal 
/ 

Materialu and Fquipment 1,103,400 1 862,71T0 21966,100
Civil and SI--hvotural i1281 600 2,190.900
 
- tO 2,072,000 5,157,000 

-/Caicatedl at Tj-0t,. c ?K., 

iConillg.nci~! and ,gin1,-ring 15corts are percent Lind -C 
percent, ru.apectiviy, 5o.r thez e ittms, 
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M E IX-4 


Item 

Zl$ rnal Network 
(67.4 h)

Materials and Equipment 

Civil and Structural 


Srvioe Connections
 
(318 replaoements and 3,065
 
now connections)


Materials and Equipment 

Civil and Structural 


Fire drant s 

Materials Pand Equipment 
Civil and Structural 


...
umbA Shop ad, ol
 
Materials and Equipment 

Civil and Strutural 


Sub-totalW7/
 
Materials and Equipment 

Civil and Structural 


Total Construction Cost 
Materials and Equipment 

Civil and Structural 


ContingenGies
0 15 Percent 
@10 Percent 


(Continued)
 

Local 

36,100 

393,000 


81,200 

1,04.800 


1,176000 

78,300 

13_00
 

2t00 

3,000 


197,600 

1.930000 

2,127,600 


1,301,000 

3 

462,800 
-&00 

5,88100 


Cost Cr) 
Poreign 

282,700
 
-

2,
 

1,575,700
 
_ 
 _
 
1575,700 


267,800 
-

26,000
 
-


261000 


2,152,200 

.
 

2,152,200 


4,014,900 
20,300 


4,224,200 


310,800 

751,200 


4,7500200 


Total
 

2,751,700 

4642674
 

391,000 

2,349,800
 

4,279r800
 

5,315,900 
4120.92
 

9,436,800
 

773,600
 
1,400
 
10,638,-400
 

-Contingenoies and engineering costs are 10 percent and 5
 
percent, respectively, for these items.
 

IX-17
 

2



UBL3 T1.4 (Continued)
 

ItmLocal 	 Foreign Total
 

Engineerin1o9 

@1 0 	Percent 201,600 385,500 593,100

* 	 5 Percent 82,400 235,400 

Sub-total 6,178,200 5,288,700 11,466,900 

Land 24.600-

TOTAL PROJECT COST 6,202,800 5,288,700 11,491,500 

1-2lhineering costs consist of 65 percent foreign exchange, 
based on reoent projects of this type. 
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During Flase T--B 8.S0 meters will be constructed to reinforo pre­
it"10l8 illftttul tLef pipe" i a1i of* a&V'1onai. pipq] Lri,aCi 5,430)~rioer 

:,Jill bo" i......r., d 1'rpoead lhaje 3.iK i~.neu I isLed ia Table 
AI- aridJ~c in T~g~:~ LK-4, If-5and 11X-1 (appended). 

Pronomed reinforc::nt pipelini. .nolhde a portion of FTeodom
 
To'3h<VwV:\ mwr teo wa i node- no,. 06, a, p,riion oi f :Lzai 3troet 
ea.8,
 
of TBa.-i.o Laxitad mid the pipeliu eact 3f Sbaview Sui.'ivivion to the
 
well at node no. 122.
 

.,i!rjlire Phase 

bwurr'O, >.a.nld didzal 1 M.mbulac ad Seaview Subdivision. Pipeline con­
nectiono dioi also be made to wells constructed during this phase (at
 
nodes no, 122 mid 127),
 

N f. in I-B will PI-v: viclu anitionw.l s.prvice in 

-T, pirol.nes to be 3onstructed during; Pbave I. . include 50 metera 
of 250-,';J!, .iines; 4,1YO met-n!s of O0-mini pipelines; 1,730 meters of 
150-mm pie'Aines; sad 1,4.40 meter. o-" 10-nm pipeline,' totalling 7,410 
meters o'f d e .,, imt wi th .iametra fxr-c.w 100 1.o 250 Lv, , All required 
ifittInC. adiJ va'.:, will be provided, 

.1iterna. Netork 

Dur'ing Pllwin 1-B !n :.dditional 1t' hectares of eqnivalent internal 
network wil, be irstall.]3. This will onsist of 19 hectares covered by 
distribution systei, pipelines and 94 ihectares of internal network piping,
all installi-i during thia phase. Hence, by 1990, 49 percent of the year 
2000 net si.w-vice iwea will receive internal network piping. 

Service Connoc tionD 

During Phase I-B a-oat 3,065 additional service connections will 
be installedi within the service at a rateSIL-44D area, of 610 ormetions 
per year. By 1990 there will be a total of 8,570 service conneotions 
within the uater district. 

ire Rjrd-rat-. e 

During construction Phase I-B, about 137 hectares within the SIIA4D 
senrice are" will be provided with fire protection service by fire 
hydrant installation. This additional area will bring the total area 
covered by fire Iydrants to 454* hectares by 1990 (49 percent of the 
year 2000 servioe area served by internal network piping). About 20 
additional hectares within the poblacion will receive higher level of 
fire hydrant servioe, with the remainder of the area to receive normal 
resident ial -type service. 

*.icltdo ' hectoree pre.ntly sei-rd by the system's2.3 1x)jtin 

fire hydrantisa 
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TABLE IU,-5
 

F iix:.-. . e± Length 

12rd~ii+dt~ of T Ti150 
12 - U ot,"oI -: t -"I er, 200 75 
123 
206 
207 

ExeeduIBYcvt. Lakl oi 
Rin.l St.. &,ut of 3o. 

Sz:.,1 St. Dist oi Bo. 

Eiena Devulopiuent 
Lantad 
DL;tad 

2C,) 
2C) 
2.60 

175 
130 
300 

2-44l ZR, .t. A,' vie: 2Abdivirion 2 10 580 
245 East of Seaview 'ubdivjsion 200 

Sub--TotalTot 

246 To Well at Node 14o. 122 250 .50 

138 
210 

Mat LcoY 
['rom 

t.200 
. Rt.a:.yRoad East BBo. Lantad 200 

50 pi 
370 
320 

209 On R.aid E .st of Ikc Laxtad 200 800 
222 To W.,li at Node 'oI. 108 200 130 
243 To Wll at Node No. 127 200 450 
247 MchJ7feijey St. Fast of Rizal St. 200 240 

2,310 m 
119 
.139 
203 
235 

E Dernh)ov iopment 
St, "IoY'aagoy 

)?o. 
Pre/om Blvd. Wost of T.cney 

Craok 

St. 

150 
15 
-Pnt,150 
150 

100 
450 
320 
290 

236 Freedom Blvd* West of Loney Ste 150 

1,730 m 
118 
126 

Mona:riY-veiopmei, 
Eof..A'n.-.. Sobdiviciion 

100 
100 

250 
160 

128 Iof. 5obdbKiion 100 185 
129 Hofilona bubdivijjon 100 245 
202 
225 

Bo. La iad 
Seaview Sbdiiviciion 

100 
100 

250 

1,440 

Sub--Total 553 
Total 7,410 
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The oost tMfln r ' for propvsed constructicn du ring Phase I-Dis pre3rted in Tablc- rX-6* Based 1978on price levels, the totalprojiot ,'o:t fori thhir phase im ?9.60 milline with foreigna ex­change t,ompcrent of ?4i,81 million, 

X 12-J0ND 31AGE. OP W 
L&-4Ml'; CONTJCTIO PRWIRAK (1991-2000) 

Th~e neoond ltag _ of th , reoo,:emded pro4_a ioludeesion of additicnal provi­
jiuionzoi.,.cer i'torago a . -id ri faoilities and 

expanaion of intersr.l netwoyk, ssxj.ia oeimotiono and fire pro­
tection faoiliies, Thome I.nrke 'iill bo 
 implemotted in 2 construo.­tion phaoeo 

Sorcefolities 

As rvitiacy sotated, walln installed during Phase I-B willprovide sufficient total production oapaoity meet waterto system
demand iutil 1991, To provide adequate source capacity to Peet
system dnnnd beyond 1995, 3 well. ill be oonstructed during

Phase II.4, will
7beve wells each produo an estimated 2,700 cumd,and will be oonctruoted at nodes no. 119, 128 and 129, in 1991,
1993 and 1995, respectively. The idditional 8 0 Ouud souro

capaoity provided during thin consruoticn phase will inorease the

total capacity to 26,600 cumd for the 
SIL-WD#, which will be Nuffi­
oient to meet nyatem demand until 1996-97 (see Figure I-3).
 

In .- der k;'- prov.ide mifficint -,,levated storage capacity to
vieet cyrte isle-:, dm,nd, in Lha yi.ar an200t addition'l 700 cum of
stor,4e oapaoitv will be It isreqtired. recommended that a 200-cumstor.-ge tank b ,.Onstiniated in 199 at node no. 57 (the site of
of euim;ing ;-e'', no ,). riug the same year another elevated 
rage taa.c of 50) cu '.apaoi-!:j will 

sto­
be constructed at node no. 6, the 

Hitg of ths tank oo ruoerl du.'ing Phase 1-4.m-e 

At VAI,, of onstru.tion of 'heac storage tfanks, the stora.e 
volao -"oquired lbey"-.id 2000the year should be irnvestigated to en­sure thrat the ,opt (.conomicl long-term oonsatrction program in im­
plemeint ed 

Ll -2! 
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____ 

DOCST SCAii - PHA'U X-7 

Lc: Fore i! Total 

3o0rc F oj i.z 

1.i.,i j ,ltoiilworindir :O,
Yiaer ial& and Fqai: -- 104. 80t 1,075,200 

1,6J. 4 tMO IO'T520O 2,6897200 

Diitr,M)IIc anti !Iq 9y x
 
Oi-"Il and 3 r-ctU-a 
 6 00 

14v19w. 200 :.
 
M8.teri ls wm'c t~-.T:*nt 
 134,i00 527,,900
C4"vil aw-d S,,ic:r. 356,200


(1,730 P, 'LqO me;)

Materials a aw I9qu.-pat 36; 100 150t600
Civil nd Str. t r aI 1.26V200 

(1,440 m ,x lrW m.,)
Matftiah. and Equzm-nt. 51800 57 1600

Civil and Structu-ral 
 76,300
 

(Valve-S)

MatrilCis and Equ.p...nt 
 6,200 19,500
Civil and '1:cucra] 6L40 ­

7..,200 766,600 1,524,800 

Material an. Equ.ent 291,900 1,841800 2133,700
Civil and ."tri~otural 2je))C P-x,080, 3(Y) 

2,3720200 
 1,841,00 4v214,000 

-I/ua alato d a .,AI,0 .tNj
 

JContinotioiz &nd sngi.nnerin 
 oosts are 15 peren and 10 per­
cant, reaootively, fo~r th**f., i'n­
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TrJLE T.~X6 (coninued) 

cost 

Internal Network
 
(93.6 hectares)


Materials and F.uipmont 50,200 392,600Civil. -nu3 Structural 24600 

545,800 392,600 
 938,400
 

6ervice Coinet ions 

Nateriale wid Equipment 739600 l1483,500

Civil and Structural 
 1 002. _
 

1,075,900 1,483,5(0 
 2,559,400
 

Fi!re Hydrants
erfa 'and
a iFqipuivn-enL 
 46,600 159,000
 

Civil and Structural 6 ."'o.
 

114,900 159,000 273,900 

Sub-t otali
 
Materials and Equipment 
 170,400 2,035,100 2,205,500
Civil and Structural 
 .1,566,2-00 
 1166,200
 

1,736,600 2,035,100 3,771,700
 
Total Construction Cost


Materials and Equipment 462,300 3,876,900 4,339,200
Civil and Structurl 3,646,500 _- 46
 

4,108,800 3,876,900 
 7,985,700
 
Co2nliflgenciep @ 15 percent 355,800 276,300 632,100


@10percent 2j~,0 
Sub-total 4,638,300 
 4,356,700 
 8,995,000
 

ungineerint2-.A4 10 percent 169,600 315,000 
 484,600
@ 5 percent 72.60.. 2.8004
 

4,880,500 4,806,500 
 r 687,000TOTA 
 11200 ­ I,200
 
TOTAL PROJECT COST 
 4,881,700 4,806,500 9,688,200
 

14ntingencieC and engineoring costs arc 
10 percent and 5 percent,
 
respectively, for these items.
 

4--/Engneering costs censust oI' 
65 percent for'eign exchango, based
 
on recent projects of this typo.
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Diatruto Pipselines 

D.ring Phase II-A, a total of 7,270 meters of pipelines will 
be constructed. ese include 670 meters of 250-mm pipelinest 5 360 

~~'neter250 pipli 41d99 mofa200rniin 
ters of 00-nu pipelines. The proposed Phase I-A pipelines are 
listed in Table iX-7 and shown in Figures IX-4 and IZ-I (appended). 

Nw Liervice areae will be served hy ome of the proposed 10 
Phase II-A pipelines. Viese are additional areas near barrios 
Rizal, Laitad and Guinhalaran; additional area east of Elena De­
velopment; and additional area eas of Hiza) Street between Barrio 
Guinhalaran and Elena Development. 

In addition, pipelinea will be constructed from the Phase II-A 
wells, including those at nodes no. 119, 122 and 128. 

TABLE IIZ-7
 

DISTRIBUTION PIPELINES--TASE I-A
 

Pipe Pipe

Pipe 
 Diameter Lenfth 

Number Louation/OI p! ion (m m
 

319 &>v.)t uf Soaview Subdivision to Well at
 
Node 11o. 128 250 60 ,-


G2 Mizal St. at North Bo, Lant.:d Road 200 60 

321 To Well atzNode No. 129 <'200 1,310
305 Road a; of Bo. Lantad 200 425
 
307 Matagoy St. to Well at Node No* 119 
 200 685
 
312 Rd. East of Rizal St. Soith of Elena Sub­

d ivlaion 200 540
 
313 Road Fhst of Rizal St. South of Etena
 

Subdivision 
 200 870
 
318 Eaat of Soavia SubU1;±sion to Wel. at
 

Node Not 128 
 200 320
 
3.0 To WolI at Node No, :108 200 

31 eaviswv Subd--.-lion (Rizal St-*. 150 --20 

309 Roa rt7, of Elena Development 100 850 
314 Road Etast of Elena D.,ovelopment 100 140 

990 M
 

IXt-I4 
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XMI.krnail~ r 

k.vinZ .1F.Pe TI-A additionua 237 bcvtarea of equivant in­terr.3l network .i2. "Wi iaetalledo This rill oonsit 
af 45 hoo­
taroR oOVe1rod by di;flbu- ptpelinetz 192 hectrea of
in-teT'P nrstwor'k pipiz~t ad! Ir-stallad 6uXinC 'hi phaee.74 percent of the yzx n bcvn2C4K. til! reoeivb eq-Ave.­
lnt inte-r&1 network pip.tnA by 1995k 

Bervitoa Cvnos.(,Y!b 

l-urin ' Mace I 3,90 addltimoal asrvioe cenmetione 4 i11
be installed ihhn Tho ara seod by the SXL--,D at a rate ofabout 780 oml-4v-oti.na per yf,.r. encoe, by the y' . 1995, there. willba a t.otl :f 12,470 service oonreotione withir the SIL-WD aervioe 

IX ring tcnstr-otion Phaze I14-, 237 h&ootarea within the Srlf-WDservice area will bA -provided with firs protection service Iy fire
hydr&at inaiala-z;ion. This additional area will biring the total area covared ry fire hydrents to about 691 hec.aros Iy 1995 (74 per­oent of the year 2000 vervioo area served by internal network
 
pipin) )
 

A oost umaery for proposed oonstruotion during Phase 11-A inpresented in Table IM-, based on 1978 prics levels. The total
projc~t cost for this phase ia P13.52 zillion, wit- a foreign ex­
ohage oomponeunt of 76.17 million.
 

CONS MS I (1226-2000 

Source Ioilitis 

Auring this final phaae of the reoommended construction proc­ram, 2 additional wells will be required. It is recommended that
these wells Ib constructed at; nodes no. 126 and 125 (0e0 ?icure IZ-4)in 1997 and 1998, resvotiveoy Each of the we].ls will have a oapa,­city of 2,7OO iamd, and Wrill be provided with utru tures, punping,meterijg, piping and disanfeotion faoilities as required. The addi­tional 5,400 cumd capaolt3v provided during Phase Ii-1B will inoreasethe total xcuros capeoity to 32,M oud - sufficient to satisfy aye­
tcm demand until the year 2C00, 
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COST SUMMARY - PHASE IT-A 

Iem 
 Loral 


Souroe Failtties
 
welsorrplee 1 equip­ith


ment and ohlorination faoilitien)

Materials and ERviyent 
 73,600 

Civil arid Structural II L 

1,210,500 


4,torMg Facilities 
(,200 om elevated storage
 
tank at Node No. 57)

Materials and Equitcent 355,700

Civil and Structural 
 152,500 


(500 Oum elevated storage
 
tank at Node No. 6)


Material. and Equipment 732,600

Civil and Structural 
 .3,900 


1,554,700 


Distribut ion Pl22lines 
(5,360 m x 200 m)

Materials and Equipment 171600 

Civil and Struotural 455,600 

(250 m x 150 m)
Materials and Equipment 5,50
Civil and Structural 
 18,200 


(990 Mx 0oo,)
Materials and Equipment 
 4,000

Civil and Structural 52,500 


(670 m x 250 mm)

Materials and Equipwnt 38,900

Civil and Structural 
 81,100 

(Valves)
Materials iud Equilnent 7,700

Civil and Structural 
 L 


843,000 


-/Caloulated at USIL.O0 m ?7,00 

L-26
 

Cost (P)
 

..15..! Total 

806,400
 

806,400 2,016,900
 

25,400
 
101,600
 

52,300
 
-20iL... 

388,600 1,943,300
 

675,400
 
-

21,800
 
-


39,600
 
-


147,400
 
-

23,600
 
-


907,800 !,750.80 



TABLE IX- (ontinued) 

Item 
 Local oripn Total
 

Sub-total.--
Materials and Equipment 1,394,600 1,791,900 3,186,500Civil and Structural Z2 .13600 -252450
 

3,608,200 2,102,800 
 5,711,00
 

Internal Network 
(192.1 heotares)

Materials and Equipment 103,0O0 805,700

Civil and Structural 1,017,200 
 -

,120,200 
 805,700 1,925,900
 

Servioe Connect ions
 
(3,900 new oonneotiona)


Materials and Equipment 93,600 1,887,600
Civil and Structura. 1-2,300 -

1,368,900 1,887,600 3,256,500 
Fir Rrants
 
(237 heatares)

aterials and Equipment 45,700 156,100
Civil and Structural §7.100 -
112,800 156,100 268,900 

Sub-tot ala/
Materials and Equipment 242,300 
 2,8,o.400 3,091,700
Civil and Structural 2 "WA 600 ),60 

2,601,900 2,849,400 
 5,451,300
 
Total Construction Coat

aterials and Equipment 1,636,900 4,641,300 6,278,200Civil and Structural 4.573.200 310, M!U4,4 %100 

6,210,100 4,952,200 
 11,162,30C
 

!-Contingenoies and engineering costs are 15 percent nnd 10 peroent, 
repeotively, for these items. 

-- /Contingenoies and engineering oosts are 30 percent and 5 perwent, 
respeotively, for theme items. 
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TABLE IX-8 (oont inued) 

Item It m _oal 

Cont .ngenoies

@ 15 peroent 
 541,200

* 10 percent 


Sub-tota]. 7,0131,500 

Fainearing Fi
~~18/


@ 10 percent 
 229,900 
* 5 percent 104,90 

Sub-total 7,346,300 

ia 
 mo 


TOTAL PROJECT COST 
 7,347,200 


/Engineering cost* consist of 65 percent 
based on recent projects of this type. 

o__t (?_)F ra.mn Tot al 

i--25t40 856,600
 
284.900 545.100 

5,52,500 12,564,000 

4g',90W 656,800 

-L9,i 299.800 

6,174,300 13,520,600 
..._... 900 

6,174,300 139521,500
 

foreigu exchange, 
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Although -under the recommended progra, suffWcient source 
capacity will be provided to satisfy projected demands until the 
year 2000, consideration should be given to demand beyond this 
year during Phase II-B to provide the most economical program of 
source development*
 

Distribution Pipelines 

The majority of pipelines to be installed during Phase I-B
 
are reinforcements to 
existing pipelines and other pipelines in­
stalled during the recommended construction progra. These in­
clude reinforcements alone Freedom Boulevard, Plaridel and Mc-
Kinley Streets, within the poblacion, a portion of Rirsl Street 
east of Barrio Lantad, and the pipeline from node no. 116 to the 
well at node no. 108. 

Additional pipelines, extending beyond the anticipated year 
2000 service area, will be required to transmit flows from the 
Phase II-B wells to demand centers within the service area. These 
pipelines extend to wells located at nodes no. 125 (northeast of 
Barrio Lantad), 126 (northeast of Barrio Riral) and 129 (southeast 
of Barrio Guinhalaran). 

The recomnmended Phase 1I-B pipelines are listed in Table I1-9 
an4 shown in Figures I-4, IX-5 and Il-I (appended). 

Internal Network 

During Phase II-B, an additional 237 hectares of internal 
network piping will be installed. This will provide equivalent 
internal network system service to a total of 928 hectares within 
the SIL-WD service area or 100 percent of the year 2000 net ser­
vice area. 

Service Connections 

About 3,900 additional service connections will be installed 
during this phase, at a rate of approximately 780 connections per 
year. Hence, Iy the year 2000, a total of 16,370 connections will 
have been installed within the SIL-WD service area. 

Fire Hdranta 

During construction Phase II-B, about 237 hectares within the 
SIL-WD service area will be provided with fire protection service 
by fire hydrant installation. This additional overage increases 
the total area covered ty fire hydrants to 928 hectares by the year 
2000 (100 percent of the year 2000 service area served by internal 
network piping). 
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TPABLE IX-9 

DISTRIBUTION PIPELINES - PHASE 

PieDiameter 

Number Location Deso'ilion 

Reinforcement Pipe,
208 Rizal St. Eat of B. Lantad
302 Rizal St. at North Bo. Lan-Lad Rd.303 Rizal St. at North Bo. LanLad Road 

318 East of Seaview Subdivision to Well at


Node No. 128 

320 To Well at Node No. 108 


322 McKinley St. West of Rizal Ste

323 McKinley St. West of Rizal St. 

324 Plaridel St. 

325 McKinley St. West of Rizal St. 

326 McKinley 
 St. West of Rizal St.
327 Freedom Blvd. West of Rizal St.

328 Freedom Blvd. 
 West of Rizal Ste 

329 Freedom Blvd. West of Rizal St. 

Additional pi]2
301 North Bo. Lantad Road 
303 Risal St., North of North Bo. Lanxtad Rd. 

306
304 ToTo WellWell atat NodeNode No.No. 126
125 


I-B 

Pipe Pipe
Length 

iante 

200 335
 
200 
 60
 
200 580
 

200 
 320
 
200
 

2,445 m
 
150 100
 
150 
 100
 
150 190
 
150 
 60
 
150 
 130
 
150 
 130
 
150 
 65
 
150
 

m
 
200 620
 
200
 

11100 M 

250250 360
50m
 

Total 5,265 m 
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cost phi",aI I-B 

A cost summary for conetruotion during PLAii; Il-3 is present­
ed in Table ZX10. ftxed on 1978 price levels, the total project

cost of this phase is P1O.28million, with a 
foreign e=chan:e oo&­
pmoent of P5.21 million.
 

S. CAPITAL COST SiU]OwiR 

The oapital 
oees for each phase of the reoomended oonmtruo­
ti prograr, including the imediate improvement program, are sus­
marized in Table IX-11. 
 Me total project oosts presented in this

table include engineering, oontingencies and land oost,. 
 AU con.
 
6trustjen sest estimates arm based on 1978 prise levels,. The

foreign exohaW component of the total project 
cost includes the
osts of direct and indirect import ite.~s
 

F. ANNUAL OPERATION AND MALNT"A1CE C0313 

Annual operation and maintenanoe oosts includ.e personnel,
power, fuel, chemicaleg maintenance, office supplies and other mib.­
oellaneous expenses which are neoessary to sustain the overall water

supply system. The total annual budgeted oost of the existing systemwas F285,300 in 1976. Following implementation of the immediate
improvements and the long-term construction program, the annual oost
will increase due to the additional oosts for personnel, chemioals,
fuel and maintenance. 

The annual operating and maintenanoe costs are estimated to beP0.O million, P1.3 million and P212 million in 1980, 1990 and 2000,
respectively. The breakdown of these costs is presented in Table IX-12,

All costs shown are based on projeeted 1978 priee levels.
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TABLE IX-1O 

COST SUMO I1-D1RY PHASE 

Item Local Fore i - Total 

Sourca Pacilitije
 
complete-wi~ with equip­

erent 1r0d faoilities)
chYo'inutic-i 

lt'a-Lali awd lquipment 
 521400 53760
 
Civl. and Structural,- 5
 

o r., )37,0003O0 1344,67Disribti PieI 537, 

Vlateri.ts and Equipment 49,900 189 200Civil avid Structural 10.1,100 
(3,- n x200 rm)
 
Materials and Equipment 
 113t500 446,700

Civil -trud Structural 
 301,300

(860 m x 150 mm)

Materials and Equipment 
 18,900 74,800

Civil aWd Structural 
 62,800

(Valv,.e)
 
Mteriale and Equipment 
 5,100 17,700 
Civil and Structural
 

Sub-tot3 I0 t 7 
Materials wid Equipment 239,800 1,266,Oco 1,505,800Civil and Structural 

_ _ _ _ _3 1,228,50000_ 1,228,5002, 7 34,3 0 0
 
Internal Network
 

(37 HFa7
 
Mateials and Equipment 127,200 
 995,200 1,122,400
Civil and Structural 1,26,500 - 1,296 900 

Seieonnections 1,383,700 995,200 2,3# 
3,900 now connections)

Materials and Equipment 93,600 1,887,000 1,980,600Civil anid Structural 1,275,300 1,275,300 
I1v3 8,900 11i ,()7 0-0 3,255,966 

-' Caloulated at TJS*|.00 to 7,0, 
..7-Coritingenoi.1s md engineering costs are 15 percent a'd 10 per­cent, roupectively, fov these items. 
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TABIX TX-bO (oontinued) 

I-- Get_& 

.Pire Hydrants 
237: 3he o--ta-r )

ateria.s and EqLtipment 
Civil.1.and Stru otidi~p,-1 

45,800 
-. , 100 

156,300 

3ub- totaI.ZI 
11,900 156,3(X) 2 O9,2X) 

Matorialn and Equ-irpment 266,600 37038,500 3,305,100 
Civil and Struotura1 2 J ..90 -

2 te65,500 3,038,500 5,904 000 
Total 1(;Ct-uctijin C

Matdrials and rktuiprart 506,400 4 304,50) 4,810,900Civil. and Sti-utural IL92__L- 31827.400 

4,333,800 4,304,500 8,638,300 

@ 15 percent 220,200 189,90O 
 410,100

10Percent 286.600 
 0o9.0
 

$ub-total 4,840,600 4,798,200 9,638,800 

in.eerinx 
@ 10 peroent 110,000 204,400 314,400
'9 5 percent '1I~~0I CI -ILX7) 

Sub-total 5,064,200 5,213,700 10,277,9OO 
Land - 60 600 

TOAL PFOJET COST 5,064800 5,213,700 10,278,500 

n ii ciso 'nd anginearinxg cowit are .0 perm-,nt knd 5 per­oent, Maslmctivoly, %~ ite (mo,. 

based on rece-L projeoto of 4his "yp. 
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TABLE IX-1! 

CAPITAL COST SUMWkAI 

Censtruotjon Construct -cm Congtruct ion Proleot Cost
Phase Period Clootal ) .Toa 

Immedia+4i 

Program 1978-79 4,224,200 2,533,600 2,648,700 5182 300I-A 1980-85 9,436,800 6,202,800 5,288,700 
21,491,500
1-2 1986-,(; 7,985,7010 4,881,700 4,806,500 
 9,6t8,2 o
o
It-A 1991-95 11,162,300 7,347,200 6,174,300 
13,521,500
Ul-3 1996-2000 8 ,~o"800o 0L4805. 9213,100 10-=228,902 

4'1;447,300 26,030.i00 24131900 
50,4162,OO0
 

TABLE LX-12 

ESTIMATED OPERATION- AnI MA INTLANCE 

Administrat ion Pow
Year and Pe 1 -dronne _1_-___ Chemicalw2/ Maintonanoe2/Msaoeallaneous Total
 

19-6 186,600 43,600 1,900 297000 
 24,200 285.100
1980 253,000 128,500 14,100
198 P' r 67,900 35,400 499ooo3AO 91985 O'",>-. 272,200 
 27,800 136,40O 57,100 8839.40n
1990 513,400 416,00 
 41,500 205,300 
 91,900 1,268,100
1995 673,600 605,000 
 59,600 294,000 148,00) 1,780,200
2000 757,600 794,100 77,800 
 370,900 238,400 2,238,100
 

23/
 
I / aloulated at '978 prioe levels.

-"Includes diesel fuel for pump operation (@ P.31/i and othermiOellan"ous fuel and eleotrioity items. 

jludes ohlorine (@FS.0/k4).
!Maintenmnoe foi- pipelines, Strxotures and other civil items iscalculated at peroent per annum on total oonstruction coat. Maintenance

for mochaxical ectipinieni. is calculated at 2 peroent per anum, 

IX-34
 



c 
i~dt~t Ytrie 
tLotii cf, j-00, 1,'200) rid 
The ~ta~.~e in Silhy ounuia-t, of a o~tral 

16cY di±.v. 'rter reiniNoroed 

t od -~21&itim'~ (1reek P rd are fo~d 1by a Aqetwork of~ 6.00 = diamieter 
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Information from the Department of Health indicates that in1976, 23 percent of Silay households had water-borne toilet facili­
ties, 16 percent had olosed-pit type toilets and 61 percent had no
toilet facilities. It is unlikely that such a low percentage of
"modern" facilities can economically justify a near-future sewerage
 
program.
 

The rationale for the provision of wastewater facilities has
traditionally been based on aesthetics and public health benefits.

At present, there is
an obvious water supply problem in the SIL-UD.

As the water supply problem is resolved, wastewater volumes will in­crease. 
Related aesthetic and public health staiudards will improve
in time, increasing the urgency for solution of the wastewater prob­
lem. 

Projeoted Wastewater Volume 

Wastewater flows in the SIL-WD were projected for the years 
1990, 2005 and 2025. These estimates are shown in Table 1X-13*
 

The service area considered for the wastewater projections was
the core area to receive water supply by 1980. This area is the mostdensely populated area in the water district, and is the area where

public health and nuisance problems assooiated with wastewater will
 
be greatest.
 

The wastewater volume which could be collected wae determined
by estimating the percentage of water supply oonnetions (domestic
and commerial/industrialintitutional) with sewer connections during
the design period from 1990 to 2025. It was assumed that all water
supply connections would have sewer connections by 2025, and that in
1990, 30 percent of domestic ard 50 percent of commercial/industrial/

institutional water supply connections would have sewer connections.It was assumed that there -ould be no unusually large water-cosuming
connections during the design period, 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 project­
ed percentage of physical area with sewers and an infiltration rate

of 0.15 lps/heotare. The number of sewer connections required during
the design period was then checked to ensure that the annual rate or sewer connections was realistically within the capabilities of the
 
water district.
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TABLE IX-13 

AVERAGE DAILY WASTEZAT- F'L0.IS 
SILAY CITY WATER DISTRICT 

Wastewater Flows (C;md)
 

Served 

Area 


Poblacion 


Barrio Rizal 


Barrio .1ambulac 

Barrio
Guirhalaran 

Total 


Design

Year 


1990 


2005 
2025 


1990 

2005 

2025 


1990 

2005 
2025 


1990 
2005 
2025 


1990 

2005 

2025 


Domestic 

566 


2,072 
7,F95 


165 

605 


2,306 


208 

761 
21899 


133 
487 

1,072 

3,925 


14,957 


Commneial/--
Industrial/ 
Institutional 

151 


587 
1,974 


44 

171 

576 


55 

216 
725 


35 
138 
464 


285 

1,112 

3,739 


Infiltration
 
Allowance 


797 


1,148 
1,594 

292 


420 

5F3 


603 


868 
1,205 


32 

__Li
531 


1,956 

2,818 

3,913 


Total 

1,514
 

3,807 
11,463
 

501
 
1,196
 
3,465
 

866
 

,845 
4,829
 

434 
1,007 
2,852
 

3,315
 
7,855
 

22,609
 



Alternatives Available 

The 	 cost of sewerage/drainage facilities for the SIL-WD area is
 
expected %0 be signifioant.
 

The provision of a financially self-sufficient sewerage/drainage
 
system is seldom achieved even in developed countries. It is likely
 
that the SIL-WD is no exception tz: this rule.
 

Feasible alternatives for sewerage in SIL-WD area appear to be
 
as follows:
 

(1) individual (septic tanks) or unified public collection
 

system;
 

(2) 	combined or separate sewerage/drainage systems;
 

(3) 	various degrees of centralized community sewage treatment;
 

(4) 	disposal system (river. land, or bay disposal) for treated
 
sewage. 

The question of whether the SIL-WD should construct a combined
 
or a separate sewerage/drainage system depends on economic circums­
tances.
 

An alternative to the combined system which must be investigated
 
in detail during the sewerage feasibility study is the provision of
 
open canals (peripheral drains).
 

Alternative treatment and disposal methods for intercepted waste­
water may consist of: 

(1) 	Screening of gross solids, high-rate lagoons and effluent
 
discharge into Guimaras Strait*
 

(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.
 

Recommendations
 

As soon as the first phase of the water slipply program is under­
way, 	 a comprehensive seweraye/drainage feasibility atuly should be 
undertaken. 
This 	study must address the issue of combined versus 
separate sewers. 
 It should also update the population and water demand
 
projections of this water suppl, study.
 

Once the decision has been made to use either the combined or 
separate system, the water district must embark as promptly as possible 
on --street sewering and house connection program. 

A plumbing code should be developed by the SIL-WD to coordinate
 
plumbing requiremeiits for water, wastewater and surface runoff faci­
lities. This code becomes very importan. and meaningful particularly 
if a separate system of sewers is adopted. 
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In the meantime, a house-to-house survey should be conducted
to inventory existing wc%9tewater and 
 toilet facilities. As-builtdrawings of storm drains and peripheral canals must be compiled and
accurately recorded in preparation for the sewerage/drainage feasi­
bility study.
 

For residences and establishments that currently lack waste dis­posal facilities and are financially unable to provide the modern

flush toilet with septic tank, the Department of Health (Division
of Environmental Sanitation) has developed an inexpensive water-seal
 
toilet.
 

Permanent rights-of-way should be acquired for the main routes

that will be used for drainage/sew, rage canals. 

Dumping solid wastes into waterways, c nals and manholes, shouldbe strictly prohibited. 
Solid wastes not cnly pollute the water# but
are also very unsifhtly and serve as habitats for flies, rodents and
parasites. The proper handling of solid wastes should be studied and
 
planned carefully. 

H. MFJAG(EMT OF WATER RESOURCES 

In order to make the best use of water resources available forpresent and future demands of the SIL-W], certain technical and manage­ment steps must be considered. These considerations are primarily
related to the collection of data concerning the chemical quality and
amount of water produced by the district, and a data storage and re­trieval system which would be made readily accessible to those organi­zations dealing with the subject. These are discussed further inAppendices M and P, Volume II of this report.
 

I. UPDATING THE WATER SUPPLY MASTER PLAN 

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

Volume II.
 

J. ENVIRONMENTAL CO1SIDERATIONS 

Appendix R, Volume II discusses some of the ways the construction program may affect the environment of the study area. 
Some of the
nalural resources affected by the program are irreplaceable, requiring

due consideration before actual construction.
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AMEX IX-C 

DISTRIBUTION SYSTEM GROWTH 



AMNEX IX-C 

DISTIMIfTION SYSTEID GROWI 

General
 

It is necessary to project the growth of the distribution sys­tem in order to estimate the required expenditures for internal net­work piping, service connections and fire hydrant requirements. Theprojection 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 persons served by each
connection, and (3) the individual areas of projected served seo­tions within the service area. The details of those items are dis­
cussed below.
 

Served Population 

The projections of served population presented in Chapter VI
are prc'nented in Annex Table IX-C-1, according to individual com­
munity served and respective service areas in 1976, 1980, 1990 and 
2000.
 

ANNEX TABLE IX-C-1 

SERVED POPULATION PROJECTIONS
 
SILAY CITY WATER DISTRICT
 

Community 1976 
Service 

1980 
Service 

1990 
Service 

2000. 
ServiceServed Area Area Area Area 

Silay Poblacion 4,424 8,250 21,890 35,730 
Bo. Rizal 878 2,410 7,510 16,660 
Bo. Mambulac 598 3,030 12,730 20,770 
Bo. Guinhalaran - 1,940 8,500 19,800 
Bo. Lantad - - 4,240 10,200 

- a - - -

Served Population 5,900 15,630 54,870 103,160 

Total Service Area 
Population 21,280 41,440 84,610 130,770 

Percent Population Served 28 38 65 79 
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Number of Persons 2er Connection 

Based on the pilot area survey made within the present .SIL-WDservice area, the average number of persons served per service
nection is 6.5. It is anticipated 
con­

that this number will slightlydecrease during the study period. 
 It has been assumed that the ef­fects of future increased living standards and family planning will
be offset by the effects of future inward migration. Hence, the
estimates of average population served per connection are 6.4 for

1980 and 1990 and 6.3 for 2000.
 

Total Served Area for Individual Communities 

The total areas of' the individual served communities were pro­jected on the basis of field studies and locations with potential

consumers of the SIL-WD water supply. These projections are pre­
sented 
in Annex Table IX-C-2* 

ANNEX TABLE IX-C-2 

TOTAL SIVICE AREA 
SILAY WATER DISTRICT 

(in hectares) 

1976 1980Community Service 1990 2000Service Service Service 
Served 
 Area Area Area Area
 

Silay Poblacion 
 69 123 215 272
 

Bo. Rizal 14 45 104 200
 
B . Mambulac 
 21 93 104 107
 
Bo. Guinhalaran 
 - 41 94 256 

Bo. Lantad - - 89 197 

104 302 
 606 1,032
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Area Served by Internal Network
 

In order to project the net area to be served by internal
 
network piping, the gross served areas presented in Annex
Table IX-C-2 were modified, taking into account the percentage

of population served throughout the study period (65 percent

and 79 percent of the service area population in 1990 and

2000, respectively) and the actual area served by installed

piping by 1980 (182 hectares). Thus, the modified served areas

correspond to 182.0, 454.5 and 928.8 hectares in 1980, 1990 and
2000, respectively (60, 75 and 90 percent of the total service area).
 

It has also been assumed that distribution system pipelines
passing through the service areas will provide service to the
 
areas within 50 meters on each side of the pipelines. The resul­tant net arcas to receive internal network are given in Annex
 
Table IX-C-3.
 

Number of Service Connections
 

The number of service connections was projected by dividing
the served population (see Annex Table IX-C-i) by the average

number of persons per connection. The estimated number of service
connections for each community within the service area is present­
ed in Annex Table IX-C-4.
 

During the leakage survey, which will be conducted as part of
the immediate improvement program, it is expected that some exist­ing service connections will be identified as major sources of
 
leakage. 
It is projected that major repair or replacement will
include 35 percent of existing service connections IV 1980, and
 an additional 35 percent during Phase I-A. 
 This schedule of re­
pair aaid replacement is based on findings that about 75 percent

of existing connections were installed before 1951 and that ma­terials and installation methods previously used were substancard.
 

Areas to Receive-Fire Protect ion 

All areas to receive water supply service by the year 2000

will also receive fire protection service by this time. 
Normal
residential-type fire hydrant service will be provided, except in

those areas where high property values or high population densi­
ties are expected. Portions of the poblacion, barrios Rizal,

Guinhalaran and Mambulac will receive a higher level of fire pro­tection service. 
 The schedule for fire hydrant installation is
 
listed in Annex Table IX-C-5.
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ANNEX TABLE IX-C-3 

NET AREA SERVED BY ]tTI NAL NETWORK SYSTEM
 
(in hectares)
 

Community 
 Phase I-A Phase I-B Phase II-A Phase II-B 
Served 
 (1981-89) 
 (198-590) (1991-1995) (1996-2000) Total
 

Silay Poblacion (110.7)* 
 31.4 19.1 
 41.8 
 41.8 244.8
 
Bo. Rizal (27.1)* 10.1 11.4 
 39.4 
 51.0 
 139.0
 
Bo. Mambulac (19.5)* 
 16.4 26.5 
 2.8 
 9.2 74.4
 
Bo. Guinhalaran (24.7)* 
 - 8.2 64.6 
 80.0 177.5 
Bo. Lantad 9.5 28.4 43.5 55.3 136.7
 

Net Area Served
 
Ry Internal Net­work (182.0) 93.6
67.4 
 192.1 
 237.3 
 772.4
 

Area
DistributionServed IVy

Pipes 
 92.1 19.4 
 44.9 
 - 156.4 

Total Cumulative Area
Served 
 341.5 
 454.5** 
 691.5 
 928.8*** 
 928.8
 

*Figures in parentheses indicate areas served by 1980. 
The total:82.0 hectares represents 60 percent of the 1980 service area.The remaining 120.0 hectares of the 1980 service area will beserved by 1985.
**Represents 75 percent of total 1990 service area.
***Represents 90 percent of total 2000 service area.
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ANNEX TABLE IX-C-4 

SCHEDIULE FOR SERVICE CONECTIO1I INSTALLATIIJ 

Community ImmediateServed Improvements Phase I--A I-BPhase Phase II-A Phase II-B - 978.) (1981..-85) (1986-90) (1991-95) (1996-2000)
 

Silay Poblacion (681)* 
 609 1,065 1,065 
 1,125 1,125
 
Bo. Rizal (135)* 245 
 395 395 
 735 735
 
Bo. lambulac (92)* 
 378 
 760 760 655 
 655
 
Do. Guinhalaran 300 515 515 
 905 905
 
Bo. Lantad - 330 330 480 
 480
 

Total (908)* 1,532 3,065 
 3,065 3,900 3,900 

Cumulative Total 
 2,440 5,505 
 8,570 12,470 16,370

*Figures in parenthesis indicate existing service connections. 

ANNEX TABLE IX-C-5 

SCHEDULE FOR FIRE HYDRANT INSTALLATION
 
Community Phase 
 I-A Phase I-B Phase II-A Phase II-B
 
Served (1981-85) (1986-90) (1991-95) 
 (1996-2000) Total
 

Silay
Poblacion 71.1(61.2)* 31.0(20.0)* 57.3 57.3 244.7**(81.2)*Bo. Rizal 57.3(14.O)* 27.9 
 47.5
47.2 179.9 (14.O)*


Bo. Mambulac 30.8(13.0)* 15.0 25.4 25.3 
 96.5 (13.0)*

Bo. Guinhalaran 73.4(11.4)* 35.8 60.5 
 60.6 230.4 (1.4)*

Bo. Lantad 566 27.6 46.6 _46.6 177.3 

TOTAL 289.2(99.6)* 137.3(20.0)* 237.0 237.3
 
CUMULATIVE 

TOTAL** 317.2(99.6), 454.5(119.6). 691.5 928.8 928.8 

*Figures in Parentheses indioate areas to reoeive high-level hydrant servioe.**Includes 28.0 heotares presently served by fire hydrants. 
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Discussions herein on fire protection assume that adequate

distribution mains will be provided and that hydrants are required
 
to obtain the available fire flow.
 

Distribution System Computer Printouts 

The following computer printouts (see Annex Tables IX-C-6

and IX-C-1) indicate the 
 estimated hydraulic conditions within theSIL-WD distribution system thein year 2000. The peak-hour and
minimum-flow conditions are included as representative of the design

conditions at that time. The critical conditions considered for
 some pipelines are not necessarily the peak or minimum conditions,

but the majority of the proposed pipelines are carrying capacity
 
flows during peak-hour conditions.
 

The format of computer printouts is discussed in Chapter XII

of the Methodology Manual. Pipeline numbers from 0 to 100, shown on
the computer printouts, represent existing pipelines. 
 If an exist­
ing pipeline is replaced, the 0 to 100 series pipes are replaced by
400 series pipes. The pipelines with numbers between 101 and 199
 are recommended for installation during the immediate improvement
 
program. The 200 series pipelines are intended to satisfy 1990 
de­
sign 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 construction phase not indicated by appro­priate pipe numbers. 
This may result from other conditions govern­
ing the staging of recommended facilities. An example might be a
300 series pipeline included within the Phase I-B (1986-90) con­struction program. The 300 series indicates 
a pipeline required for
 
year 2000 service, to be installed after 1990. 
A well required be­fore 1990 might be located along the 300 series pipeline, and would
 
require installation of the pipeline before 1990.
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ANNEX TABLE IX-C-6 

COMPUTER PRINTOUT 
TEAR 2000 PEAK HOUR
 

SILAY CITY WATER DISTRICT
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ANNEX TABLE IX-C-6 (continued)
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21T 7)
21. '5 

2 	7'0C6 

30-27 

3). 39 

31. 


34.1 r 
3 1.41 
3 1.46 
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0.1 

-0.03 
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ANNEX TABLE INC-5- (continued) 
NO0 F CROrJN) vI. 14 HA HFAD - POill RY -------

FI F-iVL FV mUVpS AT---C(K PUT !.P---CK 

1? ',.,) -. 21 A900 In."" 2.3? -0.11 
lOt: 7,.') - 7.(,, 30.410U 2'. 24 2.4 -6.4H 

130 
-3.6 

4.j
?', r-

3J.3J
?9.. 9_1l 

21.
?). 1 

' 2.2 
-. 

-b.9 
-4119L 

l.1 
10)8 

5 on 
$.,1 

-6.o 17 
1.50) 

34,141J 
3. 1j,[ 

7:).04 

vq".-,60 

2o It 
2.87 

-2109q 
-?5.9c4 

Ioq 2.!) -1,. 1,) 3J.991~ 28.4 ?, V-1 -7.37 
II1) 
11 

2.o 
1. 

-3.04 
-5.h 

2 7.COti 
62.76q 

25.)00 
?QJ.26 

2.402 
2.4', 

7. 39 
3.14 

12
113 . 

4.5' 
"-* -6,.17 30 l-I

31,43U 24.126.s ?. V
2,$. 61 -51 1 - 9.91.) 

114 
115 

f.3 
1.5 

-6.77 
-0.17 

33.94o 
26.25'J 

2 
24.75 

2.,1) 
.4) 

-19.?7 
10.01 

I 1.1 
it7 
1t 
1l9 

7.:) 
q.)

l0.0.)1.31 

- 6. 77 
- I . 5. 
-7. d? 

31.46U 
30.34J 
3?.9iJ 
41.ol1 

3l.so 
23. 3.4 
23.-
31. L5 

3, 0 
2.?6 
2... 
3.0; 

-36.30 
-6..q 

-11.75 
-63.94 

IO ). 1 . In 41.-6;I . 0l.'6 3.0 -68.20 
IllQ?_ 5.J. ).n,.1 j.J

1.90J 3 CU31.10t 31.55I.6 31.6 3.711)1 -34.26-34.TV­
123 
1? 4 

1.') 
'. ) 

-­ ,. 32 
-3.3? 

3 9.q4 
41.1h 

.12. 94 
3 . i 

3. 1j 
1. 21 

-ft9.15 
-57.69 

12 ' 

126 
117 
12 

"0 
11.0 
1,)..) 
li1 . ) 

31.50 
31.5u 
Q .5, 
i I. 5;) 

42.0lti 
43.2Ou 
35.46U 
34. 120J 

34.11 
33.2) 
25-P6/ 
?Q0. P 

30 N. 
3.2i 
2o ';, 
2.8?l; 

-61.-9 
-74.72 
- 3.6 J'1 
-53.?'f 

129 . . 5,) 45.540 0.o C4 . do" -70o40 
i3,)
140 40. 

t.).0 
0,0 

?2.u0 
3,). w/ 

2 
?)5. 

.5 )
H"A 

2. V,
?0.) 

0*.30 
-5.48 

L141 
1"1), 

•'. 
""! 

-0).4v 
-1 0 1 

30.4 10 
?IoS40J 

24 .91 
2 3. 4 

2.41L 
. 2' 

-O . 0(} 
-2,3"1 

t113 
,8) 6 

.. 
2 

-1.) 
0 '., 

20..' W 
31.3,. 

2 1.:,2 
23. .2 

2, .. , 
2.4'4 

-2.90 
-10.09 
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ANNEX TABLE IX-C-7
 

COMPUTER PRINTOUT
 
YWtAR 2000 MINIMUM P~l0W 

SILAY CITY WATER DISTRICT
 

' 5!i , iv , PLOW CONDITION 

'"J; ! i ,] i. 

S~,
AL-~r~LL 

,1T I. .. 

L, P ,..% 

" . i L 

]~~ ~~~ .1 1 ,"..,L ~~ 

I ,/
t,..**' 

lJ
,, 

..?" LP 
I .'I-"!': AI: 

151 . 

BEST;,AVAIL ABLE DOCUI oi1
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I P f NCES UIA L I-k K-VALUE FLIW -VEL-- --
HE ADL OS.--
NO 	 FRCM-ru 
 MM MTRS C 
 MPS--CK MT MT/103 CK
 

i 1 2 150 223a o0 4..J3E-U54
0.26 LJ 0.34 1. i92 3 150 190. bO 0.17L£-0i 4.70 0.27 LJ 
 0.30 1.59
6 150 23L. 80 0,2Jst-Ul 5,19 .-9 LO
4 7 6 100 	 0.44 1.Cll
2154 70 
 U.i9b0 Uo

405 61 	

0.4 3.08 LO U.08 0.3/+
3 150 17C. I00 O.IOZL-ui 2.89 0.*1,i LO 0.07 0.43406 4 150
61 80& lU C.478E-UZ 
 1.18 0.07 LO 0.01 0.08 L3
7 	 13 7 100 335a 70 0.L4t. UO lv14 0ei.O LO 0.36
408 5 4 150 	 1.06IC, ICO C,419£-UZ 1,51 0.0'i LJ 0.01 0.14 LO9 8 5 150 240. 80 0.211£-u1 J*2, 0J2 LO 0.00 0.31 Li
10 11 
 8 150 
 125a 80 O.11t-0l 0,9u 3.J5 O.0l11 11 	 LO 0.08 Li
14 150 hIf. 80 C.I J,+E-ul 4,21 0,24 LO 
 0.15 1.3412 14 17 150 1004 80 0.904E-02 3.04 0.17 LO 0.07 0.71
13 17 18 150 hOC, 20 Os90 -2 .0
16 150 	 0.16L 0.06 3.61
14 20 
 19C. 80 0,I12L-U1 1.42 0.08 LO 0.03 
 0.17 L)
5 	 18 19 100 60. 70 0,500E-uj 0o4a 0.06 LO O.Ul 
 3.21 Li16 19 
 21 100 
 1306 70 0.1o6 00 0.44 0.J5 0.02LJ 0.17 Li
17 21 22 100 2 0;. 70 0.2142E OO 0.35 0.05 LJ 0.04 0.12 LO
18 6C 

19 

2 
bu 
2 100 130. 10 0.103j1 00 0.*6 0.08 LO 0.04 0.3223 100 65. 70 0.542E-1 
 0.65 0.08 LO20 18 	 0.02 0.38
23 150 2409 bO 02UdL-ol 0.42 0.02 Li) 0.00 0.0221 25 43 100 85. 70 O.fOgc--ul 0.Jl 	

L 
0.34 LO 0.01 Li21 	 D.1027 25 100 105a 70 0,876E-01 2.77 0.35 LO
24 16 13 iOU 120., 0.58 5.50
70 . louE 0O 1.71 0,22 LU 0.28 2.36
25 27 16 100 100. 70 00834,8-o


141 150 	
1.20 0.15 LO 0.12 1.112b 15 
 110, 60 0.994E-u2 


21 	 2.78 0.16 LO 0.07 0.60
28k 21 15U 110.4 E 0994E-U2 4,47 LO
28 11 	 0.25 0,16 1.451 150 
 115. 80 0104E-ul 
 5.51 0.31 LO 0.25 2.13
2Y 28 12 150 1O0 80 O,9J4L-02 
 5.3d 0,30 LO 
 0.20 2.04
30 s 141 
150 120. 80 0@10E-UJ 3.09 0.17 LO 
0.09 0.7.
3. 10 280 150 130. E0 O,11jE-O1 7.8032 s 	 0,*4 0.53 4.06
8 150 
 110. EU C,994E-U2 
 6.7 0,38 LO
33 10 	 0,34 3.129 150 luC. 
 80 GO, )0'-u2 10.0j 0.51 0.65 6.49
34 29 10 150 IC5. E0 
 C.Y4 F-Ui 18.29 1,03
435 32 	 2.06 19.66 HI29 200 70. 110 0.864E-u3 31.50 J.00
36 29 	 0.51 7.35
53 150 IOL. e0 0,90'.E-02 13.01 0.74 1.05 10.47 HI
37 30 32 100 
 -& eo 0,326E-02 0.0448 	 00 L 0.0 0.0 LO31 32 e00 5a 110 0,bIIE-U4 31.50 1,00 0.04 7.35
39 33 3b 150 
 135a 80 0126*'E-UL 
 12.77 0.72 1.36 
 0).10 HI
40 35 28 150 19CO 80 0.1 E-oi 
 3,62 0.20 LU42 35 	 0.19 0.9837 150 1054 70 0*12:-0i o.9j 0ojO 0.7043 	 L .6427 37 100 180. 70 O,15OE

45 35 	

O 1.60 0.20 LO 0,36 1. 837 15U 
 1050 70 0-128--l 

44( 	 4.91 0.23 LJ 0.23 2.2125 49 150 171. 1C3 0.I 
44 38 59',200 	

E-01 I.OO O.6 LO 0.01 0.07 L350. 110 O,6LIE-U. 
 22. 35 0.71 0.19448 59 	 3.8)57 200 10. 110 O.12JE-u3 22.3. 0.11 0.04 3.b
51 4C 
 ;,9 150 80& 70 0.920-u, 
 0.1 J*J LO 0.00 0.00 L3
52 2.3 150
40 170. 
 80 	 O.f 154E-O1 
 0.44 0.02 
LU 	 0.00 0.02 L3
53 44 
 40 100 13. 70 L
.
 uu 0.a*
54 to 42 100 	 J.O6 L) 0.03 3.22 Ll
I0. 70 0,.iidE 00 0.43
55 42 2 	 0.5 LO 0.03 0.18 LO
10 155. 70 0.124L u0 0.45 0.uO 0.03LO 0.19 LJ
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ARsx TABL3U -O-7 (.mt~au.d) 
PIPE N[ES DIA L F-W K- VA i j FL 4 .. V - . h.EAD L .. 

NO FROM-TO MM MIRS C MPS-- CK MT MT/130D C 
56 4. 44- tO0 120. 70 01OJLL uu 0. IC) 0.J1 Li 0.00 j.()57 45 45 100 180. 70 C.L5JE Ou 0.64 J.Jd LI) 0.07 0.16
56 47 45 100 1E5. 70 0.15,vL Uo 1.55 0.2) LJ 0.35
459 46 
 36 230 125. i0 ). 15,+E--u4 9.96 0.i2 

l.P8 
LJ 0.11 0.6?

60 4i 37 100 125. 70 O.1)-E uOJ 1.24 U.1, LJ 0.15 1.20461 48 46 2u0 8C. 110 0.35dL-03 9.97 0.32 Li) 0.07 0.f 7462 51 47 150 20u. ICO U. 12E- uL .9? J.17 LO U.09 0.45 
46- 48 49 150 Il . IC0 0.dJE-u4 1.8.) J.10 LJ 0.02 0.16 t
464 49 50 150 90. 100 0.533--u 1.42 0.0 LU 0.01 0.11 1465 52 48 200 400. 1i0 O.494E-Uz 12.19 0..) LO 0.51 i.27
66 5 51 100 2sC. 70 C.242 u0 1.4i 0.19 LO 
0.48 1.0
 o 22 54 
 75 29L. 70 C.982E 00 0.31 0.08 LO U.13 0.4768 54 7555 57C. 70 0.19E U 0.12 0.O 0.04
L 0.0 L69 55 88 75 50. 70 C.30FE uu 0.06 0.J1 LJ 0.00 0.02 L70 88 56 75 130. 70 0.44ur- uu 0.13 0.03 LO 0.01 0.07 L71 28 27 
100 110. 70 O. 9i1E-ul 1.3/ 0.17 L) 0.15 1.4347.3 15 140 100 10. 100 G.dl9E-Oi 2.01 0.26 LO 0.30 1.57
414 140 24 100 
 100. 100 0.43LE-01 2.o0 .b LO 0.16 1.57
76 13 14 '00 I0. 70 0.834E-04 2.61 0.33 LU 0.05 4.;3471 31 38 200 IC. 11C 0.12JE-04 22.45 0.11 0.04 3.93/8 45 44 100 10. 70 0.8i4E-UO. 0.77 0.4o LO 0.01 0.52
10o 8b 55 100 230. 100 0.991E-Oi 1.00 0.13 Li 0.10 0.43
101 fi L8 150 
 250. 100 0.15JE-O1 2.81 0.16 LO 0.10 
 3.40
102 d 100
86 90. lCC 0.36dL-0i 
 U.04 0.01 LO 0.00 0.00 L103 21 
 86 t0 130. 100 0.560E-01 1.42 0.18 LO 0.11 0.82
104 20 87 150 210. IOU 0.126E-u1 3.20 0.18 LO 0.11 0.52
105 13 b 150 470. 100 0. 2 81E-u1 4.39 0.23 L0 0.44 0.93
106 62 100
5 300. 100 0.129E UO 1.53 0.19 LO 0.28 0.95
107 64 61 100 300. 100 0.129E o0 1.71. 0.,2 LO 0.35 1.17
108 65 
 62 150 i5. 100 0.449E-02 ?.28 0.13 LU 0.02 0.43 L109 65 63 100 
 250. 1C0 0.IOJE OU 0.38 0.J5 L0 0.02 
 0.07 L
110 64 65 150 
 75. ICO 0.449E-U0 2.di 0.1. Li 0.03 0.41
111 1 64 150 IE5. ICO 0. iFE-ul 4.93 3.28 LO 0.21 1.15
112 10 
 2 100 380. 100 O.hlo.- O 1.21 0.15 LU 0.23 J.61
113 71 70 lOu 90. 100 
 0.38tjE-u1 1.84 
 U. j LO 0.12 1.33
114 72 71 100 9C. ICO 0.36jE-01 l.do ,).24 LO 0.12
115 1.)672 68 100 320. 100 O.136E u0 0.33 0.04 LU1 0.02 0.06 L
116 69 71 100 290. 100 0.123t u 0.29 J.J L 0.01 3.04 L117 6E 69 100 105. iCO 0.45zE-01 1.4u 0.19 L) 0.09 0.67lib :7 68 130 250. 100 O.lOjL uu 1.34 0.I LO 0.19 0.74119 193 67 150 
 100. 100 0.598E-02 2.65 0.i5 Li 0.04 ).'I5

120 112 193 250 15C. 110 0.625E-03 
 7.4 U.5a 0.29 1.92121 192 
 63 O0 270. 100 0.11bE 00 2.11 0.28 LO 0.49 1.51122 193 19 250 75. l1O 0.31-E-U0 ' 4.62 0.50 
 0.12 i.57
123 192 1 25u 175. 110 0.72iL-u3 22 .3 0.4j 0.23 1.29124 t 1 100 7C. IC0 0.302E-UI 1.00 3.13 LU 0.U373 6 250 19C. 110 0.7,91E-u 7.91 

0.43125 U.16 L ] 0.04 U.19 L146 73 74 110 3.0. IO 0.14E UJ 0.8d 0.11 L J 0.11 0.34127 7t 73 200 130. 110 0.1ou--, 9.3,+ 0.30 LJ 0.10 3.7712o 7 75 100 345. 100 0.149E uu 0.91 0.1! LU 0.13 0.,7 
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P IPE NuLES DIA L H-W K-VA LUt LW - . .NO FRCM-TU NN MTRS C MPS--CK MT MT/ .0C, LrX 
12:; - 7 100 3' 5. IC0 C,11,t jk: 0.57 ,3.J LJ j.06 LD.15u 	 71 76 4OO 310. 110 0.383&-O, I1.39 J.i3 	 Lf] 0.3,131 8C 77 00 i25. 110 O.15-.E-o 12.4+ 0.. 	

1.06 
LO 0,1613 7S . 00 375-. iCO 0.162E Ou 0.85 	

A, 4 

0.i 	 Li) 0.12 0.3
 
c0 110,1)13 61 6L 44 t 0. j0. E- u~ 13.63 ,.43 0.38 1.5f

4 	
L2 
2 81 20 405. 11W 0.5 Jt-0, 8.4Z70 L 0.26 0..5 84 200 250. 110 0.3J,,E-uJ, .41 	 0,jl LO 0.00 '.C0!.83 	 LJ82 200 310. 110 0..- O 9.82 3,31 	LJ 0.26 C.L5
137 E 84 100 370. 100 0. 159J O0 1.52138 5L 	 .3.19 LI) 0.35 U).989 . 00 37c, 1I 0. 4IL- -. 0.6E13; C 	 ,) L 0.00 0.01 U)45C. 0 	 .Ot 0.-i LI3v 150 I6 OdJ .26';-O1 .13 Lu 


140 90 -1 200 ,0. 11a 
 0.5oE-04 2.27 0.07 LJ 0.0314i 	 0.0'b ID1 	 2 00 225. 113 0. - 7.E -o2 J-3,. 0.42 J.34 1.49i/2 	2 3 200 1 C. 110 0.2.i5 E.- 0. 13.17 J. 4,- 0.30 1.59143 3 6 200 230. 113 0.2d, -o !5.211 0.,#6 0.44 1.91.144 .9 5 150 240. 100 U. 14,+E-01 0.. 6 J.d .3 	 .00 3.01145 24 23 100 IC. ICO 0.431E-j2 	 LI 
146 27 2b 100 10. 1o0 	

139 o ./- L3 0.01 1.40
J.431a-o2 0.11 J.3i LO O.O0 3.1 Li147 36 	 37 15. 10. ICO C.5 99- .8. 	 0.5j 0.04 4. ?148 6t I12 250 10. 110 0. 4 11t-u,, 31.50 0.6t 0.02 2O 	 .4c 10i 100 2'0. 100 O.1-.SE j.3.92202 	 0.12 LL) 0.11 0.-,7to' 00 IcO 250. 1c0 O.1 Jo6 0.80 0.10 LJ U.07 0.29 L2 C $6 98 150 320. ICC C.191E-oi -4.35 0.2) L3 0.29 0.-i1204 i% 97 150 760. 100 0.435b-Jl .1.93 j. L 0.15 0.20 L3235 ~)1 95 200 340. 110 0.42of-v 3.70 3.32 LI 0.00 u.O1 	 Li206 S5 52 

207 3 
450 130. 11 0.541[:-o3 14.61 0.30 LU 0.08 0,uj
95 250 30C. 110 0.125E-u' 14..51 3-33 L 0.18 
 ,9.63208 ',et 93 250 335. 110 0.143[-02 /-4.15 0.49 0.51 1.5220'; 9 92 200 83c. 110 0.9i3OE-UZ 6.?7 0.23 Li10.55 0.69210 92 91 200 360, 110 0.445F-O 5-.01 J.16 LO U.09211 	 0.24 L1 90 200 325. 110 0.401E-u, 5.C1 0.16 L] 0.08 0.U' L3212 h 106 200 550. 10 0.f?9--L2 0-04 J.00213 43 	 L 0u.00 0.0U L.)106 100 26C. ICO o. ti12 O 1.65 0.21 LJ 0.28214 I(b 105 200 	 1.09250. I11 U.3-9L Ur 1.1J 0.0i4 L)0 .00 0.02 .321 )12 l1I zo 415. 110 0.5 :L-O/ .65 0.12 LO U.0621o I03 	 j.!hi )104 200 42C 110 0.51E-Ue 0.57 0.02 LO 0.00217 61 	 J00 U102 IUD 310. 100 0.13E 30 J.67 0.39 LU 0.06 0.2l .I218 1C2 7 i50 250. 100 U. I5uE-O 2.85 J.L 	 L) 0O.LO 0.42219 104 


220 
102 15J 57C.. ICO 0.341E-J1 3.1 0.19 Li 0.33 0.5894 96 250 1H. 110 	 O.4 7E-O,+ 31.10 0.j* 0.U2 2.48221 IC7 104 200 
 350. 110 J. 4-itE02 4.15 0.i3 l.J 0.06 3.17222 ICi 108 	 L200 13C. I10 0.161 E-02 0.0 O.3 LU 0.0 0.0 LU
223 10 83 200 165. 110 0.20.E-0L 10.77 0.34224 IC9 85 150 	 LU 0.17 1.u1105. 100 0.62dr-uz '.Od 3.2i 1.U 0..08 j.Li225 8 110 100 350. 1C0 O.15iE JO 1.49 0.19226 ito IL 	 L0 0.32 0.',1i O0 150. 1C0 0.640E0u J.91 0.12 Li00 .0227 84 111 	 J .t1153 425. ICO 0.z it-01 1.l 0-J7 	LO J.03 0.0!1
228 	 Li40 	 41 100 i0. I CO G.431E-O2 0.23 3.33 L, 0.00 0.03 L0229 47 46 150 10. Is) 0.59 E-03 0.0 3.33 L] 0.00 .00 Li)230 15 16 100 10. 1CO 0.43LE- 2 0.61 O.Ju3 Li 0.00. 0.17 L; 

8 0.-0-. 



PIPE N40LES DIA 
 L H-W K-VALUE 
 FLOW -- V.L-- .HEADLUSS---

NO FRCI-TO MM MTR S C 
 MiS--CK MT MT/1300 CK
 

231 2c C 2o 150 1C. IC0 C.57ito-U.5 3.20 043 LI] 0.01 0.52
232 1,1 12 100 10. iO 0.4,3.L-o 0.22 0.03 Li) 0.00 
 J.03 L3233 3:1 34 100 10. i00 0.4JIV-0 0.0) O.JJ LU 0.00 ).U3 LJ234 .et 6 200 6CC. 110 0. 74 I E2 0.52 0.J2 LU 0.00 0.00 LO235 2 54 150 
 29C. ICC U.17.)-0i 4.,J 0.1. 
 Li) 0.13 0.47
236 54 55 150 
 570. ICJ 0.341L-ul l.Oj 0.Oo LO 
 0.04 D.J5 L)
237 55 88 150 90. ICO 0.53uL -0 0.-4J o.J ) 0.00 0.02 LL
238 &J 56 200 130. 110 C.16 kI:-04 4.62 U.33 LU 0.01 
 0.07 LO
239 5z 150
53 10. ICO 0.598v-0. 4.1.4 0.1.? 
LJ 0.00 0.(4 LU
.?40 6 10.
130 250 110 0,.17LE 32.41 ).,o 0.03 2.b1
241 3l 39 zoo 105. 110 
 0..JL -U-O lo.46 ,.J2 0.23 2.21
242 105 1iB 200 5C0. 11O 0.617L--U2 1.34 0.04 LU 0.01 
 0.0.: Li
.43 lId 127 200 450. 11O 0.5LE -Uz 0.3 J.0 LO 0.0 
 O.u LD
244 114 109 250 110
580. 0.*-'4*E-o4 1D,.84 0.)2 0.40Ld 0.69
2z#5 121 114 250 110
470. 0.1AL -% 17o00 0,35 Ld 0.37 0.79
246 124 121 250 5C. 11 
 o.&uL -u, 1.
4 0.12 2.48247 6 13 200 24C. 110 0.&19o-O, 0.1 L 0.09 0.39
301 123 99 200 13C. 10 0.1FJU'Z-o 5.71 LO,.1 0.23 0.2
302 S 1.23 250 00. 1I0 
 . 5Lt:-J 6.91 0.14 LU U.01 O.1 Li
303 123 124 250 5E0. 110 O,24,!E-04 0,57 0.31 LJ 0.00 
 0.00 LO
304 121 125 250 110
360. 0.15j-02 0.0 J.0 0.0
Li) 0.9 L3
305 S2 120 200 425. 110 0.525E-u. 1*4o 0.04 LU 0.01 
 0.)2 L)
30a 120 
 126 250 5CC. 110 0.2dOjF-;;,4O 0.J LO 0.0 0.0 LO
307 89 119 200 685. 110 0.64oE-u2 1.40 J.0 0.02LO U.02 L3
309 117 IC5 
100 E50. 1CO O.366b uU 1.65 3.21 LU 0.92 1.0;311 103 117 100 
 140. 1(0 C.60s.01 1.92 0.24 LO 0.20 1.44
312 IC7 
 113 200 540. 110 0.667E-O O.020.2 LJ 0.32 0.56
113 81 200 81C. It0 0.OiL-0i
313 o.86 G.2) LU 0.38 0.44314 ill 115 150 25C. ICO C15UI.:--01 
 .6 J.0 LJ 0.02 0.08 L
318 121 11& Z50 110
3z0. . 34-L-iu 14.50 0.3) 0.19LU 0.59319 11t 128 250 
 670o 110 0.4 T9L- U 0.0 
 0.3 LO O.0 0.0 LU
320 116 107 250 
 115C. 110 0. ?9E.-UO 13.34 0.21 LU 0.58 0.50
321 I6 zoo
129 1100. 110 0.1.cE-Oi O.J 3*0 LU 
 0.0 0.0 L1
322 1' 150 C0
17 100. 
 0. 511b -4: J.79 0.4g. LO 0.07 0.71323 17 18 150 
 I00. 100 0.59UL-02 3.51 0.20 LU 
 0.06 0.61
324 18 20 150 
 190. 1O0 0.1 14oi 1.78 0.10 LU 0.03 0.17 L3
325 18 19 150 
 60. 100 0.35,)L-04 1.99 0.11 
LU 0.01 0.21 L]
32o 19 21 150 
 130. IC 0.77[.-04 .7i 0.1 LOU 0.02 0.17 LU
327 bO 150
22 13C. I CO 0.717E-0, d O.1. LU 0.04 0.32326 23 
 60 150 65. 100 0.38C-0 Z.7 0 0.15 Lt 0.J2 0,38329 25 23 150 b5. 100 Uo5udL-,40 1.29 U.,J LU 0.01 3.10 LJ 
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AMM TABLE IX-C-7 (oatinuei) 

NoDE GROUND FLOW 
 hGL HEALD ----
 :RESSURE -------ELEV 
 ELEV MTRS 
 ATM---CK 
 PCT DROP---C< 
I S.5 -0.40 30.10U 
 O 2.28 -4.90
2 5.0 -0.60 29.77U 2't.77 
 2. 0 -3.19
4.0 
 -C.94 29.47U 25.47 
 2.47 
 -1.86
11 5.0 -0.39 29.54U 2,+.54 2.3d5 •-2.27
5.0 -0.61 29.55U 
 24.55 
 2.38 
 -2.31
2.0 -1.43 
 2M.C3U 27.03 
 2."7 5 -0.10-0 .5, 29.1IU 25.61 2.4.6 
 -0.42
8 6.0 -0.54 
 29.56U 
 23.56 
 -2.42
9 b.u -0.20 29.9uu 

2.28 

4.U 2.31 
 -3.91
10 6.0 -0.4-3 30.55U ,*.55 2.381i -6.73
5.5 -0.26 29.57U 24.u7 2.312 -2.41
5.5 
 -0.C8 
 29.81U 
 2 1..1. 2.35 
 -3.45
13 5.0 -0.10 2v.46U -:.46 
 2.37 -1.94
1. 
 5.0 -0.07 
 29.41U 
 24.41


15 -1.72
5.5 -0.10 29.75U 
2.36 

24.25 2..516 5.5 -3.17-0.06 
 25.74U 44.24 2..517 -3.17.5 -0.52 49.34U 2,+.84 
 2. 40 -1.3918 4.0 
 -0.22 29.,28U 25.2d 2.45
19 -1.12
3.5 
 -0.3C 29.27U 25.77 2.49
20 -1.05
3.0 0.0 29.25U ,o.2521 -0.952.0 -0.40 29.25U 
2.54 


27./.5 2.64 
 -U.91
22 2.0 -0.50 29.21U 27,,21 
 2.03 
 -0.78
5.0 -0.12 29.28U 2-,.2d 2.35
24 -1.15
5.0 -0.12 29.29U 24.Z9 2.35
25 -1.21
5.0 
 -0.10 
 29.28U 
 24.26 
 -1.19
)6 5.5 -0.11 29.t6U 
2.35 

24.36 
 2.36
27 -3.67
5.5 
 -0.11 
 29.E6U 
 24.3o 
 2.36
28 -3.67
6.0 -0.13 
 30.C2U 
 24.02
29 -4.42
o.0 -0.20 32.61U 26.oi 
2.32 
2.58
30 -15.71b.5 0.0 23.13U tb.63 
 2.58
31 6.5 -18.3431.30 
 33.IbU 
 o.66 
 2.58 
 -18.50


2 005 0.0 73.13U e(.o3
23 6.5 2.58 -18.34-0.25 31.57U 25.07
34 -11.40
6.0 -0.03 30.20u 24.20 
2.43 

2.34
35 6.0 -5.22
-0.22 
 30.20U 
 24.Z0 2.34
36 -5.22
6.0 -0.13 
 29..55U 
 23.55 2.26 
 -2.37
37 .0 -0.18 29. 5UU 23.50 2.2838 -. 195.5 -0.1c 29,23U e3.73 2.30 
 -C.99
39 5.5 -0.11 29.27U 
 23.77 2.30
40 -1.16
5.0 -0.13 
 29.27U 
 '4.27
41 -1.145.0 -0.23 29.27U 
2.a5 

24.27 
 2.35
42 -1.14
3.0 -0.Cb 
 29.24U 
 o.24 2.54
43 -0.923.5 -C.54 29.24U 25.(4 2.49 
 -0.95
5.0 -0.2S
44 29.3CU 4,t.30 2.3.5 -1.26
45 5.0 -0.14 29.IU 2.35
24.31
46 -1.28
6.0 
 -0.07 
 29.65U 
 23.65 
 2.29
47 -2.85
6.0 -­U.14 29.t5U 
 23.65 
 2.29
48 6.0 -2.b5-0.3 
 29.72U 23.72 
 2.30
49 -3.156.0 -0.40 
 211.70U 
 23.70 
 -3.06
.0. -0.74 29.fU 
2.29 

23.09 2.29 -3.01 
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AN= TABDLE IXmC-7 (owtinued) 
NCDI GROUND FLOw, HGL HEAD - PR ESSURE -------

ELEV ELEV M T ,S ATM---CK PCT DROP---CK 

51 
52 
53 
54. 
55 
56 
57 

6.0 
6.0 
6.0 
1.0 
0.5 
0.5 
5.5 

-0. 5 
-0.36 
-0.67 
-2.22 
-1.61 
-2.2 

-22.35U 

2. 14U 
30.23U 
30.23U 
29.C8U 
Z9.04U 

2'9.C3U 
29.CO 

23.74 
e4.2-
24..23 
28.ud 
28.54 
2 Z: 
2).50 

2.30 
2.35 
2.35 
2.72 

2.16 
2.76 
2.27 

-3.24 
-5.35 
-5.34 
-0.27 

-0.14 
-0.10 
0.00 

59 
60 
01 
62 
63 
64 
65 
66 
67 
68 
69 
70 

5.5 
4.0 
5.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.5 
5.5 
5.0 
3.5 

0.0 
-0.2ci 
0.0 

-0.74 
-0,bs 
-0.40 
-0.15 
31.50 
-0.64 
-0,21 
-0.17 
-0.62 

29.C4U 
29.25U 
29.54U 
29.84U 
29.b4U 
29.e9U 
29.86U 
3J.76U 
30.4lU 
30.22U 
;0. ±)U 
30.COU 

25.54 
2 .25 
,4. 54 
Z3.d4 
2.3.84 
2 .'.U9 
2J.86 
24.76 
,--.91 
24.72 
25. 1 
o.50 

2.28 
2.44 
2.38 
2.31 
2.31 
2.31 
2.31 
2.40 
2.4,1 
2.39 
2.43 
2.57 

-0.16 
-1.01 
-2.24 
-3.64 
-3.65 
-3.86 
-3.73 
-7.65 
-6.00 
-5.21 
-4.72 
-3.92 

71 
72 
73 
74 
15 
76 
77 
78 
79 
80 
3l 
82 
83 
84 

3.5 
4.0 
e.O 
0.5 
3.5 
2.0 
2.0 
0.5 
o.5 
2.0 
1.5 
1.5 
z .5 
1.0 

-0.31 
-0.66 
-0.5 
-0.68 
-0.91 
-O.E4 
-0.78 
-0.57 
-0.85 
-0.37 
-1.67 
-0.ae 
-0.'5 
-0.82 

30.12U 
jO.24U 
29.CbU 
28.95U 
29.04U 
29.16U 
29..49U 
29.43U 
29.54U 
21).66U 
_3U.04U 
30.306 
30.56L 
30).20U 

26.o2 
u.24 

27.06 
28.45 
26.54 
27.16 
k7. ,% 
28.93 
2y.j4 
27.00 
28.54 
28.8u 
4:8.06 
29.30 

2.5b 
2.54 
2.62 
2.75 
2.7b 
2.o3 
2.66 
2.80 
2.d1 
2.68 
2.76 
2.19 
2.72 
2.84 

-4.39 
-4.97 
-0.23 
0.18 

-0.13 
-0.60 
-1.83 
-1.52 
-1.88 
-2.43 
-3.78 
-4.73 
-5.90 
-4.65 

85 
d6 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

1o0 
li.0 

2.5 
1.5 
1.5 
0.5 
8. 
8.u 
9.0 
6.0 
6.5 
b.5 
6.0 
7.0 
5.0 
2.5 

0.0 
i.5 
2.0 

-1.06 
-0.46 
-0.36 
-0.6C 
-1. CE 
-0.94 
0.0 

-2.3f 
-0.76 
21.5C 
-0.62 
-0.44 
-1.23 
-0.7C 
-1.42 
-0.80 
-0.92 

30.e5U 
29.14U 
29.14U 
29.04U 
29.EU 
29.77U 
29.e5U 
2S..4U 
30.4#U 
3i.C2U 
30.31U 
31.OOU 
.0.31U 
30.46U 
iO.76U 
.0.39U 
30.36U 

2b.15 
27.64 
27.64 
28.5'4 
.:1 o 
21,77 
2U.U5 
25.v4 
23.99 
-4.52 
24.31 
24.00 
25.31 
27.9o 
27.76 
28.89 
28.36 

2.72 
2.68 
2.68 
2.76 
2.10 
2.11 
2.32 
2.32 
2.3Z 
2.i7 
2.35 
2.32 
2.45 
2.71 
2.69 
2.80 
2.75 

-6.21 
-0.51 
-0.50 
-0.13 
-3.29 
-3.67 
-4.25 
-4.06 
-6.62 
-8.98 
-5.69 
-9.07 
-5.46 
-5.53 
-6.75 
-5.07 
-5.02 
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AN=E YABLIE IX-C.-7 (owit inu.a)
NCDE GRJUND 
 FLOW 
 HGL HtA: 
 --- PRESSURE -------


ELEV 
 ELEV NITRS ATM---CK 
 PCT DROP---CK
 
102 5.0 
 -1.24 30.35U 
 5.35 2.45
.103 7.0 -5.60
-1.16 30.-66U Z.68 2.29 
 -7.62
104 
 6.0 -1.32 3C..8U 2'*.t6 2.39105 .0 -7.28-1.4,1 29.55U 22.55 2.18
106 7.0 -2.51-0.54 29.56U 22.56 
 2.18 
 -2.53
107 5.5 -1.16 30.74U 25Z24 2.44 -7.39
LOd 5.5 0.0 
 30.74U - ,zf 2.44 -7.39
109 2.5 
 -0.9s 30.73U 28./J 2.73
11) 2.0 -6.53
-0.52 30.33u d8.33 -4.92
111 
 1.5 -0.97 30.27U 2o.77 

2.74 
2.7a 
 -4.61
112 6.0 
 -0.40 30.73U 24.73 2.39 -7.54113 4.5 -1.16 _'J.42U e5.92 2.51
114 -5.804.0 -1.lc 1.13U 27.13 2.b3 
 -8.53
115 1.5 
 -1.16 30.25U 28.75 2.78 
 -4.54
116 5.5 
 -1.16 31.32u ZS,6Z 2.5U 
 -9.86
117 
 7.0 -0.27 
 30. daU 23.'ib 
 2.27 
 -6.71
118 9.0 
 -1.34 29.54U e0.54 
 1.99 
 -2.71
119 10.0 
 -1.40 29.68U 19.08 1.90123 -3.55
10.0 -1.40 29.S3U 19.93 1.93 
 -4.88
121 5.5 
 0.0 31.51U 
 2o.01 2.52
122 j.5 -10.66
31.5C 31.63U 26.13 
 2.53 
 -11.19
12., 7.0 -0.517 30.CISU 23.99 2.32
124 5.0 -9.03
-0.57 30.99u 12.99 
 2.23
125 3.0 -9.46
0.0 30.99U 2i.99 2.23 
 -9.46
126 IU., 
 0.0 29.93U 19.v3 1.93 -4.88
121 10.0 0.0 29.54U 19.54 
 1.80 
 -2.85
128 10.0 0.0 
 31.32U 21.32 
 2.06 
 -12.19
129 5.5 0.0 31.32u 
 25. r," 2.5U -9.8613J 
 0.5 -32.41b 24.00 26.50 2.76 
 0.00
140 #.5 
 0.0 29.45U 24.95 
 2.42
141 5.5 -1.83
-0,C6 29.81u 24.31 2.35192 -3.46
6.0 
 -0.2E 30.33U 24.33 2.36 -5.77193 
 6.0 -0.17 30.45U 
 4.45 2.37 
 -6.29
280 6.0 
 -0.13 30.C2U 44.0, 
 2.33 
 -'.44
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CHAPTER X FINANCIAL ItEASBILITY 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 Y1. 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 re-ire indebt­
edness. 

Water rates have been developed on the basis that the system

will be financially self-supporting. Capital funds for the recom­
mended plan will be derived by borrowing from international lend­
ing agencies and LWUA. The water rates that have been developed
 
appea: to be within the ability-to-pay of the average householder 
in the water district. The financial analysis includes those re­
venues and disbursement for the proposed construction program from
 
1978-1990 (Immediate Improvements Phase I-A and Phase I-B). 
 All
 
revenues and disbursements shown between 1990 and 2000 are those
 
directly attributable to continued service and expenses occurring

from facilities constructed between 1978 and 1990.
 

B. THE EXISTING SYSTEM 

Personnel
 

As of March 1976, the SIL-WD plantilla consisted of 27 per­
sonnel with key positions already filled up. 
Recent developments

have been directed towards updating its personnel rules and regula­
tions and the adoption of LWUA guidelines in the area of personnel
 
management.
 

Water Rates
 

As of September 1976, the system had a total of 908 service 
connections, of which 248 were metered and 660 were flat rate. 
New water rates were implemented on 1 March, 1977. The new rate
 
structure charges P14.50 for flat rate and P12.50 plus PO.50 for
 
every cubic meter in excess of 10 cum for metered connection. Com­
merciial and industrial users are charged twice these rates. 

Finai cial Statoment 

For the year 1976, SIL-WD had an average monthly operation and 
maintenance expense of roughly P20,000.00 while average monthly gross

income lags behind considerably at approximately P8,500.00. Bigger
losses are expected if allowances are made for depreciation. In 
addition to its revenues from water sales, the district has also 
been receiving subsidy from the city government. As of January 1,
1977, the subsidy was in the amount of ?7,000 per month for 9 months.
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The filn.Tcji1 positiCn is expected to improve with thei continuedsubsidy, the implemn.,ntat1:n of increased water rates and theinstallation of the commercial practices system.
 

Historic fin;ucial recordu have not beenaccountin,- system. Therefove; data 
bnsed on organized 

on the past finances of thepresent system is inadequate to form sound basesjectioni. It for fluture pro­is necessary to make certain assumptions forfinawicial feasibility analysis. the
These are dihcussed later in thischapter. Validity of' these assumptions will be tested as the pro­ject is irnplemenited. 

C. D!TXELOPNI,34T C(*T>i 

The cost estimates of the facilities needed to improve and
exp. nd water services of the water district over the develo;lentplannin,, period are presented in Ch;tpter IX. 0ost estimates of thefacilities are based on the Trojected July 1978 unit prices. 
Project Costs
 

Project costs of facilities recommended for implementation in
Phase 
I-A are summarized on an annual basis in Annex Table X-C-1.
Engineering services for design and construction supervision are
broken down. 
 It has been assumed
services applies 

that 70 percent of the engineeringto surveys and desim andsupervision. 30 percent to constructionDesign costs are shown in the year procedinl; construct­ion. Contirt:encies (15/10 percent) are distributedthe construction period. uniformly duringPoreign exchange componentcost includes of total projectcost of direct and indirect import items, as well as aportion of the engineering costs.
 

Escalation of Cots
 

To account for tLe effects of inflation, capital cost 
estimates
are escalated. 
This has been done year by year on an
basis usin;- escalation item by itemfactors computed
trends and from assumed inflationaryapplied to the basic current cost data as shown in AnnexTable X-C-2. The escalation factors used are basedannual rate on an averageof inflation of 10 percent per8 percert from 1981 

year from 1978 through 1980,to 1985, 
 id 6 percent per year thereafter. Onthe other hand, annual costs and family income are escalated at a rateof 8 percent all throulhout the 23-year study per4 d. These escalationfactors have been assumed to apply equally to the local and foreign
exchange costs. 

D. OPERATION 
 .J MAINTW4A0CE COLTS 
This cost category covc(.d cash expenses required to keep the
system operating and adequately maintained. It
maintenance of assures the continuedthe water district's revenue-producing capacity andprot'iction of its investment. 
 Included in this cost category are:
personnel, powert chemicals, maintenance, rental, and other miscel­laneous expenses which are necessary to run 
'he overall water system.
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Mos~;~t iti, inorca:e in acco,r*Ince i.h thth. uantity of water 
produced.; the number of cu.stomers .served; and the extent to which 
the "ip.-.al plant will b,: operated and maintained. 

TL- ,per-,tiL cotts ,. ;he existing arid future systems are 
pre;n-i cd in ChapLetr IX. 

The following a"e the major potential sources of fnmds which 
can be utilized by tl-e SII.WD: 

O, rat i rk Source 

To the extent that revenues from the oprations of the local 
water di!;trict exceed annual cash recuirements for all other pur­
poses, fLinds can be devoted to financing development costs. As a
practicotl matter, it is highly desirable to finance a significant 
proportion of development costs in this manner in order to reduce
 
the ainntnt that must be borrowed and the associated debt service 
costsc. 

Non-OR,'. 1 t inL So irces 

INon-operating sources of funds for development include 3 basic 
groups:
 

1. 	 Loans - funds may be borrowed by the wter district for 
development. One of LWT.PA's primary functions is lending 
funds for develon;rtint to water districts. From the water 
district's point of view, LV.A is the primary, if not the 
onljr realisLic s'rce funds. borrows foreign. of LIUA both 
currencie. .iCu,] pes;os at varying terms and relends needed 
funds to nator d:i trict ;tccording to the composiLe terms 
needed -to iaipport the blend of debt service t-rms LflA 
itself irwtl roeet. At pror;ejit, L,;IUA's terms inclide: 

Tmimdiate Imnrove:mcntz Loan Phace I-4 and I-B Loan 

Tter,.-st -. rctt -)ea axnum to be 9 percent per ;.'mirm to be 
",,,juted at. I j,-rcc iL per computed m'onth1d at -a per­
,,ih. Init,',,t dI on the cent per hionth froril th: ye;.r
lcc.il c,',a,.m-lnt ic !W:ii.d fol]o-i , the late of dis­
i,ual ]1y. Ir(;,,: i - fm.to- burjement. 

.,iL exCh;4Ii., is calija3ized 
,lurix. co' as~rction. 
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Immed-iate Imp -ovements Loan P'hase I-4 and I-B Lo& 

Total loan outstanding at the
 
end of construction period
 
earns another full year into-.
 
rest before repayment.
 

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

Principal - Amortized equally for 30 years No principal payments due dur­to start ono year after cons- ing construction period (con­structions. 
 struction periods of Stage I 
-

Phases A and B are explained 
in Chapter IX). Principal repay­
ment periods is 30 years less 
the duration of he disbursement 
period* 

2. Charges and Assessments ­ consist of payments made by neb ;ustomersand benefiting property owners for the insts of specific portionsof the facilities being developed. Typically$ such charges aremade for the costs of new construction and water meters and for allor a portion of the costs of new distribution system extensions*
LMUA guidelines suggest that new customers may pay for connectionsand water meters, but currently do not include an assessmentdistribution system for 
costs. For purposes of this analysis, new cus­tomers were assumed to ba paying for the new connections and watermeters on a revolving fund basis. These sources are referred to as"contributions in aid of construction" in accounting terminologyand have the effect of reducing the amounts to be borrowed. Sincemany new customers will not be in a position to pay onneotion fees(or benefit assessment charges) in cash, i will be necessary toprovide financing assistance. Present practice is to allowpayments to be made at . flat monthly rate 

such 
of P5.00 over a period 

of 10 years* 

3. Grants or Credits - LWUA has access to loan funds on concessionary
terms and is thus able to relend funds at rates that are belowmarket rates. 
This in itself is 
a 'credit' available to the
local water district borrower* 
In some countries, the national
government makes outright grants to local water districts in
recognition of the overall national .enefit of having safe andreliable water systems. 
Another approach is for the government
to advance a portion of the funds needed during the early yearsof development at little or no interest to assist the lnoal uti­lity in building its financial capacity. This is another form of'credit' as referred to above. Later, as the revenue base expandsand development expenditures decline, the local utility refunds
such advances as permitted by its cash position* 
At the present
t ma, however, the local water district is expected to 
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undertake its development programs with no equityparticipation by government or assistance other than the 
LWUA loans, 

Reserve Requirements
 

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

F. FWUNS FOR CAPITAL DEVLOPMIT 

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 break­down of projeot costs as escalated and shown in Annex Table X-G-2. 
Depreciable Assets/Depreciation Expenses 

Capital assets aquired each year become subject to depreciationin their first full year of cervica. 
 Thus a pipeline completed in
1978 becomes "depreciable" in 1979. 
 If it has a 50-year life, depre­ciation continues for 50 years and i4 is assumed to be retired in the
51st year. The cost of large facilities that require several yea-rs
to construct is carried as "work-in-process," until completed.
 

Annex Table X-'.-1 shows the water district's assets and depre­ciable value forecasts, the initial purpose of which is to show the
appropriate "depreciable" values for use in calculating replacement

oosts and annual depreciation expenses. 
At the same time, year­end 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-2o 

Revclving Fund for Connect ions 

To assist new customers in financing service connection charges,it is necessary to provide working capital for a revolving fund. Itis proposed that LWUA'o prersent, policy which provides for the coststo be payable at P5.00/month over a 10-year period be increased toP6.83 by 1978 to cover the increased unit price of meters. Net in­flow funds will be required over a period of 10 years to build suffi­cient income to support the annual costs of connections. At some 
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future point, income exceeds annual expenditures and the revolving
fund can be used to refund the earlier advances of working,capital.
 

Annex Table X-F-3 indicates the 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 thesystem in 1981 would be greater than by those who would beconnected to the system in 1978 to account for the esoe.
 
lation 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 inoorporates 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
distritutors are charged thrice the basic price. 
A, defined, a"revenue unit" is an arbitrary unit of measure into which dischargesfrom pipes of various sizes are reduced to a 3/8-inch connection by

the use of conversion factors.
 

Thus, the discharge of a 3/8-inch connection (actually a J-inoh
conn,-a!cn, but regulated by a water meter to give the discharge of
a 3/8-inch connection) is multiplied by 1.0; that of a 
j-inh by 2.5;
that of a i4-inoh by 4; that of a 1-inch by 8; and so forth, to get
the 	total RUs delivered.
 

Two charges are levied on metered connections - the service
charge and the commodity charge. The service charge is the fixed
charge which covers the first 10 cum of water. 
It varies according
to the size of the connection. The commodity charge is payment for
water consumed after the first 10 cum. 
 The unit price is uniform
 
for every size and type of connection.
 

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

G. A14ALYSIS OF WATF, RATS
 

Ability-To-Pay Issue 

Presidential Decree No. 198 stiplblates that water districts
 
must be financially self-sufficient. 
 In the past, most water systems
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.~u~ icio.nt 	 Cover even
"'. ti - ... v1ti1n a,,i rantonance exylenses due to various facLorZ;V


liciLk.diig poor ochev)LC;i31 defective collection syucim and .in1­
adelUait ,.'c:: 


hU~exs1*y ~dt~to .'o~r.t .ti rev(exi-uv.:I to 

,rr promo.tion. The iiajor rea:son for insuffioient rove--
nueI,)uJ,'v '-, i .: thUt certain c1nsui110r%; b..ijl served by thf water 

izo-I.2iC1.LV!, 'Ilcuh low irCOI:iOs and hence, are n0-! in a financial 
1::ozitioi: .xty -11o full. costs of the system. TiL,erefore, before awat:-V :;L". -im. ovd(I and epanded, the ability-o-pr of the popu­
i.i io- t...eted to be scTved must firmt be i.4scertaiiie(l. 

Sin(.( water districts arc not expected to be extended govern­
:,)unt sid:.- .]y, this ha.- si-iiificantly simplified th(- analysis of the
fact .r z ,.-cLing ability-to-pay. Tho fuctors tha±t affect Wbility­
|o-pay av. the annual if: aine of families covered by the water dis­
trict ;,1.1 the percentage of their income allocated to water supply. 

I. >-:-,-rh 1975t an informal survey was conducted among Water
District GOneral. Managers to help gather data needed fo±' the ability­
to-paxy stidies. Questionnaires were distributed to 15 water districts 
coverin(g provincial areas that differed in size, location and economic 
condit ion.. 

The a!,swers given by the general managers of the 15 water dis­
tricts are stunmarizcd as follows: 

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

2) 	 Water consiumers generally accepted the increase after some 
explanations justifying it. Only- five received formal 
complaints about the increased rates while eight received 
formal complaints about the poor quality of water supply. 

3) 	 Ten had difficulty in the collection of water bills primarily
due to dissatisfaction of consurmes 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 avera" households.
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A formal survey was conducted in April and May, 1975 in the city
of Lipa and the ciunicipality of Tanntuan. These pl~d 't ard'as were 
selected beoaus- (a) they are at pretnent experiencing water supply
problems, (b) the income level of their faiilies is similar to that 
of the national income figure, and (o) they are .ear Manila, only
about 2 hours away by bhe. 

The survey covered 556 families, classified into 4 income groupe
Approcimately 28 perdni came from tho low-income ollass (belov P220/
month); 55 percent xrom the nliddle-inconme group ( 12:1-750); "12 percent
from the upper middle income class (V751-41,500); and 5 percent from 
the high-income group (above ?1,500)o
 

The table below prcsents the higliights and petinent findings
 
of the survey:
 

ESTIMATED ABILTIT-TPO-PAY BY INCOME GROUPING 

Weighted
 
Average
 

Above

Income Group ?220 221-750 1751-1,500 P1,500

% Distribution 28% 55% 
 12% 5%
 

Probable Ability­
to-Pay on Basis
 
of Impr d
 
Serviceir P13.50 
 24.50 ?37.00 P67.50 P25.00/mo 
Estimated Average

Income 
 2220 ?660 P1,000 P2,700 P680/house­

hold 
Ability-to-Pay 
Divided by
 
Average income 6.1% 3.7% 3.7% 
 2.5% 3.7% 

The foregoing table indicates uhat the low-income group may be

able to pay a m'riinmum of P13.50 a nionth for water (about *,, percent
of their average, income). In the extreme end, the high-: uc.' group
may be able to Pay a maximum of P67.50 a month for wate3 ' 2,5

percent of their average income). This disparity in thL .ntage
of income allocated to water by the 2 income groups mav we.L be the
 
best argument of those advocating u socialized price structure. 

The probable maximum abi] 4 ty-to-pay of the pilot ares average
household is about P25.00 per month. 

/This figuire 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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I: the Survey of households Bulletin Series No. ?4, published
 
July 1973 by th- NCS0 1 Manil.t (pap 3,- Table 5), th" followinZ data
 
axe givell 

Total 
F_ ilioes 

Total 
Urban 

Manila Other 
and Urban 

Suburbs areaa Rural 

Median Family Annual 
Income, Pesos ?2,454 ?3,972 ?5,202 ?3,650 P1,954 

Size of 2Snmple, 
Ftnilieis 6,347 1,913 525 1,388 4,434 

The above data ara for the 12-month period May 1970 to April 
1971, more or less. The figure for "other urban azas". P3,650 
median family annual income, may approximate, or may be a little 
less, than the median family income at the areas served with piped
 
water. Ae the figures cited above show, in general, people in urban
 
areas tend to be finams ially better off than people in rural areas. 
The teri "urban areas" includes all urban areas in the country, in 
general, most urban area of the city or munioipality. The inhabitants 
of the central urban areas are expected to be somewhat wealthier that
 
the other areas of the oity or municipality.
 

By July 1976, the annual income for "other urban areas" cited
 
above, esaalated at 10 percent per year, would be about P6,200/year.
 

The report, "The Filipino Family, Cowmunity, and Vation" by 
&,ma Porio, Fraaki Lynoh and Mary R. Hollnsteiner p,-blished by the 
Institute of Philippino Culture of Ateneo de Manila University in 
April 1975, cites in Table A9, page 99 the results of a suivey in 
April 1974. The families surveyed wsre distributed among 15 urban 
area, and included 373 families in Metro Manila. Excluding the 
families in Metro Manila, mean monthly inoome of the remaining 1, 599 
families waa ?572, or P6,864 per year. Escalating this income at an 
annual rate of 10 peront, by 1 July 1976, it would be an income of 
about P8,510 per year. These 14 urban areas are among the more urban­
ized in the country. They included, for instanoe, only 3 municipali­
ties, the other eleven being classified as cities. The median popu­
lation of the 14 urban areas in the 1970 census was about 70,000. 

Based on these data, the mean family income of the people re­
siding in the water service areas of the communities whose water
 
systems are proposed to be improved might be, by I July 1976, some­
what between the P6,200 per year (developed from the 1970/71 data of 
the NCSO) and the Pn,510 per year (developed from the data of Porio, 
Lynch and Hollnsteiner). For lack of other data, the average water­
using family may ha%3 an income of about P7,900 during 1976 (or 
F660 per month, which is close to the Lips household survey). This 
is equivalent to an annual income of $1,000 for a family of six or 
seven, 
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Initial Rate eterminatlor. 

Severla trials waar'e made to oio up woth "revenue unit" (RU)

prices thlt can be tusec for a period of several i;. J_ good

practice for the water diatra1ot to adjuz-t prices tv"ry y ears or
 
so, instead of anual].
 

3ased on the trialo mac;t the water -,en entnbl.ihed are as
 
folIo ws:
 

1978-1980 0.80
1981I-1983 1 20 
1984.-1986 
 1.50
 
1987-1991 1.70
 
1992-1996A 1.80
 
1997- 000 2.00 

The first step of ?O.80,'RU was selected as an intermediate rate.in anticipation of the second step (?1,20/RU) which is indicative of
 
the required cost to make the system financially viable. The rate
 
of P1.20/RU in 1982 oont 3evels is equivalent to 2O.82 in 1978 prices

(based on 10 peroent discount rate). Likewise P1.50/RU in 1985 is
 
equivalent to P0.77 in 1978 prices.
 

FeasibilitLof Charges 

The question of feasibility is a matter of analyzing whether or
 
not the customers of the water district 
are able to pay the required

charges both now and in the future in order to obtain safe and re­
liable water seirvices, Inasmuch as the proposed water rates repre­
sent the "mean", determination 
 has been made for that group of house­
holds whose income (P700/mo) also represents the "mean"., Probtyle 
use of ater by thin group was olaulated at 24 cum per month.:/
For present purposes, the study covers consumers with 1/2-inch
connections inasmuch an they comprise the bulk oi" the domestic/govern­
ment conoumer. Workiag back, the 1979 rate of MO,70 pur revenue 
unit will yield a monthly servioe oharge of P17.50. Tho commodity 

*The rftee from 1990 to 2000 cover only expenses of debt service 
and operation and maintenanoe costs inourred for facilities constructed 
up to 1990. Water rates from 19' 1'- 2000 would be highor if the SIL-WD 
continued to construct additional facilities from 1990 to 2000.
 

s/Frobable use of water by incume groupe: 

Inrnome Below Upper Weighted
Croupin, age
erj Middle High Mean 

Probable Water 
Use (cuin/mo) 16 24 32 44 23,7 
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cha'O -.-. mm c'.:.1innvi A.,r ii 80 (" 70 x ... I" s ly

connuated customers wh, av, of the (-ye,--r install-merit plaIn,

monthly c.!--Ji tm'u !u' watc. will, inzease by ?6.bi'. to zccozml;
 
for tic :'1r.-.c onn, c, .of c' rge S both iatcr an household
 
incomes lncr(. ,is) oach -,r, the imflyct c the instail;,e-: chiarge
 
on the pat tern the will decline over the
ofe'idit'eof hcaieljold 

10-year , ,.-ou o pati;,nt. %of estimated impact of the increased
 
rates a116 conrectior cf'rges on howisehold patteris is shown below
 
for the iid-poiit of e.(;h rAe block, 

Iq182 1985 10A1989 1998 

Esoalated irncomo of
 
household earning
 
P700/mo in 1976
 
(8 per year' 880 1,110 1,400 1,900 2,800 3,520
 

Expendit-m-e for 24 cure
 
water consuiption­
service charge
 
(first 10 owl) 20,00 30,00 37.50 42.50 45.00 
 50.00
 

Commodity charge
(Rate/rU x 14 cum) 11.20 16..80 21.00 23.80 25.20 28.00 

Income allocation to 
water Cor existing
consumer.* (1) 3.5 4.2 4.2 3.5 2.5 2.2 

Comnectio,, charge for 
New custcIners 
(P6.83/mo in 1978) 7.51 9.63 12.13 15.31 20.48 25.85
 

Income allocation 
to ater for new 
cuStomS t's 4.4 5-1 5.0 4. 3.2 2.9 

Since the mid-point ol t he .eriod wao selected for com.a:rison, it 
should be noted that the prof)ortions shown would b;. sl-, ;]htly higher
in the year preceding the mid.-point and lower in the succeeding year 
of each rate block. 

In the example sh.wn alove, t)e proyiortionb oi the hou,;ehold in.­
come requlred f-r watoi services (except in 1982 and 19,35 which are 
the crucial years) are considored w;ithij the limit of the ability-t­
pay stutlie; doxe in LJifa City whet' willJit 'o.s to pay fees for improved
services mas found to be alont 3.7 percent of the household income. 
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n t],, final ai-aI::is, i" a3Jy .,iti~ic,.nt i;x::-'I)Ve,.It 'i: to
be achieved in the scope and quality of public water service andif the reunirenent for cummercially viable and financially self­
sUpport " :,iater is be raint ii-ed, T'oudinricts to as.. of water
custome,,'r; will have to pay-subsLrA ,ially h.,Jer -,.g...{or wteor

services 
 than they have paid in the past. 

Socialized Water Rates 

A policy guideline in the structuring of water rate charges

is that they must be ruasonable and realistic. 
Sinoe water is aprime comm,.odity both for the poor and the rich, the socialized rate may be doterrnined such that a greater financial burden is carried b,those who can afford (but not to the point that it becomes oppressive
 
to them).
 

li the pi ceding sections, specific rates establisied meet the
cash requirements for improved system atan and thu same time fall

within the average consumer'u ability-to-pay. Under this scheme,

the co,-st 
 for the first 10 camn consumed i;3 r20.OO and the subsequen tconsnum tio ,, 1O.80/cum. Thus the monthly rates for the Collowing
 
water cersumt ion will be:
 

16 
 24.80
 
18 
 26.40
 
20 
 28.00
 
22 
 29.60
 
24 
 31.20
 
30 
 36.00
 
32 
 37.60
 
44 
 47.20
 

The e.timated imp.ct on the averago income household (assumedto have ,.!r.}.]y 1976 income of P660) and the below average income
hous.,olMd (to sumc to ve an adjusted monthly 1976 income of ?300)
is as i'uIowfis 

Percent of Inoate
Projectld 1979 Monlt]ittl.y Usae Cost of Allooated

Inccmf._ L-,"ve Month.! Income of Water atnr/mo to Water 

Below Av.:r',-Te P.3 16 cum 81,80 6.5Aver-,. (.o'.O 24 cum, . 20 3.8 

Vor '-inch coxnoction ioie,;-t.ic ca;,aIjc, tio, 
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:z[,):',cc0.e ,,"r ;.hle show, that ti,,e financiz ]±ddc-i to th 
below ave%,'.-"eincome jrroup is heavy. 

A :0 2 r-! (.- !- a'l trimtivc hu.,- bof'r, io~f to re­
3.icv }.1 (jocil"COIT; ";(v(Is of the ;,ih fi: ii:I . with
x -tt-r 
the 1'ol u-,ij:;,, rate -.Lructure: 

firuL cil;;:
:'ror IT-.24 cu:1'/r o ZAI .,:;ic:.: 

fron. 25 or more cuvvn/o at 2.75/c-un 

The reultin- fo:nti ly ratv for the V;riouuwtr -":ages will 
be: 

16 14.40 

18 18.30 
20 22.20 
22 26.10 
24 30.00 
30 46.50 
32 52.00 
44 85.00 

The correspondi ig impact on the various income level is as 
follows: 

Income Lcvel 
Projected 1979 
Monthly icome 

Monthly Usage 
of Water 

Cout of 
Wateri 

Nroent of Inox, 
Allocated 
to Water 

Below AvP're 1 3P0 16 o-wn ?14.40 3,8 
&.verae 830 24 cmun 30.00 3.6
 
Jpper MidIle 1,260 32 cuim 52.00 4.1 
High 2,910 44 culn 85.00 2.9 

Phe ccci.r.. tablo shi,;; thj;- -r;ross the iicome profile of the 
c l, ih ,cnthL2,"costs :':.rinFrom 2.) - 4.1 perce-t of house­
bold i.iico;'. 

Revenue iorecatst:
 

E t;. :teJi ;tur,: levels of incooe from water :;alcs are shoWn in 
Annex T;,i X-11-1. 
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Sevxoral tri:ds have been conducted in developing -the fore­
finamcial of thecasts off taLemertF SI1,-..nh. Theije st:,-enenrtIhaseU *r, -[i, J'lowi ]:,O maJr U) ,,, a : 

aro
j t'sm 

1. Re.:ervw Fund: 3 pe-cent of sales for 1978-19-)o; 6 .ercent 
ior ' 3-1l9.; and 0 percent for 1996--20.)0. 

2. c'1Litill . ),ercenl of grco:.;s reveucj rcqi,.irc;i: nts 
For the fir::t year ,f a new rate application, and I percent
for the secon,; and third years.

3. Ancounts Receivable: equiv;lent to 3 months of salec.
4. io:,co rtci Payd-lol: eqviivaleni to 2 rmoiith,: of operating 

o vpenflr:. 

Exterrl Por'owing Reqired 

An.n. Table X-J-I showi, a uilmnary of' the exterilal bor.'owing

required6 znd the annual debt servicin3 of' the loans. Two separate

analyses were made for the immediate improvement loan and the
Phases !-A and I-B loans to comply with prevailin,,; L +erms.tA 

Borrownr, .ill start in 1978 and continue through 1990. The

immediate improvement loan (1978-1981) will amount P6.437
to million,
The Pha-,, I-A loan will cover the 8-year period 1978-85 inclusive
'aid will armount to 2*14.631 million. The Phase 1-]3 loan will cover 
the 5-year period 1986-90 incrlusive and will be abou+. P15.181 million. 

The imr.nediate improvement loan of r6.437 million consists of

r5o590 illion in eacalated capital expenditures (see Tble X-C-2)

anl .P.O.P47 million capitalized interest. 
 The Phase I loan of P14.631
million in 1978 and ?15.181 million in 1986 inolude esoalated oapital
erpenditures (see Table X-4-2) less revenues from the servioe o~neo­
tion revolving fund (se00 Thle X--3). 

Prol ,': llJ!- S t erentI 

Anne;: '!ble X-H-2 showi the net income (lose) on a yearly basis. 
Vet lo;: ii !- r,;cast-d in IOO and 1983. 

.irCPW cum:l,.tiveA:et would :show positive values if fifteen 
-of the "tucy-t u-.V,', i oriod. 

0t}.,r rt;l:t-d (1-.: :c:. an it:r pr fhiction, water sales, un­

acconti- .or-*w~t or :;i: rate of return based on let fk'iXed asset in 
~ opera-q m :,e , [Io pr - :ented i:n th.. table. 

CachP taern~ 

'J'C1. 016 '!rovide; aii of the adequacylw;.n tLatun't i'dication 

,
of' Work.,t oeqit'l. Tt, is rot enurali,, sufficieni to cover cash 
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outlays with revenues because of the tendency of cash reoeipts

to lag behind cash outlays. In general, 
 an expanding organizationwith an active capital development program and increasing level of
activities will require similarly increasing quantities of working

capital.
 

Annex Table X-J-3 presents the annual projected "Sources and Appli­cation of Funds." Potentia2 net deoreasec are expected in the year

1978, 1983, 1997 and 2000. 
By 2000, positive net cumulative cash
balance will be P22.478 million even if "cash at the beginning of
1978" has been assumed equal to zero. 

Other Financial Statements
 

Appendix Table X-H-4 presents the "Projected Balance Sheet"which shows the projected fixed and current assets, 
liabilities and
equity of the water district from '976 to 2000.
 

Rate of Return 

Discount rate of return on total investments (Annex 
' ableL-H-5) m-asures the true efficiency of ; bilizing investments on theproject from a broader perspective. 
 Taken from a different pers­pective, it measures the effective utilization of total investmentsemployed in the project. It shows what the compounded growth ofinvestment within the project cycle would be based on the interplayof cash outflows and the resulting inflows from such investment.
 

Net asset salvage value of P4.370 million is added to rat 
c,&sh
inflow in the year 2000. 
This is done based on the assumption thatthe 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 unrecoverad
investments. 
 In the SIL-WD, the rate of return, with the assumptions
made, is estimated to '-q 9.14 percent.
 

I. FINANCIAL RECOMENATIONS 

1. 
The water district should establish a revolving fund to assist
 new customers in financing service connection charges.
 
2. The proposed water rates (for domestic consumers) to effectself-sufficiency are a- follows:
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Period Water Rate(P RU)
 

1978-1980 0.80
 
1981-1983 
 1.20 
1984-1986 
 1.50 
1987-1991 
 170
 
1992-1996* 1.80 
1997-20O* 2.00 

It is recommended, however, that in the implementation of
 
these rates, the water districts follow the socialized pricing

approach which will generate the same amount of income to meet
 
its rervirements.
 

3. The recommended plan for the first construction phase

(Phase I-A) of SIL-WD is financially feasible. Borrowing

for that period would be ?14.631 million.
 

External borrowing would still be necessary for the
 
Phase I-B period.
 

WThese rates are reoomuended to cover expenses incarred by
implementing and operating facilities included in the Smediate
 
Improvement Program and Phases -A and I-B only. 

x-16
 



ANNEX X-C 

DEVELOPRIN I COSTS 



ANNEX TABLE I-C-I 

PROJECT COST OF PECOMNED PROGRAM 

SILAY WA' - DISTRICT 
WITHOtrr E-CALA&TIOF 

(P z 1000) 

Item 1978 1275 198 1981 1982 98 12 12 198 197 1989 1990 Total 

3ource Facilities 

Storage Facilities 
Distribu-tin Fipelines 
Internal Network 
Fire Hdran.s 
Service Connection 

FlumbinC Shop 

Immediate Improvements 

Feasibility Studies -/ 

a) Equipment 
b) Wells 

a) Pipes 
b) eters 
a) Equipment 
b) Structure 
a) Source Facilities 

b) Distribution Pipelines 
c) .ministration Building 

d) Vehic.es 
e) Service Confection 

f) Leakage Survey and Ibpair 

) Miscellaneous Items 

1. Equipment 
2. Structure 

1. Equipment 
2. Struc ture 

1. Pipes 
2. Meters 
1. Labor 
2. Equipment 

7 
21 
26 
51 
7 
5 

20 
7 

-
4 

204 
102 

1,125 
2 

14 
-

459 
230 

56 
5 

24 
52 

19 
61 
79 

151 
19 
13 
58 
20 
1 

i0 

991 
69 

405 
69 

417 
209 
55 

5 

989 
-

-
-

417 
209 

212 

989 
151 
1)3 
457 
157 
31 

406 

382 
1,211 
1,550 
988 
151 
103 
457 
157 

151 
103 
457 
157 

151 
103 
457 
157 

52 382 
165 1,210 

123 903 
186 210 
114 61 
529 414 
186 157 

903 
210 
61 

414 
157 

191 
605 

210 
61 

414 
151 

210 
61 

414 
157 

191 
605 

208 
61 

414 
159 

1,224 
3,878 
1,655 
5,097 
1,864 

849 
4,505 
1,628 

32 
420 
204 
102 

2,116 
71 

419 
69 

1,293 
'48 
ill 

10 
24 
264 

Land 
Sub-total/2 2,421 

115 
2,651 1,827 2,294 4,999 

25 
868 868 1,355 3,337 

1 
1,745 1,638 842 1,638 26,483 

141 

Total Project Cost - / 2,536 2,651 1A52 2,294 4,999 868 868 1,355 3,338 1,745 1,638 842 ',638 26,624 

!/Computed at approximately 1' of the total project cost. 
2/Includes design (first year of each major segment of development), supervision of construction 

uniformly during the period of construction. 
I/Does not include interest d:urinC constr-ction. For calculated interest see Table -­H-l. 

and onetingencies spread 
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ANNEX TABLE X-,C-?
 

FFJJEZ'? COST CF RCO0)7DE RO..a
 
.SILATCITY WAT= DIS ICT 

WITH ESCALATION 

(P x I000) 

tem~ 1978 19802 192- 1981 '19-82 198 24 1985 1986 1987 1988 1989 199 Total 
Escalation ?actor 1.90O 1.000 1.210 1.307 1,.412 1.525 1.647 1.779 1.886 1.999 2.119 2.246 2.381 

Source F.acilities 
a) Euipment 
b) Wells 

S-orage Facilities 
Distributior, Pinelines 
internal :et.:ork 
Fire 7ydrants 
Ser--ice Connectior. 

7 
21 
26 
51 
7 
5 

21 
57 
S6 

166 
21 
14 

1,197 

-

1,293 
197 
135 

539 
1,710 
2,159 
1,395 

213 
145 

230 
157 

249 
170 

93 
294 

219 
331 
203 

720 
2,282 

1,703 
396 
115 

1,805 
420 
122 . 

4-: 
1,282 

445 
129 

.472 
137 

=55 
1,41 

-795 
145 

3,240 
7,0s7 
2,301 
7,829 
3, 76 
1,477 

a) Pipes 
b) .,:eters 

luh. Sh:op 

20 
7 

64 
22 

597 
205 

545 
222 

697 
239 

753 
259 

941 
331 

7.1 
296 

P22 
314 

277 
333 

:930 
353 

:-0 
379 

,119 
2,360 

a) .ui-ment - 1 41 -'2 
b) Str'c-ire 4 11 531 

I-e-diate Throver-en.­
a) 6,-urce .-ci>":_z!) ESq ip:.en-t 204 224 

b) 
2) Structure 
Diz---:butio-. Pi;'elir:. 

102 
1,125 ';90 

102 
2,215 

c) A"4-!inistration 
I? z quipmert 

Build lr 
2 76 78 

2) Structure 
d) Vehicle 

14 
-

446 
76 

460 
76 

e) Service Connection 
1) Piper 
2) leters 

459 
230 

459 
230 

505 
253 

1,423 
713 

f) Leakage Survey A :1.: irs 
1) 
2) 

Labor 
E: Iprr.ent 

56 
5 

61 
6 

117 
11 

) :isce:-anecus It- 24 24 
Feasibility Studies 52 257 309 

Sub-Total 2,421 2,917 2,212 2,999 7,058 1,323 1,431 2,412 6,293 3,489 3,471 1,8923,901 41.,:19 
Land 115 30 *2 147 
Total Pr-cect Coat 2,536 2,317 2,242 2,999 7,058 1,323 1,431 2,412 6,295 3,489 3,471 1,892 3,901 41,966 
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ANNEX X-P
 

FUNDS FOR CAPITAL DE VELOPIMNT 



m tw 1i-Ao 

iami~m i i i~ .~aF x 100) 
1. ASMY A If ygW W 

Somme rollit" M]uilmtnt 7 21 539 93 720 4Nit-
 21 67 1710 294 2282 1282 
455 

StorM tios 26 86 2169 1441nl. 
3Dtr t 
 anPi e ns 51 166 1197 139
1 i3
Ztezu Network 219 1703 18057 21 ­pit. %dua .37 213 230 249 33" 396 420 445 472 4955 14 - 135 145 157 170 203 115 122 129Service Commatio a pipe 137 14520 64 - 597 645 697 75- 941 781 W 877 930 986lters 7 22 - 205 222 239 259 331 296 314 333 353 379flub&M SoP E)qUuiman I - 41sb
Btr.ott. 4 11 - 531Xmediae Ispreva *U-, SOMs holitSiet 

1. 3ftipmt 204 
2. Strwuctu 102
 

b3 Distributio Pipelne 1125 100
 

1. Eqimet 2 76
2. Structuxe 14 446: Tobel, - 764Se omie Connection 
1. Pips 459 459 50 
2. Mters 230 230 253
 

tj looks"e &=ve ad Repoirs
1. IAbor 56 61
 
2. Iquipet 5 6


g) ]iioeillaeous Ites 
 24Peasibilitr Stem.s mu 52 257top set 
 = 1o"ti- Equipent
Seri.e *m -matim Meter .79- 1368
 
P11amt c shop - r-uiat st 590 628 66. 530 562 596 632 678

d) Waiatrtion bdldiz - Euipent 15105 
Tamales. 207

aka" 9Ies aid Repair. - l z nt 130 15294 mt In 14 15 
68Tetal Asets AMd Ity Year-Cmd 2421 2917 2212 2999 7058 1323 1431 2412 6423 3489 3471 189 3901 - - 1447 850 666 635 1930 596 632 972nX. mmciim vALms 

lhrtLn5 Faciities 3185 3185 3057 3010 2963 16 1620 1571tori reailitie 1571 1461 1461 1461 1351 1351 1351 1351- 26 112 112 112 2301 1351 1351 1351 1351 1351 1351 1351Diortr tiom Pipallu-. 230 2301 2301 2301 2301 2301 2301 2301 2301 2301 2301- 1176 2432 3629 4922 6317 6317 2301 2301 2301 2301 2301 2101Ztor Network -
6317 6536 8239 10044 10044 10044 10044 10044 1044 10044 10044 10044 107 28 28 25 438 668 917 4 044 10044 10044PWrx 1248 1644 2064 2r09tz, a - 5 19 19 154 9 436 626 9 44 0 6 6 1 

2961 3476 3476 3476 3476 3476 .3476 3476 3476 3476 3476Serew Onsmelaw--- tpe 829 135 1332 1477 1477479 ION 157 2104 2749 3446 1477 1477 U771477 1 1477 14774199 5140 3921VIlMa 6749 72 856 42hp. -kr tu, - 4 15 15 3542 P42 3542 9542 2S9542 95142 542 9542546 546 5046 546as vim g - trastuer 546 546 46 546 46 546- 14 460 460 460 460 460 54M6 546 546 546 546 546 5461 =A Iimj.e - lmiber 460 460 460 460 460 460 460 54656 17 117 117 117 117 460 460 460 460 460 460 460 460117 117 117 117 117 17 117 117 17 117 117 
460

117 117 117 117 117tAr e Ute 3185 452 "242 Oft? I403 141 151 17054 6748 21633 24NO 26"9 27688 "9314 29314 29314 29314 29314 29314 2%14 2"314 29314 29314 



TBIlZ I-P-1 (Conn=~)
 

AsSM AI 1PczIn fiuL POEXZCA....
 
S LAT WAM D1377-= 

(P x 1000) 

-. arm Service LifeFeanibility Studies 

Total 30 Tears Life 

C. 25 "farwSerrice Life
"-i iing Facillies 
".ovr-e ? -ilities - Structure 
Source Facilities -; el1 . 

Total 2' ;.ea Life 

D. -, :aa-c Ser-ice LifeL,:a Facilitties 
%.i r jF iite11 
Sou--.. Facilities - qui ent 
Service C,.inect: -n - Yters 
Plumbini Shop - iquipment 
,Ae-iistration, : '.a - -

.eakaeSurv-y and -.a 
Aisce -;.is Ite=s 

To'a 15 Teairs Life 

E. 7 Tears Service LifeVehicle 

Total 7 Team fe 

- e.-
.. r A 

-

1976 

-

-

149 
-

-

149 

114 

-
-
-
-
-

114 

-

-

I= 

52 

52 

149 
102 
21 

272 

114
11 
211 
237 
-

2 
5 

24 

593 

-

-

128 

52 

149 
102 
88 

339 

.... 
-
232 
489 

1 
78 
11 
2. 

-35 

76 

76 

19B1 

309 

juY 

149 
102 
88 

339 

-
232 
742 

1 
78 
11 

24 

.,,o8 

76 

76 

192 

3 

309 

149 
102 
88 

339 

-
232 
9.7 

"2 
78 
11 
24 

133.4 

76 

76 

= 196 198 

3093 093 09 

309 309 309 

- - -
102 102 102 

1798 1798 1798 

1900 1900 191O 

- - -
771 771 771 

1169 1408 1667 
42 42 42 
- 78 78 
11 11 11 
24 24 24 

2095 2334 2593 

76 75 76 

76 76 76 

1986 IQ87 

3093 09 

309 3O 

- -
102 02 

2092 4374 

2194 4476 

- -
864 1564 

-998 2294 
42 42 
78 78 
11 11 
24 24 

3017 40"3 

76 130 

76 130 

198 

309 

. 

102 
4374 

4476 

-
1584 
260 

d2 
-
11 
24 

4.47 

"30 

13C 

1Q89 1 

309 309 

- knQ 

0 02202 
5656 5656 

5758 5758 

- -
1989 1989 
2941 3294 

42 4Z 
7e -78 
11 i 
2z 24 

5085 543" 

130 130 

130 130 

9 a 

309 

309 

7097 

7,199 

-
2z44 
3;-3 

12 
'5 

1 
. 

6212 

130 

130 

:Z2101_X 

3C 509 309 

339 -9 309 

" " 2 102 
7C_ '797 7097 

'3 719; '199 

- - -
24j4 244 2812 
36 -.­3 4026 

4e 42 42 
78 75 76 
11 1 i0 

2Z 68 

6272 c 2 7344 

130 130 196 

130 i0 196 

j 1996 I9LO-

309 -309 3CCS 

309 r09 3c' 

102 102 102 
7097 709? 7097 

7199 7199 7199 

- - -
2791 2791 2791 
4402 4:5 3140 

41 41 1 " t 
207 7 -
29 29 29 
68 68 68 

-531E ;-! 8340 

196 196 196 

196 IX 196 

5' 2 000?. 

30q 09 09 

30? 309 309 

102 .. 2 1-2 
-397 7097 7C07 

7199 7199 7199 

- -
3620 3620 3,:20 
5480 5837 6210 

105 105 105 
207 207 207 
25 -9 29 
68 68 68 

9-9 ._66 102S, 

1.96 1X 1.L6 

196 "96 96 

:--
T'C:,C 

L 

.. AL 

-:iAB'. VAL:3S 
R3M VAL' ,? ASSE5- zM H.. 

BC-: VALJE:CF. CiFp:. ASS-

3448 
5869 

115 

84 

5369 
8786 

115 

8901 

8544 
10ICE 

145 

10901 

10709 13661 19292 20550 
13706 20719 20615 21-21 

145 145 145 145 

1 853 2 4 20760 22126 

21932 
24344 

145 

24439 

24344 
30767 

147 

30914 

30581 
34070 

147 

34217 

3407C 
37541 

147 

3768 

!'-_ 19323 43224 
33 43224 43224 

"47 '4! 147 

39580 43371 43- , 

43224 43. '? -'0.Z -3'6 e4969 4A58 
4322, 4.: ' 44912' 45222 45S' 4728.8 

147 .47 147 14- 147 147 

43371 4.461E 45059 .;¢ 4575" "-' 

46527 
.­ 23 

-27C 

46884 
47516 

147 

"' 

415" 
48229 

:43 

X-F-2
 



A::!at.T- LE -F-

SC1mLT LB oF DFRDCIoI EFNs~s
 
SILAY WATER DIZTRICT
 

(r x 1000) 

Total Accumulated Net
nnuaI DerecitionAccumulated
Snnual DepreciaioService Life Book Value of AssetsCategor. Depreciatin Prior DepreciationYe7 0 Years 30 Years 25 Years Retired During the Year15 Years 7Yea Expenses Year Year50 Years 25 Years 15 Years 7 Years Total End
 

197 64 ­ 6 8 - 78 2,2151979 99 
 2 11 40 - 2,293152 2,293
1980 145 14 56 2,4452 11 228 2,445 1281981 114
178 10 14 73 242 2,431
11 286 2,431 47
1982 232 14 89 47 2,670
10 11 356 2,670
1983 298 10 47
76 140 I 47 2,979

1984 319 535 2,979 1,278 149
10 76 156 1,427 2,O 7
11 572 2,087 65
1985 341 
 10 76 173 11 65 2,594
611 2,594 49
1986 375 10 88 A9 3,156
1987 433 11
in 179 

201 685 3,156269 19 
 910 3,841 110
1988 496 10 76 186 4,565
179 290 

1989 

19 994 4,565

525 10 55
230 339 19 
 1,123 5,559
1990 554 
 10 230 5,559
363 19 1,176 6,682 1 6,682
110
1991 586 
 10 288 418 19 110 7,748
1,321 7,748


1992 586 1,069
10 288 418 19 1,321 9,069
1993 586 10 19069
288 418 19 
 1,321 109,390
1994 5e6 10,390
10 288 470 28 1,382 11,711 11,711
1995 536 47910 288 503 28 130 609 12,4841,415 12,484
1996 586 10 288 356 356530 28 13,543
1,442 13,543
1997 586 10 253
288 556 253 14,732
28 1,468 14,732
1998 246
586 10 288 634 246 15,954
28 1,546 15,954
1995 586 10 761288 658 28 1,570 761 16,73916,739
2000 586 23910 288 683 28 239 18,0701,595 18,070 
 239 
 259 19,406
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A *n TA3 - Z-F-3 
;CRKX'G CAPITAL REUIZt-RM-,TS 

POR P.EVCLVr "T?t-D FOR LXEW CO ITqCTIO;S 
SILAY C171 WAT DISTRICT 

Year 

1, I 
1.'-2 

3 
::4 

1757 

.-

1791 
1;2

1993 

1994 

1955 
1996 
1997 

1999 
2o0X 

:'.ber of 
umber of Lnstall-ent 

- ew Plan 
Ccn.r.ectiors Added 

•.-]o 6 
511 

511 307 
£13 366 
613 36E 
-13 3 5 
613 356 
"13 
- : 
513 3-8 
i13 
6613 368 

11313 
0 c 

I 

1 
i 

198368 

4 . cctu.alated inyst-ll.-nt 

2/7a:e!r o the as3um-ticn 

be-to4' nercent 
L/. i ount to be Mhouldered 

Total r x 
Y:mber of Paying Monthly
Installment 'orthly Tnstallrent Lump Si,--

Plan Instailmen; Plan, P Incre it Incremer-. Payment.s / 

Paid (Cumzlativ-,2 Joaisted) Added- Deduated$ (Escalated) 

0 306 6.83 25 0 129 
107613 7.51 28 142 

320 0.26 30 1561,288 3.92 39 1 203 
1,656 9.63 43 219 
2,024 10.40 46 237 
2,392 11.23 50 256 
2,7- 12.13 54 276 
3,128 12.36 57 293 
3,496 13.63 60 P 310

153 3,711 14.45 64 13 329
307 3,772 15.31 68 27 348 
337 3,533 16.23 72 29 369 
338 3,495 17.20 0 35 0 
368 3,127 18.23 1 41368 2,759 19.32 1 45 

368 2,391 20.48 48 
368 2,023 21.71 52 
368 1,655 23.01 56 
368 1,287 24.39 59 

919 25.85 I62
3" 551 27.40 66 
368 183 29.04 70 

z - :n+.ts are c 'Ja-lted on the basis of 100 percent incremental additions 

that installment pl x- will be raid back it ten years. 

of construction cost. 
by the custoners which is : 2/3 of pipes + meters. 

1000 

Installment A'.ual Wiorking
Payments Total Construc- capital 

i ation Ccstd Required 

13 142 323 11 
39 181 355 174 
68 22- 391 t6103 306 507 201) 

144 363 548 185 
188 425 592 167 
236 492 639 147 
218 564 65,0 126 
a44 637 732 
402 712 77S 64 
451 780 E22 42 
490 838 871 33 
531 900 923 23 
532 532 0 532)
491 491 ,491)446 446 446) 

398 398 (39S) 
346 346 (346)
290 290 (290) 
231 231 (231) 
169 169 1(169)
103 103 (103) 
33 33 (33) 

during previous Ycars and 50 percent of the 

Curulat iv-
Capital 

ReTjire.e; 

181 
355 

522 
723 
908 

1,375 
1,222 
1,348 
1,443 
i;,57 
1,549 
1,58; 

!,6C'5 

582136 

(262) 
t608) 
(E98) 

( 1129) 
(;,298)
(1,401) 
( 434) 

las t year. 
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AM =-Tk= TBZX-FL-4a 

S1-A-IF1CTI01: 
SIL&Y CITY 

F SERV CE-COrN'zcTION 
ATf DISTICT 

Year 
Domest ic/Goverrnent 

"-i-, 1"" S7b-Tcta lctal 
7orx-e rcial/indust rial 

_l :Ot_ 

i?78 

19O 

1965 

1390 

1,136 

2,340 

4,602 

7,165 

50 

86 

194 

02 

12 

21 

48 

75 

1,248 

2,1,', 

4,E.. 

7,542 

128 

220 

496 

771 

27 

47 

106 

164 

13 

26 

59 

93 

170 

293 

561 

1,028 

1,4.; 

2,4i0 

3,505 

A.-?lEX 7A2L7. X-F--4b 

-, 

1978 
1980 
!95 
1990 

DomesticV e r, 

, 

2,965 200 
=100 344 

11,505 776 
17,913 1,208 

3overr.ent ' - , "I--

"" ",-. 
o) Sub-2t. 

96 3,261 
168 5,612 
384 12,665 
6.00 19,721 

Co rnercial /" 

0 
(O). (8.o) 

640 216 
1,1--0 376 
2,480 848 
3,k35 1,312 

R.EMV 3E 

IndustrialIts 

(16.0) Sub-Total 

240 1,096 
415 1,892 
944 4,272 

1,486 6,655 

ITIT ?7RZCQAST8J 

Service 

Gr Charge 
Toa Rs 

4,357 522,840 
7,5C, 900,480 
16,937 2,032,440 
26,376 3,165,120 

Estirtez! Ccnsizinticr." 
(cr-year) 

Do.mestic Corerc: a 

327,340 42,735 
598,965 79,35 

1,208,150 171,IQCZ 
2,403,160 380Q695 

Cc.rn.cditv 

o. 

177,280 
341,325 
626,370 

1,48,120 

.arce 

-4,1I' 
9 

514,67. 

t 1 

""",73O 
1, ,3 

2, ,040 
3,,77,910 

mCcputation of revenueg units based on I10A guidelines on sa twring water rates,
'and total of number of connections multiplied by their respective conversion factors for computing revenue units (iLn RU).fnjMtiply gr~and total by 120 (derived from 10 oum/month, the minimum &-nount covered by the service oharge 12 months/year) in RUs.*f/Domestic consumption - (120 x number of domestic conneotions) z use fantr,2r Use factor for domestio/irititutiona.l classification-Commercia.1 consumption - (120 x number of comrcial connections) x use fawxor. Use factor for oemwroial classificatior is 2. 

is 1. 
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EX X-G 

ANALYSIS OF WATER RATES 



ANNEX TABLE e-G-1 

REVMYUE FORECASTS
 
SILAY CITY WATER DISTRICT
 

Estimated
 
Number
 
of RUS Income 
 P x 1000

Year Rate/RU (Yearly from (B3d Otipr 1,] 
 Total Net 
? in OOs) Sales Debt) Income ' 1 Income 

1978 0.80 745 596 12 12

1979 0.80 1,038 830 

596
 
8 17 839
 

1980 0O80 
 1,331 1,065 
 11 21 1,075
1981 1,20 1,633 1,960 39 39 
 1,960
1982 1.20 1,936 2,323 
 23 46 2j346

1983 1.20 2,238 2,686 27 54 
 2,713

1984 1.50 2,541 3,812 
 76 76 3,812 
1985 1.50 2,843 4,265 43 85 4,307
1986 1.50 3,310 4,965 50 99 
 5,014

1987 1.70 3,777 6,421 
 128 128 6,421

1988 1.70 4,244 7,215 72 144 
 7,287
1989 1.70 4,711 8,009 
 80 160 8,089
 
1990 1.70 5,178 8,803 
 88 176 8,891
1991 1.70 
 8,803 88 176 
 8,8911992 1.80 9,320 186 186 9,3201993 1.80 9,320 93 186 9,4131994 1.80 
 9,320 93 
 186 9,413
 
1995 1.80 
 9,320 
 93 186 9,413
1996 1.80 
 9,320 93 186 
 9,413
1997 2.00 
 10,356 207 
 207 10,356
1998 2.00 
 10,356 
 104 207 10,459
1999 2.00 
 10,356 104 207 
 10,459

2000 2.00 5,178 10,356 
 104 207 10,459
 

iU/Other income (derived from meter replacement charges, contingency

fees of new connections, servioe fees, etc.) is about 2% of sales.
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ANNEX X-H
 

FINANCIAL SSIDARY
 



ANM TABLE X-H-1 

DEBT SERVICE SCHEDULE OF "0TAL PROJECT LOAN*
SILAY CITY WAT&E DISTRICT 

Sx000) 

Year 

Outstanding Loan 
End of Year 

Immediate Phase I-,A
Imorovement and I-B Totbatl 

Ca itaI Repavments
immediate Phase I-4 
Improvement and I-B Total 

Interest 
Immediate 
Improvement 

x'ayments 
Phase I-A 

and I-B Total 

Total 
Debt 

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

2,449 
5,075 
6110 
6,437 
61389 
6,337 
6,280 
6,218 
6,151 
6,078 
5,998 
5,911 
5,816 
5,712 
5,599 
5,476 
5,342 
5,196 
5,037 
4,863 
4,674 
4,468 
4,243 

6 
298 

1,558 
4,251 
10,946 
11,844 
12,783 
14,631 
20,179 
22,846 
25,427 
26,317 
29,154 
28,876 
28,487 
28,098 
27,542 
26,986 
26,322 
25,544 
24,766 
23,874 
22,871 

2,455 
5,373 
7,668 

10,688 
17,335 
18,181 
19,063 
20,849 
26,330 
28,924 
31,425 
32,228 
34,970 
34,588 
34,086 
33,574 
32,884 
32,182 
31,359 
30,407 
29,440 
28,342 
27,114 

-
-
-
-
48 
52 
57 
62 
67 
73 
80 
87 
95 
104 
113 
123 
134 
146 
159 
174 
18-
206 
225 

-
-
-
-
-
-
-
-

110 
110 
110 
164 
164 
278 
389 
389 
556 
556 
664 
778 
778 
892 

1,003 

-
-
-
-
48 
52 
57 
62 
177 
183 
190 
251 
259 
382 
502 
512 
690 
702 
823 
952 
967 

1,098 
1,228 

46 
148 
214 
223 
579 
575 
570 
565 
560 
554 
547 
540 
532 
523 
514 
5'4 
493 
481 
468 
453 
438 
421 
402 

-
1 

27 
140 
383 
985 
,066 

1,150 
1,317 
1,816 
2 056 
2,288 
2t369 
2,624 
2,599 
2,564 
2,529
2,479 
2,429 
2,369 
2,299 
2,229 
2,149 

46 
149 
241 
363 
962 

1,560 
1,636 
1,715 
1,877 
2,370 
2,603 
2,328 
2,901 
3,147 
3,113 
3,068 
J,022
2,960 
2,897 
2,822 
2,737 
2,650 
2,551 

46 
149 
241 
363 

1,010 
1,612 
1,693 
1,777 
2,054 
2,553 
2,793 
3,079 
3,160 
3,529 
3,615 
3,580 
3,712
3,662 
3,720 
3,774 
3,704 
3,748
3,779 

*Iediate Improvement, Phase I-A and Phase I-B only. 
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A ]T2?A= Z-f-2 

PBOJCMD M= STArIM 

Wa-.r Froduction P r Tear (',000 x c=m) 925 --- 13O02085 - - - -- 3865 
----.
 

x cum) 370------ 679 
_3--Water Salew .ar ear (,O0 

1379 
 2784 -JLimceunted-for-ater 
 (-%) 6-
 40 
 34 
 28 
Connections: - Metered - 281418- 2440 5505 8570 


s 8570
Conr=ption 
 (G,,d) 130-- -- 105 
 - 113 -12 20
 
O 


water Sales 
 596 830 1065 1960 2323 2686 3812 4265 4965 6421Laos: Uncollectibles 7215 8009 88Z3 8803 9320 932:
12 8 11 39 23 27 76 43 50 
9320 9320 9320 10336 10356 10356 10356'the:- Revvn=t, 3 9 128 72 80 88 8. 186 93 93 93"2 17 21 _. 6 54 76 85 93 207 104 104 10499 128 144 160 176 
 176 1.6 1&6 186 156 186 
 207 207 207
Total Re%,evue 207596 839 1075 190 2346 2713 :312 4307 5014 6V21 7287 -89 8891 80q1 
 9320 9413 9413 9413 
 9413 10356 10459 10459 '0459
 

CFERAT M3 X.-RS=S 
4

i-u tration aid Personnel 
 220 :-5 296 353 405 55 612 667 791 923
Powzr- and %.ol 997 111.A !94 1396 1509 1627 '7 1 1900 205>4
72 108 150 1:' 253 316 387 465 557 2218 2392 2582 "793 ... emical 6 660 774 9=- '43 1132 1223 1319 1427 15396 11 17 21 27 33 40 48 56 67 78 90 
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AIJNEX TABLE X-H-5 
RATE OF RE IUN TOTAL INVEST)&T

(DIsCoUNTED CASH FLOW METHOD)
SILAY CITY WATER DIST ICT 

(px 1000) 

Year 
Debt 

Servioe 

Net 
Increase 
In Cash 

Total 
Cash 

Inflow Investments 

Net 
Cash 
Inflow 

lit Trial 
Present Values 5% 
Flaotor Value 

2nd Trial 
Present Value: 10%. 
ftator Value 

19761977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

46 
149 
241 
363 

1,010 
1,612 
1,693 
1,777 
2,054 
2,553 
2,793 
3,075 
3,160 
3,529 
3,615 
3,580 
3,712 
3,662 
3,720 
3,774 
3,704 
3,748 
3,779 

(161) 
90 

134 
604 
298 
(187) 
477 
815 
980 

1,455 
1,924 
2.,202 
2467 
3,061 
2,593 

887 
1,256 
1,158 
850 

(181) 
1,168 
709 
(121) 

(115) 
239 
375 
967 

1,308 
1,425 
2,170 
2,592 
3,034 
4,008 
4,717 
5,281 
5,627 
6,590 
6,208 
4,467 
4,968 
4,820 
4,570 
3,593 
4,872 
4,457 
3,658 

2,597 
3,099 
2,519 
3,326 
7,058 
1,323 
1,431 
2,412 
6,425 
3,489 
3,471 
1,892 
3,901 
-
-

1.447 

1,9sj 
596 
632 
972 

(2,712) 
2,860) 
2,144) 
2,359) 
5,750) 

102 
739 
180 

(3,391) 
519 

1,246 
3,389 
1,726 
6,590 
6,208 
3,020 
4,118 
4,154 
3,935 
1,663 
4,276 
3,825 
7,0564-/ 

1.000 
.952 
.907 
.864 
.823 
.784 
.746 
.711 
.677 
.645 
.614 
.585 
.557 
.530 
.505 

.0481 
.458 
.436 
.416 
.396 
.377 
.359 
.342 

2, 
(2,723) 
(1,945) 
(2,o38) 
(4,732) 

80 
551 
128 

(2,296) 
335 
765 

1,983 
961 

3,493 
3,135 
1,453 
1,886 
1,811 
1,637 
659 

1,612 
1,373 
2 412 

1.000 
.909 
.826 
.751 
.683 
.621 
.564 
.513 
.467 
.424 
.386 
.350 
.319 
.290 
.263 
.239 
.218 
.198 
.180 
.164 
.149 
.135 
.123 

(2,712) 
(2,600) 
(1,771) 
(1,772) 
(3,927 

63 
417 
92 

(1,584) 
220 
481 

1,186 
551 

1,911 
1,633 
1,453 
898 
822 
708 
273 
637 
516 
868 

Rate of Return 1 9o14% 

A'/Inoludes net asset value of P4,370 

Total Assets - P 55,159 
S.otal Liabilities ­ (28,311) 
Cash - ( 22,478) 

Net Asset Value - P4t370 
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CHAPTER XI 
 ECONOMIC F'.ASIRILITY ANALYSIS
 

A. 
WATER AND TIE ECONOMY
 

Introduction
 

Water is 
a basic requirement in any country's economic develop­ment and no economic activity can take place without it. 
 However,
this basic function dirinishes 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 deve­lopment, such as peace and order, political stability, rate of
taxation and availability of infrastructure facilities. 
Hence, a
water supply project must be considered as only one part of a re­gional developm'nt program. 
 It must be viewed within the context
 
of the o-44rall government program.
 

C3nsidering that the Philippines is still 
a developing oountry,
water supply plays 
a fairly important role in the national or re­gional economy. Traditionally, water has been made available
consuning public at very nominal rates. 
to the
 

There is a tendency for the
consumers to use water wastefully. As a consequence, the regard
given to it 
is far below its tru, imvortance.
 

To the water consumer, thb value of water is measured by its
contribution to the satisfaction of the family g oup which uses the
water. His perspective includes himself and his household and all
the health, well being and productivity aspects of family life. 
 To
the bubinessman, water is valued for all it 
does to improve business.
From the national viewpoint, the benefits to the water user, both
householder and businessman, 
are 
only a part of the total.
 

Major Unes of Water Supply
 

Dcrnestic. 
 Water for domestic use 
is usually given top priority
because water 
is essential to life 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 topay for water rather than do without it. 
 It will be noted that the
willingness to pay i 
higher than the price charged insofar as most
 
users are 
concerned.
 

Industrial Use. 
 Water is used by industry primarily-as a factor
of pi-oduction. In instances, it
some 
 ,,oes into the production process
as an input. This is the case 
for the soft drinks industry. One
method of determining the value of water to industry is to analyze the
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cost of alternative industrial processes which produce the same pro­duct 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 irriCation purposes
an elaborato can be estimated bycalculation 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. Detailedanalysis 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 alter­native of providing electric power. 
Lastly, bodies of water serve a
basic role in many recreational activities. 
 Ordinarily, water qua­lity 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. 
 Ingeneral, the
system of priorities for the development, conservation and utiliza­tion of the country's water resources reflects the current usage of
water and is responsive to the chaneing 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-BetS§ystem
 

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 main­tenanoe 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 ,f the economic benefits and costs that can be attributed to the establishment, operation andmaintenance of impan yoved water supply system; 

2. The determination of tht possible bases for quantifying
these benefits and costs; and
 

3. The comparison of the preset value of the benefits likely
to be generated and the prestit value of the costs.
 

The results of the economic analyst, are then expressed as a
single ratio called the benefit-cost ratio, The project is consideredfeasible if the ratio is equal to or greatei than 1;1. 

Internal Rate of Return 

Another method involves the calculation of 'he economic internalrate of return of the proposed project. The total wnount of thebenefits as well as of the costs is determined throu.rhout the pro­jection period. By trial and error, the interest rat, at which thepresent worth of the benefits is equal to the present urth of the
cost is then calculated. 
The project is considered desi.'able ifits internal economic rate of return is higher than the m,nimum
rate generally auceptable in such projects, which is usuali,r the

opportunity cost of capital.
 

Method(s) Adopted
 

Both the second and third methods were employed in determini.ig
this project's economic feaibility. These weretwo considered mor,appropriate than the first method beuause in this case, the recom­mended 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 watersupply 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 whichwill be incurred up to ]990, except replacement costs and the operationand maintenance costs which were projected up to 2000. This is due tothe fact that proper maintenance of the facilities will have to beundertaken regularly for as long as benefits are desired to be realized
 
from the system.
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Estimates of benefits and cositc 
were based on 197F prices. In
recognition of inflationary pressures, all benefits were escalated
by 10 percent from 1978 to 1980, by 8 percent from 1981 to 1985 and
by 6 percent from 1986 to 1990. 
All project costs were also escala­ted in the 
same manner, with the exception of operation and mainte­nance costs which were escalated -,Iiformly by 8 percent all throughout
the study period. 
In both cases, however, the escalation factor for
1990 was held constant up to 2000. 
This is because only Stage I of
the proposed project is being considered in the economic analysis;hence, only partial inflatir n has bDen adopted. 

C. IJANTIIAI!,E PIMTNEFITS 

The economic benefits Lhat w.ill be derived from the proposedwater supply improvement program ior the water district may be
classified into quantifiable aiid ocn-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 frcm the proposed project were evaluated on
an incremental basis, i.e., 
on a Iwith" or "without" principle.
Hence, the benefit ficures 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 :,he present system.
 

The quantifiable benofits that 
are discrseed in the following
sections are: 
increasz in land value2, improved helth conditions,
reduction in fire deencme, 
and beneficial value.
 

Increase in LandValuoni 

The implementation of the water supply project will result in
an increase in the land valu3s 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 pub] 
c forces which exist whether or not
the water supply project is unerrtaken. 
Such forces include the
general pace of industrialization, construction activity
t inflation,
land speculation, taxation, -nlio 
 land aoquisitiw.and sulling.
More particularly, such a difference could be the result of a general
estimation of productivity due to infrastructure investments which

include a water supply project. 

The portion of land values attributable to the provision of an
improved public water supply system was estimated in the household
survey in Lipa City (May 1975) to be about 22.6 percent of the
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market value of a pieoz of land. It In raascnalle to &ruxne thatthis figure repreents thi inoremental .- :ue of a piee of land,
given acoesia to -mter suply. .! a eOific instance, a residential 
lot about 400 uqr.) has tho followinC rnwrket values! 

Without Watur 400 ut-m x P54 - P20,000 
With Water 1c zqi x P65 P26,000 

Ratio - oli 30, increase 

In this particular. oaeo, the ioremnr al cost 
represents the nsiket v;.lue of a privz-to wall 
electric controlz1 etc.) to earve tho prmi'os. 

of P6,000 closely 
(complete with pumps, 

On the basis or thib informatim, it may be oonservative to 
assume that 20 perocnt of the value of land served by the water
distribution system oould 'C3 attributed to the water 6upply project. 

Assumptions made for thio analy~is 
 are explained in Annex XI-C.Annex Table XI-C-l sha::o kThe co-.*Aputatioi Ia of this benefitr which 
amounts to a present wor;h of ?22-7 million. 

Health Benefits
 

The 	establismeront zf a 
 rsupply oyotom in a ocmunity willneoeser-rily bring about 1,alth bonefiti7 
to th3 population. Undoubt­
edly, the provision cf v'fet putablo io r to TVe population is aprerequisite for the MinUenanoj of rinCnu. health standards. 
 These

health bonefitu a-e 	ordibirily- -.nit'onted in the followingS 

1. 	A si nifio: nt r:duti ,..in t' iroiidonce of water-borne 
diseasa sual, of) cho'nrat dyeintery, gastro-enteritim,
and typhoid/ p-L.typhoi,. t, e rorult, there will be a 
decrease in +1,3 -nnoun', of t.:- lot by incoi earners
 
who are affflictid uitli nuoh :,A-3aen.
 

2. 	A subsequent roduotivi in p- 1'ature deithe due to the 
lcwgr inaic'cnc. of watj-bor;,1, dirlq,!oG. 

3. 	 A corres;oer'ii, reduetion ix nedioal expenses for the 
same r on. 

Calculation for .,hn :halth btcn.fitu ax.8 nosooiated assumptions
uwed are preented in An X!-C.T Annx XI-C-2 shows the health
benefits on 
a yearly banis, vith tototd.l present worth of P914,362.
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Redugtion in Fire DaMMa 

With the installation of suitable fire hy4rants espeoially inthe high-value as vll as the reziiawtial districts in the service area an part of the propcoed projeot, 24vines due to reduced fjg*damaes will result from the availability of an adequate amount ofwater and increased water pressure fox fire-fightine purposes.
Caloulations relative to this benefit ame explained in Annex XI-C
and shown in detail in Annex Table XI-C-3. The pressnt value of
 
this benefit amounts 
 to P8.3 million. 

No attempt was made to quantify the inocuzvenieaoe to the people
rendered homeless and the valuta of huau, lives lost due to fire. 

Denefieial Valuc of Water 

This benefit (eouetimea called "consumer satisfaction") isquantified by the additional revonue Cenerated by the water district 
as a result of an improves water awupply project, In the case of acomunity which previously did not bave any piped water system, the 
"consumer satisfaction" benefit mia be measured by the full amount 
of the economia value of the aooouxited-for-water. 

For a ocamnity where the propcsed project involves merely theexpansion and improvement of the existize system, this benefit maybe measured by the eoonomio value of the incremental water produoticoa
directly resulting from the improvement of the system. 

For this beaefit, the conoept of consumers surplus was adopted.This concept takes into aooount not caly what households and commer­
oial establiiLments are actually paying for water but also how mushmore the consuers are willing to pay for this essential commodity.
Caleoulations for the beneficial value of water ax. shown in AnnexXI-C and Annex Table XI-C-4. The present value of this benefit amounts 
to P19.8 millicn, 

D. NON-QUANTIFIABLE BENEFITS 

The non-quantifiable benefits aricing from a water supply pro­ject are generally as importsnt an the quantifiable benefits* How­ever, they do not easily lend themselves to valuation. The approachtaken herein is to aornovledfo thoir existenos and importanee. No 
attempt has beun made to quutify or include them in the benefit-cost 
oalculatic-s. 

The proposed water supply project will set off a chain of eventsbeyond its oenstruction period. Those aotivitie include among others
the inducament to industry to establish plants in service duethe area 
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to availability of f.pendablo watr zupply. Withort cuch oupply, 
now industrial uinocaz arciai entablihments would be foroed to 
develop their om supply oyutem c- roloate elsewhere. The overall 
cost of providinS £iepurate wx ter a)uto in nornkilly large and
 
represents a dtorrent to in7ast .: 
 the area and oconsequmetly to 
industrial devalop.Tnt.
 

Because o-e the 4ploi'..it gen-5rtod by the projot, hired 
laborera are ablo to psnd tliir or purohasing goods at the
losal stores. Hac, eaoh poso -hoyapon? in generated back into 
the income stret" cf h, lc,'al e~a¢:acy. In Ue operation and mainte­
nuan(e of the proje~t2 te -alcfr '4r,,tri&. .Iould find it advantageons 
to purohase required :upplioi lomaly &zl en"age local service. 

E. ECONO11IC COSTS 

Osaral 

The total cost cf tho pxopozed wtor supply syetem in the sum
 
of all expenditurer riquirod to roalire project objectives and
 
beaefis,
 

Costs havw been divided into th, following: 

1. Project Co+,i 
2. Repla ,mtnt Coeta
 

In genoral, e.-ne:io nsoits t'.na eior to identify and quantifv
than benefits. Min -' bece,.- of thi oosts are incurred in 
real, monetary tearr to par fcr eifth'r veods or nervioes while bene­
fits ara urawliy i";2'I±bl,. 

ProJeat Cost,
 

Project ocents Z"uo Te r.-rtzaotcn most of the proposed
facilition M!h as Pirlet nar qrvxt'npr*A.t, a well as, engineer­
inC services ar4 eew:o.t, roct laI The cost of the feasi­lnd oos't. 

bility studiea has -.Io been inolrllt .
 

thehc 
water supply project ?or th va+-o distrito. .ty are listed by 
omponent as t-, ty-, of expenditnre- in 1978 prices. They are further 
broken down into for-n.t! cni Oaestio o-empnents. 

Annex Table XI-"-1 h r.-;iruot ion osts of the proposed 
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ie cost of unskilled labor is shom aepaatly-fro.thed-..
me. tic Componenat of thspojict, From the balimiee of the domestico0t1 5 percent was ar;sumed to be in the form of hidden taxes. 

In the de 'aminalLion of t91 jaoj ct 0o0t&U 0djuatments werade for those items rhioh esx not Properly valued by the priceeha ium. A price othor thxn tho mrkat price (waledprice) was inputed to theta it=, 
the shadow 

Of prie dise ~panolo a thic could Iro 
)b this tny, most of the effects 

idertified, ubether primarySecodary, ware erinoOPoatd diUwcri- in-to the project &UaIlois andimputed an direot ooot 0toprojot n' astuont. T shadow pm.eused in this analysis arc thoae elr by internsational lensing
institutions and tho Plnnitg 9md Project D-volop nt Offieof the Department (PPDO)of Pablio Uorz= -rxportation mad Commiunnitian.
 

One of 
 the iteww r or Ohmdow Pioine vas applied in theprice of unskilled labor (otk7r1 o )ox oGi c labok). aperfectly oemptiti'W t.n= th orif lio is determined bythe marinal valu, O itsw-..p o i this oa.oq therefore, theprico, of labor in equ&l " Vtuoto nI of t!zc cntput thih an extralaborer hired would produoI. Eifewert thic notis ahiplioablean economy Amoh as inthat of the P.IhimppeI %xhme thereof labor. is a surpluasSince them is -g. dp.rlwuisned uneoployuent inAn eoonomY, unskilled lnba. ic 
sueh 

n ni'al1v 1,mvId beloerrate the actual Wagelikely to bea 121 i theIn y, oporfienity costunskilled labor ofor it, potoni 41o her eloynt war valued at
 

reduoo 
one half 

the 
of ito estiw.t .4 f'c.; *n t!1 ectr not effect is to
pro =.
cost of uumkilled o 
 t thereby reducinthe summation of project oomy. 

-


Skilled labor, on othor i 'Iv at its
tho .altqed going rate.
It was assumed that iZsaea, it akill.s l:? not c. inwould probably mi nar, '.eyed the serviceeto -tUA employment or
bettor wage.
 

Adjus-,menta wero 
 trith,zico wi roupnct to ocstfacilities which use zip cxc 
of projectthe 3.,ttod fczoigmo.-wen roserves.Foreign exchange used to import projoct c vpt-Into was valued at1.2 times their actual -oto oz. T:L ci~fnctivoly increased foreignexchange cost

similar manner.
by 20 

ofi
pnrt nj T:hore,j 7 Cffonting projnot coat in a. dforto 7reI.e the opportunity cost oralternative value of forj, 'J:.c(h=,, Dot-gstio onponents, on theother hand, were prict .t to!oir notupl coot.
 

Intereat was lik_.e,,rrC r~ot L:mc.dod. 
 noo this in considered afinancial instead cnof econr.:i cnb 

: i-r 

0 



A=n3x Tab:. X 4,I shova the eonversion of financial oosts to

eciomio costs through shadow pricing and 
other adjustments. The
 
present value laee Table XI-E-4) of total economic project cost for
 
SIL-WD amountr to P'22.0 million.
 

Replioement Costs 

based on the orit tia used in the financial studies, vehicles
 
have a life ea.piotancy of 
7 years while meters are expected to be
 
replaced every 15 years. Other 
 items which have a service life

of 15 yeara are the equipment of the source facilities, plumbing

shop and admiuizrration buildingt as well as 
those for leakage survey
and repair and misoellaneouc items. 
All wells and their structures
 
were assumed to be serviceable for 25 years. The feasibility studies 
were assumed to be valid for 30 years. All other facilities in the
 
systea are expooted to last for 50 years.
 

During the 2 3-year period from 1978 to 2000, therefore, vehicles, 
meters, equipmn~t with a sevicoe life of 15 years and the misoellaneous 
itews will have to be replaned. Annex Table XI-&F2 shows the replace­ment schedule aui osts of vahiolea, meters, quipment and misoella
 
neous items. The present value of total replacement costs (see Table
 
XI-E-4) for SIL-WD amounts to P631,900. 

Salvare Value 

Annex Table XI--3 shows the silvage 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 seavice life of the facilities
 
in 2001. For SIL-WD, the present worth of the salvage value (see

Table XI-E-4) is P2.3 million. 

Operat in and Maint enaeCo 

Operating and maintenance oosts refer to the costs associated 
with the mainteaanoe, operation and management of the project.
Otherwise known as annual costs, they include personnel, power#
chemicals, and other misoellaneous maintenance expenses suok as fuel
and lubricatio, repairs, comnuniction needs and office rental.
 
Only the operating ant maintenance costs of the proposed projeet
(i.e., excludinc those of the present system) were considered in 
this study.
 

Annex Ta'ble 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 oosts amounts to P8.6 million. 
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Calculation fo- _ooio 
 Cos'ta 

The eoonowic oort n.ay be t.-tjid an thti adjusted (soadowpriced) projeo, cost plus reepaoemwt cost pluc oper- %I/mainte­nance coet les;- salvir(, value, Anniz Tabla XI-B-4 i. the oom ­putation of' toal ecnomic o sto for SIL-W.D. anmounting to r29
million.
 

'. BPI 'IT-M0TO ANALYSIS 

The WXmrnry of th-3 quwatifjable economic benefits and economiccosts for SIL-hD is shown below. 
They are expressed in their pro­sent values (disoountod at 12 percent) after the 1978 .rioea have been
esoalated.
 

SWR!ARY OF BaWITS AND COSTS 
(in "illion r86o8)
 

B ene f.I..' o 

Increase in Land Values 
 P 22.708 Project Coats 
 P22.039
Health 
 0914 (W)
Reduction in Fire Damne 
 8.328 Replacement Cost 
 0.632
Beneficial Value (+)16­
51.719 
 Operating and
 

Maintenance (ost 8,581
 
Sub-Total 
 P31,252
C-) 
Salvage Value 2,2,8
 

P28.954
 

Benefit 
Cost Ratio - 1.78s1 

The preceding table shows tiat the quantifiable benefits exceed
the economic costs associated with the improvement of the water
supply system in SIL-VD. 
Under tho principle of benefit-oost ratio,
the project in,, therefore, connidered economically feasible.
 

The actual benefits of the proposed project may be really
greater than what the benefit-cost ratio r3presents because the non­quantifiable benefits have not been incorporated into the analysis

for obvious reasons.
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G. INTEOAI ECONOMIC RATE OF RETfURN 

The internal economic rate of return (IMu) is the rate at whichthe 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 liI? should
be higher than the prevailing opportunity cost of capital. 
 In this
particular study, the opportunity cost of capital is 12 percent.
 

For S.L-.WD, the IERR is 80.5 percent as shown in Annex Table XI-On th3 basis of the above stated principle of I1ER, the pro­posed project appears to be economically feasible and justified. 
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AIRTEX XI-C
 

QUANTIFWLE WEPITS
 



A114TEX XLjO 

QUANTIFIABLE BENEFITS 

Po~r+.id t to Water Supply Proeot 

Annex Table XLC-i shows the present values of the portion 	of
land values attributable to the proposed water supp]y project, basedon the followiu aefuption,: 

1. In aooordanoe with the staging program of the constructionof faoilities, the 1980 service area of 302 heotares wasprojected to i torease in the following maimer; bV 22 hectaresfrom 1980 to 19d1; by 23 hectares from 1981 to 1982; by25 hetares from 1982 to 1983; 1W 27 heotares from 1983 to
1984; by 29 heotares from 1984 to 1985; 	by 31 heotares from
1985 to 19586; by 33 hectares from 1986 to 1987; by 35 hectares
from 1987 to 1988; by 38 heotares from 1988 to 1989; andbY 41 hectares from 1989 to 1990. 
2. 
Land use was ansmid to be 86 Derent residential and 14 per.­cent oommeral/intitutional/inutrial 

throughout the pro­jected period. This olassifioation was based on the water
demand projections in 1980 by consumer oategory as shown
 
In Chapter VI.
 

3. The 1977 costs of land based on estimated market valuesin Silay City are:
 

Residential 

Industrial/Co~eroial/IJxtitationa1 	 t P20 per sq
 

j P35"
 

These costo were assumed to be oonstant 	over the projection

period.
 

4. The portion of the total Gost 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 peraent from 1980 to 1985 and by 6 peroent

from 1985 to 1990.
 

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 pmblio investment pro.jeets like water supply development.
 

For SIL-WD, the land value benefit in its present worth amounts
to P22.7 million. 
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U TABJC II-C-1 

PORTIDF OF INCM&AS LARD VALUES A TRIBUTABLE TO PRJECT
 
SILAT WATER DISTRICT
 

land u.. (mcm) Cost of land (-1 x 1000) 20 Pervt.rtCeaercii Comeroial Total Cost Benefit Due gecasated Discount Prtaunt ValueInstitutional/ InrtitutonJ of LaMA to Project Esoalavton Benefit Factor of eneia.ft
(2 x 1000) Factor (P x 1000) at 1?1 (P x ic22P) 

1980 2,657,600 362,4W P53,152.0 

Ya... Reid.ntsi3. Idustrial Ridetial I iAltral (p x1") 

?12t684.0 P65,836.0 P13,167.2 1.210 P15,932.3 .797 P12,698.­1981 193,600 26,400 3,872.0 924.0 4,796.0 95962 1.307 1,253.7 .712 892.61982 202,400 27,600 4,048.0 966.0 5,014.0 1,002.8 1.412 1,416.0 .636
1982 220,000 30,0oY- 4,400.0 900.51,050.0 5,450.0 ,090.01984 1.525 1,66.3 .567 942.5237,600 32,400 4,752.0 1,134.0 
 5,886.0 1,177.2

19B5 1.647 1,93S.8 .507 983.0255,200 34,800 5,104.0 1,218.0 26,322.0 1,264,4 1.7791986 272,800 37,200 5,456.0 1,302.0 

, 24,- .452 1,016.7
5,758.0 1,351.6 18w 2,549..1987 290,400 .404 1,029.839,60C 5,808.0 1,386.o 7,194.0 1,438.8 1.99% 2,876.21988 5.08,000 42,000 6,160.0 1,470.0 

.361 1,03E 3
7,630.0 1,526.0 2.1191989 3,233.6 .322 1,04i,2334,400 45,9---o 6,688.0 1,596.0 8,284.0 1,656.8

1990 2.246 3,721.2 .288 1,071-7
360, 49 7,216.0 1, 8, 1,737.6 2.381 4,256. .257 1,093.9 

5,332,800 727,200 P106,656.0 P25,45Z.0 P132,108.0 P26,421.6 F41,088.9 P22,708.,
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Health Benefits
 

To determine the amount of benefit arising from the reductionof income lost of those afflicted with water-borne diseases, perti­nent statistics oi morbidity rate were gathered from the Department
of Health. 
from 1964 to 1974, an average of 598.,, out of every100,000 population in Silay City were afflicted with primary water­borne diseases every year, regardless of age, sex, and income class.
The same rate was assumed for the servioe area in the absence of specific
data. The morbidity rate in the service area was assumed to remain
constant during the 2 1-year projection period.
 

Since not all of those afflicted with said diseases are wage­earners, an adjustment was made accordingly. Based on the 1970
Census on Population and Housing of the National Census and Statis­
tics Office,1 381 ercent of the municipality's population was
micauly activee/ It econo­was assumed, therefore, that only 38 percent
of 598.4 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. 
Furthermore, these afflicted wage-earners were assumed
to be earning P8 a day and unable 
because of their 

to work for 15 days on the averageillness. The final figure correspondingeoonomic to thecost of time lost due to water-borne diseases was thereby
arrived at by multiplying the number 
 of people afflicted with water­borne diseases by 38 percent, by P8 a day and then by 15 days. 

Another health benefit that could be associatedlishment of a safe public water supply system is 
with the estab­

the reduction ofthe economic cost of the premature death of those afflicted withwater-borne diseases in the service area. Obviously, the reductionof the life span of the population caused by said diseases is aneconomic loss to the community.
 

This economic loss due to premature death was determined bymultiplying the number of people who die because of water-bornediseases (assuming that a water supply improvemq-t program werenot undertaken) by 38 percent and the:-, bly P11,629. The projectednumber of such deaths was based on the average of the 10-ear mor­tality rate for primary water-bjrne diseases in the provJioe ofNegros Occidental as gathered f.'om the Department of Health. Thesefigures indicated that 93.4 persons died of the 598.4 per 100,00 who 

1/Eoonomioally active population includes those who are 10
years old and over, whether employed or unemployed, excluding re­tired persons, students and housewives. 



were afflictec 
with water borne diseases. 
This mortality rate was
assumed to be oonbtant over the projection period. 
The 38 percent
corresponds to the portion of the service area population who are
income earners. 
The P11,629 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 economic costs (summation of
P200 a month x 12 months x discount factor + 20 percent associated

costs). 

The third health benefit that can be derived from the improve­ment of the water supply in the service area is the reduction of the
wedical expenses of person 
afflicted with water-borne diseas s.According to 
the Lip& City pilot survey on "Ability To Pay',,_/ an
afflicted persons spends P113.00 annually on the average for medical
expenses which include hospitalization, medicine and doctors' fee.Based on this finding, the total medical-expenses incurred due to
water-borne diseases were arrived at by multiplying P113,00 by the
number of people afflicted with such diseases in the service 
area.
 

The sum of all three eoonomic costs related to health benefits
had to undergo three final adjustments to arrive at 
more meaningful
figures. 
First, 40 percent of the total economic lous due -o water­borne diseases was taken as the health benefit directly resulting
from the water supply improvement program. 
This reduction was made
to account for tha fact that not all water-borne diseases are caused
by a poor water system and may also be due to less than ideal per­sonal hygiene or lack of sewerage facilities. Seuond, the 40 per­cent health benefit bias escalated by 8 percent from 1980 to 1985,
by 6 percent from 1985 to 1990, after which the escalation factor
was held constant up to 2000. 
Third, the escalated health benefit
was discounted to its present worth at 
12 Percent. Annex Table XI-C-2
shows the calculations associated with the health benefits for SIL-W.D.
The total present value of said benefits after the adjustments amounts
 
to P914,362.
 

ReductioninFireDama aA2
 
The proposed water supply itiprovement program will result in
increased water pressure and reliable supply for domestic as well
as for fire-fighting purposes* 
At present, it is estimated that
approximately 10 percent of the total poblaoion of Silay City is
covered by the existing effective fire hydrant service. 
With the
 

-/Refer to Methodology Manual, Chapter 20 for "Ability to Pay"

studies.
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AN TANZ 11--2 

cm~n WATZ2- B=E-tC? 

Total Economic 40 Per-ent %soalated Present 
Cost of Time Economic ose Lose.- Du. to Beduction due Radction D= -sco-.t Value of 

Tear 
S4rved 

Population 
L. 5-
n 

.oTo 
,-(1) 

uo to Pr"&-
t- D.ath(2) 

Cost of 
) 

laue-r./Preca-
toret eatba 

to Project 
(ftnefit) 

Zscalation 
Factor 

to Project 
(Banefzt) 

Factor at 
12 Percent 

Bealth 
Ben fit 

1980 
1981 
1982 
1983 

15,630 
17,721 
20,093 
22,781 

P 4,265 
4,,36 
5,483 
6,216 

P 64,373 
72,984 
82,754 
93,824 

ri0,569 
11,983 
13,587 
15,404 

P 79,206 
89,803 
101,84 
115,444 

F 31,683 
35,921 
40a,9 
46,17 

1.210 
1.307 
1.412 
1.525 

P 38,336 
46,949 
57,510 
70,421 

.797 

.712 

.636 

.567 

P 30,554 
34,428 
36,576 
39,"-

Potal Population i 
Xoono.±callj Activet 

69,2W0 
26,395 

or 38% 
1984 
1985 
1986, 
1;. 
1988 
1989 
1990 
1991 

25,829 
29,--
3. 4 
3.,:46 
42,683 
43,395 
54,870 

7,046 
7,39 
9,060 

10,272 
11,647 
13,205 
14,972 

106,377 
120,611 
136,752 
155, 46 
175,751 
199t316 
"25,984 

1 

17,465 
19,802 
22,452 
25,456 
28,862 
32,724 
37,103 

130,890 
148,404 
168,264 
190,774 
216,300 
245,245 
278,059 

52,356 
59,362 
67,306 
76,310 
86,520 
96,00 
111,223 

1.647 
1.779 
1.86 
1.999 
2.119 
2.246 
2.381 

86,231 
105,605 
126, 
152,543 
183,336 
220,329 
2C4823 

.507 

.452 
-404 
.361 
.322 
.288 
.237 
229 

43,719 
47,733 
51283 

59,034 
63,455 
68,060 
60,644 

Morbidity Rat,: 598.4 
-ortalityPatez 93.2 

() 38 1 0 0 .P. x 8 
, x P15 

(2) 3-"% x 9 x S.P. 
100,oc-: z PII..2. 

3) 98 X. s.. x 3 

19931?54 
19 .205 

.183.•163 
54,2891000
48,46343,166 00,000 

199.5 I5 jI.1 3 
,427 

1997 
1993 
1999 
2000 54,870 

I1 
14,972 225,984 37,103 275,059 111,223 2.381 264,823 

.1% 

.104 
.093 
.083 

30IT19 
27,542 
24,"w 

P4,001,251 914,362 
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i01i10entation of the program which 
,ill involvb the installationof new fire hydrants, the extent of r,7no protection coverage will
be expanded. Hence, a reduction in firt damage is expected in the 
service area, 

This reduction was assumed to be 0.75 perocnt of the combinedassessed values of all structures in the service Foea.Jor Silay
City, the tvierAe assessed value of each structure h- assumed tobe P18,8OQC 
 The number of structures was derived from he projectedpopulation to be served IW the 
Tstool assuming that each household

has an average of 6.1 nemberQlJ/
 

The fire proteotion benefit was based on the assumed overall
reduction in fire damage, but oorrelated with the schedule of firek~drant installation in the service area. Percentage of fire pro.
tection starts at 
10 percent in 1980t gradually increasing to 100
percent in 1990 in accordance with the extent of the service axer
 
to be covered 17 the fire hydrants.
 

The net reduotion in fire damage was escalated by 8 percent
from 1980 to 1985, by 6 percent from 1985 to 1990, after which theescalation factor was held constant up to 2000. It was then di.­counted at 12 peroent. 
The prement value of the fire protectionbenefit, as shown in Annex Table XL-C.3 amounts to Pe.J 
 illion.
 

BensfioIal Value.of Wter
 

Sinoe water is essential to human life t all members of theserved Population in the service area Presumably would be willingto obtain it in sufficient quatiti4s at some given price* Withthe proposed improvement of the system's facilitiest the volume of
water production is expected to inorease eonsiderably to saV
needs of the Crowing population. Tkhi 
the 

will bring about additional
revenues to the water distriott espeoially since a price Increaseof water my be justified in view of the improved service. 

In gsneral, water rates oarged IW the water district do not
reflect the true value of water* 
Moreoverg it is rooognised that
households ad commercial users are really willing to Pay more thanwhat tht 
arte actually being charged for water consumed, From theeconomic viewpoint, therefore, there is a consmers' s ruplus.consumers' surplus referm to the additional amount consumerl 
I is 

Willing to PAY over and 
are

above what thay are Paying for water. fNr 

In the absence of assessed value records on Silay City, the
figure on Gapan was used. 

A/Based on the 1970 Census on Housing in Negros Occidental
 
province.
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AMM TABIZ I- -3 

RK TI IN FIM DAXAM 
SILI WATSR DISTRICTf 

Year 
Number of 
Structures2 / 

Total Value 
P18#800 eao 
(Px 1000) 

f Overall Rednotion 
in Fire Daae 

(.0075) P x 1000 

Percentag 
of Fire 

Protetio 

Net Reduction 
in Fire Daage 

(B nafit) 
Px ID0) 

Esoalatio 
ftor-U 

Esoalated 
Value of 

Net Rednetion 

Discoau 
Factor 
at 12% 

Present Value 
of Net Be.iefit 

(P x "oo) 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

2,562 
2,905 
3,294 
3,735 
4,234 
4,801 
5,443 
6,171 
6,997 
7,934 
8,995 

P 48,165,6 
54,614.0 
61,927.2 
70,218.0 
79,599.2 
90,258.8 

102,328.4 
116,014.8 
131,543.6 
149159.2 
169,106.0 

P 361.2 
409.6 
464.5 
526.6 
597.0 
676.9 
767.5 
870.1 
986.6 

1,118.7 
1,268.3 

10% 
15 
22 
32 
48 
71 
76 
81 
87 
93 
100 

P 36.1 
61.4 

102.2 
168.5 
286.6 
480.6 
583.3 
704.8 
858.3 

1,040.4 
1,268.3 

1.210 
1.307 
1.412 
1.525 
1.647 
1.779 
1.886 
1.999 
2.119 
2.246 
2.381 

r 43.7 
80.3 

144.3 
257.0 
472.0 
855.0 

1,100.1 
1,408.9 
1,816.8 
2,336.7 
3,019.8

I 

-797 
.712 
.636 
.567 
.507 
.452 
.404 
.361 
.322 
.288 
.257 
.229 

P 34.8 
57.2 
91.3 

145,7 
239.3 
386C5 
4444 
508.6 
585.6 
673.0 
776.1 
691.5 

1993 
i .205 619.1 

1994 .153 552.6~ 
1995 11163 492-L 
1996
1998 I1.116 

11116116 440 

354..! 

2000 8,995 
1.8 

169,106.0 1,268.3 100 1,268.3 2.381 3,1908 
104 

.083 
314,1 
2.. 

P41,734.6 P8,327.1 

Worivd from the served population projeotions in Qhapter VI, assuming that there ae 6.1 members perhousehold aooord.ing to the 1970 Census or.Housing in Negros Occidental.
§/_ased on the asseased value records in Goea, in the absence of similar data on Silay City.f/Escalated annually by 10 percent from 1978 to 1980, by 8 peroent from 1980 t@ 1985 and by 6 peret from

1985 to 1990, after whioh the escalatioa factor was hold conastant up to 2000. 
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Purposes of this study, this additional value has been estimated tobe 50 percent higher than domestic water rates and 2 opoent higherthan oommrcialinduotral/inutitutional water rates2/. 

In the determination of this benefit# the following steps were
 
taken:
 

I* Only the incremental volume of acoounted-for.4ater wagconsidered; hence, the 1977 aooounted-for.ater amountingto 291g99"Ous was deducted from total acoountedfor­
water projections in Chapter VI. The 	water demand pro­jections in Chapter VI, expressed in liters per capitaper day, were converted to cubic mters per year. 

2. 	 Classification of aoouted-for.-ater into domestic and
others (oomeroial/irittutio, al/industrial) was 	 based 
likewise on Chapter TI.
 

3. The price per cubic meter of water for domestic ue wa
derived tr do-esoalating the rate per revenue unit of
water in Chapter X, Annex Table XAG-1. The 	rate of water
for 	other uses (comereial/intitmUonal/Indutrial) was 
assumed to be twice that for domestic use The rates werethen adjusted upwards to reflect consumers' surplus: 50percent higher for domestic water and 25 percent higher
for others. 

4. The net economic revenue, were obtained br subtracting
the 	assumed 1977 revenues of SIL.WD of 78t000 from totaleconomic revenuese. The 	net ee" omie revennes na beconsidered as benefits of the proposed project since
 revenues of the existing system have been duly exoluded.
 

5. 	The net economic reveues thenwere escalated tW 10 per­
cent from 1978 to 19809 1W 8 percent from 1980 to 1985,1w 6 percent from 1985 to 1990, after which the escalationfactor was held constant up to 2000. Finally, the 	escalated
values were discounted at 12 percent to obtain their pre­
sent valuei. 

For SIL-WD, the beneficial value of water amounts to a presentvalue of P19.8 million, as shown in Annex Table XL.C-4. 

i/Refer to Procedures for the Economic and Financial Analysis
of Water Projeotm, LWUA, XV 1976.* 
Based on Chapter IV, accounted-for-water in 1976 was 220,416

cum/yr. In 1980, projected accounted-for-water, t 6 78 ,8 8 9cum/yr, witha growth rate of 32.476 percent per year. Hence, acoounted-for-water 
for 1977:
 

220,416 (1.32476) - 291,999 cum/yr.
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ANEX TABLE XI-C-4 

BM ICIAL VALUE OF WATER 
SILlY WA! DISTRICT 

Present alue 

Incrmental cu er ear 10 onomic Y4js Boonomic Water Total Ecalated Discount of Economic 
Accoted-'or-rer Domestio Others Prioe Per cnw-1 Per oRevenues Economio soala Economic Factor at Rtvenre 

Tear t§/mar! (12%) Domestic Others Domestic Others Domestic Ohe" Revene Factor-v' Revenue 12 Percent (P x 1000) 

1977 291,999 
1978 94,832 83,452 11,380 .80 1.60 1.20 2.00 100.1 22.8 122.9 1.000 122.9 1.-00 122.9 
1979 220,461 194,006 26,455 .74 1.48 1.11 1.85 215.3 48.9 264.2 1.100 290.6 .593 259.5 
1980 386j890 340,463 46,427 .68 1.36 1.02 1.70 347.3 78.9 426.2 1.210 515.7 .797 4J..0 
1981 466,102 410,170 55,932 .95 1.90 1.43 2.33 586.5 133.1 719.6 1.307 940.5 .712 66:.6 
1982 561,531 494,147 67,384 .88 1.76 1.32 2.2U 652.3 148.2 800.5 1.412 1,130.3 .636 71(2.9 
1983 676,498 595,318 81,180 .82 1.64 1.23 2.05 732.2 166.4 898.6 1.525 1,370.4 .567 777.0 
1984 815,004 717,204 97,800 .94 1.88 1.41 2.35 1,011.3 229.8 1,241.1 1.647 2,044.1 .507 1,036.4 
1985 981,868 864,C.4 117,824 .88 1.76 1.32 2.20 1,140.5 259.2 1,399.7 1.779 2,490.1 .452 1,125.5
 
1986 1,182,894 1,040,947 141,947 .81 1.62 1.22 2.03 1,270.0 288.: 1,558.2 1.886 2,938.8 .404 1,187.3
 
1987 1,425,080 1,254,070 171,010 .85 1.70 1.28 2.13 1,605.2 364.. 1,969.5 1.999 3,937.0 .361 1,421.3
 
1988 1,716,850 1,510,828 206,022 .79 1.58 1.19 1.98 1,797.9 407.9 2,205.8 2.119 4,674.1 .322 1,505.1
 
1989 2,068,356 1,820,153 248,203 .73 1.46 1.10 1.83 ?,002.2 454.2 2,456.4 2.246 5,517.1 .288 1,588.9
 
1990 2,491,330 2,192,810 299,020 .67 1.34 1.01 1.68 2,214.7 502.4 2,717.1 2.381 6,469.4 .257 1,662.6
 

1991 .63 1.26 .95 1.58 2,083.2 472.5 2,555.7 6,085.1 .229 1,393.5
 
1992 .61 1.22 .92 1.53 2,017.4 457.5 2,474.9 5,892.7 .205 1,208.0
 

1.14 .86 1.43 1,885.8 427.6 2,313.4 5,508.2 .183 1,0Ok.0
1993 .57 

1994 .52 1.04 .78 1.30 1,710.4 388.7 2,099.1 4,998.0 .163 81,4 .7
 
1995 .49 .98 .74 1.23 1,622.7 367.8 1,990.5 4,739.4 .146 692.0
 

1996 .45 .90 .68 1.13 1,491.1 337.9 1,829.0 4,354.9 .130 566.1
 

1997 .46 .92 .9 1.15 1,513.0 343.9 1,856.9 4,421.3 .116 512.9 

1998 .43 .86 .65 1.08 1,4254 322.9 1,748.2 4,1625 .104 432.9 
1999 .40 .80 .60 1.00 1,315.7 299.0 1,614.7 3,844.6 .093 357.5 
2000 2,491,830 2,192,810 299,020 .37 .74 .56 .93 1,228.0 278.1 1,506.1 2.381 3.586.0 .083 

80,033.7 19,769.2
 

9/The 1977 volume of 291,999 c=m per yonr of accounted-for-water was deducted from the water demand projections throughout the study period 
to 0 n the incremental volume.
 to The price per oum of water for domestic use was derived by do-escalating the rate per revenue unit of water in Table X-G-I, Chapter X; -\ 

rate1 water for other uses (commercial, institutional and industrial) was assumed to be twice that for domestic use.t 
-'/A.sumed o be 50 percent higher than domestic rates and 25 percent higher than rate for 'others'. 
2-t/Escalated annually by 10 percent from 1978 to 1980, 'by 8 percent from 1980 to 1985, by 6 percent from 1985 to 1990, after which the escalItion 

factor was held constant up to 2000.
 

xi-C-9
 



ANNEX XI-E
 

ECONOMIC COSTS
 



0TRSJMIW C FLICIAL oOST To zo0aj1C co0
 
snmLK wamm D=~T 

ShlvPrici
 
&IFrfign ah3.moo of Poreign Izx= 1i-1uina zonoic X-onoaic 

Project 2rohmnge Domstic Unskilled Domnotic T Others Coapoant Labor Others Pro jeo/ Cons-rucioc 
cot Compmmuj C401yovet Labor 1.2 x .5 x1.0 Cst- om-t.'" 

Source Facilities 
A' 3quiment 1,224,000 1,197,064 26,936 7,935 19,001 950 18,051 1,436,47- 3,96t 18,051 1,45E,496 1,152, 96 
b, "tructure 3,878,O00 959,168 2,918,832 859,855 2,058,9177 12,949 1,956,028 1,151,002 429,928 1,956,028 3,536,958 2,796,O1: 

Sterage Facilities 1,655,000 396,620 1,256,380 360,985 895,395 A4,770 850,625 478,344 180,493 850,625 1,509,462 1,193,250
 

Dietribution Ppell.s 5,07,000 2,646,485 2,450,515 1,137,510 1,312,70T5 65,625 %,247,070 3,175,782 568,905 1,24 ,07C 4,991,757 3,946,053
 
-
Izrterna' Network 1,8164,00 800,534 1,063,466 442,750 :),716 31,036 589,680 960,6e41 221,37: 589,680 1,771,6 1,5.,9 

pre draznte 849,000 489,206 359,794 101,090 2. ,7#TQ 12,935 245,769 537,047 5,0,5-, 245,'? K- ,361 76,4,81' 

Service Conmotiens 

a) pipe" 4,505,000 2,198,6T9 2,306*321 1,375,835 930,486 46,524 883,96 2,63E,415 687,918 883,962 4,210,295 3,6e',276
b) Never% 1,628,00 1,356,313 271,687 1620,75 109,612 5,481 104,131 1,627,576 81,038 104,131 1,812,745 1,569,476 

Pluabing SLo; 
A) q3quient 32,0W 29,601 2,399 351 2,048 102 1,946 35,521 17T 1,9 37,642 32,59C 
b) Structure 420,000 12,977 40T,023 59,599 347,424 17,371 330,053 15,572 2%799 330,053 375,424 325,043 

Immecdiae Improvements 
a, Source Facilities 

1, 2quipment 204, CO0 197,552 6,449 2,643 3,8r- 191 3,614 237,062 1,321 3,- 2 1,9'9 191,3wc 
2. Structure 10_,000 6,055 95,945 39,332 5(.,; 2,811 53,782 7,'' 19,666 53,,,2 80,7? 63,68c6 

.liwtrl.butionFacilities 2,116,000 1,063,457 1,052,543 513,360 539,183 26,f',9 512,22.: 1,276,14. 256,680 512,224 2,045,05-. 1,616,6.2 
c) AMA.;nistration Bkildimc 

1. Eq-aipmet 71,00 49,481 21,519 3,154 18,365 918 17,447" 59,377 1,577 1 - 78,401 61,97' 
2. Structure 419,000 12,977 406,023 59,521 346,502 17,325 3;5,177 15,572 29,760 329,177 374,509 296,05 

d vehicles o 69,000 35,145 33,855 - 33,855 1,693 3T2,162 42,174 - 32,162 74,336 58,766Seric 0ro iections
 

1. Pipes 1,293,000 633,300 659,700 411,23" 248,469 12,423 236,046 759,960 205,615 236,W46 1,201,621 9 9,8919 
2. beter. 648,000 537,664 110,336 68,T79 41,557 2,078 39,479 645,197 34,389 39,479 719,06, 56 ,. 

f) Leakage Survey end Mepair 
1. Labor 111,000 90,000 21,000 8,820 12,180 609 11,571 108,000 4,41C 11,571 -23,961 123,9t 
2. S-uipmont 10,000 6,000 4,000 1,680 2,320 116 2,204 7,200 840 2,2W- 10,244 10,244 

C) Kinoellnsous Items 24,000 17,000 7,000 50 6,500 325 6,175 20,400 250 6,175 26,825 26,825 

Feasibility Studies 264,000 147.840 116.160 - 116160 5.88 110.352 . 77,406 - 10,352 287,760 287.7&6 

Sub-Total 26,43,000 12,W,118 13,597,882 5,617,305 7,960,577 399,029 7,581,548 15,462,142 2,808,652 7,581,54e 25,852,341 21,215,100 

lad 11000 - U41.00 - 141.000 7.050 133.950 - - 133.3M0 133,950 _ 13.9,-1 

Total Project C-ot 26,624,000 12,585,118 13,738,882 5,617,305 8,121,577 406,079 7,715,498 15,462,142 2,808,62 7,715,498 25,986,291 21,349,050 

,imuet; c oest omepemt lme U L" laber maet. 

Tr//Ce P d at 5 Permt of &Mtl ,Jetm m otter mm]lld labor ,et mw etd from it. 
fbtteim I adding feoip ezahimW sma, =skll"o4 labor ad east of 'itele after sw have boon edjusted through shadow pricing.


ZZDrieIuubtzpoeting - mtlageaiole MA aglesoring servicie frm tMe mmic WOeot seat.
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ANNEX TABLE XI-E-2 

REPLACEMENT COST 
SILAY WATER DISTRICT 

1978 PRICES 
(P x 1000) 

Year Vehiole Meters Equipment 
Misoellaneous 

It Tetaa 

1978 
1979 
1980 
1981 
198& 
1983 
1984 
1985 
1986 
1987 

F 29.8 
29.0 

P 29.8 
29.0 

1988 
1989 
1990 
1991 
1992 
1993 
1994 29.8 P 209.6 7205.1 5-3 P 449.8 
1995 
1996 
1997 
1998 
1999 
2000 

29.0 203.3 
183.6 
150.7 
15G.7 
150.7 
15097 

84.8 

31.6 
359.7 

21.5 
317.1 
205.10 
182.3 
510.4 
150.7 
150,7 

Total P117.6 P1,199.3 P681.2 P 26.8 P2,024.9 
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T&24E V 2001 

1972 1000) 

Te.-
Yoonc 

-ue 

50 Tears 
S&lvar_ 
value 

. -"-ale 
Ta.ae 

30 Teau 
SalvrW 

Value 
.alva4e 
Va.. ,a 

25 Ta 

¥Va., 
Zc~n~ic 
K 1 

15 Tears 
Sa.lZoea . ,Onatc 

.u 

1 
. . oonoio 

Inf7nete 
f S,"vag 

Vae____ 

1976 P1,359.9 565. P 761.5 P 56.7 27 P15-3 P 77.8 12 v l 9.3 Vaj -VTa_ 

130 
1981 
1982 
1963 

1,672.2 
1,372.3 
1,664.8 
2,463.5 

535.0 

58 
60 
62 
64 
66 

969.9 
643.4 

1,Z3.2.2 
I,5-6.6 

336.1 

231.1 33 76.3 
44.7 

872.4 

16 

28 

7.20.. 

2,.3 
23.7 

o 

100 

Pr.2 P 963 
977.1 
743.4 

1,032.2 

1984
1985 
1966 
1987 
1988 
1989 
1990 

585.0
7E1.O 

1,262.2 
i,26&.: 

563.2 
563.8 
559.2 

68
70 
72 
74 
76 
78 
ED 

397.8
546. ~ 

908.8 
934.0 
42E.5 
439.8 
447.4 

120.2 
872.3 

436.2 

436.2 

40 
44 

52 

60 

48.1 
383.8 

226.8 

261.7 

P 510.4 
150.7 
330.6 
150.7 
335.3 

7% 
13 
20 
27 
33 

- 35.7 
19.6 
66.1 
40.7 

110.7 

1,820.9 
-9.­

397.8 
1,328.3 
1,3.3 
953.6 
721-4 
483.5 

19- -
1991 
1994 

1995 

19q7 
1 9 

420.0 

288.1 
205.1 
182.3 
5104 

60 

67 
7; 
80 
87 

252.0 

193.0 
149.7 
145.8 
444.1 

P29.8 

29.0 

14 

29 

P 4.2 

8.4 
256.2 

201.4 
14 

145.8 
444.1 

20W2000 

P14,394.5 P9,472.7 P2861.8 P 91.6 P2,859.8 P1,181.2 

150.7379.5 

P3,'13.8 

93100 140.2 

,97 . 1 P5&, 

- *5 
P12.6 P133.9 133.9 

1490.2YY9,5 
?'2,869.1 

Ietal loeonmic Talue P21,349.0
 
Total Salvage Value t P12,869.1
 

1-/alv values I. r each year represent the sa2vage value of the item in year 2001. 
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BMW C ZOM1C COMT 
SlY NAM DIT"ICT 

YAB Z n-9-4 

(Px 10o0) 

Present Preeee Present Present
Rep ,,n 	 Usoalatlon Iscalationts 	 oa1.nltedonst.m2 Factor Cor 19/ a Ct 	 Zsc&!td Rsalated Euoa*ated Discount Talus40J PrJo~ct 	 of value of V21ueROflooemenrt 0 and 	 F~aplao.- of Value1 Total Factor at Project sent 0 and X Totalear ~~~~~~~~~~~ o te C . 2(o a o to~ ot ~ a ~978 r 2,5310'. 6a6.3 	

r h r o t . . 0 d C ut ~~~ Po e t ot ~cw g1 ~ ~ - r u c71.0 2,602.2 1.000 	 set Coat agt osts979 	 2,543.1 1.000 2,531.2977.1 143.4 2.>87.r 	 71.0 2,602.2 1.0001.100 	 2,531.2980 	 1,865.1 O 2;798.0 71.0 2,602.2743.4 194.6 	 154.9 2,952.9 .c93
2,059.7 1.210 	 2,496.6
61 2,217.4 .166 2,256.8 	 13,8.: 2,636.91,032.2 280.2 2,497.6 	 226.9 2 43.71.307 	 .797 1.796.7
982 	 4,784.5 1.260 21898.1 180.8 1,979.51,820.9 356.7 5,141.2 1.412 	 353.1 3,251.2 .712 ..063.5983 849.6 1.360 6t755.7 	 251.4 2,314.9
386.1 497.0 1,346.6 	 485.1 7,240.8 .6361.525 1.469 	 4,296,6
94 849.6 	 1,25.6 306.5 4,6-.!397.1 537.7 1,387.3 1.6f7 	 730.1 2,025.7 .567 734.6965 1,334.8 1.587 1,399.3 	 414.0 1, 4,.E
594.8 579.1 1,913.9 	 853.3 2,252.6 .507
1.779 	 709.5
1.714 2,374.6 	 432.6 1,142.1
 
9'7 	

3,267.3 29.8 1,326.3 652.6 3, S.7 992.6 3,367.2 .452 1,073.31,70.8 29.0 1.886 1.851 6,162.1 448.7 1,52 .C953.6 748.3 2,466.1 1.999 	 56.2 1,208.0 7,426.3988 1,6(X .5 721.4 810.4 
1.999 -,415.9 0 1,-95.9 4,969.8 

.404 2,489.5 22.7 488.0 3,000.2
989 2,414.9 2.119 2.159 3,399.9 .361 1,233.1 20.9 540.0 1,700.825.2 48C.5 	 1,749.7 5,149.68.2 1,713.4 	 .322 1,094.8990 	 1,604.6 819.e 2.241 2.332 1,853.4 563.4 1,65E.2
963.8 2,568.4 	 2,071.3 

991 	

2.381 2.518 3,820.6 2267 
3,924.7 .288 533.8

993, 	 963.8
963.8 	 2,426.6 6,27.4 .257 91.9 1,60-:623 7 1,.
993 	 2,A26.. .229994 963.8 	 555.7 54g.e 256.2
995 1,413.6 	 2,426.E .205
3171. 	 497.: 497.5201.4 1,280.9 	 2,426.8 .le 
 444.1 444.11,071.0 
 3,4 7.8 .163 
 17-.( 395.6
995 	 570.2301.1 149 7 1,2806.9
997 	 3,8. 146
16,2.3 145.8 	 lilL.? 35431,146.1 	 464.5
 

510.4 444.1 	 4
1,474.2 	 .130 

434.1 	 61.5 315.5 379.C
140.2 	 2,86c.
, .1,215.3 	 .116 50.4
150.7 	 261.5 331.9
4 1,114150.7 379.5 	 3,642.1 .104
963.8 1,114.5 2.381 358.8 	 126.4 252.42.518 	 2,785.6 .093 37-.
j58.8 2t426.8 2,7846 	 33.4 225.7
P25,986.2 P2,024.9 	 ,083 29.8 205.4 259.
16,361.0 44.37.1 	 21.1


40,961.2 4,795.5 
 37,086.7 82,8.43.4 
 22,039.1
S&I'va,. value P12,869.1 	 631.9 8,580.6 31,251.e12869,1 2.381 

30.641.3 
 .074 
 2,267.5
31,503.0 

52,202.1 


26,9&:.1
 

-.18//Te amua1 salvage values ware nt emalated Individually
only their 	 sinoe they represat values for 2001; het,am was escalated by the

/Prr joct cost 
factor used for project and replaomnt ooets.and replacement cost were eeoa/atedfrom 1960 to 	 a3na ly by 10 percent fra1985, by 6 peroent from 1905 to 	 978 to 1980, by 8 paoent1990, after which the escalation factor &asbld constant up to 2000.20/lperating and maintenance costs were esoalated annually by 8 percent frm 1978 to 1990, after which the-soalation factor was hold oonstant up to 2000. 
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ANNEX XI-G 

INITERNAL ECONOMIC RATE 0F RETURN 



Escalated Value 
Year B3nefits Costs 

1978 122.9 2,602.2 

1979 290.6 2,952.9 

1980 16,530.0 2,483.7 

1981 2,321.5 3,251.2 

1982 2,748.1 7,240.8 

1983 3,360.1 2,025.7 

1984 4,541.1 2,252.6 

1985 5,700.1 3,367.2 

1986 6,714.9 7,426.3 

1937 8,374.5 4,969.8 

1988 9,909.8 5,149.6 

1989 11,795.7 31924.7 

1990 14,010.3 6t247.4 

1991 9,369.7 2,426.8 


1992 9,177.3 2426,8 

1993 8,792.8 2,426.8
 
1994 8,282.6 3,497.8
 
1995 8,024.0 3,181.8
 
1996 7,"39.5 2,915.1
 
1997 7,05.9 2,860.9
 
1998 7,447.1 2t642.1 
1999 7,129.2 2,785.6 
2000 6,87o.6 2,785.6 


166,858.3 

82,843.4 

Salvage Value -I3o.41 

52,202.1 


3.2 


Present Value 80% , 17.8 

Present Value 85 = 1.181.9


181.9 


R IN..& L' =.--=L ABITEABLE.;..L OF 11-- IRNTUR 

SILAY WATER DISTRICT 
( x 1000) 

Discount Present Value 
Factor at at 80 percent 
80 perceat Benefits Costs 

1.000 122.9 2,602.2 

.556 161.6 1,641.8 

.309 5,107.8 767.5 

.171 397.0 556.0 

.095 261.1 687.9 

.053 178.1 107.4 
.029 131.7 65.3 
.016 91.2 53.9 
.009 60.4 66.8 
.003 41.9 24.9 
.003 29.7 15.4 

.002 23.6 7.9 

.001 14,0 6.2 

0 
 0 


I 


G 

6,621.0 

6,339.7 

- 0.0 

6,603.2 


1.00
 

IERR ­

= 


XI-G-I. 

Discount 
Factor at 
85 percent 

1.000 
.541 

.292 

.158 

.085 

.046 

.025 

.013 

.007 
.004 

.002 

.001 

.001 


I
 

+ 

.80 + .05 (17.8) 

80.5% 

Present Value 
at 85 percent 

Benefits Costs 

122.9 2,602.2
 
157.2 1,597.5 

4,826.8 725.2 
366.8 513.7
 
233.6 615.5
 
154.6 93.2
 
113.5 56.3
 
74.1 43.8
 
47.0 52.0 
33.5 19.9 
19.8 10.3
 
11.8 3.9 
14.0 6.2
 
0 0 

Q Q 

6,175.6
 
6,603.2 

0.0
 

6,339.7
 



METHODOLOGT
 

MEMORANDA
 



CAMP .RI.SSER & MCKEIR INTERNATIONAL INC.
 

Methodology Memorandum No* 1 

To i L. V*. Otierrez, Tr. 

From .,do Vera 

Date 1 4 laniiay 1977 

Subject : Pilot Area Survey 

A. 	 Need 

In estimating water accountability, data on the ratio of
borrowers to primary users, average persons per household, and 
per 	capita consumption are necessary. Information on oapaoity
and 	willingness-to-py would greatly aid financial analysis.
In all oases, these data are not readily available in the
Philippines. The only way to get these data would be to aotually
perform a house-to-house survey within the served areas of the 
water district (WD). Considering time and finanoial oonstraints, 
a pilot area survey would be the beat approach. This is merely
surveying a representative area within the WD and 	projecting the
data obtained for the entire served of +.he WD.area 

B. 	 Yethodoloz 

1. 	 Choose a pilot area within the WD. Desirable requirements 
for the area are as follows: 

a. 	 adequate line pressures1 preferably with 24-4ur service; 
b. 	 metered connotions; 
o. 	 presence of domestic as well m commercial connections. 

Ratio of oommercial to domesto conneotions for the area 
must not exceed that for the entire WD;

d. 	 representative income levels of the oonoessionaires. 

2. 	Devise'a one-page questionnaire so that it:
 

a. 	is easily understood by WD personnel (who will serve as
 
interviewers);
 

b. 	provides relevant information;
 
c. 	provides a means of cross-chocking some answers given

by respondents; 
d. 	would make tabular analysis easy*
 

A sample questionnaire is attached, 



3, 	 Get assistance from the 	WD personnel in the house-to-house 
suxveyo It is suggested that they do the actual interview
because of their fa ilinrity with local customs and 	dialeot8.However, before allowing the WD enumerators to proceed on
their own, it is neoessary that! 

a. 	 the enumerators be given a thorough briefing on the
importance of the survey, as well aa the yurpose of 
each item in the questiorznare.
 

b. the enumerators be accompanied to the first few
 
houses, and given additional pointers or feedback
 
before they proceed on their own.
 

4. 	 Conduct a house-to-house survey of all households within
the pilot area. A map at this point indicating the exist­ing houses (with their code numbers) would be neocessary.

The 	following would be helpful during the surveys
 

a. 	brief the respondents about the purpose of the survey
before asking questions. It is very important thatthey be receptive to the interviewers. Otherwise data 
given could be misleadinge

b, in asking for estimates of oonsumption, avoid usinc
 
technical terms, is., 
 liters, gallons, eo. Use
 
local containers like pails, drums or whatever they

use. 
Note the capacity of the container in the
 
questionnaire.
 

C. 	 Data 

The 	 following data may be obtained from the surveyg 

1. 	Pilot area density
 
2. 	Average persons/household
 
3. Borrowers from connected households and percentage of


households dependent on the WD
4. 	 Potential concessionaires 
5,. 	 Consumption estimates6. 	 Income levels and the respective rates showing
 

willingness to pay for improved service

7. 	 Water accountability 

l,hi-.2
 



-- --

WATER DISTRICT
 
PILOT AREA QUESTIONNAIRE 

INTERVIEWEE 
 ADDRESS 
TYPE OF 	DWELLING 
 CONSTRUCTION MATERIAL
 

WD CONCESSIONAIRE 	 CONCESSIONAITRE
NON-WDAFO 


l. NO. 	OF OCCUPANTS: 
 1. NO. 	OF OCCUPANTS: 

2. 	CLASSIFICATION: 
 2. SOURCE OF SUPPLY: 

1Domestic 
 Down private well

D Commercial 
 Ejrainwater

D Intitutional 
 Dspring 

12Industrial 
 Dpublio fauoet 


_ 12 	 _ _WD concessionaire 

3. 	SIZE OF CONNECTION: 
 HH Code No. -


Elpublio well
0 ED121' C1 22" 	 Dothers' private well 

12 ' 311" 2 ED 
4. 	TYPE OF CONNECTION: 
 3. 	CONSUMPTION: 


F-metered: meter functioning Ofree 

1 metered: meter damaged Opaying

12 flat rate (unmetered) 	 volume used per 

day _ 	 _ _5. 	APPURTENANCES (Connected to 
 Paying P 

System) for


12 with hand pump REMARKS: 

Dwith electric motor pump 


HRS 	used/day 

-x%.rated HP _12 

GPM 


6. 	OTHER SOURCE ASIDE FROM WD:
O_n Ot her HH-

owells 
 wells 


Dsprings 
 D sprlngs

1 rainwater 
 12 rainwater 


e, rainwaterimproved?
 

(TO 	BE FILLED UP AT THE WD OFFICE) 

1. 	HOUSEHOLD CODE NO. 
 _ 3. WD CONCESSIONAI__ 

C2 registered2. 	 INCOME: 12 unregistered 
Obelow average (P220 below) 

0average (221 - 750) 4. 
 PAYMENTS: 
12uper middle (P751 - 1,500) 1 up-to-datoh(.P,500 	above) C3delinquet
 

DATE
i iiJ
TIME 

FRALHUEOI
ALL 	HOUSEHOLDS 

1e 	 WD-WATER AVAILABLEt
 

No. of hours
 
Time
 

2. 	FAUCETS:
 
M21 123 125 

12 2 [3 4 13 
-O 

3. 	SHOWERS:
 
11 f22 123 12__ 

4. 	FLUSH WATER CLOSk':

121 122 1 3 __. 

5. 	 MANUAL WATER CLOSET: 
121 122 123 10 

6. 2w/septio EDw/o sep'

tank tank
 

7. AVERAGE MONTHLY: 
Consumption Billing/2F.T 

WD_
 
wells
 
others: , _......
 

8. 	USER:
 
C1 w/ borrowers
 

w/o borrowers
 
Total no. of HH
 

borrowers
Total no. of HH b~rrow .riwl 

ocupant
 

9, How much would you be
 
willing to pay if
 
water service were
 

12J/nonth.
 

ENUMERATOR 

OSITION
 



CAMP D14ESSER & Ms.KEEr NTEFRNATIONAL iNC, 

Methodology Memorandum No. 2 

To : L. V. Gutierrez, Jr.
 

From i A. de Vera
 

Date • 31 January 1977 

Subjects Estimating liater Aocountabi]iy 

A. 	 Need 

To be able to determine future water demand per capita,

need for leak detection and mirvey program, and the level of
 
development possible for reducing wastage and leakage, 
 the
 
following information must first be available.
 

1. 	Ratio of acoounted.for and unaooounted­
for-water.
 

2. 	Ratio of wastage and leakage in relation
 
to total production.
 

3. 	 Domestio consumption per capita. 

Although there various methodsare 	 for estimating water 
acoountability, the selection of a 
method deponde on the 
purpooe for which it is to be used and the level of aoouracy

desired. Aooounted-for-water as used herein refers to the

revenue-producing water for the water district. 
It is the
 
sum of the billed metered consumption and inferred water con­
sumption at flat-rate connections.
 

B. 	 Methodolog 

1. 	Pilot Area Survey 

a. bjeotive - To be able to estimate total accounted­
for 	and unaocounted-for-water. Accuracy will depend 
on the reliability of the coneumpti9n figures an 
obtained in the pilot area survey.­

b. Data Neessary - 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.
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1) 	 Obtain total number of households dependent on 
water system. To do this, first obtan ratio 
of households dependent on the system to total 
households in the pilot area and apply ratio to 
the whole service area. Comput3 for number of 
primary and secondary users. 

2) 	 Compute for inferred flat-rate use per month. 

3) 	 Compute total aooounted-for..iter by adding average
monthly metered oonsumptiaa 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 io the 
sum 	of:
 

o 	 Usage of borrow3rs from flat-rate 
primary users; 

o 	Unbilled flat-rat6 use
 

o 	Wastage of flat-rate users
 

2. 	Weighted Average of First 10-City SurveY 

a. 	 Objective - In a water cystem with all functions billed
 
as 	flat-rate, oomputing for 	water accountability is
 
impossible without resorting to detailed surveys. How­
ever, this method implies that the figures obtainedduring the first lO-arra zurvey (CDM - 1975) approximate
those of other water districts. Aocuracy, however, is
 
not 	determined. 

b. 	 Data Neoessary - Total monthly produotion and fi6gures
obtained during the First lO-Arer. Survey of CDM. 



ultiplY monthly produotion by: 

:31 to rat acoounted-for-water 
.11 to get underestimated flat-rate use
 
.26 to et wastage
 
:25 to get leakage
 
.07 fo others
 

3. Field Study Method 

a. Ob ective - To be able to determine within ± 5 percent
aocuracy water aoccmntability figuares. This met'iod,however, is time-consuming and very expensive, 

b. Data Neoeasary - All data received shall be Cew rated
in the field. The number of oonoessionaires w, the 
water r,,te schedule are basis requirements. 

0. steps 

i) For each section of transmission and distribution
line in the water system, appropriate measuring devices
shall be installed in order to determine the arnount 
of water flowing in and out, water used by the .:on­
oessionaires, and water leaksae. 

2) 
Desk-top analysis is then neoessary to determine
 
water aooountability.
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CAMP ORESSLIR & MOKE . INTERIVAroNAL uiae. 

METHODOLOGY (EMOLANUM NO- 3 

To : L. V. Gutierrez, Jr. 

From i P. del Rosario 

Date 1 8 February 1977
 

Subject: Classification of Water Distriot% Aooording to 
Future Water Reqirements 

The purpose of this methodolog maiu!. is to classify water
districts (WD) so that future water requiremonts way be estimated. 
The factors to be considered in classifitrg WD's are economic a 
social development in the diatrict ' bound;ries, probable sources 
of additional water supply and the people's ,bility-to-pay for 
improved water service. 

The group with the probable highest per capita consumption
is latelled Group I; and the group with the probable lowest 
water consumption, Group V. Affluent and high)y urbanized 
water districts may fall under I,whileGroup les developed
and small water distriots, under Group V. 

B. Xethodoloa 

The initial service area of the WD will most likely include 
the central urban arda 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 - IM urban 
income, 1975 atandard of living, 1975 business in&exl 1980 cost
of water, and served population in 1980. For each criterion, a 
number of points, from 0 to 20t are allotted to each water
district, The total number of points under the 5 opiteria
determines the classification of the WD. 

Table MM 3-1 lists the 5 oritaria by which khe WD can be
 
olassified, and the points allotted to rankAngs in eaeh cri­
teron. 

The grouping of the WD's based on the range of total
 
points under the is
5 criteria an follows: 
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1975 


Urba Income
2bid zron.y Poinzts 
........-s. 
 20 


= ' r e t ha. "00 3 ,D" 20
n 000,oo90 20
njue than 

" ,.'3,.-3,cOOOO 16 

5),G&001-iOOCoO00 
 16 


,COOl ,0,O 
 1-4 


1"Xci 12
200,000
100,01- 500,000 10 


50,01- 100,000 8 


20,01- 50,000 6 


4,001 o ,0ees
4,001- 8,000 22 


4,000 or 1oss 1 


=-g .. ,
with Re'riera:-ors-of
Yusehoida 

in Urban Area 
mo r e r' more tn' 30 


25.1 - 30 

20.1 - 25 


i5.1 -20 
000 

101- 5

5 - 10-


les than 5 


8,001 


TABLE 3D. 3-1
 

WATER DISThICT GROUPING CHrITERIA
 

1975 

197 


Stvniard of Liurn.
Points ... Uiness Indexwith Flush 2oilets o fCourcapdinta Eszablishents
v of Houselolds Points
L . of Coercialr 0 Urban Area 0 ..-0 
 .._ .1_ e
" 10 
 more than 60 
 10 more than 6.6 

9 50.1 - 60 9 4.6 - 6.6
8 4.± - 50 

16 

8 3.1 - 4.5 11 


30.1 - 4Q.7 1.7 - 3.0 
 7 


6 20,1 - 0 6 .0 - 1.6 4
20 5 
 les than 1 
 2 


4 le3s than 10 
 4 


20,00 
 4Surface 


1980 


Cost of Water
ource ofAddiitoal 
 Points

S


Water"Supply
"'t r S p l -nA20 

-,-prin, g avity 2. 


Snrinvith * 

1-nfiltratio n
boo ter pump 17 


with sh~rt trass.-
Missicm line/ 14well points 

Lnfiltration with
 

lon tranfimls­
alon line/
 

Surface water
 
without
 

reservoir
water 7 


with reservoir 5 


1980
 

Served Populat onPopulationServed in Pc'inta 
Urban AreaUrb't 150 000a1
an 


ore than 1500 
 20
 

100,001-150,000 18
 

8 ,001 - 200,00 16
 

65,001 - 80,000 14
 
5201- 65,000 12
 

31,001 - 41,000 9
 

22,001 - 31,004 
 8
 

15,001 - 22,000 7
10,001 - 15,000 6
 
less than 10,000 5
 



Group Total PO4nts 

I 70 and above
 
I 60 - 69 
III 50 - 59 
TV 40 - 49 
V 39 and below 

In allotting points under each oriteriont readily availabledata are taken from the latest NeSO report (1970 or 1975 oensus).These data arei 
 total population in the eity or munioipality;

total households; number of urbez households; number of omner­oial establishments; number of Induatrial establishments; nuiberof households with rufrigerators; and nunber of households ui ingflush water-sealed toiletks. Th data on total income taxes paidin the oity/mmoipality in 1975 were obtained from the BIR offic*.Data on the probable souroes of adcitional water supply were
taken from the reoen- preliminar hydro-survey conduoted by LWUA 
and the WD*
 

The follouing is a procedure for assigning poihts to a UD 
on the basis of the 5 orituria. 

1. 1975 Urban Income 

Urban income iv based on the total inoom. taxespaid by individuals and busines entities and the per­oentnag of urban households withrespeot to total house­
holdv in the city/munleiPaliv-y If the 1975 data are not
available, the peroentage of urban households is projected
to 1975 by applying an inorease of Oel to 0.4 percent
per year. In projecting the peroentage of urban house­
holds, growth oharaotertetios and urban development

must bc oonaidered. 
The projected percentage is mul­tiplied by 1975 total inoome. Table JO 3-1hown the
breakdown of the annual inoome with points ranging 
from 1 to 20. 

2. 1975 Standard of Living 

The standard of 
living is measured by the number
of housoholds in the urban area with refrigerators and
 
those with flush wat r-sealad toilets. 

The peroontare of i._
'ba-. householdn with refriger­
ators with respect to -tota] urban households is projeoted

to 1975, if the 19T- c-rmnur iF not a,.lable, An increase 



of I to 4 .ne:foent I:xr annum is applied dotvnding uponthe reeent economijo and oodial development in the oity/munioipality , 
The same prooedure is applied to the
percmntt 
of urban households uoing flush water-sealed
toi~ete. 
 Table N1I >-I ehow. the percentages of households
with refrigerators and those with flush toilets with res­pect to total arban hou6eholds, with points ranging from
4 to 10. 

3. 1975 E.u:inear Index 

Ile businers index is meaaured by the percentageof oomercial establi e*nta with respect to total urbanhouseholds in 1.975, One industrial establishment (datafrom NCSO (nouh) :i& asewited to be eOtivalent to 10 Dom­meroial entablishin+o ,(except when the 1975 census isavailable). An increase of J. to 20 establishmente peryear is applIled, depending on the reoent business activi­ties and tuzrban development 
Thein the oity/municipality.

number of urban households in 1975 is obtained by multi­plying the 1975 total households (total population +
average of 7 peroons/household) 
 by the 1975 peroentage
of urban househol& 
au derived in the methodology for
1975 urban inoome. 
 "'. 1975 sun of comercial estab­lishments divided by the number of 1975 urban households
is the business index of the oity/munioipality. 
TableMM 3-1 shows the various levels of business indext withcorresponding points ranging from 2 to 20.
 

4. 1980 Cost of Water 

The cost of water is inferred from the probable
cource of additional wVter supply by 1980. 
The probable
souroe of additional w,ter supply is weighted accord-.
ing to its apparent economic viability. A spring source
that is located within the 1980 servie area and can flowby gravity is considered the most economicl. Surface
water requiring complete water treatment with impounding
reservoir is the most expensive. Infiltration galleries
with short or long transmission lines, wells, or spring
Lousre requiring booster pump, are considered to haveweights betwuen the most and I-east expensive (see Table
 
MM(3-1).
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5. Served "opulation in 1980
 

The served population in 1980 is projected by
delineating the future service areas of the WD andprojecting the population of the oity/munioipality
and of the service 4,.eae* The 1980 serv3d populationis determined u a 
tion. 	

portion of the service area popula-In projecting the population served and thefuture service areas, economic growth and urban develop­ment, availability of' water slr-oly and capability ofthe water dIstrict to provide serv .,e Nuit be oouMideredo 
C. 	 Eoted Water Demand Py Class of WD 

The experienoe of the kUA-CDX staff, especially duringthe First 	Ten Urban Areas Project in thA Philippir.s, has beenused to assign values of expected water deand to the 5 	 classesof water 	districts. These oxtaected water demands are shown in 
Table MM 	3-2,
 

D. Le9f Water District Classification
 

This method of classifying a water district is illustratedtwith the Silay City W-t.r District as an example. Availabledata for 	Silay City are taken from the NOSO 	 and BIR reports,and from 	the preliminary hydro-surve y by LWUA and the SII,.-WD.The following data were obtained:
 

Total income taxes paid in the city - P20,049,1 3 9 (1974-1975)
Total population in the city - 103,493 (1975)
 
Total number of households 
in the city - 10,915 (1970)
Total number of households in the urban area ­ 3,693 (1970)

Total number of commercial establishments in the city - 36 (1970)
Total number of industrial eptablishments in the city - 1 (1970)
Total urban houoeholds with refrigerators - 266 (1970)
Total urban households using flush wator-sealed toilets - 807 (1970)
Probable source of additional water supply - wlls (1980)
Population in the service area - 21,280 (1980)
 

To determine the speoifio weights of the above 
 data for 	eaohgrouping 	criterion, the methodology developed is applied as folloegg
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TABLE MM 3-2
 

WATER DEMAND OF WATER DISTRICT GROUPINGS
 

Classificaticn 
-Yeara 20)0e. . 

Domestic uswe, lpcd 
Comme rcial/Induastrial/lrwtitutionaI

% of domesticEquivalent, Ipod2 
Accounted-for-water, Ipd 
Unacounted-for-water 

% of production 
Equivalent, lpcd 

Total production required, ipod 

140 

17 

164 

40 
ia 

273 

155 

21 

i88 

28 
.U 
261 

175 

25 

2 
2+0 

20 
.L 

262 

Gro.up I I 

Domestic use, ipod
Commercial/Industrial/Institutona2%of domestic 

Equivalent, ipod
Accounted-for-water, ipod 
Unaocounted-for-water

%of production 
Equivalent, ipod 

Total production required, ipcd 

120 

15 
18 

1-37 

40 
9 

230 

135 

17 
2 

15M 

28 
62 

220 

150 

20 
10 

20 

225 

GroupUII 

Domestic use, ipod
Commeroial/Industri 

al/I/Tqtitutional% of domestic 
Equivalent, lpcd

Acoounted-for-water, ipod 
Unaocount•d-for-water%of production 

Equivalent, Ipod 
Total production required, lpcd 

105 

13 
U 

119 

40 
..-M 

198 

120 

16 
1 

139 

28 
U 

193 

135 

18 
24 

159 

20 
-4­

199 
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TABLE MR 3-2 (Continued) 

WATER DEMW-ND OF WATER DISTRICT GROUPINGS 

Classification 


Domesti- use, lpcd
Commerc4.-i/Industrial/Inma tut1onal

%of ."omestic 
Equivalent, Ipod 


Aocounted-for-water, Ipod 

Unaccounted-for-water
 

5 of production 

Equivalent-, 

Total production required, ]pod 


Domestic use, ipod
Commercial/Ir,dustrial/Inst!tutionaI
 

/ of domes-iic 

Equivalent, Ipod 


Accounted-for-water, Ipod 
Unaccounted-for-water

%of production 
Equivalent, .pod 

Total production required, lpod 


MO 
Tear~ 
120 0 

95 1I0 125 

12 
12 

14 
_U 

16 
20 

107 125 145 

40 28 20 
_42 _16 

178 174 181 

90 100 110 

10 13 15 
--I _2 2i 
99 113 127 

40 28 20 
66 44 .32 

165 157 159 
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1. 1975 Urban Inoome 

In 1970, the urban households accounted for
33.8 percent of the total households in the city.
But due to recent developments in the local economy
and subdivision housing projects in the urban sector
of the city, the number of urban households was pro-
Jected to increase to 35 percent in 1975. 
 The product
of the total 1974-1975 income taxes and the 1975 per­centage of urban households represents the urban in­come 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 bys 

. 1975 urban households using refrigerators 

In 1970, 7.2 percent of the urban house­holds had refrigerators* 
Due to economic and
housing developments, the percentage was esti­mated 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 facili­ties represented 21.9 percent of urban households.

Due to the recent housing developments in theurban area, the households with toilet facili­ties were prejeoted to be about 32 percent in 19M5.Table MX 3-1 cives this a weight of 7 point. 

3. 1975 Business Index 

It is assumed that one industrial establishmentequivalent to 10 commercial establishments. Based on 
is 

the 1970 census, the number of commercial establishments(equivalent industrial establishmonts 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 3,693in 1970 to about 5,180 in 1975 (1975 population of
1039493 * average 7 persons/household). Hence, thebusiness index in 1975 was 1.9 percent (commercial estab­lishments divided by the number of urban households in1975). Table MM 3-1 gives this a weight of 7 points. 
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4. 1980 Cost of 'dater 

Based on the hydro-survey of LAUA-CDM and SIL-WD, 
deepwells appear to be the most probable economi,al
 
source of additional supply. Table Y! 3-1 gives a
 
weight of 11 points for this source. 

5. 1980 Served Population 

By 1980the served population is expected to be 
about I',63Vas projected from the 1975 NCSO Census 
of Population vid Housing. Table *! 3-1 gives this a 
weight of 7 points. 

Therefore, the 'IAI) has a total of 54 points indcer the 
9 ctorte±ia, indicating that it belongs to Group III. The water 
demands of this group from 1980 to year 2000 are listed in 
Table W. 3-2. 

Table M 3-3 classifios 16 water districts in the 
Philippines aocording to the 5 grouping criteria, 

2/See Chapter VI, Table VI-31 of the Silay City Feasibility 
Study Report. 
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TABLE 10 3-3 

=MAU OF CITIRS/XMICI2PALrnES SUBJECTD 
TO THE WATER DISTRICT GROUIWG CRITERIA 

1975 
Urban 
Income 

1975 Stand.ard 
Urban 

Households 
with RBfri-
goratora 

of Living
Urban 

Households 
with Flush 
Toilets 

1975 
Business 

Index 

1980 Cost 
of Water 
Source of 

suppl.y 

1980 
Served 

Population Total 

11l3 ,pSurigao del Sur 
Urda-sta, PagasinAm 
Calaba,L Agua 
Gpan, Nueva Eoija 
Silay City 
Coebu City 
Davao City 
Battlod City 
Zamboanga City 
Diu, Davao de sur 
Bacacay, Albay 
Bangue, Abra 
Dauaguete, Cebu 
abVgyI*yte 

Roza cily 
Cotabato City
Olangpo City 
Subic 
,nFrnand o Oponanc)
T'arlac 
Cabaaa~man city
Lips City 
LUOeI~bilao4ayaba-

))e 

14 

14. 
6 

16 
20 
16 
20 
14 
12 

1 
1 
1 

10 
10 
12 
18 
4 

14 
12 
12 
8 

14 
054 

6 
7 
9 
8 

.6. 
10 

9 
9 
7 
6 
5 
6 
5 
9 
9 
9 
9 
5 
6 
8 
a 
8 
6 

7 
9 

10 
9 
7 

10 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 

10 
6 
T 
8 

10 
10 
8 

4 

1i 

7 
7 
7 
7 

16 
7 
7 
7 

11 
7 
4 

16 
16 
ii 
20 
16 
20 
16 
11 
16 

7 

14 
1 

17 
11 
11 

5 
11 
11 

7 
1I 
20 
20 
11 
9 
7 

11 
11 
11 
1. 
11 
11 
11 
17 
20 

7 
6 
6 
6 
7 

20 
10 
13 
16 
5 
5 
6 
5 
6 
6 
7 

5 
7 
8 
9 
7 

12 
10 

59 
50 
63 
47 
54 
72 
71 
74 
62 
50 
31 
48 
34 
58 
56 
58 

47 
65 
63 
61 
60 
64 
53 

3 
2 
4 
3 
1 
i 
1 
2 

3 
4 
5 
3 
3 
3 
1 
4 
2 
2 
2 
2 
2 
3 
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Methodology Memorentum No. 4
 

To L. V# Caierz -Jr. 

From i E. Jacildo
 

Date : 20 January 1977 

Subjeot: Probability Analysis of Strgam Flows by Oumbel 

A. Need 

In CvI.luating surfacethe water vourooa for water supplypurpoe 
, the analyst has to focus his interest on statistioal 
frequenoy of extreme low flown. 
 Sine the exact aequenoe of
streamf.ow for future yeare can not be predictedt hi alo has 
to oonsider the probable variations in flotys in order to 
develop a design on the bxsis of calculated risk, 

In 1941t E. J. 0imbel devised a probability method bywhich recurring flows can be computed. for depign requirements.
Under this method, the hydrologic data are analyzed as an
"extreme value" distribution and the 
sets of hydrologic data
 
are plotted as straight lines. Oumbel's method has been found 
advantageous to use.
 

B. Basic Data
 

The hydrologio data are found in _ura Water Simply 
Bulletin$ published by the Water Resources Divvi-io of the

Bureau of Public Works (BPW). 
Data are presented iL the follow­
ing "quenoe: 

19 Name of river basin 
2. Name ef stream 
3. Location of gaging station in latitude and longitude
4. Drainage area in square kilometer 
5. Records available: month* and year
6. Gage elevation
 
7. Extremes; magnitude and dates of maximum and minimr
 

flows
 
8. Remarks 
9. Revisiona
 
10. Presentation of daily discharge for one year
 

14.14-1
 

http:streamf.ow


It should be noted that Surface Water Spply Bul]etins
after 1967 have no been published; they are on file at the BPW 
Water Resources Division. 

C. 	 Ylethodol_-.4 
Below are the steps in (humbel's probability analysis of 

streamflows. 

Tab lj M­

1. Tabulate 	 the monthly flowis (mean, minimum or 
mra.:mumn, 	whatever irs desired).


2. Take 	note of any 	rhanges in the yearly records as

stated under "Rearmaks" or "Revisions" of the 
Bulletin. Write them under remarks in Table MY14-1. 

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 lI.sted. 

2. Rank 	 the arranged flows under Im" . 
3. Take 	 the logarithm of Q. 
4. 	Solve for the probability flow by the formula
 

m 
n+1 

where, m 	is the rank of a particular flow 
n is the 	total number of recorded flows.
 

5. 	 Solve for the retiurn period by the formula 
n+l 

m 

Figure A1g-

I. 	Plot log Q as ordinate a~gainst probability as 
abscissa. Figure 14M4-i is futnbel's special proba­
bility paper.


2. Draw 	a straight line (month lin passing through the 
points marked in step C-1. If not all the points
fall on the line, adjust the line such that it 
passes on the average path of the points. Any
return period wnich 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 anitilogarithms 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 YY4-1 

MEAN-DAY DI.CHARGE PER NONTH
 

Basin: Pampanga (San Vioente) Gage Elevation: 11,050 m 
Station: Pefiaranda River TUnits: cumd x iOOO 
Location: lat. 15°18'46"; long. 120'56'3011 

Drainage Area: 575 sqkm 

Year Jan Feb Mar Apr ar Jun Jul A_ Sep Oct Nov Dec 

Minimizi-flay
Disc;harge/ 

Year Remakka 

1965 2,283 753 351 372 1,313 - - - 3,239 5,156 4,358 
1966 - 2,915 - - 8,941 1,595 2,682 4,215 5,425 1,413 9,801 5,380 
1967 4,922 857 1,189 547 873 425 1,012 6,614 4,41i5 5,707 5,896 125 
1968 66 77 120 54.0 96 - - - - - - 17 
1969 141 32 336 689 664 301 3,203 2,394 2,248 1,175 1,785 2,190 
1970 1,989 814 279 17 17 3,561 2,928 1,628 9,590 11,726 9,689 6,915 
1971 3,123 642 732 294 1,499 4,567 4,021 1,824 1,377 11,161 5,229 15,007 
1972 5,992 4,873 406 1,461 767 415 18,347 15,977 6,306 216 4,701 2,896 
1973 
1974 

697 
1,405 

823 
1,332 

82 
2,191 

108 
471 

95 
621 

686 
3,781 

2,525 
3,497 

2,650 
10,761 

4,405 
10,014 

14,582 
12,567 

4,149 
16,317 

2,124 
13,693 
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TA.11,' 1.9-1~41-2 

MWWNL04 (PJIQMRNDA -RrvM, SAN VICENTE) 
GAPAU WATER DISTRICT 

Return Period
 
Pr'obabiiity (Months)
 

Oumd~ mx10
QiC1) 3 

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 
 18.00
7 95 4.978 
5.56 

6.48 
 15.43
8 96 4.982 7.41 
 13.50
9 
 108 5oo33 
 8.33 
 12300
10 117 5.068 
 9.26 
 10.80
11 
 120 5.079 
 10.18 
 9.82
12 
 125 5.09? 
 11.11


13 141 5.149 
9.00
 

12.04 
 8.31
14 
 216 5.334 
 12.96 
 7.71
15 279 5.446 
 13.89
16 294 5.468 14.82 
7.20
 
6.75
17 301 5°478 
 15.74 
 6.35
18 336 5.526 16.67 
 6.0
19 
 351 5.545 
 17.59 
 5.68
20 372 5o570 
 18.52 
 5.40
21 406 5.608 19,44 
 5.14
22 415 5.618 
 20.37


23 425 5.628 21.30 
4.91
 
4.70
24 471 5.673 22,2 
 4.5025 540 5.732 
 23.15


26 547 5.738 24.07 
4.32
 

27 
 621 5.793 25.O0 
4.15
 
4.00
28 642 5.808 
 25.93
29 
 664 5.822 26,85 
3.86
 
3,72
30 
 686 5.836 
 27.78 
 3.60
31 
 689 5.838 
 28.70
32 697 5.843 29.63 
3.48
 
3.38
33 
 732 5,864 30.56 
 3.27
34 753 5.877 31.48 
 3.18
35 767 5.885 
 32.41 
 3.08
36 
 814 5.911 33.33 
 3.0037 823 5.915 
 34.26


38 857 5.933 35.18 
2.92
 
2.84
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TAUI.P M144-2 (contimed) 

MAIFLW (PNM.!ANA RItV~R SAN VICEiNTE) 
GAPAN WATiR DI6TRICT 

.- a,113 

39 873 
40 1 O12 

41 1,175 

42 1,189 

43 1,313 

44 1,332 

45 1,377 

46 1,405 

47 1,413 

48 1,461 

49 1,499 

50 1,595 

51 1,628 

52 1,785 

53 1,824 
54 1,989 
55 2,124 
56 2,190 
57 2,191 
58 2,248 
59 2,283 
60 2,394 
61 2,525 
62 2,650 
63 2,680 
64 2,896 
65 21915 
66 2,928 
67 3,123 
68 3,203 
69 3,209 
70 3,497 
71 3,561 

72 3,781 

73 4,021 

74 4,149 

75 4,215 

76 4,358 


z_ 

5.941 

6,005 

6.070 

6.075 

6.118 

6.124 

6.139 

6.148 

6.150 

6.165 

6.176 

6.203 

6.212 

6.252 

6.261 

6.299 

6.327 

6.340 

6.341 

6.352 

6.358 

6.379 

6.402 

6.423 

6.428 

6.462 

6.465 

6.466 

6.494 

6.506 

6.510 

6.544 

6.552 

6.578 

6.604 

6.618 

6.625 

6.639 


Retur Period 
Pr obdbilit (months) 

(-- x 1oo0) ( .t) 
(+, m 

36.11 2.77
 
37.04 2.70
 
37.96 2.63
 
36.389 2.5T
 
39.815 2.51 
40.741 2.45 
41.667 2.40
 
42.592 2.35
 
43.518 2.30
 
44.444 2.25
 
45.370 2.20
 
46.296 2.16
 
47.222 2.12
 
48.148 2.08
 
49.074 2.04
 
50.000 2.00
 
50.926 1.96
 
51.852 1.93
 
52.778 1.89 
53.704 1.86 
54.630 1.83 
55.555 1.80 
56.481 1.77 
57-407 1.74 
58.333 1.71
 
59.259 1.69
 
60.185 1.66
 
61.111 1.64
 
62.037 1.61
 
62.963 1-59
 
63.889 1.56
 
64.815 1.54
 
65.741 1.52 
66.667 1.50
 
67.592 1.48 
68.518 1.46
 
69.444 1.44
 
70.370 1.42
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1e~tnrri Pen. 

Q" 

m numd. x:1o3 
- 00~ 

77 
78 
79 
80 
81 
82 

4,405 
4,415 
4,567 
4,701 
4,873 
4,922 

6. 44 
6.64.5 
6.66o 
6.672 
6.688 
669 

7i.296 
72.?22 
73. 148 
74r074 
Th.)oooc33
7.9263 

,3 
37 

1,35 
b 

83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

5,56 
5,229 
5,380 
5,425 
5,707 
5,896 
5,992 
6,306 
6,614 
6,915 
8,941 
9,590 
9,689 
9,801 
1o,014 
10,761 
11,161 
1,726 

12,567 
13,693 
14,582 
15,007 
15,977 

6.7 12 
6,7 8 
6.731 
6.734 
6.756 
6.770 
6.778 
6.8oo 
6.820 
6.840 
6951 
6.982 
6.986 
6.991 
7.001 
7.032 
7.048 
7.069 
7.099 
7.136 
7.164 
7.176 
7.203 

76.652 
77.778 
78704 
79.630 
60.556 
81481 
82.407 
63.333 
04,259 
85.185 
86.111 
87.037 
87.963 
88.889 
89.815 
90-741 
91.667 
92.592 
93.518 
94-444 
95.370 
96.296 
97.222 

1.0 
1.23 
1.4 
1.26 
1,24 
A",) 

1 :.: 
1.,20 
L19 

6 
4.15 
1014 
1.12 
b 1 

1.09 
1.08 
1.07 
1.06 
1.05 
1.04
1.03 

106 
107 

16,317 
18,347 

7.213 
7.264 

98.148 
99,074 

1.02 
1,01 
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Methodology Memorardum No. 5 

To : L. V. Gutierrez, Jr. 

From : J. B. A-rbuthnrot/B. R. Conklin 

Date : 16 May 1977 

Subject: Quantity of Storage Verous Rate of 2 'oply 

A. 	General
 

The n for water ix a water system is not uniform,
therefore, the system must be designed to supply water at 
varying rates of demani. 

One common method of supplying water at varying rates 
is to provide a specific amount of souroe pumping capaoity 
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 combination' of facilities that would meet a com­
munity's needs. Some of the factors that should be oonsidered 
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-consuming facilities within the 
airerage home (faucets, toilets, showers, automatic 
washing appliances, *tc.) 

3. 	 The habits of people (what times people eat, shower, 
sleep, etc.) 

WI15-1
 



In general, daily usage of water ffcllows a patte.rn withtwo peak usage periods during the day and low usage late atnight* Figure JO5-i shows a typical variation measured
section of the Cebu City distribution system, 
in a
 

The relationship of the peak usage on an average daybe determineL atatistioally for a can
given conumnity. The sta­tistical peak is an average of each person's peak.usage and
 

has two important propertien:
 

1. The statistical peak is a function of the numberof people in the conmunity. The fewer people, the
higher the peak may be because each person t s peak usage
could more easily affect the total flow. 

2. The statistical peak should be recognized as a mathe­
matical average, and on some days the peak usage could
be much higher or lower than the statistical peak.
 

The common engineeri.ng practice for water systems to tosupply water from a source at maximum-day rates either by puwp­ing or gravity. Maximum-day demand 
 is the maximum quantity ofwater used during an entire day in a single year. 
Water usage
can be at oe near maximum-day demand for a period of weeks
during summer months. 
Source capacity must equal maximum-day
demand because it would be impractical to store sufficient
water to supply maximum-day demand rates for more than a few
 
dayo.
 

The difference in demand between the peak-hour demands ard
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 exoea demand and is
called operational storage. 
It should be noted at this time that
there are three categories of storage:
 

1. Operational storage ­ used to meet hourly fluctuations
 
in demand.
 

2. Mergency storage ­ used to meet demands in case of
breakdowns in source facili ies; typically equal to
 
a full day's demand.
 

3. Fire storage ­ used to meet the required volume of
 
water need to extinguish the worst fire expected in
 
the community.
 

,-175,2 
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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. Nethodology 

The engineer must determine the amount of storage and source
 
capacity to meet the demands in a specific community. A set of
 curves that relate the peak hourly usage to the numb3 of people

in a community has been developed by CDM and othera.J Practice
has shown that a volume of about 15 to 20 percent of the maximum­
day usage is required as operational storage if souroe facilities
 
can supply maximum-day demands. Combining the "peaking curves" withthe operational storage requirement, a second set of curves relating
the quantity of storagt to the number of people, at different rates
of source supply, has been developed (see Figure MM-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 additional source capacity and reduce the quan­tity of storage. This is espeolally true where storage is provided

in elevated structures that are very costly, since they are built
 
to withstand earthquakes. The curves in Figure MM5-2 have been

used in this study to determine the requirements for storage at

various supply rates in order to prepare cost comparisons of alter­
native supply and storage combinations.
 

Y-ASCE anual of Practioe No. 37. 
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Metbodoloay Me~moxacndbi No 

To : L. V. Gutiorrez; Jr. 

Mrom : J. Arbuthno ; V.?, Con;lin 

Date : 22 :,h VI,('7 

Subjects Economrica: ,Si7iij-g of Pumped Waterlines 

A. General 

This .o'lr domola an expression for the most eco­nomic size of a -p-; for pumped water systems based on two 
cost factors: coot of 'ip:,-in-plaoo and cost of pumping
(energy). The larger the 31ipe the greater the cost of con­
struotion. Alao, ihe I ,rgae. the pipe the lesser the cost ofenergy required Th ryu- wator through the pipe. The most eco­
nomic pipe size, vfnild 'De where the incremental cost of pumping
is equal to the in,-oewsntal cost of pipe coastruoti.on. 

In moat 8it ", the above coi • factors ar, the mostimportant factorr, :n tl,. termining the onomioal siL of trans­mission mrdns. :u. -, n these are r ,t the only important
factors, it is stfii advantageous to -now what is the most
economic size of pipe with regard to -hece two faotor., 

B, General Rflatioa-pshi-

The total arnual coat )f a pipe' line is e .al to tie sum ofita construction oos, (uxp sed on an amo',tiz.d annual basis)
plus its annual pumping oos,. 

C% Cc -/t a 

To determine the mout ,conomic pipe diameter both thi fao­
tors on the rigit hand side of the equatioA were expressed intirms of the dianster of th3 pipe. The e,'uation was then 
differentiated with respect to the diameirg and solved for
the d omter for whiob the resulting exp ession was .pqual to 
zero.-' 

i/Total Annual Cost - Anw A Ccastruc ion Cost + Annual 
Pumping Cost. 

n/dCt a(c,) d(C ) I) tul are X -pipe diameter 
dx x dLn 

1:1.1* 
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A. cons truction ost 

Thf.# construction
of Appendix 0, Basis 

cost Of' the Pipe was taken from Table 0-4of' Cost Estimates, in Volumez'eport,, ';,i vxre adju,-ted by addinog 
II of the final 

a va.ue for yecessaryvalves and by escalating these by 10 percent per year for12 yearsto obtain July 1978 construction costs. These costsincreased. by 5- percent were thenfor vontintenciesfor engineering. and then by 10 percentThe following equation was derived and represents
the adjusted construction costs in Table 0-4 in terms of the dia­
meter.
 

C = 2845 (Dia.) 1 ' 2 9 2 
-- Equation 1 

C is the installed cost of pipe in pesos per meter, and Dia, thediameter of the pipe in meters.
 

The amortized annual cost of construction is the cost of con­struction mfiltiplied by the capital recovery factor.(as influenced
by the economlo life of the pipe and discount factor). The gene­ral equation is;
 
Annual Cost 
 of Construction = CRF x 2845(Dia.) 1 292 

- -.- Equation 2where CmF is the capital recovery factor; for n 
- 50 years, dis­count rate ­ 12 , CRF is equal to 0.12042.
 

I 
 I
Do Annual'Pum ingCost
The annual cost of pumping energy may be expressed in terms6f the amourt of water pumped, the energy required Io overcomethe frictional loss in the pipe, the price of electrical energy
and the effioienc-y of the pumping machinery. The general equationmay be written as:
 

Annual Cost of Pumping Energy - Mass/Year - s v vf x -efficiency x 3.6 x 106­
.. .Equation 3 

where mass/Year is the amount of water pumped in kilograms; g, the
gravitational constant; Hf, the energy lost by friction of flowinthe pipe expressed inmeters1 P/kwh, the cost of energy inpesosper kilowatt hour; and 3.6 x 10 6,the number of newton-meters perkilovatt hour.
 

The friction loss of energy in the pipe may be expressed in
terms of the diameter utilizing the Hazen-Williams (HUw) equation, 

ML&xMLD1 832 
1
361.27 . o 8% t4.7 

where L is the length of pipe in meters; ILD, the flow of water inmillion liters per day; C,the Hasen & Williams roughness coeffi..
eln't; az dDia, the diameter of the pipe in meters. 
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sat ing the e~.v f or "L"- ea i on iv'r lh~z o of 

puwping enerty~, o:bioino thia with the epreawion for the &nia 

tziatquof diffranio"A-a 4;if t;ij th4,n~i the 

Ui3x)r a t~f 12"), "d. a capit.u1 rewve)y Ptto ofCO 042? 

thefn IOW-aIO CCCA IAX iri~* 5bTk~A 

Tho above otrantism Im exrpsad graphiaily in Figtx±' UN (.-I. 

in xrigoran,. but the reat ion it no !oxre exa*1 tbaji are the 91mrpii­
.fizfrg %swiptieozs upon whib ilia deiscviv.aion. wrabae 

10G'oionx 00.3t Lei aticwnnkp 

114,* oonftucso 00%rel.at ion (Squatimn I) has a -Ato".­
ard1 de'iaivion oif Jus~t undisr 10 ptrc.6rI ThUi. mra~ 4"Dolwo 

third of~ te time the wiiula~ kho ' atqd1ll raprewz~t wi 
coiRts tliluatedq within 10 peromt.~ Tb 1&1'est dliP.OJnot 
observed was 20 rvrcnt, V~r go, evzonairdo ooiditiori eid tho 
oost of pipe m~ay ahange in t iw'i . Probably, a new tUbI6 

"ap oatPo has -to be iwae every 2 or 3 year., and the 
foriuaam, alorg ih Figux' UK 05-11 adjnsted- aooortdirg.1y' 

Othier %srmptiona&rez 

C r 120 (H1aen & 4ilisz wo-enoient) 
i 2% ioa rnie) 
fl. 0T5? (&ConQ6mioaI- lift~ of piPa) 

The devv-ltiou &I-a* auvri thjzt for iht ahni in
 
pumping beads r'.ing varis pfoare 'r a 'oi?J flow, -the
 
total construct ion cost of the pumpis r8M&irt. r'*Aa*-Ln
vt~bi.4 

'We assuzpt ion is reasotable sinoethL- djffea'O 009r'bj 
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2 

between one pumip selection Id aoiher forIiroflrn 
at the same flow would not alter 

h 
-the coot of the C!)rltestatics by sif o(wn amooust, (enerally, the itl:L.!dmotor horsepower, would also be the aame sinesstono. ,he 


come in standard sizes and one size n y be used fo a
 , number of dif.erent pump neleotiono at a given flo%*
 

The relptive rato of inflation for pilpine oon"ruction
 
is assumed equal to that. of power cos'tl~, 

3. Flow Quantities are Based on Constint Fon 

The derivation of "h3moct economic .. dimneter isbased on a constant rate of flow within the p1pie This i
probably the most general and therefore the i.ast acnuirate 
of any of the asptiiu 

Normally a pipeline devigned for a W'"is apeci.ocondition; even umder deain conditions that flow rzvI.y occxr
only part of the time. Tho flow in . r±!m m"incould be expected to nearly equal the doai.4 i fla, for Th
period of tirr. Howei,3r, in distribution main. izoe for 
peak.ho.Lr flows, the flow may not bo 6cual to the de 6
flow except for very , ort periods of fime. 

The variation -in or erg ont dv, t%0 a -f10c-iating .'urn­
ping rate through a p pelie can be cal.cuaiaed and appli.d 'toadjust the most eoonoii pip! diairete r mdetrined from ignire" 
 MN 6-I. This ao-ca)]-'d "enerp,,y variability fnotor" is (is-
Oussed in the follovig reotion. 

Figure NM 6-1 is based on eleo+ing a pipelkin whl.ore the flowwIll be constant throughout the year. In most o:sea, pipelinesilkea are selected on a maximum xpected r.et of .tl,(ow If the
flow'through the pipeline is less than the deaigni fJlo;,r the p*-urp­ing head (whicth directly affocte energy co t ) woWd d"Oc.reaseaccording to the 2.852 power of the flow ifflow greater than desgi flow rato is pumrd thro.h a pipeline,the energy cost would be increased by the 2.8,52 powtr. 

The overall dlfforonce in energy couta over ".ie ory ypaa,can be oaloulated by comparing, the costs of puimping :,I; a oone antflow rate with the cost of pumping at the e- o;ed floi varia'.;ion.This value is Ehe so-cailed "lenerg'Vriabl. i t. .cttoy' (Ev)"'i" The design flow for the pipe .sused as the bnve flow and theactual flo to' the design flow over the doar i.,onpruwdeaar? 
percent.
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Thie metboiXi -Oe .;:! -J,, z'ai~t flW- is~;~-ual~ flow 
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2 
3 
4 
5 
6 
7 
8 
9 
10 
i 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Plow Pattern I-i_, 

Pexrciit ofr &yerW.. 
hour Variatior 

32 0,039
36 0-054 
39 0.068 
33 0.,N2
46 0.109 
95 0,864 
193 6.522 
206 7.855 
198 1.016 
156 3,.554 
169 4-466 
129 2,o67 
123 1.805 
95 0.864 
99 0,972 
96 0.890 
107 1,212 
133 26255 
130 2,113 
87 0.672 
64 0,280 
54 0,172 
42 0,084 
38 

_ Flow Pattera No, 
..... 

48 
45 
48 

100 
100 
'100 
120 
120 
120 
120 
120 
120 
120 
120 
120 
20 
120 
120 
120 
100 
100 
100 
48 
48 

2 

0123 
0.123 
0.123 
I,0oo 
1,00 
1.000 
1,682 
1.682 
1,682 
4.682 
1.682 
1.682 
1.68,, 
1.682 
1.682 
1,682 
1.682 
1.682 
1.682 
1.000 
1.000 
1.000 
0.123 

44.038 28.481 

24,000 "24,000 
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used for this study. Figure Y11 6-3 presents an adjusted graph of 
diu-hal flow ustg the shape of the Cebu curve but a maximum 
peak of 1.75. Te ]VT for thi3 urve is equal to 0-32 (see Table 
XM 6-2) and when raised to the 0.1623 power, equals 0.83. 

In praatice the BVF used for distribution systes in this 
study is only significant when the pipeline size is greater than 
300 an (simificant means that EVF changes the rsoommended pipe 
size 17 a large incremental size). 

K. Exaple
 

Problem: Select an economical distribution pipe size to con­
vey a peak-hour flow of 20 MLD. The coot of power is 49 centavos 
per kilowatt hour, the pump efficiency is 81 peroent,and the 
motor efficiency is equal to 90 percent. 

Sclut ions
 

""sos&Wh
.49x.672, 
 say .675
 

Rrom Figure MM 6-i using the flow of 20 ILD and Pesos/kwh/ 
Efr - .675 select a pipe size of 500 ms. 

For a flow variation in a distribution main, the LW is equal
 
to 0.32 and the E' raised to the 0.1623 power is equa to '.83. 
The most economical pipe size for the actual flow variation is
 
equal to 0.83 x 500 m or 415 im; so ohoose 400 m pipe size. 

I.016-7
 



TABLE X 6-2 

"MRlm FOR DISTRIBTION SYSTEk 

Peroent of Average Peroent of/1Design EnZrp'/ 

1 35 20 00010
2 40 23 0.015
3 39 22 0013
4 37 21 0.0125 73 
 42 0.084
6 134 77 0.4757 164 94 0.8388 175 

9 174 

100 1.000
 
99 0*97210 
 163 
 93 0.81311 
 162 
 93 0.81312 134 77 0.47513 118 67 0.31714 
 94 
 54 0.172
15 
 94 
 54 0.17216 94 
 54 0.172
17 
 105 
 60 
 0.233


18 
 129 
 74 0.42419 
 123 
 70 0.362
20 
 96 
 55 0.182
21 72 41 
 0.079
22 58 
 33 0.04273 47 
 27 0*024
24 40 23 0*015 

7.716
 

EV- m I -.32 z.01623 0.83 

V;xng 175 percent of average dk an bass flow for pipe destgneUuag Percent Design Fl, .raised to the 2.852 power. 

* Energy variation at oon-+.ant flow 
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