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CHARPEP2U IX DN'CHI.TION Ad!) COST OF RECOMY1.4DED PLAN 

A. G1,ERAL 

The immediate imrprov.men-,. prog;ram and the first and second stages
of the lorbg-term construction program are described in this chapter.
In addition, the caoita1 and operation and maintenauce costa of the
 
recommended progrw;, concepts concerning sewerage and drainage, 
 com
ments regarding the management of water resources and a statement
 
regardingf the environ mental impact 
 of this project are included.
 
Appendices F, G, N and 
 O, Volume II co tain discussions of Design
Criteria, Basis of Cost Estimates, Construction Methods and Materials,
and Outli .,e pecifications, respectively. The recommended construction 
program consists of' the following five 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 (1(P6-90) 

4- Stage II Phase A of the Long-Term Construction Program 
(1991-1995)
 

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

Source
 

The current water supply sources of San Fernando are five wells 
located in the poblacion and nearby barrios. Because of poor produc
tivity of two of the wells (in barrios Lourdes and Sto. Niio), 
an
 
additional well will be required to meet the projected demands of the

510'"t-1ID beyond 1)80. 
 This well will be drilled near the San Fernando
 
Southeast Piversior head during the immediate improvement program, and
 
will be completed and furnished with pumping equipment.
 

Mitur ,' water demands of FER-4ID will be supplied by wells (see 
Source Altcrnative, Chapter VIII) to be constructed during successive
 
construction phases to meet projected increases in demand. These wells 
will be locited withir: the year 2000 service area and located at 
an
 
average dinti-nce of" I to 2 km from one another, to minimize the effects 
of mutual i.,terference. Each additional well will have an anticipated 
capacity of' 2,725 cumd. 
 By year 2000, a total of 14 wells will have
 
been constructed. 

Distribution Storage 

The FR-41) currently utilizes one of two existing 380-cure Lleva
ted distribution storage tanks. The reinforced concrete elevated tank 
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currently in 
use at Barrio Dolores was constructed in 1956. Theother reinforced conorote elevated tank,located in Barrio Lourdes,
and constructed 
in 1929, was abandoned because of foundation
failure. Based on the alternative studies conducted for storage
faoilitieo in I?1ER-1, 
 as presented in Chapter VIII, the least costly alternative is maximization of well supply capacity and minimization of storage capacity. It was also determined that the currently
utilized storage tank would be adequate until 1989. 
 A total volume
of storage equal to 760 cum is required by the year 2000 based on a
well supply capacity equal to peak-hour consumption. Since the
Barrio Lourdes storage tank will be abandoned, an additional 380 cum

of elevated storage will be provided in 1990.
 
Distribution System
 

The existing distribution system of FER-WD serves the poblacion
of San Fernando and the barrios of Sta. Lucia, San Pedro, Dolores,
Juliana, Del Pilar, San Jose, San Juan and Sto. NiMio. 
 The majority

of the pipelines were constructed in 1929.
 

The existing distribution system will be expanded to serve the
barrios of San Eicolas, San Agustin and San Felipe by 1990 and the
barrios of Quebiauan, San Isidro and Del Rosario by the year 2000.
 
A total of 40.8 kcm of pipelines with sizes ranging from 100 to
250 mm will be constructed by 1990. This includes 11.6km of pipelines to
replace the existing mains that are undersized and in poor condition.
By the year 2000, an additional length of aboutt 
11.6 km will be added to
the system to serve additional outlying barrios. 
The above lengths
of pipelines do not include the new internal network pipelines that
will be installed in newly served areas during the construction pr_
ram. The %itibto faiiispoposed for 
the long-term development of the FER-1D are shown in Figure IX-1 (appended).
 

Administrative and Other Service Facilities
 

In addition to the storagesource, and distribution facilities
recuired for the production and transportation of water to consrmers,
it will be necessary to, provide facilities to improve administrative,operation, maintenance and qluality control capabilities within the
water district. Administration and shop buildings;, water meter repair
arid 
laboratory facilities will be constructed during the immediate
 
improvement prog;ram. 
Design Considerations 

The recommended program of pipe construction presented in thischapter ref'lects the results of successive computer analysis on theFIf-,/D distribution ,.ystem, The general design criteria and method
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of analyis are ,1isousi .d in Appendix K, Volume II, and Chapter 
X7I, .ethodol.ogr manual. 

!% mnhd Q l-.secin pipeline ,ize; co,e.i.t of analyzing
 
a nurbec Gow r.e s aed Oper'ating conditionz, and design1r penun 

ing ch PiQ the oor,orntset of conditions. Since each computer

analysis Y ci- ical to a differeont, series of pipes, there is no
 
uile IC"og;%m 
 01 inciluded asr,_-- t ha,I".r be herein a 1esign run." 

The-c.;uter printuts-, or th.-. pr.'ak--hour and milnimiim-hour
 
condition:: arc ir.!udcd in Anne 
 IU--C a". representative of the worst
conditions for pi , -nm Th, peak-hour condition can, in ge.nra].,
be considhred as thn "d.sign ru" for the major'ity of pipes. How
ever, ce- t.in variation's in opergtti ona] modes, espeoialiy systemsin

with well supplies, can be more criticL 
 for some pipelines. 

Durir fini,! design.: or the recommended facilities , it is impera
tive tha, th. devip,( n'iineer re-run the computer program to deter
mrine the ccitical cond:ttion for each pipeline to be designed. It is 
also i-mortant to revise the progr;.am during each design phase to take 
into acco.at the actual aystem conditions. It is recommended that a
 
new 
 serien o hydraulic studies be conducted on the distribution sys
tem after some improverlents are completed and the system operates with
adequate pr:':ur, for 24 hours a day. The results of the new studies 
car be i0corporated into any future designs. Other considerations in 
npdatirC th:is report are dircussed in. Appendix Q, Volume II. 

I: scanrca es, facilities in the last phases of construction 
are v-ly dezigned for a short term to the year 2000. These facilities 
are ineinded in the cost analysis to determine their economic impact 
on the f'eaibility study. However, from a technical point of view,
the short-term facilities may not be the most practical or economica~l 
Lo con:trlc'r t. Toying the design of the last phases of the recommended 
construction prorram, the design engineers ohould study alternatives 
beyond the y9er 2000 and deoi,,n facilities accordingly. 

B. YM ' FIIATE IMPROVEMET'P }TO(GiA N 

While t.heufirding A.n2 recommrnndations of this report beingare 
'e-viewed? ', .,dinr t heir apyrova] by the FER-.,. LQUA and financial 

aqencies, oert..in tp, way be t.aken to raili-tate immediate improve
muc.1ts in the FPR-i] watcr uupply nys tem. These "high impact" improve.
mcnts will prcovide improved service to existing consumers and provide
alditional service to a limited number of now connections to the sys
tem, before imnpecen,,tioon the phase of theof initial long-term 
Coint ru t program.ruct-,. 

At pr-':.t, about 33 percent of the service area population is
actually ourve,d by the 101i'-WD system. Bly 1980, the total population
nerved within tLe 1980 service area boundary will be 16,980 or about 
38 percent o the total population in the aervice area. 
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The immediate improvemen-t program will improve and expand water 
supply service primarily by the additioo , .'oron; distribution, ad
ministrative and operational facilities. The 	 prog'am con"ists of' 
the 	following major items; 

1) The completion of one pro,.cliou well and provision of a 
structu re and pumping cilities; 

2) 	 The provision of effective a-ri reliable disinrection equip
ment to provide fu]l--tlime Ahlorination within the distribu
tion stcm; 

3) 	 The installatiou of about 20.0 kmnof 100 to 250-mm diameter
 
distribution pipelires; 

of L4) 	 The initi,u ion a e.xtnsive .eakage detection survey and 
repair programi 

5) 	 The prow.ioi of et ors for 1,245 existing service con
neetions, the provisiun of about 1,250 new connections, 
and the repair or reo.]a.2cmqnf, of approxima.tely 10 percent 
(125) of the existing connections (see Yitruro 1'-2) ; 

6) 	 The construction of new administrative and shop buildings 
and provision of appurtenant equipinent such as shop tools, 
water meter and imboratory facilitien, vehicles, office 
machines and fu rniture, etc., to increase the operational 
capabil1ities of the water distr.ct, 

The 	 well, locabed near The San Fernando southeast diversion road,
will be dril]e.d and equiaed w'ith a pumphouse, pumpset, flow meter, 
valves, etc., and will produce hout 2,725 curd. 

Low 	di.stribution main s .ill be in.nta.led as shown in Figure
IX-2 and mimnarized in TA,ri 1. These mains will primarily serve 
areas ANi the pr:e.t service area. It in anticip'ated that the 
larger p.vor.,ed pipe]lines will serve as main arteries in the future, 
while th :'',,(seI iO--mm pipe]lines will, in most cases, provide
.ni:vine to additiona. con ; mer; withi n the prosent service areas 

The 	 f.V1ion yC OUI'; tih roghc.-I 
bution y.stm on. a(2,: -hor ',.i.] to 

of Mtr pL!t 	 the LI-Wi) distri
- M ill.5 tend 1ncrease -the current 

level nI :.fystem le kan N i ttage. It is, therefore, essenti.lthat an in Lenuiv. pro''m of".akage and w ,staesurveyu and related 
system - ... i'A be or : UVA;e: the immediate, improvemont program, 

Chlorination eoamQrnt , =co:.ete with structures will be pro-
vWded at 1:e ites of the prpon:ed wall] and three exc"et irsig wells to 
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TABLE IX-I 

DIS'MIPUTDON PTPELINhES 
IMMEDIATE IMPROVFMDL PROGRAM 

Pipe 
Number Location/De 

Pipe 
Diameter 

Pipe 
Length 

Replacements 

420 Poblacion Well to Node 18 250 

50 
408 
409 

Along San Fernando Northeast Diversion Road 
Node 1,3 to Storage 1!znk 

200 
200 

80 
60 

411 
448 
449 

Along Gen. Hizon Avenuie 
Along Capitol Blvd. 
Along Capitol Blvd, 

200 
200 
200 

550 
300 
175 

463 San Pedro Well to Node 80 200 100 
468 Along San Fernando Diversion Road 200 

403 
404 
405 

Along 
Along 
Along 

San 
San 
San 

Fernando 
Fernando 
Fernando 

Northeast 
Northeast 
Northeast 

Diversion Road 
Diversion Road 
Diversion Road 

150 
150 
150 

I,665 
50 

100 
150 

406 
407 
441 

Along San Fernando Northeast Diversion Road 
Along San Fernando Northeast Diversion Road 
Along High School Blvd. 

150 
150 
150 

125 
175 
250 

8.0 

416 Along V. Tiomico Street 100 300 
Sub-total (Replacement Pipelines) 2,865 

New Pipelines 

196 From proposed well to Iode 58 250 100 

100 
114 Along Capitol B].vd. 200 80 
122 Along San Fernando Subd. Road 

(Bo. Sto. Nifio) 200 330 
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TABLE IX-1 (Continued)
 

Pipe 
1humber Description/Location 

Pipe 
Diameter 
.m) 

Pipe 
Length 
.. m)

124 Along San Fen'ando Subdivision Road 
(Bo. Sto. NIiio) 200 90 

127 Along San Fer2nando Northwest Diversion Road 
(Bo. sto. Yiiio) 200 200 

150 Along Panpaga Capitol Subdivision Road 
(Bo. Sta. Lucia) 200 150 

151 Along Pampanga Capitol Subdivision Road 
(Do. Sta. Lucia) 200 80 

158 Along Parnpanga Capitol Subdivision Road 
(Bo. Sta. Luoia) 200 150 

163 Along Pampkanga Capitol Subdivision Road 
(Eo. San Pedro) 200 60 

176 Along Certi. Eizon Avw . flacArthur Highway 200 320 
183 Along Gon. Jfizon Ave.-IvacArthur Highway 200 120 
186 Al ong Franda 5ubdiviiion }Road 

(Po. Sal Icicolas) 200 80 
167 Al ong Franda Subdivision Road 

19r; 
(Do. SanI,icolaa) 

Along Gen. Hizon Avc.-MaIrthur Highway 
200 
200 

120 
500 

20;1 Uc 13 to Node 14 200 70 
202 Along Capitol Blvd. 200 100 
203 Along Capitol 'Blvd. 200 100 
204 Along C;pitol f3lvd. 200 125 
205 Along Capitol Blvd. 200 50 
206 Al onqg Cajitol Blvd. 200 150 
207 A1.ong Capitol Blvd. 200 250 
208 A) aog Gen.. Hizon Ave.-MacArthur Highway 200 125 
209 
210 

Along 
AIong 

(en. 
Gon. 

Hizon Ave.-MacArthur 
flizon Ave.-4acArthur 

Highway 
Highway 

200 
200 

350 
100 

211 Along Gen. Ilizon Ave.-MacArthur Highway 200 200 

],900 

102 
103 

Along Juliana Subdivision Road (Do. Juliana) 
AIong Sun Pernando Northeast Diversion Road 

150 
150 

400 
100 

105 Alon C JulianaEL Subdivision Road (Do. Juliana 150 300 
106 Al ong Juliana 5ubdivision Road Po, -Juliana) 150 200 
107 Along jIuliiaa Subdivision Road (13o. Juliana) 150 100 
110 Along High School Blvd. 150 150 
112 Along eopaco Subdivision Road (Poblacion) 150 170 
113 Along Teopvco Subdivisioi Road(Poblacion) 150 150 
118 Aloag San Fernando Subd. Road (Ho. Sto. NiiTio) 150 80 
119 Along San Fernando Subd. Road (Bo. Sto. Nifo) 150 70 
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TABLE IX-1 (Continued) 

Pipe 
Number Location/Description 

Pipe
Diameter 

Pipe 
Length 

M 

120 Along San Fernando Subdivision Road 
(Bo. Sto. 1ifo) 150 70 

128 
130 

Along San Fernando Northeast Diversion Road 
Along San Fernando Southeast Diversion Road 

150 
150 

250 
670 

166 Along Pampanga Capitol Suhdivision Road 
(Bo. San Pedro) 150 340 

16P Along Pampanga Capitol Subdivision Road 

1W 
(3o. San Pedro) 

Along Pamipanfa Capitol Subdivision Road 
150 200 

(En. San Pedtro) 150 50 
17(' Along Pamnpanga Capitol Subdivision Road 

171 
(13o. San Pedro) 

Along PampangUa Capitol Subdivision Road 
150 140 

1 35 
'191 
199 

(Bo. Sun Pedro) 
A.Long Aurca Subdivision Road (13o. Sta. Lucia) 
Along Franda Subdivision Road (Bo. San Nicolas) 
Along San Fernando Southeist Diversion Road 

150 
150 
150 
150 

70 
100 
340 

4,350 
101 
10,! 
l0kV, 
Icy ' 

Alon.- V. Tiornico Street 
Along Juliana Subdivision Road (Bo. Juliana)
Al ciIgI,;arin Subdivision Road Be. Juliana)
Along I:arin Subdivision Road (1o. Juliana) 

100 
100 
100 
100 

400 
230 
690 
130 

III 
11:-
11, 
117 
121 
123 
125 
131 
133 
134 

Iode 35 to Capitol Blvd. (Bo. Ste. Nii) 
AlonL- San Fernando Subdivision (Bo0 Sto. Niiio)
Alon San Fernando Subdivision (Bo. Sto. Niiio) 
Along San Fernando Subdivision (Bo. Sto. Niiio 
Aon C San Fernando Subdivision (Bo. Sto. Niio) 
AIni, Sau Fernando Subdivision (Bo. Sto. Nifio)
Along i', dalena Subdivision Road (Be. Sto. 1,iho)
Aloll;g Aure Subdivision Road (Bo. Sta. Lucia)
Along Aurea Subdivision Road (Bo. Sta. Lucia)
Along Aunr-a Subdivision Road (Bo. Sta. Lucia) 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

70 
120 
350 
520 
350 
170 
110 

80 
380 
230 
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Pipe
Niber 


137 Along Pampan,-a Capito! 
(Bo. Sta. Lucia) 

138 Alon,,, Pampan,'a Capitol 
(B. Sta. Lucia)10Al 	 .....1C

139 Alon,; PamPn'a C:itol 
( "a..,13. Lucia) 

141 Alon, PaFmpanda a,,pito 
(Bo. sta. Lucia) 

142 Alon.,- Pampnni(a Ca.pitol
(13o. Sta. Lucia) 

143 Along- Pcmpnmr. Capitol
(Bo. Stae Luci a) 

144 Alon,' r mn,.nga Capitol 
(0o. ,Sta., Lucia) 

145 Alonk, Pamp, a Capitol 
(1o, Sta. Lucia) 

146 Alon;, Pampn'ua Capitol 
(Uo. 3 -,.. Lucia) 

147 Alon'; Panpmina Capitol
(13o. Sta. Lucia) 

148 Alon,, Pmpka Capitolr 
(73o. 3ta. Lucia) 

149 Alo r'ampanja Capitol 
(Bo, St!a. Lucia) 

,152 Alon. > Ppa:;,a Capitol 
(Po. Sta. b.,cia) 

153 AI ~:x; Prampo~nfa Capitol 
(Bo, Sta. Lucia) 

154 Alonj; PllPav,'a Catpitol
(3o. ,ta. Lucia) 

155 ,,oniT, g, Capitol
(13o. 5ta. fucia) 

156 Along' Panp-tnma Capitol 
(130. 6ta.Lucia) 

Alont, J'anp:anrl.'a CLpitol 
030. s,,n Pero) 

159 	 Along Pampanu.a Capitol 
(Bo., San Pedro) 

Subdivision Road 

Subdivision Road 

SubUv-i-ion Road 

:3ubdivision Road 

Subdivision Road 

Subdivision Road 

2ubdivizion Road 

Subdiviion Road 

Subdivision Road 

Subdivision Road 

Subdivision Road 

Subdivision Road 

Subdivision Road 

Subdivision 	Road
 

Subdivis.ion Road 

Subdivision Road 

Sutbdivision Road 

Subdivision Road 

Subdivision 	Road 

Pipe

Diameter 


100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


100 

100 

Pipe
 
Length 

80 

50 

130 

240 

220 

150 

120 

o
 

150 

130 

120 

120 

70 

70 

100 

150
 

100
 

190 

110 
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Pipe 0,-. 
Pipe 

!larne-iwr 
Pipe 

160 Along Ylamuanrga Cap i.
(lb 

Subdlvision Road
S ,,L' ::.,=)100 120 

16 1 Pont Pamrrine (,2to. SubdJvi ion Road 
(13o. San Pedro) 100 150 

162 Along Pmpanga Capitol ISubdivisior 
( an Pt1ro) 

Road 
100 130 

165 Along Pampnana, apitW. Sub. _ivision Road 

167 

173 

(Blo. San Pedro) 
Along Pampanga Capitol Sub[,divioion Road 

(T.o Juan) 
Along Fampanga Ca nitol Subdivirion Road 

100 

100 

50 

100 

174 
BO, San Juan)

Along Pampanga Capitol Subddivision Road 
100 280 

175 
(Bo. S.--.n ,ua-i ) 

Along Pampanga Capitol Subdivision Road 
100 70 

77 
179 
180 
131 
184 
193 
197 
198 

(Bo,. San Juan) 
Alo-g Aurea Subdiviszion Road (Bo. Sta. Lucia) 
Along Aurea Subdivision Road 6o, San Nioolas)
Alon Anrea Subdiviin,.. Road (Bo. San lvicolas)
A]oxg, Aurea Subd .vin-on Foa. Bo. San JVicolas)
AIonq, Franda S,",bdivision Road (Boo Sa.-v Nicolas)
Ao;,f Franda Su'..bdivision Road (Io. San Nioolas) 
Al V.iglo Tiomico Street 
AIone Magd,-alena Subdivision Road (Bo. Stc. NiW) 

100 
100 
100 
100 
100 
100 
100 
100 
100 

70 
520 

70 
50 
60 
100 
420 
Io 

... 

8,760 

Sub-t otaljE.iO 

Total 19,975 
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provide an irti;l .ow... 	 : of 2,0 ,i/lj. 	 to maintain a minimum ohiorare 	reoiduul of 0. 1 rug!' at all 	pioints within the distributionsyfstem
 

Th ... tWL- 20 .a.... 
 rvce connections will be provided with wator meterv. About 10 percent (125) of these oonneotions 	will be repaired or replaced. Au additional 1,250 new con
netions will be in1aljedo increasin-g the 
 served popalation to
 
toprOxi-.t 1 percent (1c6.)
tion 	in 1'98WO of tho total service area popula-

The oe.ratinal capabil.ties of mho FF.R--WD will be significant. improved b the con. c-tion of a new administrative building,complete ihr icie opcc for administration, billing and recordkneping, and cnrl library, This new building will be furnishedwith 	d1 k, cdl..a "s, filing cabinets, typewriters, addre.sograph
'V.nd ' Thireo. A laboratory and plumbing shop will also 

be..... n' n t 
t., 	 nd n- wit h ooln required for the installa: ... . w.ate. ,eter' ando 	 service connections,an! 	for r and inatalu.on work in-the distribution system. 

Table...2 T . . reve,l otf cost (at July 1978 priceWON 	 o otr he i mnr te'. ova i', vrogram. The total projectcost 	o N, 
 ml lion consi,<sts of 3.96 	million in foreign exchange 
P 2million in local currency. 

C. STAGE OFT LONG-TERM
C NTRUCTON PRO GRAM (1980-1990)
 

As a oult of alternative studies, 
 a scheme for developmentof groun .... r-r s& rcee -'ad 	 coS.rUC'ion of distribution facilitiesK. 
 .een as the rc .i.dommended.. program. The alternative'tudies a:r described in Chapter VIII. In the recommended scheme,the 	er.tiw 4.--. servico area, up to the year 2000, will be servedby /xrvunOi er au tractn.. from 	 locally constructed wells. The 	 water 
prod.end :! 	 PQ conveyed to connumeres by distribution pipelinesbe cons', 'C ..	 to. in ea .'i gr read rights- f-way.
 

The 'rnt - -~,'
;_ r'eoommended construction program, inclu
:linga sn ; ;evelopma:L , 
 and distributionwil. be ip:iortd in .o <o;rcrtion phases, 

atmen-, facilities, 
The 	 first constructio 	 ..pase.will.....
• . .tedLetween 1980lat....een. '"026 and] 1990(.	 

and 1985 and the second 

Exintin 
 4,:cil .re incorporated into the recommended prog%toap 
 t an 	extent an practical. About 87 percent of the existin, 	 Aistnic: pip.:,: newk,i.in 	 its ext reme age andbecaue of 
sequent 	 conpoor-, ''_ c cp:,aci , will be replaced between '1980 and1y9h urn," -.- tPn)s .3"Aprcaent of" the e:inting piping

w i be re ';J d and 257 
 rW ,during.''pe''cent1, Phase :- Br(1986,90) . 'Thirty

IX-1 0
 

http:inatalu.on


TARLE TX-.P 

CON~STRUCTION COST SRAY1 
IDEDIATE IMP OVEYMIT PROGRAM 

Cost in .flan _._ 

It em yocal Total 

Source Facilitios
 
ne Production Well Complete) ,2
 

Materials and Equipment 216 000 1221000
 
Civil anti Structural 2151000.1 

(Disinfection Facilities for
 
Four WelIls) 

Materials and Equip,.nst 9,600 69,200
 
Civil and Strjctural __I -6-_0
 

456,690 19-1,200 647,800
 

Distrib1tution Facilities
 
(Leakage Detention and Repair)
 

Materials and Equipment 15t800 64,700
 
Civil and Structriral 58,900 29,000
 

(250 in-rxm150 m)
 
Material; and Equipment 8,700 33,000
 
Civil and Structural 18,200 

(200 n x 5,565 in)
 
Materials and Equipment 175,0OO 700,300
 
Civil and Strucltu-al 471,400 

(150 m, x 5,2C00 m)
 
Ma-terial s and Equipment 113,300 453,000
 
Civil and Structural 377,500 

(100 mm x 9,060 m)
 
MateriaIs and Equipment 32,900 361,800
 
Civil and Structural 482,400 

(Valves)
 
Mterialz: and Equiipment 36,000 94,100
 
Civil and Structural a2. 600
 

1,822,700 1,735,900 3,558,600 

Admini strat ive Facil it io
 
(Adiministrative Building and 
Equipment)
 

MAterials and Equipment 37,600 55,800
 
Civil and Structural .56___,00
 

i 9'r Price le-els. 

/WelI construction cost iE based on actual bid received in October 
1977 during,the desiign phase of the Immediate Improvement Programa. 
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TABLY IX-2 (Continued) 

cost 0-) 
Iter Local LOrEtJi Tot a! 

(Lalioratoryi P. U~TJbxin' aud Meter 

Repair Lhop and Equipnorit.t) 
Mat er i anlEqur.,-,ment 36, 500 180,600 
Civil -t .:.d uruouraI -1.29 

Sub-t cL1 596,300 236,400 832,700 

.,uinrnmMatrik r 681,400 2,134,500 21815,900
Civ 1 .,,n.! :.tr.'~uc , ? 194200 29,000 2,223,200 

2t875,600 2,163,500 5,039,100 

I.-orv i.ce (',. ,. t :) 

( Supp.y 

ieter 
1 * 

'cp,lc 
r 
12 5 

t, 
connet.

ions and nf2t:l' 1,230 new 
connect. icri,: 

Materi- Ea n, ipen-
Civil ,nd St.uctu'al 

3300 
490000 

882,300 
-

523,300 882,300. 1,405t600 

Mi see i ]ane or.s. 
( ,woeh .ic!cc,) 

Materiai ,,n Equipment 60,GO 60,000
Civil a-nd StI..vctural _(Mi u.co, l :~ ; ' Ttems) 
rate.:i!1 :rd ] uipmnent 5,000 8,000 

Civil anid .Jtric .ural 

65,000 68,000 133,000
Sub-to, "(-

T,
tpialent 98,300 950,300 
Civil and Iluctu-cal -

588,300 950,300 1,538,600 

4-CcOnLln('encie a1d enrineering a1'a 15 and 10 percenitrespectively, 
f'C. theno items. 

5/Contir.ngies anid engineerim, t 'e 10 zd 5 paroont. respeotive]y 
for these item 
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TABLE IX-2 (Continued) 

Item Local 
 Total
 
Total Cos truotion Co st
 

14aterials and Euipment 779,700 3.0M,800 3,864,500
Civil iStructur'al 26 OL 008 2 R_021 

Su>-total 3,463,900 3,113;800 6,577,700
 

Contin,--encies
 
@ 15 percent 431,400 324,500 755,900

@ 10 peicent ..58 9_0 .J)-- . 1 09_QQ2 -.

Sub-total 3,994,200 3.,533300 
 7,487,500
 

@ 10 !.ercex: 202:800 376,700 57, 00 

;ub-t otal 4,186,600 3,9657000 8151,600
 .
 102,300 
 102,300
 
Total 'ojeot Cost 
 4,288,900. 3,965,000 8,253,900
 

/'ontji ft of 65 Percent forei.,,r exchange, basea on rechn similar 
contracts. 
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* 	 ei p-38 Titwof tiie e stlng piPirg will have been replacad
during the immediate improvement program, including pipelines ina
tiled parallel to existing pipelines to be abandoned during Phase 
I-4l Also because of u.e and poor service, the remaining 90 per ,bnt 
of the existing 1,245 service connections will be repaired or replaced

during Phase I-A (10 percent of the existing oonneotions will have
 
been replaced during the immediate improvement prWam),
 

Provisions have been made in this feasibility atudy to replace

all existing pipelines between 1980 and 1990 due to their age.

During the leakage survey and design of Stage I improvements, the 
oondition of each of these pipelines should be verified 17 actual
 
inspection. It may be possible to continue to use some of these pipe
lines in spite of their advanced age,
 

CNTUTIPHSE I4f1085) 

Source Developme 

As 	previously discussed, alter-native studies were made to determina 
the most economical and practioal percentage of storage volume and
 
source capaoity to meet peak flow demands. The results of the studies
 
indioate that the supply to meet pea-k-hour demand from wells is the
 
most economical. Figure IX-3 shows the relationship between projected

demand and well construction under these oircumstances. As indicated,
 
the well constructed in 1979 will provide adequate capacity, under peak
hour conditions until approximately 1981. At that time* another well
 
will be constructed at node 44 (inBarrio to. Nilo) and will provide

sufficient source capaoity until about 1984. 
 This will be equipped with
 
a dual (electric/diesel) drive. y 1984, another well will be cons
truoted at node I (along Consunji Street in Barrio San Jose). The ad.di
tion of these two wells will increase source capacity from 7,650 cumd
 
to 	13,100 cumd. This will satisfy the projected system water demand
 
under peak-hour conditions up to the year 1986. All Phase I-A wells will
 
be 	furnished with necessary structures, piping. meters, valves ani
 
appurtenances required for efficient operation. In addition, oomplete
 
chlorination facilities will be installed in a chlorination building
 
to 	be constructed at the site of every production well, to ensure ade
quate disinfection of water supplied to the distribution system.
 

Distribution System 

The distribution system improvements included in construction 
Phase 1-4 are to replace 4,875 me-tore of existing pipelines and, to ins
tall 8,375 meters of new pipes, These new lines will extend service to 0 
barrios San Nicolas and San Felipe and improve service to barrios
 
Dolores, San Josef San Juan, Sta. Lucia and San Pedro.
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The salient features of system piping installed during Phase I-A 
are" 1) the provision or a 200C-mm diarn.eter sy tem "corn" along Gen. 
Hizon AWenue, fr~m B'arrio Dal P'i!:lr t hrough ;h;e ywb.i.oion center; and 
2) the extersion of 20-mr, pipelineg to the barrios of San Nicolas, 
San Felipe t San Juan, Dolores, Sta. Lucia, San Jose, and San Pedro. 
Detail :o al.1 pj-i nes to In constructoed durine thin phase are listed 
in TMbe IX-3 "od shown in Figures iX-4 and IX-i (i.ended). 

All pipeliner; uecommended for constru ction during Phase I-A are 
designed to provide lydralu 1ic capacit;y for expected peak flows, although 
nome pipelines will require roinfopcement before the year 2000. Pipe
lines of 25 ) mm an, larr:er have been considered for "phased" construc
tion, if I.eciiivial ly and ecounomi ca] ly feasible, with ultimate capacity 
made av, ila le only duriag the la:ter pha-es of the ;roject. All 
necessary vn:.lvev' and appurtenances have been included in the cost esti
matos Mr the proj'ect pipelines. 

Tim1 f'in:ul coiucuter r:rintout5 for the ,year P:OO0 peak hour and 

rirnimin fl.ou, conditions are OiR ided in Annex X-,C. 

InterW Network 

The schedule of additions to the internal network is presented 
in de[ttil in Annex TX-C. The existing internal network system in 3all 
Frnaxio will be improvwd and expanded by replacing a portion of he 
existainE pipelines and installing now pipelines in areas which are 
currently unserved. The existing pipelines, togethar with the recom
mended pipelinvu installed during the immediate improvement program, 
will provide service to approximately 275 hectares within the 1980 
service area of PER-111D, 

k total area of' 42 hectares will receive service directly from 
distributirn pirelinen init :lied during Phase I-A. An additional area 
of app.oxi.tely 151 hectares will be served by internal network ins
tallation. Thin will provide service to 100 percent of the 1980 
service ure&, and 57 percent of the additional area to be served II 
1990. A dacription or internal network system is presented in 
Appendix F, Volume IT. 

Service Connections 

During Phase I-A, a total of 3,620 new service connections will b" 
installed at a rate of about 600 connections per year. By 1985 the 
Fl-WD will have a total of 6,115 service conneotiono. In addition, 
about 1,12O existing service connections will be replaced or repaired. 
The detailed installation schedule of service connections is presented 
in Anine× X.-C. 
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TABhi 1"-' 

PHASE I-A DU IMIBTiOIN PIFTIM.S 

Pips Pipe Pipe!:-iamto- X !FL_thb
 
Num,,bere Lu.:.Q nIo q 1;1;jQpt 1 On'". ! 

401 Along Cononii stZ;reet 200 250
402 Along Conun,. ,eW 200 4(00 
412 Al on. Avenue 
 -o
20 A]l

413 Along, n. Zon Avenneo 200 175
 
414 Along den }izon Avenue 200 225

422 Gn "wir Avenuo 200 
 125 
42-1 Alorng V. 7or.iion Stroet 200 175 
435 Along V. Tim:co Streo+ 
 200 125

436 ag Y.g.'TomicaStreet 200 150

451 AlongS Road cannonting own.e~ungj Street
 

aud Capital Bivd. 
 200 250
 
452 Alor!.g Conum-i 2trnt 
 200 75
 
454 A,rmi,.gCm2un. Strn:e- 200 300 
462 Along .panga Cap.itol Mbd. Road 

(Ea. San pedirO ) 200 10
464 Along Pnpunga Capita. Road 

(oo Son rd.) 200 100
 
465 Along Pw-,,panga Capitol Mi.d. load
 

(Bo. -n Pod'o 200 150 

2,900
 
430 A ong' High School Blvd, 150 100 
437 Atorg V. Tiomico Street 150 50 
450 Along Cons'unj:i Meet '150 -''100 
467 Alon, Cono'onji Strett 150 250
 

I 400 

415 Along Coneunji Street 100 300 
447 Along B3la;]4c Village R{oad (Bo.SMo.Nio) 100 1235
456 Along 6ingian Subd Road (Bo. ae Pila') 100 150 

5375 
aU,-total (Repjace.rent Pipe lineH) 4,875 

NJe~w pir,eliyjo
 

313 F'f-cm proposed B, 5o, Nii O W&e)I to Nod. 44 250 50
322 Fl'om proposvd Eb.an JosQ 401kl to Node - 250 50 

100 
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TABLE IX-3 (Continued) 

Pipe Pipe
pii Diameter Lengthe 


L~brLocati oti/DIcriI ion (mm)
 

301 Alorqt! Saii Fer ando Vorthwest Diversion Road 
(13o. San Juan) 200 630 

y06 Alor{; Villa Victoria Subdivision Road 
(1o . San juan) 200 680 

307 Along Capati Subdivision Road (Be. Dolores) 20( 550 
308 AloI w g San Fernwado Diversion Road 200 450 
316 Along Singian Sibdivision Road (Bo. San Nicolas) 200 570 
317 Along J. Olivas Subdivision Road (Bo. San Felipe) 200 470 
319 Along J. Oivas Subdivision Road (Do. San Felipe) 200 480 
325 Along Bridge Crossing (Do. Sto. 1ino 

1.o. San Pedro) 200 140 
326 Along Parumparga Capitol Subdivision Road 

(13o. Sta. Lucia) 200 420 
330 Along Franda Subdivision Road (Bo. San Nicolas) 200 320 

4,710 
321 Along Del Pilar Subdivisior Road 

(11o. Dl Pilar) 150 930 
327 Along San Fernando Southwest Subdivision Road 

(Bo. San Nicolas) 150 180 
328 Alon,,, San Fernndo Southwest Diversion Road 

(Do. S:±n Uicotau) 150 120 
329 Along San Fernando Southwest Diversion Road 

(13 . Sar, liools) 150 250 
331 AlwrW: Pamparga Capitol Subdivision Road 

(13o. Sta. Lucia) 150 120 
332 Aloig Pampanga Capitol Subdivision Road 

(.13o. Sta. Lucia) 150 75 
333 AIrPamp mtga Capitol Subdivision Road 

('Ho. SI.a. Imcia) 150 80 
334 kl orig Pmipanga Capitol Subdivision Road 

(lo. Stu. "'cia) 150 280 
335 Aong, Auroat Subdivision Road (Bo. Sta. Lucia) 150 

2,555 
336 Along, Pampa,-n'a Capitol Subdivision Road 

(13o. San Pedro) 100 410 
337 A;!ong Parriparnfa Capitol Subdivision Road 

(Bo. San Juan) 100 250 
338 Alon,, l'randa Subdivision Road (Bo. Sta. Lucia) 100 1350

1,010 
Sub-total 83 

Total 13,250
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Fire Protection
 

The total aras to receive wUter trrvioo will, be provided full
fire protection coverage. Dotails of sire hydralt Installation are 
presented in Annex IX-C. 

DWring Phase I-A, fire hydrants will be installed to cover 
approximately 468 hectares or 44 percent of the area to receive water
service by the year 2000. 
This will provide fire protection to the 

poblacion, barrios Sta4 Lucia, Sa Pedro, Dolores, Juliana, Del Pilar,
San Jose, San Juan, Sto. Niio, San Nicolas and San Felipe. About 164
hectares of the -total area covered by fire hydrants installed during
Phase I-A will be provided with a higher level of hydrant service.
 
High level service is provided to areas of high density residential,

commercial or industrial development* This area consists of the 

poblacion, barrios Juliana and Sto. Nifio and portions of barrios Del

Pilar and San Nicolv,s. Normal resldential-type service will be pro
vided for Lhe rest of the aresa
 

Cost Summary-Phase I-A 

The cost suunary for the proposed construction during Phase i-A
is presented in Table IX-4. 
Based on 1978 price levels, the total
 
project cost for this phase is P14-41 million with a foreign exchange
component (FEC) of 6.95 million which includes direct and indirect 
import items, Table I-4 is a cost breakdown based on materials and
 
equipment procurement and required civil and structural works. Materials
 
and equipment considered in this breakdown include pumps, pipes,
 
valves, water meters, hydrants, and chlorinators.
 

CoNSUCTIOn i ( 1986-90 

Source Facilities 

A new well will be constructed at node 118, along MacArthur 
Highway in Barrio San Agustin, in 1986. The well will have a capaoity
of 2,725 curd, Increasing the total source capacity to 15,825 cumd

which is sufficient to meet system demands 'until 1988. Wr this ye-',another well will be.required and will be constructed at node 123 in 

Barrio San Felipe. 
This weill will be equipped with a dual (electric/

diesel) drive. 
In 1989 another well will be constructed at node 51 
in Barrio San Juan, increasing the total source capacity to 21,275
cumd which is sufficient to meet system demands until 1990 (see 
Figure IX-3),. 

Distribution Sstemn
 

About 3,320 meters of 100 and 150-mm pipelines will be oonstruoted 
in Phase I-B to replace existing pipelines. New pipelines, with a total
length of 4,290 meters and diameter of 200 and 250 mms will be construc
ted to reinforce previously Anstalled pipelines, to connect new sources 
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COST SUMMARY F OR CONSTRUCTION STAGE I PHASE A 

Cost in FegRoe 
-Item Local ~ i T~ 

Source Facilities8/
 

(Two Produotion Wells Complete)

Materials and Equipment 855,500 712,900

Civil aid Structural 967,300 51,400


(Disinfection facilities for two wells)

Materials aad Equipment 
 4,800 34,600

Civil and Structural _81000 _ 

1,835,6oo 798,900 2,634,500
 

?ipeline a/
 

(250 n" x 100 m)

Materials and Equipment 5,800 22,000

Civil and Structural 12,100 

(200 mm x 7,610 in)

Materials and Equipment 239,400 957,600
 
Civil and Structural 644,600
 

(150 mm x 3,955 m)
Materialh and Equipment 86,100 344,600

Civil and Structural 287,100 

(100 mmn x 1,585 iM)

Materials and Equipment 
 5,800 63,300

Civil and Structural 84,000 


(Valves)
-


Mterials and Equipment 17,700 52,600

Civil and Structural -17,600 

1,400,200 1,440,100 2,840,300 
/Internal Ntwor] 

(151ha 
Materials and Equipment 83,900 656,600
 
Civil and Structural 8 

912500 656,600, 1,569,100
 

U.S. ,0.oup-lomputed at 31,00,t 

)Contingencies tnd engineering costs are 15 percent and 10 percent,
respectively, for thue itemso 
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TABLE IX-4 (continued) 

Local 


(468 ha) 
Materials and Equipment 155,900 
Civil and Structural 228 

384,700 


Sub-Tot a1. 
Materials and Equipment 1,454,900 
Civil and Structural 078.100 

4,533,000 


Service Connect ions2/ 

(3,620 new connections and 1,120 
replacement) 

Materialc and. Equipment 114,700 
Civil and Structural 1,507,900 

1,622,600 


Sub-Total 9 / 

Materials and. Equipment 114,700 
Civil and Structural 1,5090 

1,622,600 

Total Construction Cost 
Materials and Equipment 1,569,600 

Civil and Structural 4,586,000 

Sub-Total 6,155,600 


Contingencies 
@ 15 percent 6i.O,00 
@ 10 percent 162,200,K2h 

Sub-Total 6,997,800 

EngineerinAY 

@ 10 percent 320,400 


@ 5 percent 71,200 

7,389,400 

Land - 6,500 

TOTAL PROJECT COST 7,456,900 

Cost in Pesos 

Fore/igr,11 

532,000
 
-


532,000 


3,376,200

j1,4OO 

3,427,600 


2,077,300 
-

2,077,300 


2,077,300 

-

2,077,300 

5,453,500 

51,400 

5,504,900 


514,100 
8 00 

6,226,800 


595,100 


132,300 

6,954,200 


-


6,954,200 

Total
 

916,700
 

4,831,100
 
,129500 

7,960,600
 

3,699,900
 

2,192,000
 
1,507,900 

3,699,900 

7,023,100
 
4,637,400 

11,660,500
 

1,194,100 
, NO t 000 

13,224,600
 

915,500
 

22560
 

14,343,600 

I -- 617J5 

14,411,100 

2/Contingencies and engineering costs are 10 percent and 5 percent, 
respect4vely, for these items. 

1-onsists of 65 percent foreign exchange and 35 percent local currency. 
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to the system, 'to provide service to unserved areas and to increase 
th y of the basic large "loop" around the Northhydraulic capacity 
west Diversion Road area established by pipelines of Phase I-A.
 

The proposed pipelines for Phase I-B are listed in Table IX-5 
and shown in Figures IX-4 and IX-1 (appended). 

Storage Facilities
 

In order to meet projected system demand fluctuations, a 380
cum elevated storage tank will be constructed in 1986. It is recom
mended that -thisstorage tank be located as near as possible to the
 
existing elevated storage tank in Barrio Dolores. This storage tank,
 
together with the existing storage tank, will provide sufficient 
storage capacity to satisfy the projected requirements of FER-WD
 
until the year 2000. 

Internal Network 

New internal network will be provided during Phase I-B for approxi
mnately 99 hectares, completing the area served within the 1990 service 
area. In addition, a total area of 16 hectares will be receiving 
water service directly from distribution pipelines (see Annex IX-C for
 
details).
 

Service Connections
 

During Phase I-B, 3,015 new service connections will be installed, 
at a rate of about 600 connections per year. .y 1990, the FEM-WD will 
have a total of atout 9,130 service connections (see Annex IX.-C). 

Fire Protection
 

An additional area of 115 hectares will be provided with fire
 
protection service during Phase I-B, by the installation of fire
 
hydrants. This will provide 100 percent coverage of the total areas
 
to be covered by the year 1990, Normal residential type service
 
will be installed during this phase. (See Annex IX-C for details of
 
hydrant installation.) 

Cost Summary Phase I-B 

The cost summaryfor proposed construction during Phase I-B is 
presented in Table IX-6. Based on 1978 price levels, the total pro
ject cost for this phase is ?12.87 million, with a foreign exchange
 
component of P.5-55 million
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TABLE IX-5 

'PHASE I,-B DISTRI!UTION PIPEU r ,.3
 

Pipe PipeDiameter PipeLength 
lumber Locat ion/Description (atm). (eM)t 

Replacement s 

423 Alor, Consunji Street 150 400 
e,25 
428 
431 
432 
433 
434 

Teolco Subdivision (Poblacion) 
Along 'Poopaco Subdivision Road (Poblacion)
Along Teopaoo :ubdivisoion Road Poblacion) 
Along Toopaco Subdivision Road Poblacion) 
Along Toopaco Subdivision Road Poblacion)
Along 'PoaLco Subdivision Road kPoblaoion) 

150 
150 
150 
150 
150 
150 

100 
70 

175 
100 
100 
100 

460 
461 
466 

Along Bo. Sta. Luoia Road 
Along Tic. Sta. Lucia Road 
Along 13o. San Juan Road 

150 
150 
150 

300 
450 
300 

2095 
417 
418 

Along Consunji Street 
Along V, Tiomioo Street 

100 
100 

200 
100 

419 
421 
429 
439 
440 

Along V. Tiomico Street 
Along Consunji Street 
Along Arellano Street 
Along Teopao Subdivision Road (Poblacion) 
Along Arellano Street 

100 
100 
100 
100 
100 

100 
125 
250 
200 

1225 
Sub-Total (Replaoement pipelines) 3320 

New elines 

303 
318 

324 

From proposed Bo. San Agustin Well to node 118 
From proposed P), San Felipe Well to node 123 
Prom proposed Bo. San Juan Well to node 51 

250 
250 
250 

50 
50 
80 

180 
302 
304 
305 
310 
311 
312 
314 
320 

AlonI. San Fernando Northwest Diversion Road 
Along San Fernando Northwest Diversion Road 
Alon,, , kn Fernando N.orthwest Diversion Road 
Along San Fernando Diversion Road ( MacArthur Highway)
Along Saui Fernando Diversion Road (IvaoArthur Highway)
Along Don n Village Road (Be. San Agustin)
Along MacArthur Highway 
Along University Site Subdivision Road 

200 
200 
200 
200 
200 
200 
200 

360 
530 
800 
450 
500 
300 
600 

(Bo. San Felipe) 200 570 
41110 

Sub-Total 1290 
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C,OST )..,.RfOR CO1,T;'iiUU, T O''. ' 


Item L'aPrj.44 

ULZ~& •J,i. k 

(Three .omc.l w' s) 
:,ni w Euip.-,ment 12"7,800 
Civil .- ... uctural 1,438200 

V2a k n Equipment 7,200 

2,735,20000 

cum i -an . 96/ 
Material : and Equipment 545,300 
Gii 3nd Struciural 

779000 

(Addit ional Ta bory Fuipment ) 
Materials an3 Equ iprmentd

Adin~ i . ra Le i-.u-ul
Civi I ;'' 6,ructural 

(2y_ mm x ,. M) 
MaterW0 ua E i.pquimt 10,400 
Clvil and stuctura 21 ,800 

(200 MMx In W) 

Arau.jctural 0GLYi an 34. ',, 100 

1150 mm .2,005 ) 

,ater~i, ] ] . m.nt. 45,600j 

Civil. ni St.,uctura] 152,800 

11./ .Corn.ut& 1- to P-'7,00..t i. X,,I00 

- Continnercien ;i angneering costa are 
rosp,.e;ctiveya] fo" th. ;e item 

I>.-23
 

-AS"E 1 B 

Cost in PoUOEI 
ot-l 

1,052,600 
779100 

31, 00 

3916,8oo 

38,900 
012A800 

194,700 97300) 

16210,,700 

162,700 162 7OX) 

39, 600 

-

1025,00 

15 percent and 10 percent, 

http:L'aPrj.44


TABLE 1X-6 kCortir-nud) 

..... Cot n eg 

Lo~~c-	 otal 

(IFcK iu x -1, 22 
M1at.er ais a d Eui.Mment 	 4,400 4 ,900
Civi. and S3tnctural 	 65,200 

(Va ..vaa)	 


r.Prd n.d Equipment 9900 29,100

Civil and Stricttral - 9,O7 -

797,2(X 817,300 1,614,500
 

Intc,-rial Nitwork12/ 

(99 ha)
 
Materials and Equipment 53,100 415,200

Civil wid Structural 	 2 00___
 

577,300 415,200 992,500
 

(115 	ha)
 
Materials amd Equipment 22,900 78,100
 
Civil and Structurrl. -,_L=6-0

56,500 78,i00 134,600
 
S r-iot a4
 

1IatZeria.li and Eq1iipment 2,105,900 2,616,700 4,722,600 
Civi 1 andi Structural2d.20 212&2(0 3107.20 

4,945,200 2,849,600 7,794,800 
Sexv.i coConnect i~~-~-/ 

(3,015 new connections)

Materialu and Equi.pment 73,000 1,459,300

Civil and Si.rutural 


-,8i.000
 

I,058,000 1,459,300 2,517,300 

Sub)-Total__1
Materials and Equipmnt 73,000 1459,300 1,532,300
Civil and Striictttrai 9,0 	 8000-___ 

l1058,000 1,459,300 2,517,300
 

13/(rtCningenci!;n a . ..... g costs are 10 percent and 5 peroent,
r4epeotively, tfor, these teT. 2
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TABLE IX--6 (Continued) 

Cost in Pesos. 
Item Local1E~ Fo g.-U! Total 

Total Construction Coat 
Materials and Equipment 2,178,900 4,076,000 6,254v900 
Civil hInd Structiral ' ,0 -22,90 L22J-20 

6,003,200 4,308,900 10,312,100) 

Cornt ingoncief 
@ 15 percent 741,800 427,400 i,169,200
 
@ 10 percent __to1._800 25-1,100
 

6,850,800 4.882,200 11,733,000
 
k~gierin "1A

4 10 percent 313,700 582,700 896,400 
S5 per cent -A-86-0- -JLx.L2QU8 2 

7,213,000 5v554,900 12,767,900
 

Land -2_L. 10,200
 

TOTAL PfOJECT COST 7,314,200 5,554,900 12,869,100
 

14/ Consists of 65 percent foreign exchange
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D. 	 SECOI D STAGE OF THE LONI -TERMCOll 3T1TYTIO f M (19,1-2000)14ROGnb. 

The second stage of the recommended program includes pro
vision of' additional 
 sourco, storago and dintribution facilities 
and 	 OXTanSion of Ittcrnal netwo.k, norvice connections and fire 
protection falcilities, These works will be implemented in two 
constrnction phases. 

GC1STRUCTIOI PHASE II-A (1991-95) 

Source .Facil i ties 

Four additional wells will be constructed at tho following
nodes: node 105 (along MacArthur Highway in Barrio Sani Nicolas)
in 1991; node 120 (along MacArthur HighwaV in Barrio Dolores in 
1992; node 121 (in Barrio San Felipe) in 1993 and node 112 (in
Barrio San Juzun) in 1995. These source facilities will increase 
production c po;Lity by 10,900 cumd, bringing the total capacity to
 
about 32,175 which is sufficient to meet system demands until 1996
 
(see Fillre IX-3). The well at node 120 will bt equipped with a
 
dual (electvi c/diesel) drive.
 

nistribution y,.em 

The 	di.;tribution system improvements recommended for consi~ruo
tion duri .- Phase I-A will provide reinforcement to previously in
stalled pipelines in b~arrios Sto. Niico, San Nicolas nd Dolores and
 
to extend service to u-nerved areas of San Felipe and San Agustin
A total of' ),565 meters of pipelines, 200 mm and 250-mm in diameter,
will be conutructed. The pipelines for Phase II-A are described in
 
Table TX-' :.nd shiown in FiKures IX--4 and TX-I (append.ed).
 

InterncAl fletw,.;ork 

Two--ht:,!]red and six-teen (216) hectares of internal network

will be 
 provided during Phase II-A in addition to the 32 heotares 
served dirnetly by distribution pipelines. Hence, a total of 831 
hectares will be receivin, water service. This is 79 percent of the 
projected area to be served in year 2000. 

Service Conn,.ct ionu 

An additional 5,400 service connections will be installed during
Phase 1I-, at a rate of about 1,080 connections per year. By 1995,
the FER-;!D will have a total of about 14,530 service connections. 

P'ire Protect ion 

Din , Phase IT-A, an additional area of 248 heetares will be 
provided writh flir pr'otection service by fire hydrant installation.This will provide 79 percent coverage of the total areas to be covered 
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rom propo';ed Po., bei p well to: node 121 

. bat iculus 
Prom proo ed B;o,., ,an :: -l node "112 
From pro p=6e . well to niode 10' 

Au.n inr 


I-r 1 ,i osed to. MI oronwell t. 1,do 120 
Al.ong Maaffihv!'hr :i .... v 

lc4m ?,nc r:hm i k,.y 

Along" W .,o rn Div- r10n oad. 

( Qnrtu W;a 
Alcoa i.NW, 

Alon,o" ".. to-
Alin .. Ann . . , .uior foad
 

' h l .h:,) 


ProM nId 1iLaMI. 
A.o1I'a" .. :Tha ? IV,7Al ongl' G ;i to I N .!vi 
"loWan K;: ... Wvn-;d Dive.rs<iorn Road 

( 4a I'ihur -Yighway) 
, r,.,,,, ;~; -~n-. . , v * r,.. 

(to. Zan Nico as) 

,.I :1, yli.e) 

ton,-,' ; - '4.Ii . , ', 


Al o"VSn n,:h--eie' Ro;ad

A.Iont1 .." -, e .a-n.v .o , 


(, San Jose) 

Al ,, Pjos ju.di v i.io ,NaOd'' ., 

!,.> .;, ) 

Along Ono Josc-.i vi~ion
,h Wado, 

Q. 56n, ,,)o?, 

Alon, .. ;n Nob &uSuivi si on
,UW j .1oad( j :-,:.oi , ,o <;: ) 

Pipe 
Diumiter 

250 

250 

250 


250 
250 

250 

20050 
200 

200 


200 


200 


200200 

200 

200 

200 

200 

200 


200 

200 

200 

200. 

TOTAL 

Pipe 
Leni.Ih 

50 
50 
50
 

50
 
300 
5_2L0 

1000 

300 
175 

400 
70 

1502_50 

450 

570 

470 
500 

550550 

270 

200 

510 
1L 
S.
 

5565 

6565 
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by the year 2000 for FETM-WD. About 28 hectares of the additional 
area to be covered by fire lydrant installation in Phase II-A willrziceive higher level of fire protection service. This representsaddjtional area of the poblacion, barrios Juliana and Sto. Nifio toreceive waIter service from 1991 to 1995 (see Annex IX-C for details 
of hydrant installation). 

Cost Suimary. Fhase I1-A 

A cost summary :for construction during Phase II-A is presentedjr. Table IX-8. Based 1978on price levels, the total project costfor this phase is ?17-37 million, with a foreign exchange component
of I17.91 million. 

CODST"UCTIO1 PHASE II-B (1996-2000) 

Source Develooment 

In order to provide the required source capacity in 1996, a newwell will be constructed at node 132 (along MacArthur Highway inBzarrio do] iosario). Three new wells will be constructed at node 101(in Barrio Sta. Lucia), node 128 (in Barrio San Jose) and node 134(in Barrio San Isidro) in 1997, 1998 and 1999, respectively. Thesewells will have a capacity of 10,900 cumd, brit:ging the total sourceca.pacity to about 43,000 cumd which is sufficient to meet projecteddemands through the year 2000. The well at node 134. will be equipped
with dual (electric/diesel) drives. 

Distribution System 

About 2,800 meters of 200-m diameter pipelines and 21250 metersof' 250-mm diameter pipelines will be constructed during Phase IT-Bto rear.force previously constructed pipelines to barrios Dolores andSani A(-uiotin; to provide service to barrios Quebiauan, San Isidro andDel Rosario; and to connect the wells located at nodes 132, 101,and 134 to the distribution system. These pipelines are listed in
128
 

Table IX-9 ;,nd shown in Figures IX-4 and IX-i (appended). 

'Internal Retwork 

An additional arta of 195 hectares of internal network will beprovided during Phase 1I-B. An area of 28 hectares will be served
directly by distribution pipelines. This will provide service to100 percent of the year 2000 service area by the end of the construc
tion period in 2000. 

Service Connections 

During Phase 11-B, about 5,410 service connections will be instaj.led at a rate of 1,080 connections per year. By 2000, about19,940 service connections will have been provided within the 1ER-WD. 
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TAPLE 1 y 

CC.:]q' Cdr'h Y i COIShJTUCTION
(I% 3TAGE II PHASE A
 

Coat in Q 
I er oc orear2F'- -TJ 

(Four complctc: well ) 
.I1miprent 1,700100 1,396,500 

Civi]i ,,~ru tura] 1,909,100 102,800 
(;Disinfectici, fncilitieo for four 

Materialn and Equipment 9 , rh(.)o 69,200 
Civil nnd Ltructural ,l,00 __..... 

31634,800 1,568,500 5,203,300
 

(250 mm x 1,00)0 m) 

Materij-ls ;-nd Equipmrnryt 580'100 220,200 
Civil and Structural. 121,000 

(200 n x ,,515 ,) 
.-ter.~ and:aud Eq.iprnent 175,100 700,300 
Civil [-d Str;cturl 471,00 

(Vaives) 
M r l_ a-. .nrqui prent 4,700 16,500 
Civil a-nt Structural _. 

835,600 937,000 1,772 6:)
 
, , 16/ 

internal .:,t-orh 

(216 ha)
I.ater. arid &.iprnont 1167X) 9-13,'100 

Civii. :;trtictural 1,12,2 __ :7 

1,269,600 913,100 2,182,'700 

Fire 1vdranL
6 / 

(248 ha) 
MatcriaI.;It nd gqtuip. ernt 59,600 203,000 
Civil. and Structural 81.1._ -

146,900 203OO0 349,900
 

-1., tdat 1i,; 31.0 to 7.00. 

-. CC,.:;. exictie; .:] torpinir;.~lj-, CO:t,sare 15 percent and 10 percent, 
rc:eC'tiv-i', for tnle3( it.emso 

~V #lC, 



Uost in Pesos
 
.Ttcrn 	 Lo~ .Poeg: 

M;, and Equipment. 	 2, 123,900 .Jt181800 5,642,700 

1,894,0/ 9, 508,500 

it~3co-u:--tpcicyi r 
TI o-",I ! ,T( 

' 


and Equ".:.. ..	 2,12..10 0 67132940' 8,',,..
Oivi 1 .ar :76, j 2 290- -* -___1____,_ 

1,894,900 2,613,600 4,508,500 

,ed..BEquip7e 130,700 2,613,600 2, 744,300
Civri1 2.s} &t:~ructurai 	 1 0  42764r20 

1,894,9o ,613,600 4,.158 00 
:.a' t :j Coir.eJC o , !ru on 

!,ater.1a. 
and fJipn ± 	 2,254,600 6,132,400 8,387,000O
C ]. ,. c:trturai 	 '7 200 (9,O0 

7,7i81,80u 6,235,200 14,017,000 

tox-L in;:cr cie!r 

(9)*t.5 ]:':n. 
 8 3, 10,.- -,4.,200 1,"4 ""30: 

8, 854,400: 7,039, 800 15,8941,200 

Q 5 pe:'cntC 6 800 161 200 ___2))00 

S,.3230,0 790 1)llt800 17, 235;7(X) 

3' j.00CI 15 000 
T M.GYiCT COST 9,458,90C' /, 11,80o 170170,700 

. 3r;cjge:- ,.nd on10irc'ini cosAs are 	10 percent and 5 percint, 
, . e 10for i, e.;p iems 
..
Dy . ol' 65 percent forei e-xchange. 

IX-30
 



TABLE IX.-9 

PHASE II-3 DISTRIBUTION PIPELINES 

Pipe Pipe Pipe
Diameter 
 Length
Yumer Locat ion/Descript ion(m' ) 
503 From proposed Do. San'Isidro well to node 134 
 250 500
505 
 Along Do. Del Rosario Road 
 250 200
506 From proposed Do. Del Rosario well to node 132 
 250 50
507 Along MacArthur Highway 
 250 1350
508 From proposed Bo. Sta. Lucia well to node 101 
 250

514 From proposed Do. San Jose well to node 128 

100
 
250
 

2250
 

310 Along San Fernando Diversion Road 200 4503'11 Along San Fernando Diversion Road 200
314 Along MacArthur Highway 

500 
200 600
509 Along NacArthur Highway 200 M-0 

Sub-Total 2800 
Total 5050
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Fire Protection 

Duriuv, ohaneII-B, an additional area of 223 hectarcs will e
 
provided with fire protection service 1T fire hydrant .ntallation.
 
This will provide complete coverage of the total area served by the
 
year 2000 (see Annex IX-C for details of hydrant inatallation). 

Cost Sumlmar ;Phane 1.-B 

The cost summary for construction during Phase II-,B is presented

in Table UX-1. Based on 1978 price levels, the total project cost
 
of this rhaue is016.76 million, with a forigr exchange component of
 
P7.62 million.
 

E. CAPITAL COST SONMARY 

The capital costs for.pach place & the recommrended construction
 
progi am, including the imediate improvement program, are summarized
 
in Table TX-1l. The total !roject cost shown in this table includes
 
erginenrir, , continren,:ies and land conts. All construction cost esti.
mates ar, based on 1978 price levels. The foreign exchange component
of the total project cost includes the costs of direct and indirect 
import itemm. 

F. AI.?'UAL OPLRATION ANKD MAITErNAiWcE COSTS 

Annual operation and maintenance uostr include personnel, powert

chemicalR, maintenance, rentals, 
office supplies and other miscellaneous 
expenses which are nece-ssary to sustain the overall water supply system. 
The totul annual budgeted cost of tIh eisting system in 1977 was 

O, W Pol wi.g imp!emen t:ation of the propoed improvement and 
cOnstruction tro.Tr'am, the annual cost will. increase due to the addition
al costsfur peresonnel, ciemi ca s , powier and main tenance. 

:al cI : air, the}.The an: cost: operat in" :ainm r g -WD facilities 

are esti;atd to be P469,900, P1,157,500 and ?2,250,400 in 1980, 
1990 and 20(0), res ectively. The m. imatod breakdown f these costs 
is shown in.!.;, X-12. All cos:t:s shown are based on projooted 1978 
price lev-ls. 

C*. iihi:;LWJ ]E_/Dik AIq CONi (JEPIS 

*Phc. ,.i.Iin: drainage "yst'oim o' "San Fernando (see Figure IX-5) 
cons instsn ly of opend c7over ed concrete rectangular canals ranging
from 0.30 to 0.40 meter d.e and 0.40 to 0.6O meter wide, in the pob
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TABLE IX-IO 

COSlT 31901ARfY Ki)R g0NTThYGTION STAE Ii PHASE TP 

Cost in Pes9. 
It em Looal F r ai / hta 

- " 
Source Faciiiie 

(Four comple!te wells) 
Mate]i3 a" daid Fqipment 1,700,100 1i.396,500 
Civil : nd St--lictural. I,909,100 102,800 

(Disinfection facilities for 
four wells) 

Materials and Equipment 9,600 69,200 
Civil arid Stuoturat 16 .OOow 

39634,800 I,568,500 5,203,300 

(250 mm x 2t250 m) 
Materials and Equipment 130,700 495,500 
Civil and Structural 272,300 

(200 	 mm x 22,8C m) 
Materi.alh and E>quipment 88,100 352,400 
Civil and Structural 237,200 

(Valves) 
Materials aGd Equipment 3,700 14,500
Civil and Structural 	 4 )0 - __ 

736,600 862,400 1,599,000
 

Internal Network.j2- / 

(195 	 ha) 
Materials and Equipment 104,500 817,800 
Civil and Structural 1 2

1,137,000 817,800 1,954,800 

F 	 direan-___ 
(223 ha) 

Materials and Equipment 44,400 -51,400 
Civil and Structural 00 

109,500 151,400 260,900 

i-IComputed -; US $1,00 to ?7.00. 

2 /Continennies anzd englneerign costs are 15 percent and 10 percent, 
respectively, for these i.temrs 
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TABLE IX-IO (Continued) 

Cost in Pesos
 

Sub-Total( )/
 

Materiittlo and E ripment 2,081 ,100 3,297,300 5,378 -400 
Civil ~nd truct.ral80 C;Q'1_,....4, aat-)O .U] 

5,617,900 3,400,100 9,O18,000 

Service ( f d,' Io~

(5,410 new c,nImict ic.lu) 
Materials and EIuipment 130,900 2,618,400
 
Civil and StmIctural JAI -00 

1,898,400 2?6!8,400 4,516,80() 

3ub-.Tota] l 
ateri.ala and Eqipmwnt 

Civil a-, Strtuctura! 
130,9(0 

.,I67,5oo 
2,618,400 

-,Jb7 
2,749,300 

roo 

1,898,400 2,618,400 4,5i6,80) 

Total ConaLucionost 

Material. lid Equipr.,lent 2,212,000 5,915,700 8,127,7C0 
Civil ad :t ructural -5-.¢aa°g° 102i0L0o

7,516,300 6,o1,500 13,534,800
 

, ,orC~nt. 842,700 510,000 O-352, 

@10 OpcGrcflt _I 8.1a0 ~ 261L~ 4j5jZL7 

8,548,900 6,790300 15,339,200 

@ 10 rernt 363,000 674,100 1,037, 1O0 

8 c,998 .800 ',625,900 i6+624,700 

Lzind ~~jI.1 000- ____ 

TOTAL F£h.,EC.COST 9,13,800 7,625,900 16,759,70() 

21!'.
21;-Con .Lr4:nci ;, :_'aUn!ancein r::.ol ti; awe I0 percent a 55drercent2 

Cow,; i.u'L o f 65t ee:;t fo-.:,-'jjm exchange. 
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TABLE IX-1I 

CAPITAL CWiT SUr4RY
 

Const'uction C,-ruot ion .,tr -. ,Cou 'it 
Phase Period Coot Local Fore ign 

immediate 

mprovetment 1978-7 9 54 4 ,& .90 ,9-5)0 
I-A 1980- 5 i,660,500 7,456,900 954200 
I-B 1986-9o 10,312,100 7,314,200 5,554,900 

II-A 1991--95 14,017,000 9,458,900 7,911,800 
I1-B !996-2000 4,8_O j,, 5.9o.I3 8-2 I---Y,0 


Total 56,102.100 37,652,700 32,011,800 


TABLE IX-12
 

ANNUAL OFERATION AND MAINTENANCE COSTS
 

Arl!!Ual CoSt 3 

Itom EllV 0 19920 

Administration and Por'.orm e] 102,400 181,000 359,200 
Power and (C-el 125,000 176,O00 510,600 
Chemicals - 32,100 91r300 
1Mintcnar_,co 51,000 67,300 161-700 

0
i-celane:.u'u -1 J Q9 -3A4 50 

Total. 288.400 469,900 1,157,300 


23/ . 
Com uted at 1978 price levels 

IX-35 

Total 

8t253,900
 
1441i,100
 
12,869,iOO
 
173701700
 
.*,6 j0 _
 

69,664,5OO
 

2000 

542,200 
1,031600
 

184.,000
 
403,100
 
89r,0
 

2,250,400
 



lacion area* Open canals are located along Arel..,o Street, Tiomicoand Consunji Streets, High School Boulevard* and Mendoza Street fromcorner Tiomico Street. Covered canals extend along Consunji Streetfrom corner Del 0Pilar Street -to the interseotion of Tiomico and Connmnji Streets. Concrete canals, 0.60 meter wide and Q 8O meter deep,are located on both sides 
of Highway Diversion Road from ConsunjiStreet-Divernion Road intersection to Mendoza Street-Diversion Road
intersection. 
 The conrete canals have perforated covers and total
about 2,000 meters long. A trapezoidal rip-rapped open canal extends 0
along the national highway leading to Angeles City. This concrete
canal has a base width of 1.50 meters, top width of 2,0 meoers,depth of 1.50 meters and total length about 
a 

of 2 km. Earthen open
canals are laid along the unpaved streets of the municipality. Open
concrete rectangular canals are located in Barrio Sto. Nigo, BulaolacVillage (Barrio San Juan) and Teopaco Subdivision. 

The trapezoidal rip-rapped open canal which extends from thecreek adjacent to Gemaville Subdivision collects wastewater and storm
water from the subdivision. 
This canal traverses a portion of the
national highway from Gemsville to Mendoza Street-Diversion Road
intersection where the water flows into a large creek leading to San
Fernando River. 
 The creek also collects wastewater from Juliana
 
and Sta. Teresita#
 

A small volume of wastewater from Teopaco subdivision and a
portion of the poblacion discharges into a creek near the interuection
of Tiomico and Consunji Streets. 
 Wastewater and stormwater 
from the
cormercial and residential area of the poblacion drain into a creek
located behind the old municipal market aite. 
 Both creeks dispose
finally to San Fernvido River. 

The municipality has no comprehensive sewerage and drainageplan. The existing sewerage/drainage canals were first constructedby the District Nngineer's Office, Depariment of Public Highways.Subsoqlient additions to the sewerage/drainage system were made by themunicipal government (which also maintains the system). Constructionof facilities, however, was often limited by the availability of
 
funds.
 

Obervations noted in the drainage system of San Pernando are 
as follows:
 

(1) The opon and covered oanalu are used for transporting

wastewater and stormwater during rainy season. 
During

-he dry season, these canals are mostly clogged and
filled with solid wastes and soil particles,
 

(2) Stormwater in the open concrete canals located in thepaved streets of Teopaco Subdivision flows only during
and shortlyaftera dowmpour. Thereafter, water in canals 
romains stagnant 
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K: .ni M..olid wote i o,oned - F'i- re .s wa.stewate:.', 
ooes directly into ventic tank, then into nearby creeks. 

(4) Garbare from Ac -'-- .... ' ':t is Qumr, tthe two 

mak....t c,,.*ct 	 alono,-. 	 arc, other
Tiomico Arc. rr-ago in collcoted by u dump truck
 

which maker cn'vu i : ,'d , and di-,o. 1 at an ,.ctai, 
r u=t care ot Tari M is, 	 04:-!rtuto 

1;olocrobr. s--in ,MNc w .norAu .;)eix- I-nead. 

(5) azstwa-te-, coin friom r'esi.dential,.. bi-ets along 
trie .Ir, "'r'.niio R v r f,'o, diractly in:to I river,the 
while garag is dmp& lht Me I':iv,+. l,.-. Wastewater 
from the :--e idou jowe,.,e. at the back of the town 
hall 	di:char,'-:e to this river.
 

..
(6) rins a. .i ng o ,, the ,ernncr:, gu.ari, ' i 	 a Dev'eloi
mert 	Comp..any A.ECO .i'chatr'" its prcesigr effluents 
to the Sain :naojn ivcir Ae a roeu . waer quality in 
the river ha: coni jnually d'et on", at.. a.d wi-th the dumping 
of solid wastes, the dJirl i.n of river flow backs up-from 
south to Por"., ,,:peciuly dur ing the zaugca'r.-milling 

oi'ration. 

(7) 	P'looding occurs at the lower rtiono of San Fernando 
Subdivision near the nat, o-.nal read, an the Aurca Sub
division at Bario Del PiJ.'ar approximately 1 km southeast 
of pohlacior. 

(8) 	 hSan Prrnande diver' serves a" the final disposal ooint of 
both :torr -atr:- uiid v..stnwaer from the numerous creeks. 

i _t 	 an.d
nlat 	yon.j: Wi]. _Infr'.ystruc ture O:ther QVki nenerni., a-id
 
conomie + l._ 

'Ph,, "oviso: or- s.wrae and ,raiag f,+c7:ilities within the 
r, .,i h;:, :: Irnint. .~pnct o; L,,at-r cuupliv and oiher infrrastruo
oire com ,';,r . O 'V r, econ mcs' (',iri: . a.iLity -- pay) and 
he statius t pblic tVh -rfuct ii-,act y , - aAi: ty of prcviding 

in view of 'th , ,' minr st.ur watur r.. :"' oroblemo 
Sep':erPcu' in A * .itt adpei.s tha-t railage fucir. U arp-i, 


t.r 	d, not wa'rrnt h'igh, p;i or y' Zr: iot ofA:an P raIG 	 AM

nP .n.... :up 'i " .. " II ' ii CC i l a techl'&., fO.'+ OJ .t 'ictI 

AA a: QC(UuP dt nor beol ct ( and Cuatea-I is 
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Information from the National Census and Statistics Offioe indicates
 
that in 1970, 32 percent of San Fernando's households had water-borne
toilet, facilitioies; 28 percent had pit-type toilets; and 40 percent had • 
no private toilet facilities. It is uilike ,y that such a low percentage
of "modern" facilities can economically justify a near future sewerage

program6
 

The rationale for the provision of wastewater facilities has tradi
tionally been based on aesthetics and public health benefits. 
At presen', Sthere is
an obvious water supply problem in the FER-WD. As the water
 
supply problem is resolved, wastewater volumes will increase, Related

aesthetic and public health standards will improve in time, increasing

the urgency for solution of the wastewater problem.
 

Pro ete _Wastewater Volume0s 

Projections have been made for wastewater flows in the Ml-ID for

the years 1990, 2005 and 2025. These estimates are shown in Table IX-13.
 

The service area considered for the wastewater projections is the 
core area to receive supply by -1980. This area is the denselymost 
populated area in the water distrio-t where public health and nuisance 

S 
problems associated with wastewater will likely be greatest. 

The wactewater volume which could be collected was determined by
estimating the percentage of water supply connections (domestic and

oomnerial/industrial/insbtlwt !onal) with sewer conneations during the 
design period from 1990 to 2025° 
 It was assumed that 70 percent of the 
water supply connections would have sower connections by 2025, and that
in 1990, 20 percent of domestic and of coieroial/indu trial/institu
tional water supply connections will have sewer connections. It was
assumed that tIere would be no unusual:Ly large water-consuming connections
during the design period and that 90 percent of water consumed would,
therefore, be returned to the sewers. An allowance was made for ground
water infiltration into the sewer, based on projected percentage of

physical area. with sewers and an infiltration rate of 0.15 lps/heotare.
The number of sewer connections recuired during the design period as
checked to ensure that the annual. rate of sewer connections was realistically within the capabilities of the water district. O 

Alternat ives Available 

The cost 'of sewerage/drainage facilities for thw P',R-14D area is 
expected to be significant. 

A financially self-sufficient sewerage/drainage system is seldom
 
achieved even in developed couniriaor It is likely that the MR-WD 
is no exception to this rule. 
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Served 
r-ea-


pblcioU 

wr.in tn ,uci 

Aurrio San Pedro 


KOM'rio Pelorec 

,!v .o Ju].n-. 

"qrriodel Pir 

' O an Jose 

.."io :;an J 

M;arko :t0.- M 

parri. Onl Nico,,1las 


TATJ IX-13
 

AVERA 'E :ATL, W ,.,'E. FLOWSADAIR 
-SANiNANE). WiATEI, DISTRICT 

Commercil/i 


Deaign Ynduu trial/ 
Year lomootic notitutiona 

1990 359 61 

2005 ip41 310 

2025 9,534 2,384 

"0 '" 1W9 19 

0005 627 138 

20W 5 4,237 1,059 

1990 113 19 

2005 .624 137 

0 4,;17 1,054 

1990 281 48 

200 1,34 338 

"025 10,364 2,591 

1990 112 19 

2 005 401 88 

2025 " 712 678 

199' 179 30 

P000 12) 248 

20P5 7,631 1,908 

190 142 24 

20( 11 146S 252 


5 7,76 1,936 

1990 65 11 

20cq 36. 80 

o' :M5,6 614 


195M0 271 46 

mo 1,533 337 

W)OO 10158 2 590 

19.,)C 1114 19 


1 )12 267 

=5O AF192 2 048 

.;,ii1Y10,47 296 

"',~ ',"0 2195 


2'0 6,4,/ i6,862 


..
 

Infiltration
 
Allowanoe Total
 

363 783
 
515 2,236
 
726 127614
 
356 486
 
506 1,271
 
713 6,009
 
104 236
 
147 908
 
207 5,478
 

84 413
 
120 1,992
 
168 13,123
 
65 196
 
92 581
 

130 3520
 
285 494
 
405 1,782
 
570 10,109
 
97 263
 

138 1,536
 
194 9,876
 
272 348
 
386 829
 
544 31614
 
531 848
 
754 2,624 

1,063 14,011
 
117 250
 
166 1, 645
 
233 10,473 

2,274 4,317
3,229 15,404 
41,548 38,857 
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Feasible alternatives for sevierage in the FER-WD area appear 
to be as follows: 

1. Tndividual (septdc tanks) or unified public collection 
system;
 

2. Combined or separate sewerag/drdinage system;
 

3. Vorious degrees of cent--ralized werage treatment; 

4. Disposal systam (river or land disposal) for treated sewag-e. 

The question of whether the FJMf-W'D should construct a combined 
or a separate sewerage/drainage system depends on-economic circumstances. 

An alternative to the combined system, which must be investiga
-* ted in detaiil during -the sewerage feasibility study, is the provision


of open canals (peripheral drains).
 

Alternative treatment and disposal methods for intercepted 
wastewrater may coisist of: 

(1) Screening of grosn solids high-rate lagoons and effluent 
diGchar[,e into the San Fernzando River. 

- ,'-
-g, ;, -- " :' - -" 

- d . : ': -- ,:{ ..., ' '
 

(2) "'otne':form,- <'0' of• ,I -treatmenti .' :G such' as conventional primary and/or

high rate secondary treatment may be applied. Treatad wastes may be
 
used potentially for .agricultural. ... . . .. . ' . .. 

"' ' " ' , " 2 _ : L -•.. irrigation... . . . ... . 

Recormunenda t ionsa 

As ooon az the first phase of the water supply program is under
wa.y a cori-rciiensive sewerage/drainage feasibility study should be0 
undlertaiken. This study must address the issue of combined versus 
separate uewers. It should also update the population and water demand
 
projections, of this water supply study. 

Once the decision har, been made to use either a combined or 
separate !iytem, the water district must embark as promptly as possible 
on a street seweririg and house connection prog~ram. 

A 111i uihing code rshould be jveloped by the FlM-Vf) to coordinate 
plumbingequirements for wat .r, wastewater and surface runoff faci

:lities. Tliis' code becomes ,ery important and me(aningful particularly
if a neparate sytstem of sewers is adopted. 

In the mecantime, a house-to-house survey should be conducted to 
inventory oitrgwastewater ard toilet facilities. As-built draw
inj s of' ,-torm drains and pe.ripheratl canals must be compiled and 
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accurately recorded in pret.-Pr.tion for the seworae/dcrainage
 
feasibility study.
 

For c ,arioi oitablijsl1,flnt. thit cwrrentiy laok waste die
posal !'aci itiei zuid w: :intcially unable to provide modern flush
toilct witlh Septic t.nk, the Departmunt of Health (Division of En
virorunental Sanitat.ion) has developed an inexpensive water-seal
 
toi3e t
 

Pe-ancnt rights-of-w-<y should be acquired for the main routes
 
that will be used for drainags/sewerage canals.
 

lampinrn.; ii,id wc.te into waterwayis canalsf--rd manholes, should
 
be strirtlv prohibited. :iolid wastes not only pollute the water,

but are also very unsightly and serve as habitats for fliee rodents
 
and pzrasitos. The proper handling 
 of solid wastes should be studied
 
ad plannedi carefully.
 

11. NAM11TNM OF WATER RESOURCES 

In order to m;ke the best of' water resources available for present
aind future demands of the F1KR-WD, certain technical and management 
steps must be considered. These coneidorations are primarily related
 
to the collection of data concerning the chemical quality and anount
 
of water produced by the district, and a data atoragea and retrieval
 
system which would provide easy accessib"lity to those organizations

dealing, with the subject. These ure discussed further in Appendix P,

Volume IT o!' this report.
 

I. UPDATING TME WATER SIP"PLY MS'17,R PLAN 

To be a meaningiful working document, this water supply master plan
must be periodically updated. Changae related to technological develop
ments, goals, use crgouia1 land concepts, unforeseen population growth
movement., etc., must be reviewed for possible long-range impact on the
prog;ri la recoraended in this report. An outline of the steps required
for such periodie updatingt. is presented in Appendix Q, Volume II. 

J. INVIRONMEINTAL CONSIDERATIONS 

Appendix R, Volume II di cuse some of the ways the oonstruc
tion program may a&ffeot the environment of the study area. Some of
the natural resources afflected by the program are irreplaceable, re
quiring due consideration before actual construction. 
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ANNEX IX-C 

DISTRIBUTION SYSTEM OROWTH 

General
 

It is necessary to project the growth of the distribution system
in order to estimate the r uired ex.xpenitures for ini;-c-ral network 
piping, service connect ions, and I ire hytirant requirements, The pro-.
jection of distribution vystem growth is based on (I) apportionment
of the served population among individual sections within the service 
area, (2) the projected number of people served by each connection,
and (3) the anticipated total area individual served sectionsof' within 
the service area. The details of these items are discussed below. 

Served Population
 

The projections of served population preoontod in Chapter VI are 
presented in Annex< Table IX-C-1 according to individual community 
served and respective service areas in 1976, 1980, 1990 and 2000. 

Numuer of Persons per Connection 

Based on the pilot area survey conducted within the present ser
vice area, the average number of persons served by a single service 
connection is 7.4. However, it is estimated that the overall served 
population per service onection within the water servicedistrict 
area is slightly less. It has blen assumed that the effects of futue 
increased living standards and family planiing will be offset by the 
effects of future inward migration and that the resultant per-connection 
population will be 6.8, 6.0 and 5.5 persons by 1980, 1990 and year 2000, 
respectively. 

Total Served Area for Individual Coiri.unities 

The total areas of individual ,erved communities have been pro
jected on the basis of field studios nd locations with potential 
consumers of the FE-WD water supply. These projootions are presented 
in Annex Tibl e IX-G.-2. 
Areas Served .htoLbI Netwk Stem 

In order to project 'he net area -o be served by internal network, 
the gross cerved &reas presented in Annex 1X-0-2 wore reduced in pro
portion to the expected porcentage of population served (see Annex 
Table IX-C--3). Served population in 19&), 1990 and 2000 were projected 
to be 38, 63 and 74 percent, respectively, of the total population 
within the corresponding service Itarea. therefore assumed thatwa_,s 
82, 71 and 76 
water servicLe 

percent of the total service area, would actually 
by the years 1980, 1990 mnd 2000, respectively. 

receive 
This ras 
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ANNEX TABLIE X-,l
-l-


SIM1-F ) POiRLAfON tIJNECTTON6 
S~lr,i', D 3TRICT!,G;NANrWA.ATEI,'h 


Commrnity eired 


Poh.azion 

ta. Lucia 


San Pekro 
Dolores 


J U1 I. 
Dei 'i .u 
Cui Jore 

San Juan 
Sto. NiAo 

5;an Nicoja 

San Agustin 

San Peliipe 

Quo biauan 

San Isidro 

Del Rosario 


Total Served Population 


Total "erviccArea
 
PoUlIation 


Fercent Suor-ed 


7I6 
Orvice 
Area 

3,612 

823 

400 


924 

17V 
910 

175 


1,140 


8 Y715 


26,498 


33% 


10 

Service 

Area 


4,970 

1,44Q 
1,360 

1,440 

1,140 

qi0O 

2,020 


800 
2,310 


320 


16,980 


44,620 


38% 


197.O 2000 
0ervicy 	 Service
 
Area Area
 

101 6-a 14,130 
3,! 90 6,280 
3, 3j40 6, 5) 

,330 15,360 
1,3 10 4,020 
5, 10 11,310 
4,220 11,480 
1,920 3,640 
8,020 15s350 
3,360 12,140 
2,390 5,770 

510 1,240
 
700
 

1,530
 
380
 

54650 109,580
 

86,510 148,090
 

63% 74% 
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Commumity Served 

Poblacion 
Sta. Lucia 
2an Pedro 
Do.] ores 
Jiu.liana 
Dol Pil1fu 
San Joo.e 
2az Juan 
Sto. io0Ni 

Swan Nicolaoi 
'an Agust in 
I'an lelipe 
Queliaual 
Sai Irsidpo 
Dei Rosario 

Total Service Area 

ANNEX TABLE, IX-C-2 

TOTAL UERHTTCE ARlEA (ha) 
Oki FERN ANDO W.XfEl DISTRICT 

1976 1980 9)90 2000 
Service Se vi.ce setvice Service 
Area Area Area Area 

48 56 64 73 
37 55 72 78 
11 16 25 52 
6 13 142 154 
8 10 15 15 
9 44 98 102 
8 15 26 108 

21 42 103 194 
58 82 94 108 
- 18 44 78 
- - 63 122 
- - 78 68 
- - 70 
- - -107 
- - -

206 351 824 1,387 
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ANNEXA Tz3Md EX-C-3 

IO Ai ;i 'ro ]mUx: " ..... ..... " ." 

1976 19C 1990 2000
."7c-em i c c Deivjq ,V'i service 

Communi y ;:i c Axea Are Area Area 

l:ol.orio 40 50 61 69 
4 55 58 62
 

*an', P .ro 5 16 20 
 47 
Dol o re!3 6 8 114 139 
JuI iana 8 149 14 
D'1 F I ar 9 32 49 71 
S.an Jono 8 12 22 92 
Sm Juan 4 32 82 165 
:to. NiFio 25 57 61 81 
.a. Nic.l: -18 35 55
 
:.3 Vu-, Lj.n- 32
- 85 
,:;A ,',. liI e - - 35 62 
Quebiauan - - 35-
,'l-,,n zjdro- - - 54 
DeI Rosari -( -2-

Totl. Not Ar'a -to be 
fnrved,. 109 583289 1,054 

TotL :Thrvrj, Area 206 351 824 1,387 

Percent of Total Servic.e Area .53 82 71 76 

-/Dicliui(,or.; arews to be served diroctly by distribution pi1plines. 
-mu i.nder of the 1980 service area not served by 1980 will be 

served by V)81-. 

IX-44 



cUCatd an a. weighted average of the percept served areas of all 
the larrio. For On i)9O servi area., Me at-, and recommndod 

.ip ,,.no w;r .. r... W & > Ur j5 ... ,,-,. of the total 
area to. ...... . ' .. i of..F tho 190) serv"ice area 
not, c, ,red ';" '! ' ' n~ c n ed pipe'ines would' tb un- ,,'fulliqb the ,yvr"U"P:5. The anpu..pi.: ponna of. an, ro-;dfo 

1990...od . . - lower.. , - r ]a9- 3 or th extension 
of water service areato out'lyie Tavrio . Theh of,.--eat brrioa 
included in the nervice r" ia lrge enmrared theirinrel-vely-. , to 
rn.jected , rved npoulation. 

'The Wue cd ser-ved nue (:on. Annex Table T- ) were rthr 
reduced ou<'tjthe assumption (1) of" thecn that some distribution 
, em p-ipes, ircluded in thn n.alyoen are actually internal network; 

and (2) so" of the prop'" ' d U.NOJ:5.ut inn p il w. ines' will serve as 
tq(Cuivaleni :intrnal network. It b'n13 been :avpumed that. relovant disti'l.
buion system'; pp ra en caserve .n area within 50 meters on each sideof the pipeline 

The netz area, to rac, ive intvrnul' network are tabu l.ated in Annex 
Table lX-C-4 accorMing to s'vie area an'd in Annex Table iX-C-50 
according to aonstruction phne 

Number of Service Gonnactions 

Thu number Cf ervice coneotions was projected by dividing the 
served population by the uverage nuuber of persons pur connection. 
The estimated number o' nervice connections for each community with
in the service area is presented in Annex Table IX--.6. 

Diuring the .akage ,;urvey which will be conducted as part of the 
imimediato improvement program, it is empected that some existing ser
vice connections will be .dentified as major sources of leakage. It 
i~s projected that major repair and replacement will include 10 percent 
of the existing service conrections by 19801 and the remaining 90 per
cent during Phase I-A. 

Areas leceiviF.re Protection 

The total area to receive water supply service by 2000 will also 
receive fire protection service ty the same year. A high levoel of fire 
protection will be provided for areas where high property values or 
high population densities are expected, Pence the entire San Fernando 
pobliaciont barrio, Sto. NiiK and Juliana, ;ad portions of barrio Del 
Pilar (2O .) and barrio San Vicolas (25" ) will receive high-level fire 
protection, The rest of the barrios served will be provided with 
normal residential-type fire hydrant eervi.co. The nchedule of fire 
hydrant installation is listed in Annex TM15o iX-G-8, 

ix-0--5 
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TOTAL AREA SEiiVELT) 
SYSTEM; ITY (cc; ' 

.( 5.5' ) 

so'.) 6
1-


.. ,, ( b1 6 


WJ 1AN 9 I 


Dal ( '.'	)1

) 10


Jm' Kan 21',,' 36
: 


-4. 

Wic l;
s. ,qua,-

pn PP1-m,11
Q., amhi. 	 -

B i . - ,....

(275 193 


r,.laivI Total 460 


,Tnwoie arpa to 'e zueved 


4 
 :/Prv uow by 1980*~ 

D'Y rPNTFAi, 
~ 12 U 

44 


-
25 


32 


-

115 


583 


Erectly by 

4
 
4 

13 13
 

-
22 



47 23

42 41
 

2 " 


.	 5
2'1 26
 

13
 
3
 

248 2o3 

831 1,054 

distribution pipelines. 



ANITEX TABLE J?,-C-5 

~YS~~N~C~m~uu1'oN PASE(ha) 

IinpovernlrI P Lase Phakm Pha'se Pha'j!-.A 1-D ff-V, I-_f 

Du Cbt,. 01vi, 
 S.
 
, Luci 4 

:-:.n Pedro 14 6 14 '13 
'.ol 7 44 44 13 ,'l i ana,. 5 "- " 
P,.d. Fi lar 32 17 - 22 
.an Jote 12 10 - 23 23 

*ua. 21 36 25 42 41
i Niro 57 4 - 20 -

-*a iiColas 18 7 - 15 5 
: Agust in - 20 27 26 
• F iro - 11 10 14 13 
..- - - 14 13 

...-, Isidnr -' doR rio- - 41 

To'v;al 275 151 99 216 195 

Arcta S,!nved by IAJkitribution 
Pipelines (11c) _A2 16 32 " ,1.iiul., aive To fta] Eu iv-1, 

.1o. 27t5.i(L") 275 468468 8'1583583 831 1, 054 

IX-c-7 



ANNEX TAB3LE IX-C-

SCUIEDUL]X OF SEIRVICE COTPECT1ON1 INSTALL1T0ON 

1976 1980 i990 20)0 
Service Service kiervice Servi ce 

CommGniti Served Area Area Area Area 

Poblacion 516 * 214 1,040 800 
Sta. Luoia 118 * 92 340 590 
San Pedro 79 * 121 360 580 
Dolores 57 * 153 1,180 1,400 
Juliana 132 * 78 350 170 
Del Pilar 25 * 105 760 1,170 
San Jose 130 * 170 400 1r390
San Juan 25 95 200 340 

Sto. Niiio (163 1 177 1,000 1,450 
San Nicola.9 45 515 1,650400 650 
San Agustiin 
San Felipe 90 140 
Quebiauan 130 
San Isidro 280 
Del Rosario ..-. 

Total by Phase (1245)* 1r250 6,635 10,810 

Cumulative Total 1245 2,495 9,130 19,940 

'* connectionsExisting service 

% /X-- .8 



ANNEX TABLE IX-C-7
 

SCHEDUML OF SERVICE CON ECTION In|STALLATI0OI
 
BT CONSTRUCTION 

Immediate Phase I-A 
Location ImTnrovemente.'2085 

Poblacion 214 567 
Sta, Lucia 92 185 
San Pedro 121 196 
Dolores 153 644 
Juliana 78 190 
Del. Pilar 105 4.15 
San Jose 170 220 
San Juan 95 110 
Sto. Nubo 177 543 
San Nicolas 45 280 
San Agustin 220 
San Felipe 50 
Quebiauan 
San Isidro 
Del Rosario -

Total 1,250 3,620 

Cumulative 
Total 2,495 6,115 

PHASE 

Vhase I-B 
18-0 

473 
155 
164 

536 
160 

345 
180 
90 


457 

235 

180 

40 

3,015 

9,130 

Phwe I-A Phase II-B 
(1221-:25)1 (196-2000 

400 400
 
295 295 
290 290
 
700 700 

85 85 
585 585 
695 695 
170 170 
725 725 
820 830 
325 325 
40 70 
65 65 
140 140
 

5,400 5,410 

14,530 19,940
 

IX-C-9
 



AIE TABL 1 , -2-C-8 

SCEDULE OF FTIRE' HYDRAN11T INSTALLATION 
1Y- CONSTR10TIO1- PHAXE 

Area ire Proleotion )eceiv 
Com.muimty Phase i-A Phane I-B Phase Ii-A Phase IU-B 

Served (18-5 18r-2 12 2 (1226,0o0 Total 

Poblwaion (61) 61 - (8) 8 - (69) 69 
sta. Lucia 58 - 4 - 62San Pedro 20 - 14 1 47 

Dolores 70 44 13 12 139
 
Ju iaina (14 14 - 14(14)(14) 7149
De Pilar (14 
Sr Joe 22 - 47 23 92 
San Juan 57 25 42 41 165 
sto. Niio ~ 61 61 - (20) 20 - (81) 81 
San Nic&IO(as 35"- 15 5 (14)55 
Oan Au in - 32 27 26 85 
San Felipe 21 14 14 13 62 
Quebiauan - - 22 13 35 
San ..idro - - - 54 54 
Del Rorio - -- 2. 

Total (164) 468 115 (28) 248 223 (192)1,054 

Otuu afire3 

Total 468 583 831 1,054 

1Vif7 1roe in parenthesis indicate areas to receive higher level ofhydrait, servtice. 



Computer Studies
 

The recommended program of pipe construction in Chapter IX re,
flects the results of successive computer analyse6 on the FER-WI) 
dintribution system. The general design criteria -and method of 
analysis are discussed in Appendix K of Volume II and Chapter XII 
of the 1ethodology Manual. 

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

The computer printouts for the peak-hour and minimum-hour con
ditions are shown in Anex Tables IX-C-10 and IX-C-11 as representa
tive of the worst conditions for pipe design. The peak-hour condition
 
can, in general, be considered as the "design run" for the majority
 
of pipes. However, certain variations in operational modes, especially
 
in systems with well supplies, can be more critical for some pipelines.
 

The pipeline and node numbers on the computer printouts are the 
same as those in Figure IX-4. In general, pipes of series 0 to 99 are 
existing pipelines, pipes 100 to 199 are immediate improvements; pipes
200 to 299 are parallel lines -to series 400 to 499 to be installed in 
Phase I-A; pipes 300 to 399 are Phase I improvement pipes; pipes 400 
to 499 are replacement pipes in the immediate improvement program and 
Phase 1; a-nd pipes 500 to 599 are Phase I improvements 

- X 



A.N.. TABLE I.- -. 

YE&R 2ow nM-A HOTR 

SwAEl .rr W, i 1 s rk IC T 2000 WATER SYSTE M PEAK NOUGCND.TION 

I NP I I f, (jUT Uf j , LP S 

NOl F- f) VI 
1 

-')
VAXN i P " I 2 0 'YIF ! 'A0T 
P FAK I'Jr FA CT01-- 1 .7 5UJO w "- r-rP .:R/ISTATIC PCT 30.0 

T:IA] 1C 14GI , P:P-1)9P CALC 34.0g 

i./ X kJ86;'L  0 50 10
 
MAX .LLW Vr-l .- MPS 3.000
 
.' i l rAL l i -IV - PS' 0.430 a 
Mi!: , L'.)W HL - i/...i M
I N ALL " FL - I ).0 k 0.30 

F AX ALL li P~Y
MpI ALI 

-,6


"m PnFs - A 0.700
 
NfL I c H."Arc T' -At""
 
I.1'1 F I. C,.l su I' IC 4s I
 

E: j F!IX4 :) 0J.11f7
9 Afl4r) WTOTH 12 
j rJ'I I LINPAL ?.l I LP S 

UUN1AL i. 1.6 LPS 
1T" 3 ML f.,4 1 LPSLNP 

ITF: 4 LNPA. 2.I- LPS
 
I TI, 5 LNI!AI 1.11 LPS
 

,ITI 6 LNPL .22 LPS
 
I ITEi. 7 LNIIAL , 'LPS
 

L ,AV',I.1 IN 7 ITERATIONS
 
.37.: Ipe U "'ALANCE 
 , 
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ANNEX IX-C-9 (Continued) 
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C1IAT1E ( F IANC It AL 31A.;;BLITY !'J"ALYM 

The finian cial feasibility analymui herein autablishe-u a detailed set
 
of gudelines that the water disrict :rimnaiment may -s. in nwiking cm .t
 
derinions ian,; the ex .'ears ho i;uch:;nic ai ;,specis and projen. cnot
 
of he recc:niir :lod !:.l,. have ion" prcou: 
 ,riin d in Chae r X. Its conomic
 
ju'tificat ion followO 11 'JiaptOr X. .>: t~hi s 
 chapter, a plan is developed 
to indicate how and whea funds will be used to operate and main tin the
 
system, imp]onou I, the Frc,:rw.-am, v:tabifh reneive funds and reti.re in
de btedine s s. 

Water rae have boori devuloped on the basic that the syistem wiill
 
be t'innncil,. ,c- .s.ou tiny. Capi tal funds for th 
 i'eoorrmonded plra-. 

Ot.j:1 , o.rI from intorn ational .[ i '.. j 1.0e . ] iU,.trro" 
The water. taton thart h-yve been deviOw.ad appear to he w tbin the ability
to-pay of the averae hcus;hcldr in the water d:i t rict,
 

The fi nancial 1 1- t;sTS in:.ndeas only thosn rowfa as and disbursements 
for the prr ,:evd ccnui.: n,n program from 1918 to 1990 (immediato Improve
ments, Phase I-A undt Phae I-13). All mwvenues and disbursements shown
 
be tweon 1990 ,;od 2000 are those diretly attributable to coltinued serv ce
 
_01d. e"xXpses aCux'r.ig f'' faci.lities conistructod bo twoen 1978 and 1990.
 

Fl. THiE EXTdTTNiG ,.1'STX, 

Feraonne 1 

As of '-0 November, 1977, the FER-1) had a total 6 personnel. With 
the program or expansion, tLere is a need to augment ' present staff,
The district :iu current ly upgrading the quality of its staff to comply with 
I,',vUA ni:Ldel inew in persaonnel management. 

Water Moo 

As of April, 1977., IER-41 had 1,245 connections all charged on a flat
rate basis,
 

Durinr", Lheator part of Derember 1977, the disict sought an increao3 
in its water carges. 'hein new rates have been approved by LWUA and took 
effeet on 1 January 1978, The ratec are ao followsz 

Metered connections!: 
/ ' '  ior~e~" , ," 1 00B 

Commerci al/Indu i;ti . 1 YP2. 00/ .U. 

X.-1 

http:aCux'r.ig
http:deviOw.ad


Flat Rate Connunizns: 

L(2retj,. ), ... 11./ - 30-00 -e:a-: ..,n.th 
-prr 
 Mon sh 

:omiie'ciai/ii4,,Uun1r/ a "- 60.00 per mont.h 
-3/4" - 96.00 per month 

lo - 192.00 per month 
- 4o'80.(0 per month 

Financi Ll.t an eien ta 

The fiQat-ncia, :a nt of 'ERI.-A'ID for" V.he pzr:iou January - 30
 
Novobr 19Y'chow operatinn revvnre:- of P2266d9.60 or an aveirne of
 
Y20.60u per mnth* Ope.ating expenses for the saDe period totalled 
!253,032-15 or an averageo of 723,000 por month. The distriot, there-
Pore, incurrod m.erunthl. WWcil of about, P,'74C"0, A bigger 
deficit w.ould reauul i I a.owa,,oes were made for depreciation. 

The disLrict i.s now in the proces.s of installing the Commarcia]

Wrutir[ Ann:rual wh uh pp;'- s b.s detailed accounting. proe~dures,
 

However, historical financial r'cords have not been basud on organized 
basic accounI;ing system. Therefore, data on the past finances of the 
present j'.stem are iradequate to form a sound basi for future pro
jections. It is, therefore, necesrs.y to make certain ausuptions.
The financiai feasibility of t1hoG:. a :3 mptions will be tested as the 
project is implemented. 

C. UEV1:]3 f-2!T COST,; 

The coud estimatoee of the faclition needed to improve and expand 
water services of the water district over the development planning 
period are rrooented in Chapter IX., Coot eatimvtos of the facilities 
are based an the pr.jected July 1978 prices. 

JNolect cos-.ts faoili.ie, rneommended for implemontation in. 
itage I arv aaammarized on an annual basis in Annex Table X-40-1. 
Engineoring. beivices for d.:Lgn and construction supervision ar bro-
ken down. It has been assuned that 70 percent of the ungineering
services apply to urves and design and 30 percent to construction 
supervision, Deeign costs are shown in the year preceding construc
tion. Contirgennieo (15./10 percent) are distributed uniformly during
the construction period. ioreign exchange component of total project 
cost includes cost of direct and indirect import itums, as well az a 
portion of the enginering costs. 

imWlation of Costs 

To account for the effects of inflation, capital cost estimates are 
escalated. Thlo ha, been done year by year on an item-by-item basis 

http:faoili.ie
http:P2266d9.60


using escalation factors computed from assumed inflationary trends and. 
applied to the basic ourrent cost data as shown in Annex Table X-C-2.
 

hle escalation factors u~jed based, on average rateare an annual of 
inflation of 10 percent per year from 1978 through 1980, 8 percent

fnom 1981 to 1985 and 6 percent per year thereafter. On the'other
 
hid, annual operation and maintenance rots and ffmily inome are 
escalated at a rate of 8 percent all throughout the 23-year study

period. These escalation factors have been assumed to apply equally

to 
the local and foreign exchange costs.
 

D). OPEIIATING AND MAINTE40ACE COSTPS 

This cost category covers cash expenses required to keep the sys
tem, operating and adequately maintained. It assures the continued 
maintenance of the water district's revenue-producing capacity and
 
protection of its investment. Included in this cost category aree
 
personnel, power, chomicals, maintenance, rental and other miscella
neous expenses which are necessary to run the overall water system.
Most items increase in accordance with the quantity of water produced;
the number of' customers served; sand the extent to which the physical
plant will be operated and maintained. 

The operating costs of the existing and fu-ture 
systems are pre
sented in Chapter IX., 

E. FINANCING POLICIES COVERING LOCAL 
WATPER DISTRICT DEVELOPMenT
 

The foliowing are the major potential sources of funds which can 
be utilized by IR-WD3 

OperatinjSource
 

To the extent that revenues from the operations of the local
 
water district exceed annual cash requirements for all other purposes,

funds can be devoted to financing development costs. As a practical

matter, it 
is highly desirable to finance a significant proportion

of development costs in this manner in order to reduce the amount that 
must be borrowed and the associated debt service costs.
 

Non-Operating Sources
 

Non-operating sources of funds for development inclde 3 ba; ic 
groups: 

1. Loans - funds may bh borrowed by the water district for develop
ment. One of LWUA's primary functions is lending funds ibr 
development to water districts. From the water district's 
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point of view, LWJUA is the primary, if not the only realisticSource of furnds. LWUA borrows both foreimi- currencies and 
pesos at varying terms and relends needed f uids to water dietricts according to the composite terms needed to support theblend of debt service terms LWA itself must meet. At present,
1,iUAIs terms includez 

Immediate .mprovements Loan Fiase I-A and I-B Loan 

Interest- 9 percent par annum to be 9 percent per annum to be
computed at - percent per computed monthly at. - permonth, Interest due (M the cent per month' from the yearlocal component is paid following the date of dis
annually. Interest on bursement. 

foreign exchange is capi
talized during constraction,
 

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

Duration 
- 30-year loan, disbursement 30-7e.. loan from the date
assumed made at mid-yearv of initial disbursement.
 
thus will learn interest for, 
6 months.
 

Principal- amortized equally for 30 
 No principal payments due
 
years to start one yp.ar during construction periodo

after construction. 	 (Construction periods of 

Stage I-Phases A and B are 
explained in Chapter IX). 
Principal repayment period
 
is 30 years less the duration
 
of the disbursement period.
 

2. 	 Charges and A,,sesments - consist of payments made by new 
cuctomors and benefiting property owners for the costs ofspecific portions of the facilities being developed. Typically,
such charges are formade the costs of new construction and 
water metars and for all or a portion of the costs of new
distribution system extensions. guidelinesLWUA 	 suggest thatcustomers may pay for conneotions and water meters, but currently
do not include an assessment for distribution system costs.
For purposes of this analysis new customers were assumed to be
pay-irg for. the new connections and water meters on a revolving
rund 	basis. 

S
 

S 

0 

0 
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These sources are referred to as "contributions in aid of 
construction" in.accouning terinology and have the effect 
of reducing the anouits to be borrowed. Since many new 
customers will not be in a position to pay connection fees 
(or benefit asseesmentj charges) in cash, it will be neces
sary 'to provide financing assistance. Present practice io 
to allow such payments to be made at a flat montly rate of 
17.00 over a period of 10 years.
 

3. 	 Grants or Credits - LWUA has access to on funds on con
cesaionary terms and is thus able to relend funds at rates 
that are below market rates. This in itself is a "credit" 
available to the local water district borrower. In some 
countries, the national government makes outright grants to 
local water districts in recognition of the overall national
 
benefit of having safe and reliable water system. Another 
approach is fox- the government to advance a portion of the 
funds needed during the early years of development at little 
or no interest to assist the local utility in building its 
financial capacity. This is another form "credit"of as 
referred to Later, the revenueabove. as base expands and 
development expenditures decline, the local utility refunds 
such advances as permitted by its cash position. At the 
present time, however, the local water district is expected
 
to undertake its development programs with no equity partici
pation by government or assistance other than the LWUA loans. 

Reserve Requirements 

Since reserve requirements are tied directly to obtaining develop
ment loans from LWUA, they are considered as funds required to support

capital development. After total revenue requirements are determined,
 
LWUA guidelines suggest that percent set aside for funds.10 be reserve 
For purposes of this study, a lower percentage will be used, starting 
at 3 percent progressively increasing to 10 percentc 

F. FMDS FOR CAPITAL DEVELOPNENT 

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 costs as 
escalated and shown in Annex Table X-C-2. 
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apital saet acquired ehch.yc~r become subject to depreciationin their first full year of ser-vice. Thus a pipeline completed in1978 becomes :'depreiable" in 1979. If it h s a 50-year lifet deroo: on oontinue for 50 years an6. it is assjrted to be retired inhs 51st years .The cost of large facilities that require Se.eral years
to construct is carried au "work-in-process- until completed.
 

1nnX. 
Table X,-F .I shows the water distriot's assots and depreciable
vzluo forecasLs, the initial purpose of which is to show the appropriate
'odrciable" values for use in okloulating replacement costs and annuald(Xpreoiation expenses. At the same time, year-end book values of asuets 
c're ti-ow- as well as the value of work-in-process, 

Based on the schedule of aesets, annual depreciation expenses were 
oaiculated and are shown in Annex Table X-F-2. 

levolving__, nd for Con~nection£s 

To assist new customers in financing service connection charges,±t is necessary to provide working capital for a revolving fund. ItF pr)oposed that LWUA's present policy which provides for the cost tobe : yable at P500/rnonth over a 10-year period be increased to P6.83by 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
 
vo sircirort the annual. costs of connections. At somne future point,
"cr.-mrp ',,xcee annual expenditures and the revolving fund can be used
Lo rl'%uid the earlier advances of working capital.
 

Anrex Thble X-F-. indicates the working capital requirements.
",n thio table, the two'key aasumptions are: 

a Thu monthly installment payments are onbased actual 
costs of oenstructing service connections and meters;
thusa ,ha ronthly payments of customers connected to
the system in 1981 would be greater than payments of
cust.mAers who would be conneo.ted to the system in 1978fo 1acouw t or the escalation of construction costs. 

.
 Thxx (60) percent of' all new customers would utilize 
"Jhe installment method of financing connection charges. 

Jevenue Unit Forecast 

The Present LWUA rate -policy incorporates the ofuse "revenue.
uni1 "(ii) indeterinr the basic cost per cubic meter of water to 
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domestic consumers. Commercial and industrial customers are char-ged

twice the unit for use
price domestic and wholesale water dintributors 
are oharged thrice tile basic pricoi. As defined, a "revenue. wit is an 
arbitrary unit cf measure into whicl. discharges from pipes of va
rious sizes are reduced to 3/8-inch connection by the use of con
version factors,
 

Thus, the discharge of a 3/8-inoh connection (actually aconnection, but regulated by a water meter to give the discharge 
a 3/8-inch connection) is multiplied by 

of 
1.0; that of a -- inch by 2.5;

that of a i-inch by 4; that of 1-inch by 8; and so forth, to get the
 
total RU's delivered,
 

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

Annex Tables X-P-4a and X-F4b give the revenue urlit forecast. 

0. ANALYSIS OF WATER RATES 

Ability-To-Pay Issue 

Presidential Decree No. 198 stipulates that water districts 
be financially self-sufficient, 

must
 
Ln the past, most water systems have
 

not been able to generate sufficient revenues to cover even the
operation and maintenance expenses due to various factors including
 
poor pricing schemes, defective collection system and inadequate con-
sumer promotion. The major reason for 
insufficient revenues, however,

is that certain consumers being served by the water district have such
low incomes andhence, are not in a financial position pay the
to full
costs of the system. Therefore, before a water system is improved andexpanded, the ability,-to-pay of the population targeted to be served
 
must be ascertained.
 

Since water districts are not expected to be extended government

subsidy, the analysis of the factors affecting ability-to-pay has been

significantly simplified. The factors that affect ability-to-pay are

the annual income of families covered by the water district and the 
percentage of their income allocated to water supply.
 

In March 1975, an infonal survey was conducted among Water DistrictGeneral tanagersto help gather data needed for the ability-to-pay
studies. Questionnaires were distributed to 15 water districte covering
provincial areas that differed in location andize, economic conditions. 
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The answers given by the 6Gneral managers of' the 15 water 
disotricts are summarized as follows: 

1)Though 10) o-- t4u ', UoL ~eprdon 
prior to -the change in management of the water district, 
13 imposed increased water rates upon takeover.
 

2) 	 Water comv ~.utdth nrae !Ji,-a'fter someexplanations juotifyiug it. Only five received formal com
plaints about the increased rates while eight received
 
forial ccmplaints about the poor quality of water mpply. 

3) 	Ten had difficulty in the collection of water bills pri
marily due to dissatisfaction of consumers with the water
 
service,
 

4) 
Assuming that capital and service improvoments were made,

the general managers indicated they could increase their 
rates by as low as 25 porcent and as high as 447 percent
for -the average Raid 	 b Low ;verae households. 

A formal survey was conducted in April and May, 1975 in the
city of Lipa and the Municipality of Tanauan, These pilot areas 
were selected beoause (a) 'they are at prosent experiencing 
water supply problems, (b) 
the income level of their families is

similar to that of the national income figure, and (c) they are
 
near Manila, only about 2 hours away by bus. 

The 	survey covered 556 fwmilies, classified into 4 income
 
groups. Approximately 28 percent came, from the low-income class
(below !220/month); 55 percent from the middle-income (P221 -P750); 12 percent from the uppeax iddle-income group (T751-P1,500)
and 5 percent. from the high-icofme 8roup (above P1,500). 

The 	 table below presents the highlights and pertinent findings 

of the survey:
 

ESTIMATED ABILITY-TO-PAY BY INCOME GROUPING 

eihtedAverage 
Income Group -220 P221-750 r751-1,500 P1 500 
SDistribution 28'Z 55% 1%5 

Probable Ability
to-Pay on Basis
 
of Improved
 
Service FP13.50 r24-50 P37,00 P67-50 
 r25.00/in
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Estimated Average 
;,CMO !"220 7*660 r1,000 ?2,700 P680/household 

Ability-to-Pay
 
Divided by Ave-


A second survey on abiiicy-- -pay was conducted bi 6&n Fernando, 
Pampanga in Aoril 1977. The respondents included 298 families, all
 

3jat ._ 1i:4trict concessionaires. The results of the survey are 
summarized as follows: 

Upper Weighted 
Low Middle Middle Hi h Aver ie 

Income Group 
% Distribution 

P300 
13 

?301-4300 
52 

1'801-1,500 
24 

-1,500 
11 

Probable Ability 18.90 
to Pay on Pasis 
of Improved Service 

22.80 36.50 42.60 27a76 

Estimated Ave
rage Income 213 555 1,157 2,682 889 

Ability-to-Fay 
Divided by Ave
rage Income 8.-Y" 4. 1% 3- 1%, 1.6 3.Oil 

In terms of absolute values the results of the San Fernando 
survey update the results of the previous survey in Lipa/Tanauan, 
Batangas. The above tables inidicate that the low income group may 
be able to p-ay 113.30 -- 18.90 a month for water (6.1 - 8.9 percent 
of their veraj p incomes), in the oxti'ermo end, the high incomn 
group may be able to pay a Y-42.60 - 67'.50 a month for wiater (only 
1.6 - 2.5 percent of their avora-o income). Tiu disparity in the 
percentat;e of' income allocated to water by the two income groups may 
be the lbtest :Ir-umont for advocating a socialized price atructure. 

Family Income 

In the Survey of Households IBlletin Series No. 34, published 
July 1973 by the NCSO, Manila, (page 3, Table 5), the following data 
are given: 
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Manila Other
 
Total Total and Urban
 

4-Families 
 Urball 3uburb- 0 u 

Median Family Annual 
Income, Pesos P2,454 r3,972 P5,202 P3,650 P1,954 

Size of Sample#,
Families 6047 1,013 525 1,388 4,434
 

Te above data are for the 12-month period May 1970 to April
1971, more or less. The figure for "other urban areas", P3i650 
median family annual income, may approximate, or may be a little less,
than the median family income in,the areas served with piped water. 
As the figures cited above show, in general, people in urban areas 
tend to be financially better off than people in rural areas. The 
term "urban areas" includes all urban areas in the. country. The in
habitants of the central urban area of a city or muniipality are 
expected to be somewhat wealthier than those in other areas of the 
city of"municipality. 

By July 1977, the annual income for "other urban areas" cited 
above, escalated at 10 percent per year, would be about P6,800/year. 

The report, "The Filipino Family, Community, and Nation" by Emma 
Porio, Franki Lynch and Mary R. Hollensteiner published by the Institute 
of Philippine Culture of '.Ateneo de Manila University in April 1975, 
oiteo in"Table A9, page 99 the results of a survey in April 1974. The
famiiies surveyed were disiributed among 15:urban areas, anrl included 
373 families in Metro Manila. Excluding the families in Metro Manila, 
mean monthly income of the remaining 1-599 families was 72f or P6,864 
per year. Escalating this income at an annual rate of 10 percent, by
1 July 1977, it would be an income of-about P9,400 per year. These 
14 urban areas are among the more urbanized in the country. They
included, for instance, only 3 municipalties the other eleven being
olassifiod as cities. The median population of the 14 urban areas in 
the 1979 census was about 70,000. 

Based on these data, the mean family income of .the people residing
in the water service areas of the communities whose water systemsare
proposed to be improved might be, by i July 1977, somewhere betweqn
the r6,800 per year (developed from the 1970/71 data of the NOSO)and
the 9,400 per year (developed from the data of Porio, Lynch and 
Hollensteiner). For purposes of this analysis the upper limit of 
P9,400 per year or P800 per month was chosen as the average income 
of a water-using family. This is close to the income data obtained 
from the San Fernando survey wherein average monthly income was ?889. 
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6evaxal trials w(r6-xi i".'* Lup With .it"(Ru)

prices that can be used for,a period of several years. It is good

practioe for the water district to adjust prices every 3 
years or
 

inSt-ead oCanualy.
 

Uswed on the trials made, the water rates establiahed at 3-year

intervals are as follows:
 

Period &;;rRt 'ly 

1978-1980 
 F0.75
1984 1984 1010O
 

1985-'987 1.20
 
1988-1990 1,30
 
1991-1993* 
 1.50
 
1994-1996* 
 170
 
1997-2000* 1.90
 

The first step of F0.75/RU was selected as an intermediate,rate

in anticipation of the second step (?1.10/RU) which is indioative of

the required cost to make the system finanoially viable* The rate of
 
P1.10/RU in 1982 cost levels is equivalent to 2O,75 in 1978 prices
(based on a 10 percent discount rate). Likewise P1 .20/RU in-1985 is
 
equivalent to 110,62 in 1978 prices.
 

Feasibility of Charges
 

'Die question of feasibility is a matter of analyzing whether or 
not customers of the water district are able to pay the required
charges both now and in the future in order to obtain safe and reliable 
water services. Inasmuch as the proposed water rates represent the
 
"mean", determination has been made for that group of households whose

income (rS00/mo) also represents the 'mean". Probable use of water 

*These rates only cover expenzes of debt service and operation and 
maintenance costs incurred for facilities,,construoted before 190. Water 
rates from 1990-2000 would be higher if the"TFER-WD continued to construct additional facilities fromi 1990 to 2000. 
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by this rouP Wag Cal.culated 
poses, the 

at 24 Ot~u per month. 1 For present pur8tudy covers Consumers withjinch conneCtions inasnch asthey comprise the bulk of the domeatic/exverenTA coonuze orkingSthe 1979 rate Uf ?0,75 peV revenue unit will yield a monthlymniimtun charge of ?'18,75a The cornuodity charge for a 2 4-oum consumptionis p10.50 (P0,751 x 14). For newly connected customers who10-year installment avail of theplan, monthly expenditure for water will inoreaseby P6.83 to account for the ervice connection charge. since both-aid household waterincomes increase each year, the impact of the installmentcharge on the expenditure pattern of the household will decline overthe 10-year period of payment. 1The estimated impaot of the increased'aets and connection chargps on household patterns is shown below forthe mid .oint 
 of each rate block.
 

j2U 121U 1986 282 22 t20 1.9 
.L;sca.!vt~ed. income of
 
household earning
 
?800/mo in 1977(8%per year) 
 930 1,270 1,600 2,010 2,540 
3,200 4,350
 

IBxpenditire for 2 4-GUM
 
wateor .oonsumption
minimumr charge
(rir.t 10 cu) 18o75 27-50 
30.00 32.50 
37.50 42.50 47.50 

onimodity
(fate/RU x

charge
14 Ctun) 10.50 15.40 
16.80 18.20 .21.00 23.80 26.60
 

Income allocation to 
 ".
 
water for existing
ooiauper (%) - .1 3.4 2.9 2.5 
 2.3 2.1 
 1.7
 

Cniinetion charge fornFew OuL? to0ne 

('6.8.3/mo in 1978) 7.51 10.40 12.86 15,31 18.23 21.71 
 27.40
 

Jncome 1] ocation 
to wal-O:r for
oustolers new 

4,0 4.2 
 3.7 3.3 3.0 2 8 2.3 

2/Probable uke ot' water by income groups:
 
Inoome Be low Uppor 
 Weighted
I7rouAve A raq Averae Middle High Mean 
Crobable Water 

U:e 1UMl/mo 16 24 32 
 44 
 23.7
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In the axamplo sh, above, the proportions of the household
 
income required for water sei (es (except in 1983 which is the 
oru
cial year) ie considered within the limits of the ability-to-pay 
--tudios done in San Fernando, Pampanga where willirgness-to-pay fees 
for improved services were found to be about 3.0 percent of the house
hold income.
 

in the final analysis, if any significant improvement is to be 
achieved in the scope and quality of public water service and if the 
requirement for commercially viable and financially self-supporting 
water districts is to be maintained, all groups of water customers 
will have to pay substantially higher charges for water S rvices thaN 
they hav, paid in the past. 

Socialized Water Rates 

A policy guideline in the structuring of water rate charges is 
that they must be reasonable and realistic. Since water is a prime
comnodity both for the poor and rich, the socialized rate may be 
determined such that a greater financial burden is carried by those
who can afford it (but not to the point that it becomes oppressive tot hem) , 

In the preceding sections, specific rates established meet the
 
cash requirements for an improved system and at the same time, fall
 
within the average consumer's ability-to-pay, Under this scheme, the 
cost for the first 10 cum consumed is ?18.75 and the subsequent con
sumption, PO.75/cum. Thus, the monthly rates for the following water 
consumption. will be: 

~U/~s u/ao ot/month()* 

16 23.25
 
18 24-75
 
20 26.25 
22 27.75 
24 29.25 
30 33.75 
32 35.25 
44 44.25 

The estimated impact on the aver.43e inoome-household (assumed to 
have a monthly 1976 income of 1650) and the below aversae income 
household (assmed to have an adjusted monthly 1977 income of P300) 
is as follows: 

WPor -- inoh connection, domestic classiftation, 
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RN) J 47 onhyUig JLCS.o cp, tDIncome Level Monthly'Income of Water Water/mo Allocated to Water
 

Below Average 1380 16 cun P23.25 6.1

Average 
 830 24 cum 29,.25 35
 

The preceding table shows that the financial burden to the below average income group is heavy. 

A socialized pricing alternative has been developed to relieve thelow income groups of the high financial cost of water with the following
rate structure:
 

first 16 cur/mo at P0.85/cum
from 17-24 cum/mo at 1.85/oWn


25 or more oun/mo at 2.45/oum
 

The resulting monthly rates for 'the various water usages will be:
 

!LSaE1
(cumv) CqsJ/Month Pv 

16 
 137o
 
-18 17,30 
20 
 21.00
 
22 24.70 
24 
 28.40

30 43.610
 
32 
 48.00
 
44 77.40
 

'1%e corresponding-impact 
 on the various income levels is as follows:
 

Projected 1979 Monthly Usage Cost ofIncome Level MonthlyoTome Percent of IncomeofWater W rno Allocated -to Water 

Below Average P 380 16 cum P13.60 3.6Average 830 24 cur 28.40 3.4Upper Middle 1,260 
 32 oum 48.00 3.8High 2,910 
 44 cum 77.40 2.7 

The preceding table shows that across the income profile of thecomnity, the monthly costs range from 2.7 - 3.8"percent of householdincome. 

Revenue YFoi'e cast 

Estimated fi'ture oflevels income from water sales are shown in 
Annex Table X-G-i. 
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H. FINANCIAL SUM4ARY 

Several trials have been conducted in developing the forecast of 
financial statements of" the FER-4f. These statements are based on the 
following major af;L; ittns 

1. Reserve Pand: 3 percent of sales for 1978-1990; 6 percent
 
for 	 1991-1995; and 10 percent for 1996-2000. 

2. 	 Uncollectibl-s: 2 w,rc,.rit of gross revenue requirements
for the first yoar of a new rate application, and 1 percent 
for, the second and third years. 

3. 	Accounts 0ceivable: caurua:ert to 3 months of sales. 

4. 	 Accounts Payable: equiva,lent to 2 months of operating 

External Borrowi~n Recruired
 

Alnnex P'Ablo X-11-1 shows a summary of the external borrowing
required c.d the annual debt servicing of the loans. Two separate
analyseswdre mude for the immediate improvement loan and the Phase 
I-A 	and I-3 loans to comply with prevailing LWIA terms. 

florr uinog will itart in 19'18 and continue through 1990. The

immedi:Ate improvement loELa (1978-1981) will amount to 9.F837 million.
The Phasie I-A loan will cover the .5-yearperiod 1979 inclusive and
 
will nmount to 1'20,469 million. The Phase I-B loan will cover the
 
5---yecnr .eriod 1980-90 inclusive and will be about ?121.298 million.
 

ULO iPmidjate improvement loan of F9,837 million consists of 
?84461 i1lion in escalatnd capital expenditures (see Table X-C-2)and
P1 -37 The Stage I loans of p20.469 million6 millionoapitalized interest. 
in 197 '.'.Y 21.298P million in -1986 include escalated capital ex
per (li ;. X-C-2) less revenues from the service connection.u (see Table 
revolvijnL, f,d (usn Table X-F-3), 

ProjetionzLof "Inancial Statements 

I nnex 'olll P-.-.2 shows the net income (loss) on a yearly basis. 
Net los3es are I'lirocaited in 1978,1979, 1987 and 1990. Net income 
cumulative would ahow positive values in twenty of the 23-year study 
period. 

Other related data such am water production, water sales, un
accounted-oicr-water and rate of return based on net fixed assets in
 
operation are also presented in the table.
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4 Cash Fl±ow Statements 

The 
ofof woxf 

cash flow statement provides an indication of the adaqvacyworking' capital., It ig generally 'uff"ci vt to covrcover asasnot lieielt 

outlayz with revenues bficausoe of 
 the 	tendency of cash receipts to lagbehind cash outlays. 
 In general, an expanding organization with anactive capital development program and increasing level of activitieswill require similarly increasing quantities of working capital. 

Annex Table X-H-3/5b'esents the 	annual "Projected Sources andApplications of Fndso" 
 Potential net decreases are expected in
1978, 1993 and 1999. By 2000, positive net cumlative cash balance
will be 218-793 million even if "cash at the beginning of 1978" has
 
been assumed equal to zerof of 9" has
 

Other Finanlcial Statements
 

Appendix Table X-11-4 presents the "Projected Balance Sheett whichshows the projected fixed and current assets, liabilities and equityof the water district from 1978 to 2000. 

Rate of Return 

Discount rate of return on total investments (Annex Table X-H-5)
measures the true efficienoy of mobilizing investments on the project
from a broader perspective, 
 Taken from a different perspective, it
measures the effective utilization of total investments employed inthe 	project. it shows what the compounded growth of. investment withinthe 	project cycle would be based on the interplay of cash outflows
and 	the resulting inflous from such investment.
 

Net 	asset salvage value of ?4.235 million is added to netinflow in the year 2000. 	
cash


This is done based on the assumption that
 
the project ,will terminate in the last projection year.
are 	to be.oliquidated and all liabilities are 

Hence, assets
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 umrecovered investments. 
 In the FER-WD, the rate of return, with the assumptions made,
is estimated to be 7,9 percent.a 

I, 	FINANCIAL pREMo1SDATIONS 

1. 	The 
water district should establish a revolving fund to asist new
 
.customers in financing service connection charges,
 

2. 	Theproposed water rates (for domestic consumers) to effect self
sufficiency are as follows:
 

I- x-1 6 



Period Water Rate P/RU
 

1978-1980 
 P0.75
 
1981-1984 
 1.10
 
1985-1987 
 1.20
 
1988-1990 
 1.30 
1991-1993* 
 1.50
 
1994-1996* 
 1.70
 
1997-2o00 1.90
 

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

which will generate the same amount of income to meet its require
ments. 

3. The recommended plan for the first construction phase (Phase I-A)
of FER-WD is financially feasible. Borrowing for that period
 
would be 1"20.469 million. 

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

-This rate is recommended to cover expenses incurred by implementing
and operating facilities included in immediate improvement program and 
Stage I only. 
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AM =-X TABI X-C-1 

PROS-,7 COST CP O1t3?0l) 

7 A.7 

A~.1978 _ 198i IV 198,0 10E., 19c7 

Fr.aees 1.-A and 1-3 
Source Facilities a) -uipent 

b) 'ells 
C) Struc re 

T.-a=,.ission and Diztribution Facil1ties 
: en.-a.:etwork 

Fire .~ant3 
a:iora) Yters 
1bF- p

-tori-e xi -

30 
166 
16 

229 
126 
74 

32 
110 

221 
1,219 

121 
673 
372 
218 

186 
641 

673 
372 
217 

166 
641 

221 
1,218 

120 
673 673 
372 372 
2217 17 

186 156 
640 640 

.3 
2.9 
24 

802 
51 

212 
212

72 

213 
1,219 

116 
383 
236 

32 

155 
0 

,154 

$33 
235 
3232 

155 
0 

212 
1,219 

115 
322 

135 
32 
55 
0 

212 
1,215 

115 
122 
25 
32 
54 

~ 

3E2 
235 
31 

1z4 
:C 

1,152 
6,5C8 

627 
5,635 
3,241 
i,:3I, 

,741 
5,61
1,232 

La':4oratorU-ipment 
L-.7eia:e 1zoverien:s 

1 
Feasibility Stuies W 

a) o-urce Faciities 1. Zqiipment 
2. 4ells 
3. St-uct-are 

b) Trasmission and 
Ditribution Facilities 

c) A Iminirtration 
-i 1di~ 1. Equipment 

2. -;tric;_-e 
d) Laboratory, Plumbing 

Meter Repair 1. Zquipme1t 
2. Structu-xe 

e) Vehicles 

f) lscellarenoas 
g) Service Connection I. Xeters 

2. Pipes 

269 
423 
128 

4,502 

118 
49 

275 
201 
139 

15 
441 
378 

83 

111 
291 

111 
291 
273 

13 123 206 
269 
423 
125 

4,502 

11 
459 

275 
201 
139 

15 
663 
960 
396 

Land 
7,431 

102 
1,185 675 3,651 

68 
2,089 2,068 3,647 2,810 4,139 

101 
1,213 2,757 2,755 1,209 35,619 

271 

..oject Zcstl 
/ 

7,533 743 4,210 35,-.0 

z' -n:uzes 

_V/cea not 

a, a .oximately I..of the total oject cos%. 
-esiz-. rfirst year of each major sezz-ent of develcpment), supervision of s.truczion and contingenzies 

-f te Dario- of conr:rci. 
inclume interest daring construction. For caiculated interest, see Tabla X-H-1. 
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-- -z-A1 rI77 

., -- .L. 

-sea t i .act r 1.00D i.C00t I0CD 1.210 1.307 1.412 1.525 1.647 1.779 1.- Z.11z 2.246 2.1.999  

!-A a=4 1-B
 

L.--cces-Aaz i Bquipoent 33 289a- 364 76 402 449 476 2,029 
-b) 'e12s 133 1,593 2,00 443 2,299 2,53 2,736 11,843

j:15:r':;w-e 15 19). 43 219 /- 1,138------- liis 252 C 95C 1,226 1,10,- 1,27 722 766 sC- 5, -3 erz !;ev;z.: 139 436 525 367 Y22 "7061 - 445 - 522 5 5,6,3 
. e1-" ; 331 357 476 60 .z 62 7, 2, 1C.-

S7e 35 .43 63 22 306 37' , 
29 31c 2.6 36,12 :36 9C5 576 I,05. 1,263 7 > .9 .t."1d i14 427 

1- -23 36-A 
 3357 

....- ';te Iz:ov-:. , ce ?::ieC 1. Es.-.:en 259 6 

3 . 4'. re t 12.1E
 
C, iie -'0/", 

45R 
 45)
 
::eter =.; i-- e% 2.LL ;75 -27. 

2. c u 1e, e~ze 139 201135
 
:)an ios15c 15 

g1 erZe z-I eA-l 122 134 
:eaaiCility =tuiiee .Pipe_ 375 320 352"3 330 :-5413 

7,431 1,304 1O 4,772 2,9-9 3,12-4 6,006 4,999. 7,74c. 2,426 5, "1 6,168 2,8c 56,544
Lcoa102 92 Ig9o 374 
-c:a- ?r.e:t Zoz: 7,533 1,30- 859 4,772 2,949 3,1l5 5,0C 4,999 7,9-3 2,1!6 5,;41 6,i22 2,z92 56,913 
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ANNEX TY3TE~ :(-F-2 

SCHEDULE OF DEPRECIATION EXPENSES 
S.A FERNADO WATER DISTRICT 

(P x 1,000) 

Tot al Ntet 
Annual Accumulated Book Value of Assets Acc=ulatel 

Year 50 Yr 30 Yr 25 Yr 15 Yr 7_Yr 
Depreciation DepDreciatior. 
Epenses Prior Year 50Yrr 

.e-ired 
2rY 

Durinz the Year 
15 r 7_r Total 

Denreciati.)n 
Year En6. 

1978 
1979 

44 
157 3 

31 
81 

9 
83 

-
20 

134 
344 

3,197 
3,331 56 436 492 

3,331 
3,183 

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

148 
153 
204 
256 
312 
377 
458 
546 
589 
638 
691 
741 
741 
741 
741 
741 
741 
741 
741 
741 
741 

3 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

54 
54 
118 
118 
101 
181 
199 
291 
291 
394 
504 
504 
504 
504 
504 
504 
504 
504 
504 
504 
491 

96 
105 
140 
158 
177 
222 
253 
324 
345 
396 
451 
467 
467 
467 
604 
613 
628 
684 
711 
739 
804 

20 
20 
20 
20 
20 
20 
34 
34 
34 
34 
34 
34 
34 
51 
51 
51 
51 
51 
51 
51 
77 

321 
346 
496 
566 
624 
814 
958 

1,209 
1,273 
1,476 
1,694 
1,760 
1,760 
1,777 
1,914 
1,923 
1,938 
1,994 
2,021 
2,049 
2,127 

3,183 
1,322 
1,569 
1,966 
2,433 
2,528 
3,243 
4,062 
5,271 
6,544 
8,020 
9,714 

11,341 
13,101 
14,640 
15,436 
17,169 
18,973 
20,435 
22,193 
23,958 

1,347 
99 
99 
99 
99 
99 

835 

430 

326 

133 

1,118 
190 
134 
532 
263 
284 
670 

139 

238 

358 

2i82 
99 
99 
99 
529 
99 
139 

133 

238 
1,118 

190 
134 
532 
263 
284 

1,354 

l,32 
1,56 
1,96, 
2,43 
2,52r 
3,24 
4,01tS 
5,27; 
6,54! 
8,02
9,71 

11,341 
13,101 
14,640 
15,436 
17,16;* 
13,97' 
2O,435 
22,19, 
23,958 
24,731 
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;£.-.. ".E'-X-F-3 

-' :--"-""-"' --- RZ. 2- "z 

ota l P z.y -r.. _._ Ca sh _ece _ - _.s 

Year 

707 

New ~ 
Cc-.ne.c:r.zT-f 

-17 

a 1t 
Ad'.:!aty 

t t 
i9 

intalli-"t 

2250 
50 

53 

e 
Plan 

(Escalated) 

6.-:3 
7.51 
.26 

In re 
Adde.'" 

20 
23 
25 

Imme~e-*e t 
Deducted

2 
PamentsJ 

(scalAted? 

106 

Pay-e ntsa 
(CL.l--:atrve) 

10 
32 

5 

otl 
Par;c-n-,c 

1 

0 sto 
Co-s 

-c 

Capital3 
Re.-ui-d 

C-aital 
e=--irements 

14E 

425 

S 

I-%2 
3 

19-9 

2O 00 

724 
2-

3 

7:! 

-

" 125
25 

3i2 

-41 

_4, 

395 
362 

32 

-

2,352 

2, 2 
3,2E2 

3,86I,963 

" 105 
763 

3,329 
2, 59 
2,461 
2,430,27 
1,629 

1,267
30C 
543 
i61 

1C. 
11,23 
12.13 
12.56 
13.63 
14-45
15.-

i6.23 
17.20 
16.23 
-9.32 
20.45 
21.71 
23.01 

24.39 
25.5 
27.40 

29.04 

50 

,4 
58 
63 
56 
59 
5476
67 

71 

13 
22 

24 
36 
48 
52 
56 
61 
60 
58 
61 
65 

69 

5A 

250 
3D2 
23 

< 
3 

364 

191 
2-79 

367 
550425 

31 

3 
515 

407 
3-6 
256 

22;
167 
02 

33 

"7 

":,5O 

7:2E 

5 
=15 
4:633 
40703') 
346 
256 
226 
167 
102 
33 

2 

Z1" 

21,170 
23-

1.: 
5 

33 
9, 

3 
(315' 
r' 

" 

"47') 
-

(2E ) 
(22E)
167% 

(02 
(33) 

376 

', 5 
I 2 
,£ 

562 
99 

rZ 
F4:) 

",168)
.:35) 

I *,7) 

instal-ent 
-' 1 -~e:. on ihe as 

/aszue o. -. e ;.-e.: 

-- !_tu - . e shzuldered 

- are calcnIatedc the " fass1f1) percent 
:--t *--- . plar. "'e paid im ten -ears.

!ncrst-neniot PC~ 

- :e cu-.omers wz-1ch ist 2/3 of ;ipes * meters. 

i.-.eer.al s4dit-cns d-rr.g previcus years a- , .percer.t --f -e :as e. 
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z
T1 -.
34 1" S-b.-Tvta
Ya -__-_2_ -/2" 

1,662
75 37 1,245 241 83 92 416
198 


624 2,495
362 125 137

1980 1.733 112 56 1, 71 

587 30-S$T 336501 2,253 9,1301,529 1
138 4,5-6 1,325
275 206-c85 4.,73 -610 6,547
1990 ,231 


,X LN IT MEM-ST 
. 

B.R'FM 


SiN MMW-O W.= D.TBM!= 

tra &--i TCt=-tie/ ~ ~ ~ ~ zvx ., Cnumtc Co=modi.y Charge~e os o
I.,r.J 


'REt'")(t )
314" 1" Sub- ,rar/1f2" 314" 1" S 112" 2 
17ax 3/4" (.) Tot. ~ 80 (16.0) T'otal Tctal / (RSI.'Drsi .Z-rca 2)Ce~ticL.":' 

7,000 .:,320 939,95c,

664 1,472 3,341 6,772 :12,640 236,520 70,080

296 3,431 1,205
i970 2,535 300 1,812,420
10,156 1,218,720 744,600 11',690 520,080 73,623

1950 4,255_ 44 448 5,154 I;810 1,000 2,192 5,002 


2,997,400 1,423,5'2 222,255 
 873,50 77,CI0 3,938,190

1985 10,t32 1,100 1,104 12,636 4,435 2,/48 5,376 12,259 24,895 


3,656 8,016 18,297 37,163 4,459,560 2,701,000 45-2,805 1,E79,360 369,650 6,708,6121 .990O 15,5-5 ,5 1, 1,,65 6,625 

of evoue a~cmo LWL GCuidelines =rwa:-turinC uster rates.~ ni s (c. ) in P!,ccnveraion factors for comxt~r- .- reoue12 months per yezr
ectiams= -u-tP1ied ty their respective-=mmma~tcovered hL7the mini-:--= caharge... :,
oa of number of c - u an o'&'.fmrt zc~ - c na l c~r)i it 2rtupxmini-m aait cvrd~Te.n~oag - trc/instit l claarif,%cation is .from 10uccL-/onth, the -. n=C,*, o120 (derived d c ,T 

cf docestic cmnecti--3) x use facor. Use factor for dom .s . " l--- 1tutpl rand tc-l ltip~~~~~~~~~~~~~~~v~~2 crv=zo 
=,0zetie c-o--p io - (!20 x w-mber 2.factor for ca-ercial classification is 

(120 x number of coercial conections) x use factor. Use
ticnCo~ercial c ..-- 
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~I1REVEU1 POREGASTS
 

S3AM FERVN W&W TISTRICOT
TO D~ 

of
 

19 9_';_.;'A .. 0 in Cowl".. " TOW...' 

Year_0 saty DOW Alcom",2;" 

1979 0,,75 y 1,-3 15.. 2, ,04.3 
1980 0,75 1,812 115 1-.4. 2,7" ,37 
1981 1.1 0 2,3 ] 2,4'I-I0"a6 1 49 49 2,461 
198 :: 1i.10, 2^6:2-2 ,026-- 29' 59 2195,,..'1 

195"- 2 ,98-lK9 95 4,726

1986 1.0: 4,492 .,390 54 106 5; 44:1
 
19S7 11.20 5,G.46 ,0 5,.5. 61 U" b l y t ."-


1989 11,0 6,1!55 8"02 81 160 8.,082
 
1991.1 .,7. So M,. 87 17 8',1'09
 

'1991 ..,5 laz(...yd W..'" 20
"'"" ..- "" !0.,,M.
 
, 
 0,064 2N(
1{92, :.yo 1.; 101 oi, ,15z 

199., K50b 10:O64 101 2,01' 10, !64 
1994, . !"', 1140 28 0,40" "" 228" 
1995 1.70 '|1005 22a "114 !!951.) 


1998 1.90 
 12,747 127 25"5 125875
 
-
1999 1.,90 12 "7-7 127 25 5 "12 ,875'[
 

20 00 1 9 0 6 , 7 09 12 37'47 127 255 12 ,075
 

,,,,'incom.e (,d"orived fr' 
grency, fen o.,f s ser-vice fees. ,c) is ab]:out 2 ),-rce.nt ,.f. 

W/O, n :om w:~er. ra.p.Ja.nament.[ charges , acustn
new., con~outio,) 
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- - RATB OF REiftV 011TTAL 1VETMIM1T 

(DxI;COUIT CASH PL~O% Hurn 
SAN FRNANDO KhTER DIS RICT''" (P x 1 ,000) 

Net Total Noet 'tat Trial 2nd Trial 
Debt Increase Oash Cash Presnt Value t& Pr'esent Values6o 

Year Service in Cash Inflow iNveatmento Inflow Factor Value Factor Value 

1978 177 (190) (13) 7,695 (7,708) 17000 (7,708 1.000 (7,708' 

1979 361 111 4.72 1,655 (1,183 .926 95 -943 (1116) 
1980 443 269 712 1,305 (593 .857 (508 .890 ,528 
1981 473 803 1,276 5,228 (3,952 .794 (3,138 .840 (3,120
1982 1,441 538 1,972 2,949 (970 735 (713 .792 
1983. 1,671 686 2,357 3,184 (827 .681 (53 .747 (618 
1984" 1,915 797 2,712 6,06 (3,294 .630 (2,075 .705 (2,322)
"985 2,406 654 3,060 5,237 (2,177 .583 (1,269 .665 (1,448)
1986 3,107 942 4,049 7,938 (3,889 .540 (2,100 .627 2,438) 

* 1987 3,749 576 4,325 2,426 1 899 o500 950 .592 1,124 
1988 3,888 1,247 5,135 5,841 706) .463 (327) .558 (394)
1989 4,479 1,270 5,749 6,188 (439) .429 (188) -527 (231)
1990 4,938 1,048 5,986 2,880 3,106 .397 1,233 .497 1,544 
1991 5,413 2,512 7,925 - 7,925 .368 2,916 .469 3,717 
1992 5,686 1,603 7,289 358 6,931 .340 2,357 .442 3,064 
1993 5,637 (1,786) 3,851 3,172 679 .315 214 .417 283 
1994 6,054 2,033 8,087 334 7,753 .292 2,264 .394 31055 
1995 5,984 1,883 7,867 354 7t513 .270 2,029 ,371 2,787 
1996 6,218 299 6,517 1,374 5,143 .250 1,286 .350 1,800
1997 6,457 1,516 7,973 666 7307 .232 1,695 .331 2,419
1998 6,358 1,700 8,058 706 7,352 .215 1,581 .312 2,294
 
1999 6,580 (272) 6,308 2,176 4,132,/.199 822 .294 1,215 
2000 6,778 560 7,338 789 10,625'/.184 1,955 .278 2,954 

-382 +5,565 

RATE oF ROF 7.9%13L 


Includes net asgset value of P4,026 
Total Assets r 62,505 
Total Liabilities (39,636)
 
Cash
 
Net Asset Value r 44= 



A. W1AIER ANID THE ECONO4Y 

Introduction
 

Water is a basic requirement in any oouxtry's economic develop
ment and,no economic activity can take place without it. However, 
this basio function diminishes in relative importance as a higher 
level of economic develoyment is attained by a country. In most 
instances, the availability of water alone will not spur economic 
growth for -there are other significant factors that influence deve
lopment, such as peace and order, political stability, rate of 
taxation and availability of infrastructure facilitiees Hence, a 
water supply project must be considered as only one part of a re
gional development program. It must be viewed within the context 
of the overall novernment program. 

Considering that the Philippine is still a developing country,
 
water supply plays a fairly important role in the national or re
gional economy. Traditionally, water has been maae available to the
 
consiuming public at very nominal rates. There is a tendency for the 
consumers to use water wastefully. As a consequence, the regard 
given to it is far below its true importance. 

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

Major Uses of Water Supply 

Domestic. Water for domestic use is usually given top priority
because water is essential to life and, up to a pointf essential to 
genoral well-being. Eutimation of the beneficial value of water for 
domestic purposes is best viewed in terms of average willingness "to 
pay for water rather than do without it. It will be noted that the 
willingness-to-paV is higher than ih price charged insofar as most 
users are concerned. 

Industrial Use. Water is used by industry primar-ily as a factor
of production. In some instances, it goes into the production process
 

as an input. This is the case for the soft drinks industry. One 
method of determining the value of water to industry is -to analyze the 



-os aia.trnativ indusof processes which produc the owme pro
ducb~ ui'Ie hi-aerid not, however, always possible and 

maay be unduly laborious. 

Other Uses. Crop irrigation is one o the mt.)r uses of' water, 
The value of water used for irrigation purposes can be estimated by 
an elaborate calculation of' "with" and "without" project conditions. 
All other costs are assumed.- to be paid and water becomes the residiial 
claimant under "with" and "without" project conditions. Detailed 
analysis of the area to be irrigated is required. 

Another important use is hydropower generation. Water used for 
this pu'pose may be valued by comparison with the Iowset-cost alternative of providing electric power. Lastly, bodies of water seIve a 
basic role in many recreational activities. Ordinari)yl water qua
lity is not adversely affected by recreational use. Water value 

in this case depeuds on.,a number of factors such as accessibility!
 
setting, beauty mid quality.
 

In the Philippines, the National Water Resources Council
 
establishes the water priorities, in pursuance of the Policies laid 
down by its charter, Presidential Decree No. 424. In generalt the 
system of priorities for the development, conservation and utiliza
tion of the country's water resources reflects the current usage of 
water and is responsive to the changing demand for water. Another 
presidential decree (Presidential Decree No. 198) ham declared that 
the creation, operation, maintenance and expansion of water supply 
and wastewater disposal systems are a national policy of high 
priority.
 

B. IETHODOLOGY 

Recommended and Next-Best System 

One approach in determining the economic feasi'ility of a water 
supply project involves a comparison of the benefits and costs of 
the recommended system and those of the next best system. In this
 
method, the capital expenditure costs and the operating and main
tenance costs for both alternative systems are transformed to an
 
equivalent annual cost basis during the projection period. The 

comparison will show which of the alternative systems will generate 
the same level of benefits at less cost.
 

Benefit-Cost Ratio 

A second approach in determining the economic feasibility of 
water supply project involves the following stepsi
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T'4., etica-	 ;z=cbc f rnd: co it that----
can be attributed to the establisiment, operation and 
maintenance of an improved water supply system; 

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

3o 	 The comparison of the present value of the benefits likely
 
to be generated and the present value of the costs.
 

The results of the economic analysis are then expressed as a
 
single ratio called the benefit-cost ratio. The project is considered
 
feasible if the ratio is equal to or greater than I:.
 

Internal Rate of Return 

Another method involves the calculation of the internal economic 
rate of return of the proposed project. The total amount of the
 

benefits as well as of the costs is determined throughout the pro
jection period. Y trial and error t the interest rate at which the
 
present worth of the benefits is equal to the present worth of the
 
costs is then calculated. The project is considered desirable if
 
its internal economic rate of return is higher than the minimum
 
rate 6enerally acceptable in such projects, which ia usually the
 
opportunity cost of capital.
 

Method(s) Adopted
 

Both the second and third methods were employed in determining
 

this project's economic feasibility, These two were considered more
 
appropriate than the first method because in this case,the recom
mended plan has already been selected from several alternatives on
 
the basis of present worth cost comparisons (as discussed in Chapters 
VIII and IX). 

Calculation of Benefit and Cost Streams 

The economic studies cover only Stage I of the proposed water
 
supply program, which extends from 1978 to 1990. Benefits, however,
 
were projected up to 2000. This is because the benefits from the
 
facilities to be constructed up to 1990 would continue to accrue
 

beyond their construction period.
 

The construction costs included in the analysie are thoue which 
will be incurred up to 1990, except replacements costs and the operation 
and maintenance costs which were projected up to 2000. This is due to 
the fact that proper maintenance of the facilities will have to be
 
undertaken regularly for as long as benefits are desired to be roalizcd
 
from the system. 

XI-3
 



Estimates of benefits and co'st3 were based o4 t9T78 price. .n
recoLnition of inflationary pressUreS, all benefits were escalated 
by 10 percent from 1978 to 1980, by 8 percent from 1981 to 1985 andby 6 percent from 1986 to 1990. All project costs were also esca
lated in the same mamer, with the exception of operation and maintenance costs which were escalated uniformly by 8 percent all through
out 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 conoidered in the economic analysp)s;
hence, only partial inflation has been adopted. 

C. QUMITIFIABLE BENEFITS 

The economic benefits thxat will be derived from the proposed
water supply improvement program for the water district may be

classified into quantif.iable and non-quantifiable. Quantifiable

benefits are those which can be expressed in monetary terms. On the
other hand, non-quantifiable benefits are intangible but real, and
 
are extremely difficult to express in monetary terms.
 

Benefits resulting from the proposed project were evaluated on
an incremental basis, i.e., on a "with" or "without" principle.
Ilence, the benefit figures reflect only those that will accrue to
 
the service area as a result of the improvement of the water supply

system. They exclude the benefits arising from the present sys'em.
 

The quantifiable benefits that are discussed in the following

sections are: 
 increase in land values, improved health conditions,

reduction in fire damage, and beneficial value.
 

Increase in Land Values
 

The implementation of the water supply project will result in
 an increase in the land values of the service area. 
-However, it must

be pointed out that the increase in land values cannot be attributed
solely to the water supply project. Any difference between the 
acquisition cost and the present market value of a piece of land

evolves from a series of market and public forces which exist whether 
or not the water supply project is undertaken. Such forces include

the general pace of industrialization, construction activity, in
flation, land speculation, taxation, public land acquisition andselling. More particularly, such a difference could be the result of 
a general estimation of productivity due to infrastructure invest
ments 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 piece of land. It is reasonable to aesum.e tvnt 
this figure represents the incremental value of a piece of laud, 
given acoess to water supply. In a specific instance, a residential.
 
lot about 400 sqm has the following market vtdues; 

Without Water 400 sqm x P50 = 20,000 

With Water 400 sqm x P65 - P26,0000 

Hatio = 1.3 or 30% increase 

In this particular case, the incremental cost of P6,000 closely
 
represents the market value of a private well (complete with pumps,
 
electric controls, etc.) to serve the premises. 

On tho basis of this information, it may be conservative to
 
assume that 10 percent of the value of land served by the water
 
distribution system corld be attributed to the water supply project.
 

Assumptions made for this analysis are explained in Annex XI-C.
 
Annex Table XI-C-1 shows the computations of this benefit, which
 
amounts to a present worth of P28.55 million.
 

Health Benefits
 

The establishment of a water supply system in a community will
 
necessarily bring about health benefits to the population. Undoubt
edly, the provision of safe, potable water to the population is a 
prerequisite for the maintenance of minimum health standards. These
 
health benefits are ordinarily manifested in the following:
 

1. A significant reduction in the incidence of water-borne
 
diseases such as cholera, dysentery gastro- enteritis, and 
typhoid/paratyphoid. As a result, there will be a decrease 
in the amount of time lost by income earners who are 
afflicted with such diseases. 

2. A subsequent reduction in premature deaths due to the lower 
incidence of water-borne diseases.
 

3. A corresponding reduction in medical expenses for the same 
reason. 

Calculation for the health benefits and associated assumptions 
used are presented in Annex XI-C. Annex Table XI-C-2 shows the health 
benefits on a yearly basis, with a total present worth of P777,505. 
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With the installation of suitable fire hydrants especially in
the high-value as well as the residential districts in the service 
area as part of the proposed project, savings c ,uto reduced

damages will resullt from the 

fire
 
availability of an adequate amount of 

water and increased water pressure for fire-fighting purposes.

Calculations -relative to this benefit are 
explained in Annex XI-C

and shown in detail In Annex Table XI-C-3. The present value of
 
this benefit amounts to fP7,,60 million,
 

No attempt was made to quantify the inconvenience to the people
rendered homeless the value livesand of human lost due to fire. 

Beneficial Value of Water 

This benefit (sometimes called "consumer satisfaction") is,

quantified by the additional revenue generated by the 
water district 
as a result of an improved water supply project. In the case of a 
community which previously not any piped water thedid have system,
"consumer satisfaction" benefit may be measured by the full amount
 
of the economic value of the accounted-for-water.
 

For a community where the proposed project involves merely the
 
expansion and improvement of the existing system, this benefit may
be measured by the economic value of the incremental water production
directly resulting from the improvement of the system. 

For this benefit, the concept of consuners'surplus was adopted.

This concept takes into account 
 not only what households and commer
cial establishments are actually paying for 
water but also how much
 
more the consumers are willing to pay for 
this essential commodity. 
Calculations for the beneficial value of water are shown in Annex
 
XI-C and Annex Table XI-C-4. The present value of this benefit
 
=ounts to t2l,50 million.
 

D. NON-QUANTIPIABLE BENEFITS 

The non-quantifiable benefits arising from a water supply pro
ject are generally as important as the quantifiable benefits. How-, 
ever, they do not easily lend themselves to valuation. The approach
taken herein is to acknowledge their existence and importance. 
No
 
attempt has been made to.quantify or include them in the benefit
cost calculations.
 

The proposed water supply project will se't off a chain of events 
beyond its construction period. Those activities include aion g others
-the inducement to industry to establish plants in the service area dut
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to availability of' a dependaite water supply. Without sucl1 supply, 
new industrial and conuercial establishments would be forced to 
develop their own supply system or relocate elsewhere. The overall 
cost of providing separate water. systems is normally large and 
represents a deterrent -to invest in thu area and consequently to. j 

industrial development.
 

Because of the employment generated by the project t hired 
laborers are able to spend their wages for purchuasing goods at the 
local stores, fianco, each peso they spend is generated back into 
the income stream of the local economy. In the operation and main
tenance of the project, the water district would find it advantageous
 
to purchase required supplies locally and engage local service.
 

E. ECONOMIC COSTS 

General
 

The total cost of the proposed water supply system is the sum 
of all expenditures required to realize project objectives and
 
benefits.
 

Couto have been divided into the following: 

1. Project Costo 

2, Replacement Costs 

3. Operating and Maintenance Costs 

In general, economic costs are easier to identify and quantify 
than benefits. 
This is because most of the costs are incurred in
 
real, monetary terms to 
pay for either goods or services while bene
fits are usually intangible.
 

Project costs
 

Project costs include the construction cost of the proposed

facilities such as pipes, meters and equipment, as 
well asg, engineer
ing services and contingencies, land cost, administrative and legal

fees. The cost of the feasibility studies has also been included.
 

Annex Table XI-E-1 shows the construction costs of the proposed 
water supply project for the water district. They are listed by 
component as to type of expenditure in 1978 prices. They are further 
broken down into foreign and domestic components. 

The cost of' unskilled labor is shown separately from the domestic 
component of the project. From the balance of the domestic coot, 
5 percent was assumed to be iA the form of hidden taxes. 
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Adjustment o Proect Costs
 

In the determination of the project cosos, adjustments woremade for those items which are not properly valued lay the pricemechanism. A price other than the market price (called the shadowprice) was imputed to these items. 
 In this way, most of the effeots
of price discrepancies which could be identified, whether primary or
secondary, were incorporated directly into the project analysis and
imputed as direct costs to project investment. The 'shadow prices'
used in this analysis are those employed by international lending
institutions and the Infrastructure Computer Center of the Department

of Public Works, Transportation and Communication. 

One of the items where 'shadow pricing' was applied is theprice of 1.rskilled labor (otherwise known as common labor). In a
perfectly competitive market, the price of labor is determined IV,
the marginal value of its product. 
 In this caseq thereforep the
price of labor is equal to the value of the output which an extra
laborer hired would produce. 
 However, this is not applicable in an
 economy such as that of the Philippines where there is a surplus oflabor. 
 Since there is widespread disguised unemployment in such an
 
economy, unskilled labor is normally valued below the actual wage
rate likely to be paid. 
In this study, the opportunity cost of un
skilled labor or its potential in other =mployment was valued at
 one half of its estimated cost in the project. 
 The net effect is to
reduce the cost of unskilled labor bay 50 percent, thereby reducing

the summation of project cost.
 

Skilled labor, on the other hand, was valued at its going rate.
It
was assumed that if skilled labor were not employed in the service
 area, it would probably migrate elsewhere to obtain employment or
 
better wage.
 

Adjustments were also made with respect to cost of project

facilities which use up the limited foreign exchange reserves*

Foreign exchange used to import project components was valued at

1.2 times their actual peso cost. This effectively increased foreign
exchange cost by 20 perceat, thereby affecting project cost in a
similar manner. 
This was done to reflect the opportunity cost or
alternative value of foreign exchange. 
Domestic components, on the
 
other hand, were priced at their actual cost.
 

Interest was likewise not included since this is 
considered a

financial instead of an economic cost.
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Annex Table XI-E-1 showi the conversion of fihancial cots to 
economic costs through shadow pricing and other adjustments. 11he 

0 present value (see Table XI-F.-4) of total economic project cost for 
ER-WfD amounts to ?31.06 million. 

I.Zpcement Costs
 

Based on -the criteria used in the finazoial studies, vehicles 
have a life expectanoy of 7 years while meters are expicted to bW 
replaced every 15 yeazrs. Other items which have a service life of 
15 years are the equipment of the laboratory and source faoilities 
as well as those of the nouroe and adirinistrative facilitios, labo
ratory plumbing and meor repair and misoelle~neous items of the 
immediate improvement program. Wells are expected to last for 25 
years while feasibility studies are assumed to be good for 30 yearse
 
Al. other facilities in the system are expected to last for 50 years;
 

ITring the 23-year period from 1978 -to 2000, thereforet vehiclee, 
meters, equipment with service life of 15 yfears and the miscellaneous 
items will have to be replaced Annex Table XI-3-2 zbows the replaco
ment schedule arid costs of vehicles, meters, equipment and miscell~l
neous items. The present vulue of total replacement costs (see Table 
XI-E-4) for R-D amounts to ?1.078 million. 

Annex Table XI-N-3 shows -the salvage value in 2001 of all the 
capital equipment to be used in the project. The percentage of sal
vage value was based on the remaining service life of the facilities 
in 2001. Por FER-0fD, the present worth of the salvage value (see 
Table XI-F-4) is P1.31 million. 

operatiri and fdaiirenance Cost
 

Operating and maintenance costs refer to the costs associated 
with the maintenance, operation and management of the project. Othe-. 
wise known as annual costs, they include personnel, power, ohemialsv 
and other miscellaneous maintenance expenses such as fuel and lubri
cation, repairs, and commnioation needs. Only the 
operating and maintenance costs of the proposed project (i.e., excl
ding those of the present system) were considered in this study. 

Annox Table XI-E-ij presents the incremental annual recurring 
costs associated with running and operating the vwter district up -to 
2000. The present value of these costs amounts to P7.73 million.
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Callation for Economic Costs 

Thle economic cost ma-,y bo expressed as the ncijustjed (shadowpriced) project cost plus replacement cost plus operating/maintenance
 
cost less salvage value, 
Annex Table XI-E-4 shows the computation
 
of total economic costs for F'M-WD, amounting to P38*6 million.
 

F. BENEPITCOST ANALYSIS
 

The summary of the quantifiable economic benefits and economi. 
costs.for FER-WD is shown below. They are expressed in their present

values (discounted at 12 percent) after the 1978 prices have been
escalated,-, 


:
 

SUMMARY OF BNEFITS AND COSTS
 
(in million pesos)
 

Benefits 
 costs
 

:Increaue in Land Values 
 f 28.552 Project Cost P 31.057.~778(+
 
Rleduction in Pire IDamage 
 7.596 Replacement Cost 1.078
 
Peneficial Value 
 (+) 

F 58.421 Operating and Maintenanoe Cost
 

Sub-total P 39.866
C-) 
Salvage Value A •31 

P 38.553
 

Benefit Cost Ratio - 1.52:1 

The preceding table shows that the quantifiable benefits exceed
 
the economic coots associated with the improvement of the water supply

system in FFR-fl 
 Under the principle of benefit-cost ratio, the

project is,therefore, considered economical3y feasible,
 

The actual bnefits of the proposed project may be really greater

than what the benefit-cost ratio represents because the non-quanti
fiable benefits have not been incorporated into the analysis for obvious
 
reasons,
 

iS
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G. INTERVAL ECONOMIC RATE O.F RETURN 

The Int,'r-al. ecinolic rate -:)f rotur (IFEiR) is the rate at which 
the present value of the quantifiable benefits is equal to the present 
value of the economic cosits of the proposed project. It is generally 
held Lhat for ' projtect to be feasible and desirable, its IERR should 
be higher than the prevailing opportuniiy coat of capital. In this 
particular Gtudy, the opportunity coot of capital is 12 percent. 

For Fi-WJD, the -UiNR is 42,72 percent as shown in Annex Table XI
0-1. On the basis of the above stated principle of IMR, the proposed 
project appearc to be economically feasible and justified* 
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ANNEX XI-C
 

oxAM= of La~nd lfalurs 	 -to Water' Supplyv Anh'o 

T-C-. 	 the 
land val.n o ttr ibutabin to zhe propooed ,oater smpply project, based 
o"'the f~ollowuing as~sumtions: 

niy. ':;.to ! now present vaiun of the portion of 

z -iui;in. ' ;h h :_ :rog x f Ole con-
Atructunl of fac ilitien, the 1980 service area of 
351 hectares~ was~ prrohoted to increna in the fol
iowing ,nr", 1q 31 hact:e.s from 1980 to 198i;
ITr 34 hM ctainn:: iron' 190.; to 198&2; by 3 7 t et,.ie
 

fron 1982 to 10.3; by 10 hec.ars from 1983 to 
1984; bY 44 h.cta Vrom 1984 to 1985; by 47 he
tar-et from 19&5 to 19l6; 'y 52 heataro from 1986 
to 1987; by 57 h-Ores frln 1987 to 1988; hy 61 
bectu.res from 1988 to 1989); E.id by 6t[ hootaren from 
1989 to 199o. 

2. 	 Ldt~ u.. was n. md to .1:87 peocent rocidontial 
cent. C /nstitutiona.i/indua'rial


throughout ths projection period. This claseifi
"and 13 pr 	 /OMeral 

cationin ;eu;d on the -ater demand projections 
in 1980 by oonalmer category, am hown in Chaptor 

3-	 The 1977 coats of and baed on estimated market
 
valuais in San .1lando arat
 

Residential ! P 40 per SWc,
industr'ial/GineropJ/iiotjitjionat P 50 per oqm 

T'havu (,ooto ,ern =rOmund to be oonstant over the 
pre.ec.t iorn ppr io, 

4 	 Thn- portion of ln to'tal co.t of land specifically
 
attrih.tobl,: fn-.th,. provrision of wat r su!ply oS
 
aublied ta be 10 :.r enL of the cost of lande 
 This
 
land value be,,tefit was enoan.vt;ed by,8 peroent from 
1980 to 19852 W, i &6 Percent,fir'r 1985 to 1990, 

XIC-1
 



FORT"I 0.? 7 L F .. o -:,2 .:CJ2-"': zz T?:2-F2P- q 

Land q--n C-se 2ost of LT .' x 1C'- 10 Percent 
C-cercial/ orercial/ Tota. Cost ene fit Du.e EaSa:ed ico'.nt en V e?S._ 

Institution/, --ns-titationoa/ of Land to ?.cjec: Iscalation e_- t... ?cor of e -

Year Residential ind.ustrial Residential -du stria! (? - 1COD . x iCoo-) ?aor (x 1YO'X at 12 x 1 

1Q0 3,053,700 -'56,3C0 p122, 13.O ?22,315.0 !.14,963.C ?14,496.3 1.210 ?", .5 - 1 7 
i2,300 10,783.0 2,15.0 12, 03.-) i25C.3 1.307 , .1 i 

,2 C© 11 Q32.0 '2,210.0 14,02.2 1,C4.2 1.412 ,92. 7- 1 ,

17 3 '' CO, '# lOO12, 76-0 2 ,'5.-0 15,251.0 1,:Z28. 1 .25 330C6,1_
 

3 5 2 ,-OXC 13 r20.0 2,6C00.0 120.0 1.652.0 2, 7-,20.38
 
I? 5 "-2,.u57 2-,15 1 . 2, 0 0i 172.0 Ic1 . .7 - I 1 

4,,b C-0
t. :-.'.~ 1l 1 356" 0 3,0155.0 19,411.0 -,,?41-i __,..- :'3,<u 
57 52 , CQ 67, C0 1E 036.0 3,320o0 21,476.o 2,147.6 1.-99 ,3.1 .31 14 

. .. 71c0 19, 36.0 3,705.0 23,341.0 2,354.1 2.141 . .3 322 6.q59 530, 79,300 21,225.0.0 3,965.0 25,193.0 2,519.3 2,246 , 3 1 -,5 .
 

1990 532,903 87,100 23,316.0 4,355.0 27.,61.0 2,767.1 2.331 6,59.5 .257 .6;.
 

!5.Z, 69.7 -26,552.
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5, 	 A discount factor of 12 percent was used to obtain 
the present values of the benefits. This is believed 
to be the apportunity cost of capital and is commonly 
used for public investment projects like water supply 
development. 

For PER-WD, the land value benefit in its present worth amounts
"to128,,55 million. 

Health Benefits 

To determine the amount of benefit arising from the reduction 
of income lost of those afflicted with water-borne diseases, perti
nent statistics on morbidity rate were gathered from the Department 
of' Realth, From 1964 to 1974, an average of 1,248,9, out of every 
100tO0O populationinthe provinceof Pampangawere afflicted with pri
mnzar wate.-borne diseases every years regardless of age, sex, and 
income olass. The same rate was assumed for the municipality of 
San Fernando in the absence of specific data. The morbidity rate in 
the service area was. assumed to remain constant during the 21-year 
projection period, 

Since not all of those afflicted with said diseases arewage
earners, ax; adjustment was made accordingly. Based on the 1970 
Census on Population and Housing of the National Census and Statistics 
Office? pereent of .hemunicipality's population was economically 
ictive.- it was assumed, therefore, that only 67 percent of 1,248.9 

p ar 100,O00 who were afflicted with primary water-borne diseases were 
economically active. Henoe, this is the only segment of the population 
who would suffer a reduction in income due to said diseases. Further
more, these afflicted wage-earniers were assumed to be earning P8 a 
day and unable to work for 15 days on the average because of their 
illness. The final figure corresponding to the economic cost of time 
lost duo -to water-borne diseases ws there1y arrived by multiplying 
-thenumber of people afflicted with water-borne diseases by 67 percent,
by 	 8a da and then by 15 days, 

i/Economically active population includes those who are 10 years 
old and over, whether employed or %nemployed, ezoludiug retired persons, 
otudents and housewives, 
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Another health benefit that could be associated with the estab
lishment of a safe public water supply system is the reduction of 
the economic cost of the premature death of those afflicted with 
water-borne diseases in the service area. Obviously, the reduction 
of the life span of the population caused by said diseases is an 
economic loss to the community.
 

This economic loss due to premature death was determined by 
multiplying the number of people who die because of water-borne 
diseases (assiuming that a water supply improvement program were 
not undertaken) by 67 percent and then by P11,629. The projected 
number of such deaths was based on the average of the 10-year mor
tality rate for primary water-borne diseases in the province of
 
Pampanga, as gathered from the Department of Health. These figures
 
indicated that 23.4 persons died of the 1,248.9 per 100,000 who were
 
afflicted with water-borne diseases. This mortality rate was
 
assumed to be constant over the projection period. The 67 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 cam be derived from the improve
ment of the water supply in the service area is the reduction of the
 
medical expenses of persons afflicted with water-borne diseayse.
 
According to the Lipa City pilot survey on "Ability to Pay ,- an
 
afflicted person spends P113.00 annually on the average for medical
 
expenses, which include hospitalization, medicine and doctor's fee,
 
Based on this finding, the total medical expenses incurred due to
 
water-borne diseases were arrived at by multiplying F113,00 by the 
number of people afflicted with such diseases in the service area.
 

The sum of all three economic costs related to health benefits
 
had to undergo three final adjustements to arrive at more meaningful 
figures. First, 40 percent of the total economic loss due to water
borne diseases was taken as the health benefit directly resulting 
from the water supply improvement program. This reduction was made
 
to account for the fact that not all water-borne-diseases are caused
 

-/Refer to Methodology Memorandum, Chapter 20 for "Ability to Pay" 
studies*
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by a poor water system and may also be due to less than ideal peruona. 
hygiene or lack of sewerage facilities., Second, the 40 percent health 
benefit was escalated by 8 percent fror. 1980 to 1985, by 6 percent 
from 1985 to 1990, after which the escalation factor was held constant
 
up to 2000, Thirdi the ealaed health benefit was discounted to its 
present worth at 12 percent. Annex Table XI-C-2 shows the calculation
 
associated with the health benefits for IER-WD. 
The total present
 
value of said benefits after -the adjustments amounts to P777,505. 

Reduction in Fire Dmani 

The proposed water supply improvement program will result in 
increased water pressure and reliable supply for domestic as well as
 
for fire-fighting purposes. At presentf it is estimated that approx
imately 15 percent of the total poblacion of San Fernando is covered
 
by the existing effective fire hydrant service. With the implemen
tation of the program which will involve the installation of new fire 
hydrants, the extent of fire protecotion coverage will be expandedo 
Hencer a reduction in fire damage is expected in the service area. 

This reduction was assumed to be 0.75 percent of the combined 
assessed values of all structures in the service area, For San 
Fernando, the39verage assessed value of each strncture was assumed 
to be ?25,00' The number of structures wa.derived from the pro
jected population to be served by the s Item, assuming that each 
household has an average of 6.9 membersY/ 

The fire protection benefit was based on the assumed overall
 
reducvion in fire damage, but correlated w'ith the schedule of fire
 
hydrant installation in the service area. Percentage of fire pro
tection starts at 31 percont in 1981, gradually increasing to 7-1 
percent in 1990 in ancordnace with the extent of the service area to 
be covered by the fire hydrants. 

Tho net reduction in fire damage was escalated by 8 percent from 
1980 to 1985, by 6 percent from 1985 to 1990, aft ",which the esca
lation factor was held constant up to 2000. It wa Ithen discounted
 
at 12 percent. The present value of the fire proteotion benefit as
 
shoiwn in Annex Table XT-C-3 amounts to P7.60 million.
 

Yilased on the Census data on the number of structures by 
typO V material. 

-Ba-sed on the 1970 Census on in 
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O .eral Eiug~s :[t ieictiZ so.-iated . eert 
Total .ai-Le in Fire z-az_ ?ercen e Lx Fire 7a/ue of : zz 7 i-_e of1a-ne 

N;z:er of ,, a 2 ,CO)Y e= (.COT5) of Fire (Benef-i _scalatjn F-zire =eizction N-o -nefite : 
Yea-- S t-;res? C? x 1cc0 x iCDO) Protection (!0 1000) F ctor-t x I t0 _ iCCO)o(r 2% 1 

19-0 2,/61 6 1,525.0 A61.4 1.210 
j-: 2,7 63,15.0 :18. 31% i'0.7 17.707 2725.. . 

- 95,225.0 736.7 51 375.7 1.£7 .2 
1-
1 

-
,J2 

110,350.0 
124,050.0 

-27.6671.7 
930.4 

7 
60 

1r7? 
, 

.'52 
153.2. ... . 

6,2 
139,42z.0 
156,750.0 

1,045.7 
1,175.6 

63 
65 

653. 
76 . 

1.9 
2.119 

i 
1-22 

* 1 
.21.. 

- -,6 176,150.0 1,321.1 68 A 2.2 - . 

1-i 

1 -

,18C00.O 1,5.0 

I205 
71
I 

I,05..4 2.381 2,r10.4 .57 
.229 

64z.2 
57,1.9 

-419.6 

15 .- 6 366.5
 
, 6 .130 326.4
 

1997 1998,1. 1E-. 291.2
!.104 2o.11
 

1949 ., 41, .093 233.5
 
2000 7,920 198,000.0 1,485.0 715 1,054.4 2.381 2,510.4 .083 208.4 

36,0c41.5 ,;955 

5V, erived from the served population projections in Chapter VI.
 
V_=?-3ed on the assessed valie record's in Pa.=-r--a.
 
VEL'calated arnualy by 10 percent from 1978 to 1980, by 8 percent from 19 0 to 1935, and by 6 percent from !=8: 1
-!990,

-tr tr was held constant up to 20C0. 
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heneficialvalue of mater
 
Since water is essential to human life, all members of the
 

ser-T'ed Population in. the service area presumably would be willing
to o6btain it in sufficient quantities at some given price. With 
the proposed improvement of the system's facilities, the volume of 
water production is expected to increase considerably to serve the
needs of the growing population, This will bring about additional 
revenues to the water district, especially since a price increase
of water may be justified in view of the improved service. 

in general, water rates oharged by the water district do not
 
reflect the true value of water. 
Moreover, it is recognized that
 
households and commercial users are 
really willing to pay more-thanwhat they are actually being charged for water consumed. From the
 
economic viewpoint, therefore, there is a consumers 
-sBurplus. This
 
consumers' surplus refers to the additional amount consumers are
 
willing to pay over and above what they are paying for water* 
For
 
purposes of this study, this additional value has been estimated to 
be 50 percent higher than domestic water rates and 25peroent higher
than commercial/industrial/institutional water ratesu. 

In the determination of this benefit, the following steps were 
taken, 

I. 	Only the incremental volume of accounted-for-water was

considered; hence, the 1977 accounted-for-water amounting

to 232,000 cure was deducted from total accounted-for
water projections in Chapter VI. The water demand pro
jections in Chapter VI, expressed in liters per capita
 
per day, were converted to cubic meters per year.
 

2, 	Classification of accounted-for-water into domestic
 
and others (commercial/institutional/industrial) was
 
based likewise on Chapter VI*
 

3, The price per cubic meter of water was obtained from 
the unesoaated rate per revenue unit in Chapter X,

'Annex Table Y-C-10. The rates were however, adjusted 
upwards to reflect consumers' surplus$ 50 percent
 
higher for domestic uater and 25 percent higher for
 
others.
 

R/lefer to Revisod Procedures fox the Economio and Financial 
Analysis UM vof Water Projeots, LA ay 1977,. 
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4. 	 The tota1 economic revenues were then escalated by 10
 
percent from 1978 to 1980, by 8 percent from 1980 to
 
1985 , b 6 r:<% 'frnm1985 to 1990, aLt"L which the
 

~ ij~£~u~tjx ;r.-I~od cwz!irt ip -to 2U00)*ili.nady, 

the eoucailted, vu ... .:rodiscounted at 12 percent to 
obta£xi their prei-ent values, 

.. ,iia valuet of iator amoints to a present 

1u fc,: nmi[]i,.L4 ohown in Anne7rTablo XT-C-4.,f1.5i 

http:nmi[]i,.L4


2cor'zzic ,Eater 70ta1 Esoalited :.o _ 7a1. 
ena.- ae - , Economiac 7zE ?e-vre Disconut of :nomicl Economic 


' h -
;--c C -: ,o-er : t er zrize .erz'-' oer cD- ozestio C:hers .evenuea Ezc!atj. ?-en- Factor at7=e=-Zic ,-2.7 

_______________________ ozestic Others Domestic Otes 7~1Z~( co)?co- ' C~j12 PerzentkA &' _____ 

23-
.C, 96,535 14-15 ?.75 81.5C p1.13 1.88 1C9.1 27.1 136.2 1.1C0 13o. !.CC 36.2 

97, 	 2£, 4.2- .69 1.38 1.03 1.73 277.4 69.6 347.0 1.icc 3i.- .67 340.9
 
0 : 2 52-25." - ,7 " .26 . 2.,r'O 20.6 4 .:... 1.210 7 6.7 -l627.0' ' .... 	 .- .. 12.5.2 r, ,353.1-' 

1.74 1.31 2.11.307 	 1
 
-
11'- ---. '1 1.62 1.22 2.03 92.1 231.3 i163.9 1. 1 1,&-... ...
 

1 C,3 2, .2; 134, 270 .75 1.50 1.13 1.8 1,015.4 252. 1,267.- 1,9.2
.,-96 


..."..._ 5 I 1.03 1.73 ! C34 21 ,0 ,3.7
 

1,-1 ,.9 320.7 ,-.6 1.. ,23.5
 
-
 ,-, 	 .- .98 1,7.0 , 1.
-- " 213,1, 1.30 1.65 347.2 .2 6 	 0 
1, , -_ ,-'2246 - .60 1.20 .90 1.50 10 70.3 1,. ,1 43 

C 2t.; .-0 1.20 .90 1.50 , 425.2 2,147. . 9 . . .,2 1.55 ,65.4 
-2-, , 329,4357 .56 1.12 .1,541.40 ,2.1 Z61.2 2,313.3 2.24" , 7 ,6.4 

02,91Z,:6 2,5.0,1 379,5,7 :52 1 .78 1.30 1,5 1.3 493.4 2,474.7 2.351 3,392.2 .157 1,514-3 
1591 .55 1.10 .83 1.38 2,108.3 523.8 2,632.1 0,,267 .9 ,35.1

.51 1.02 .77 1.28 1,5T.9 455.3 2,441.7 	 i~. I 	 1 13 75
 
1993 iI 	 .4+7 .-A .71 1.1 1,803.5 447. 2,251.4 5,310.6 .. . 

G. 1.00 .75 1.25 1,905.1 474.4 2,379.5 	 5,':5. .i923.5 
* 	 .46 .92 .69 1.15 1,752.7 36.5 2,1"9. ,21R .145 761.0 

.34I .86 .65 1.08 1,651.1 409.9 2,o 1 ,o. .130 637.9 
S.- .£ .-2 1.10 1,676.5 417.5 20:..0 A-,.6 57.4 

.411 2 .62 1.03 1,574.-9 390.9 5 ,1,9o. 
4' .J. .38 .76 .57 0.95 1,447.9 340.6 1, 0 -( 3 :00.5 

2,919,66 2,5:0.109 379,557 .35 .36 .53 0.45 1,3546.3 170.3 1,17.1 2.-381 36.2 .c@3 

84 , Cr-3 	 ,4 5.0 

--..eo '- v o e of 232,C20 cum per year of ac!:o'ntei-for-water was deducted from the water ±e-eno projections t-cv 'out te study reriod to tain 

-re:rize "er -- , of water for domeztio use was derivei b7 Ae-escalatr..n the rate -er rev-ene ,nit of'water in -:le :-hap-er ; he rat, of 
-- :;es-- oeria , irsittiona1, -nl indus:rial) was ass-=-ed to be twiice tha; for d--=estio use."	 7--r-

se . han 	 ff o e :-- rate for 'ezhers'~--: er doestic r=:es 

- z - -._a - -:e10 -erC:ent fro-n 173 to 1950, by 8 .ercent from 1950 to 1-5, aad by e.-rcent from 198= to 1910, after whizh 4te esco1a-icn 
. . -econs:-t :2 C3,C. 

Xi--10
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SAIl 

Year Vehicles Meti:ie1q 

1978 
1V791980 

1981 
1982 
1983 
1984 
1985 129.5 

1986 
3987 
1988 
1989 
1990 

1991 
1992 129.5 
1993 417.9 
1994 134.8 
1995 104.8 

1996 176.7 
1997 176.7 
1998 176.7 
1999 129.5 176.7 
2000 200.1 

388.5 1,564.4 

R1 PLAE!'4,LrT COST 
PFPRIANDO WATER DISTRICT 

~'.r 100:) 

Laborat o.ry
Miscelanoou3 Equipment -Total 

129.5
 

129.5 
585.4 14.3 
 1,017.6
 
26.4 
 161.2
 

104.8
 

195-5 
 372.2
 
- 176.7
 
- 176.7 

195.5 
 501.7 
37.7 
 12.2 250.0
 

1,040.5 
 14-3 12.2 3,019,9
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CAP MAESSER & MOKEE INTERNATIONAL INC.
 

Methodolog Memorendum No. 1 

TO : L, Vo %tierrez, yr. 

From : A. do Vera 

Date z 4 January 1977 

Subject: Pilot rea Survey 

A. 	 Need 

In astimating water f-ountability, data on the ratio of 
borrowera to primary muerst average parsos par household, a"d 
per capita connufmption are necessaery. Infomation on oapaoity 
and wiilingnoss-to-pay would g'eatly aid finauol&l analysis.
In all oasesg these data sar not roadily 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). Connidering time and fLinancial oonstraints, 
a pilot area survey would be the beet approach. This is merely 
surveying a representativa area within the WD and projecting the 
data obtained for the ontiro served area of the WD. 

B. 	 Methodolo6 

1. 	 Choose a pilot area within the WD* Desirable requirements 
for the area are as follows: 

a. 	 adequate line prsesurosy preferably with 24-hour vervioe; 
b. 	 metered oonnections; 
o. 	presence of domestic as well ss commercial connections. 

Ratio of commeroial to domestic co neotiona for the area 
must not exceed That for the entire W; 

d. 	 repreaentative income levels of the conoessionaires. 

2. 	 Devise a one-page questionnaire so that it: 

a. is easily understood by WD personnel (who will serve as 
interviewers);
 

b. 	provides relevant infornntion; 
a. 	provides a means oV cross-cohoking some answers given 

by respondents; 
d. 	would make tabular analysis easy.
 

A sample questionnaire is attached. 



3. 	 Get assistaace from the Wl persoxmnl in the house-to-.house 
surmye. It ii sug,.eeted -that they do the actual interview
because *f thoir faaIiarity zi.th 1ccal oustoma and dUalsot.
However, before allowizig the WD enumera-torg to pos.d on 
their owmv. ii. ia oJc~'y thl 

a. 	 the enumerintor , be a-'hventhorough briefing on the 
imr-m 3~f tho i12rv-.3yr, as1 wrOi11 4ar thqe ptn'pose ofO.Ch item iu: the c,fsi::.oru .reJ 

b. 	 the enrnmratorn be aooompanied to the first ?aw 
house, .i.dS7., kildition1 pointor-. or feedbaak 
before they proosed4 on thejz. own, 

4, 	 Conduct a. h -to-hone u.':cy of &11 households within 
the pilot area , i ,na_ at .h point indioaing the exist
ing honees (w htj trteJ.:,--,ccde n1mbers) would he aeoesoaryo
The following wotitd be nfi ihring the surveyl 

a. 	 brief the renpnd~et-s about the pu'pose of tho survey
beforo aski.i.q ougiuics, It i; very important that 
they be recoptive to the ints:.rviwers, Ozherwise data 
given could be . d,."

b. 	 in asking for estimate of corncaimption, avoid using
teclmical termn. literai,', gallciat %1. Use 
local contatiners 14ke pail. dxwins or whatever they 
use. Note the capa-zity of the container in the 
questionnaire. 

Ca 	 Data 

The 	 following data may be obtained fmw the surveiy' 

I. 	 P.lot area d.ansity 
2. 	 Average peraonD/boveho .d 
3. 	 1r.owes from connected household and. peroentage of

households dopendent on tho W]"
4. 	 Potential conoessionaires
 

5.'ommsttmption es8% imata ;
 
6w 	 Lioome levals .n, the respoctive rates show:ing
 

willingness to pay for improved sarvio6
 
7. 	 Water, accountability 



______RV___IEE 

TYPL OF DWELLING 
WD COCSINIENON-WD
 

WD CONCESSIONAIRE 


1. 	 NO. OF OCCUPANT,": 

2. 	CLASSIFICATION: 


L- Domestic 

FL Commercial 

ED Institutional 

L Industrial 

LI 


3, SIZE OF CONNCTION: 


L I 1" E"LI2" 

LI Zee -li lI-
4. 	 TYPE OF CONNE2CTION: 

LI metered: meter functioning 
[ metered: meter damaged 
LI flat rate (unmetered) 

5. 	 APPURTENANCES (Connected to 

System)

LIwith hand ptp 
LOwith electric motor pump 

HRS used/day 
Pump rated HP _ _ 

GPM 


6. 	 OTHER SOURCE ASIDE FROM WD:
Own Other 	HH 

well 
 LI wells 

FOspring LI springs 
0srainwater 
 L rainwater 


LI] _raiwaterimproved?
 

(TO 	 BIE FILLED UP AT 

I. 	 HOUSEHOLD CODE NO. ___3. 

2. 	 INCOME: 

0below average(P220 	below)
 
L3average (P221 - 750) 
ESupper middle (P751 - 1,5000) 
mhigh ?i ,500 above) 

WATER DISTRICT
 
PILOT AREA QUESTIONNAIRE
 

ADDRESS 

CONSTRUCTION MATERIAL 

CONCESSIONAIRE 

1. 	 NO. OF OCCUPANTS: 

2, 	SOURCE OF SUPPLYs 

mown private well 
LI rainwater 
0 spring 
LI public faucet 
0WD concessionaire 

11H Code No. 
E1public well

]others' private well 

L 

31 	CNUT03 

3. 	 CONSUMPTION: 


-1free 

E-paying


volume used per 

day

Paying P 


forwells:
 
Rm)A for: 

REMRS: 

_ 	 _ _ _ _ _ _/month. 

THE 	 WD OFFICE) 

WD CONCESSIONAIRE: 

0l registered
LI unregistered 

4. 	 PAYMENTS: 
up-to-date
 
delinquent 

DATE 
TIME 

FOR 	 ALL HOUSEHOLD5 

1. 	 WD-WATER AVAILABLEI 
No. of hours 
Time _ 

2. 	 FAUCETS: 
L3I 1 L 3 0I 5 
l 2 0I4 1-1 

3. 	SHOWERS:
 

0 1 E2 03 F-1
 
4, 	 FLUSH ;ATER CLOSi$T:

F1 1 L] 2 17 3 F-1 

5. 	 MANUAL WATER CLOSETI 
LI _0 

6. 	 o0w/septic 0 w/o sep-. 
tank tank
 

7, 	AVERAGE MONTHLY:
 

WD: Consumption Bil . 
WD: _ ........ 

others:_____ . .... 

8. 	 USER: 
D w/ borrowers 

w/o borrowers 
Total no. of HH 

borrowers 
Total no. of HH borrowur,

occupants 
...
 

9. 	 How much would you be 
willing to pay if 
water service were
 

EUMERATOR
 

OIT ION 



CAMP nRESSEq V Mixt rj*rv. . ATI0N.AL INC 

Methodology Memorandum No. 2 

To : L. V. Gutierrez, Jr. 

From : A. de Vera 

Date • 31 January 1977 

Subject: Estimating Water Aocountability 

A. 	 Need 

To be able to determine future water demand per capita,

need for leak detection and survey program, and the level of
 
development possible for reducing wastage and leaka& , the
 
following information must first be available. 

1. 	 Ratio of accounted-for aid unaccounted
for-water.
 

2. 	 Ratio of wastage and leakage in relation 

to total production.
 

3. 	 Domestic consumption per capita. 

Although there are various methods for estimating water
 
accountability, the selection of a method depends on the
 
purpose for which it is to be used and the level of aeouraor
 
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. 	Methodology
 

1. 	 Pilot Area Survey 

a. 	 Objective - To be able to estimate total aooounted
for and unaocounted-for-water. Accuracy will depend 
on the reliability of the consumptin figures as 
obtained in the pilot area survey. -J 

b. 	 Data Necessary - Monthly production; number of metered 
and unmetered connections; water rate schedule; pilot 
area data; and total monthly metered consumption. 

l/Refer to Methodolog-y Memorandum No. 1. 

MM2-1 

http:ATI0N.AL


o. 	 Steps 

1) 	 Obtain total number of households dependent on 
water system, To do this, first obtain ratio
 
of households dependent on the system to total
 
households in the pilot area and apply ratio to
 
the 	whole service area. Compute for number of 
primary and secondary users. 

2) Compute for inferred flat-rate use per months 

3) Compute total aocounted-fo ter by adding average
monthly metered unnsumptLio and total inferred 
flat-rate use per month 

4) Unaccounted-for-water is total production lees 
accounted-for-water. 
 It is also the total of
 
potentially billable water plus wastage, leakage
 
and 	other uses. 

5) Potentially billable water is the sum of: 

o Usage of borrowers from flat-rate
 
primary users; 

o Unbilled flat-rate use
 

o Wastage of flat-rate users 

2. 	 Weighted Average of First10-City Survey 

a. 	 Objective - In a water system with all functions billed 
as flat-rate, computing for water aocountability isimpossible without resorting to detailed surveys.

ever, this method implies that the figures obtained 

How

during the first 10-area survey ((DM - 1975) approximate
those of other water districts. Aocuracy, however, in 
not 	determined. 

b. Data Neoessary - Total monthly produotion and figures
obtained during the First 10-Area Survey of CDM. 

MM2-2
 



o. 	Ste
 

Mu PJ.,monthly production by;
 

•31 	to Vmt acOUrtedfor-water
 
.11 to -retrad t-rate uge 
.26 to o-t waoa 
*25 to got leikave 
.07 fov& others 

3.Field StuWyMet hod 

a. Obleolyau - To be ab], to datermine within - 5 percent
ao(Rlrvc, wiater noacmntnbility figures. 
This method, 
however, ia time-,o.iaustrj, and vary e:penhive, 

b. 	Data NecensL~y.- .01daLa rfeoived ahall b, genorated
in the field. The niieber of oonoeouionajirs and the 
water ra.: a soh;du!e Are bazie requireiontd. 

1) 	For ;noh z~otion of' irPnsmnipion and distribution
 
line 	 in thi water ,qyatom,appropriate measuring devioes 
shall be inataled in order to determine the amount 
of water flowing in e out wter used by the tonu, 

oeesicamreiij and water leakr4i,
 

2) 	 Deak-top arialysias is then neoaos&ry to determine 
water accountability, 
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CAVI )RS E PMnK.FME~ INTERIVAVjIO AL 41YCt 

XETHODO)GY MMORANDM NO. 3 

To : L. V. Gutierrez, Jr.. 

From I P. del Rosario 

Date : 8 February 1977 

Subject% Classification of Water Districts Acoording to 
Puture Water Requirementa
 

A. jj 

The purxvae of this methodoogy manual is to clansify water 
distriote (WD) so tbhat N our a-ater raequirements may be estimated. 
The factors to be considered in olaeaifying WD's are eoonondo am 
social developent in the districtl' boundarieu, probable souroea 
of additional water oupply and the people'& ability-t.pay for 
improved water servica.
 

The group with the probable highest per capita consumption
 
is labelled Group I; and the group with the probable lowest
 
water consumption, Group V. Affluent and highly urbanized
 
water districts may fall under Group Ilwhile less developed 
and small water districts, onder Group V. 

B. Methodol2W 

The initial service area of the WD will most likely inoluds
 
the central urban arda or core city (poblacion). To olasify it
 
according to future water demands, the WD 
 and its central urban 
area are judged according to 5 grouping criteria - 1975 urban
 
inoome, 1975 standard of living, 1975 business index# 1980 cost
 
of water, and served population in 1980. For each criterion, a
 
number of points, from 0 to 20, are allotted to each water 
district. The total number of points under the 5 otileria
 
determines the olassifiotion of the D.
 

Table MM 3-1 lists the 5 criteria by which the ND can be
 
classified, and the points allotted to rankings in 
 saah ori
terion.
 

The grouping of the WD's based on the range of total
 
points under the 5 criteria is as followas
 

M3-1 



TABLE YX 3-1 

WATER DTjTRIT GROUPNG CR-ITRIA 
1975 

Urbau. Income 
Incoze ta.xes 
P-id by Urbar Points 
:ies ) 20 

=ore than 33,000,000 20 

o,00.3,ool -0,O,oo,' 
5,000,001-i0,000,000 16 

1.000,031- 5,000,000 4 

?v of zuselda 
with Refrigra:ors 

in Urban Area 

More-Chz-n 30 

25.1-5300 
20.1 - 25 

15.1 - 20 

1975 
Staniid of Liin 

of - eholds 
Poi-nTs with Flush Toilets 

-1 in Urban,i'ea 

10 more than 60 

9 5.i- 60 
8 4D-1 - 50 

30.1 - -' 

Poiist 
i0 

10 

9 
8 

7 

197-
Bine Luex 

of Cozeria 
staib esoit7eMt.ed 

in Urban krea 20 

more -han 6.6 

4.6 i6 
3.1  4-5 1i 

1.7  3.0 7 

19.o 
Co off Waver 

Source of 
-'s 

W:zr Su,- 20 

-in-, gravity 21 

-prinwith 

Z-fillration 

-

1-80 
Served P ulat on 

Population 
ia- Pin-ints 

Urban Area 

more thaa 150j,0O0 20 

100,001 - 150,00O 18 

500,001.-

i00,001-

1,000,000 

500,000 

12 

10 

10.1"- 5 

5 - 10 

6 

5 

20.1 -3 0 

10 - 20 

6 

5 
1.0 
leas 

- 1.6 

than i 

4 

2 

oih t rvil si 1-4 

Lin tr"tioz witz. 

65,001 

52,01 -

0 
80,000 

65 CZ)O 

14 

12 

long tranfmiz
50,001-

20,001-
100,00 

50,000 
8 

6 
less thaz 5 4 less than 10 4 

clr.wells line/ 21 41, -

3 1,X1 -

52,000 

41,0C) 

0 

9 
S1, water - ,ace 

8,001-

4,001-

20,000 

8000 

4 

2 

withoutreservoir 
Surface water 
with reservoir 

7 
5 

22,001 
15,001 

1000 
- 22,000 

8 

7 

4,000 or les 1 
10,001  15,000 
less than 10,000 

6 
5 
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1 70 and above 
11 60 - 69 
11 50 - 59 
IV 40 - 49 
V 39 and below 

In allotting points under eaoh criterion, readily available 
data are taken from the latest NCSO report (1970 or 1975 census).
These data are: total population in the aity or wmwioipality;
total householda; number of urban houneholde; number of commer.
cial establiahuents; number of induetrial establishments; num%,jr
of households with refrigerators; and number of households using
flush water-sealed toilets. Tho data on total income taxes paid
in the oity/munioipality in 1975 ware obtained from the BIR offioe.Data on the probable sources of additional water supply
taken from the recent 

were 
preliminary Lydro-eurvey conducted by INUA 

and the WDo 

The folloving is a procedura for assigning points to a WD 
on the basis of the 5 criteria, 

1 1975 Urban Income 

Urban income is based on the total income taxes
 
paid by individuals aid business entities ad the per
oentage of urban households with respeot to total house
holds in the city/municipality. If the 1975 data are not 
available, the percentage of urbmn households is projected
to 1975 by applying an increase of 0.1 to 0.4 peroent 
pez year. In projecting the percentage of urban house
holds, growth oharateristics and urban development
must be considered. The projected percentage is mul
tiplied by 1975 total income* Table MN 3-1shows the 
breakdown of the annual income with points ranging
 
from 1 to 20. 

2. 1975 Standard of Living 

The standard of living is meazureed by the number 
of households in the urban area with refrigerators and 
those with flush water-sealed toilets. 

The peroentage of urban households with refriger
ators with respect to total urban households is projeoted
to 1975, if the 1975 census is not available. An increase 
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Of I. to0~4- "-eritnor ivim.'i ap T"I"' In'3 t1:pedi p
the meoewt oconomia W"! PotUal deveoPman' in the oity/
municipality, Tho tf:: ~ppliadn to the 

3?C~~~.flto J3 I-, an.dfl.~hWU~' ~r-i~o 

ri Q~'~rI lWith "")ft a '.. ~thfih "las toiletis with r"a
pact tr' . f Cthpin!'.Ss :ang'Ing1 from 

The io~~~ixI~werdby proontaA,-e
of omrpo Li~iu with rtiipeo; -to 

phe' 
total urbrii 

frQmn Th7,C c ~ ~~ ir to bo eqiiiv ilent -to 3.0 Comn
nierciq On1t'r!b hi. t 'co we' tim 19~75 -nvniavai3~l0u lb 0 ~ to x rr~ ~. 20' io-b3 illmints per
yo'ax : dil'irid&m in lh 'Gntn busrinooa r)otivip. ln 
tien .71Ad b devi 1or~VFn; {n t. . tramunicipaljty. The 
number of rJn~ K~U n is7 ob'tined by -,mlti-
P',VrJ,'J- Pm195 (tot."a2ho population~ + 
averago oz;' perfjou/hot~~i: iiW b the 1975 N~roentage
of vilban ho-i ihold* or df,.jved in Ith8 rnthodology for 
L5975 urbar icom. 'The :1075 awm ~ commrs!cjal esta
lislnnt di-vidd 11'a-c c-mrbor .975 uirban households
is th., bueira ii ldo:x of ih ty. mniopa3.ity.. TabloMM13.4 shov,3 the vari.mn leu.7'3ji, cr' biisi.rn indexq with 
oorreijofidirlo; Pointe vang'inir fvom C2to 20a 

4. 1980 COft of W~~ 

hO~C01 of' WP__;0o i. IT ~r.nad from., tho probable
Source o~f z'iiticmr~3 .:atlir .. A...,- 'by,, 10,0 The probable

~~ourc&taofadii'n .tp ) j ia viightod ccord
ing -to iti '.WoItyqarail~t ocan;Anc v A iipriug souroe
that i~3 .-'L i ,U t'I~ rwrvoe aires, and can flowby gravity J.Le Consudchvred ~on ioa1.-Vvmn -o,. Surface 
wator roqu i ri r ,' com~plete , imn with impounding
reaervoir :.( -,'-he mnoot exporlr, Infiltration galli-,rleo
with 0ihort o-~ long. i P', el or spring
mouroe reu ' ~hontelr V;rop, oonrild:rad to have
weichts betvweon tlifi mnost -md 1-!kA expensive (aieo Table 
MM13-0). 
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5. Served Population in 1580 

The served population in 1980 is projected by
delineating the future service areas of the WD and
projecting the population of the oity/munioipality 
and of' the service areas, The 1980 served population
is determined as a portion of the oervice area popula
tion. In projecting the population served and the 
future service areas, economic growth and urban development, availability of water supply and capability of
the water district to service Pruq4 beprovide ocnuidered, 

C. __ExPeoted Water Demand EX 'lass of WD
 

The exporienoo of the IWUA-CD staff, especially during
the First Ten Urban Areas Projeot in the Phili; pines, has been
used to assign values of' expected 
water demand to the 5 classes
of water districts. These expected water demands are shown in
 
Table MM 3-2.
 

D. EELMhZle of Water District Clasifiction 

This method of' classifyirg a water district is illustrated,
with the Silayf City Water District as an Gxamplo. Available
 
data for Silay City are taken from the NCSO end 
BIR reports,

and from the preliminary hVdro-survey by IAUA and the SMl4D.
 
The following data were obtained:
 

Total income taxes paid in the city - P20,049,N39 (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 are.3 - 3,693 (1970) 
Total number of commercial establishments in the oity - 36 (1970)
 
Total number of industrial establishments in the city - 1 (1970) 
Total urban households with rofrigerators - 266 (1970) 
Total urban households using flush water-sealed toilets
- 807 (1970) 
Probable source of additional water supply - 1,11e (1980) 
Population in the service area  2.,280 (1980)
 

To determine the sPei'fio Weights of the above data for eachgrouping oriterion, the methodology developed is applied as follow,
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TJU3LE M4 3-2 

WATE1R DEMAND OF WATER DISTRICT GROUPINGS 

Year
Classij-at ion 180 20 

Domestic une, Ipod
(.'onercialInd~u,,,tVriaili/nsituitional 140 155 175 

; of domestic 17 21 25
Equivalent, Ipod 2
 

Accounted-for-water, %pod 
 164 210 
Unaccount ed-for-water 

% of production 40 28 20
Equivalent, Ipcd 
 109 U .2
 
Total production required, ipad 
 273 261 262
 

Domeatic use, lpod 
 120 135 150
Commercial/Indus trial/InsttiutionaI

%of domestic 
 15 17 20
Equivalent, lpcd 
 18 2
 

Accounted-for-,water, Ipod 1 ].
 
Unaccounted-for-water
 

% of production 
 40 28
Equivalent, Ipcd 20
_2 62 -04 

Total production required, Ipcd 230 220 225 

Group III 

Domestic use, lod 105 120 135
Commercial/Industrial/Institutional 

, of domestic 13 16 18Equivalent, lpcd -U -1 .24Accounted-for-water, Ipod 119 139 159
 
Unacoounted-for-wat er
 

% of production 
 40 28 20
Equivalent, lpcd -M J- -

Total production required, Ipod 198 193 199
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TABLE MM43-2 (Continued) 

WATER DEMIJLND OF WATER DISTRICT GROUPINGS 

Year 

Cla1sificat0on 2000 

Domestic ujot, Ipd 95 110 125 
Commnerc i' .d//Industri al/Inst i tut!onal 

% of (omet1,ic 12 14 16 
Equivalent, !pod 12 1 20 

Accounted-for-water, ipod 
 107 125 145
 
Unaccounted-for-water 

, of production 40 28 20 

Equivalent, ipod -L2 6 
Total production required, pcd 278 174 181 

Group V 

Domestic uze, ipod 90 '00 110 
Commercial/Indutrial/Institutional 

, of domestic 10 13 15 
Equivalent, lpcd .21
 

Accounted-for-water, Ipod 99 i13 127 
Unaccounted-f or-water 

% of production 
 40 28 20 
Equivalent, ipod 66 A4 _12 

Total production required, lpod 165 157 159 
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1. 1975 Urban Inoome 

In 1970. the urb,n hc-useholdL accomted for 
33.8 p-rcent of tn(e total hotwehoilia iu the city. 
But clue to recent aov~1optents in the local economy 
and 3ubddvis.ion flouirn Projoct- in the urban sector 
of tni city . the aumber o" urba, iouseholds was pro
jected. to increooe o 35 percont in 1975. The product
of the total 1974--075 income t:axes_'. and the 1975 per
centase of urban households repr,sents the urban in
come t xea which nioi;n; to about P7017 million, 
Table MIYA giveis'ha wei,:ht of points.3-1 a 16 

2, 1975 Stmandard of' living 

This is meaisuoJd by: 

a. 
1975 urban houaeholds usin;, refrigerators
 

In 1970. 7,2 porcent of the urban house
holds had oefArigeratoro. "J"e to eoonomic
housing dvo*opments, the percentage wan 

and 
esti

mated to inorease to about 12 percent in 1975-
Table MM 3-1 givos thi a ',roight of 6 points. 

b. 1975 urban householdo using flush water-aealed 

toilet faoi:i ties 

in 3970, tho households with toilet faoili
ties roproo;ented 2149 percent of urban households.
 
Due to the recent housing developments in the

urbazi area, the households with toilet facili
ties were projeoted to be about 32 peroent iJn 
1975.
 
Table PI 3-1 gives this a veight of 7 points. 

3. 1975 Business Index 

It is assumed that one industrial establislurent is 
equivalent to 10 commercial establishments. Based on
the 1970 census, the number of commercial establishments 
(equivalent industrial establishments included) was 
46 (36 + 10). These establishments were expected to
have increased to 96 (at 10 establishments per year)
in 1975. Total urban households increased from 3,693
in 1970 to about 5,180 in 1975 (1975 population of 
103,493 + average 7 persona/household), Hence, the 
business index in 1975 was 1.9 percent (commercia! estab
lishments divided by the number of urban households in 
1975). Table MM 3-1 gives this a weight of 7 points. 
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4. 1980 Cost of Water
 

Based on the hydro-survey of UIUA-CDM and SIL-W),
 
deepwells appear to be the most probable ecoi.omical 
source of additional supply. Table M 3-1 gives a 
weight of 11 points for this sourte. 

5, 1980 Served Population
 

By 1980 ,the served population saiexpected to be 
about 15,630/a9 projected from the.'lg95 NOSO Census 
of Population and Housing. Table MM, 3-1 gives this a 
weight of 7 points. 

Therefore, the SIIAWD has a total of 54'points imder the 
5 criteria, indicating that it belongs to Group I. The water 
demands of this group from 1980 to year 2000 are listed in 
Table MM 3-2. 

Table .i,3-3 classifies 16 water districts inthe
 
Philippines according to the 5 grouping criteria.
 

VSee Chapter VI, Table VI-3, of the Silay City Fbasibility
 
Study Report.
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TABLE XX 3-3 

StJUR OF CITIES/KUKICIPALITIES SUBJECTED 
TO THE WAMR DISTRICT GrOUPING CRITERIA 

1975 Standard 
Urban 

of Livi.ng
Urban 1.980 Co st 

1975 
Urban 
InoOMe 

Households 
with Refri-
gerators 

Households 
with Flush 
Toilete 

1975 
Businesa 
index 

of Water 
Source of 
Supply 

1980 
Served 

Fogalation Total 

Bilig, Surigao del Sur
Urdameta, Paazinam 
Calamba, Laina 
Gap=,Nueva Eoija 
Si1a City 
Cesu City 
Daww City 
Baolod City
ZbaaganCity 
Digon, Davao del u 
Bacac, Albay 
Bagued, Abra 
Dulagute, Cebu 
Babaf,Leyte 
ROXASCity 
totahto City
Olonapa City 
Subic 
Sm Fernando (Panng14 
'Noao. 
Caban aaiuCity 
Lipa City 
Lue-ass iia-Vs
Thwt 

14 
6 

14. 
6 

16 
20 
16 
20 
2.4 
12 

1 
1 
1 

10 
i0 
12 
18 
4 

£2 
12 
8 

14
10 

8 
7 
9 
8 
6" 

10 
9 
9 
7 
6 
5 
6 
5 
9 
9 
9 
9 
5 
6 
8 
8 
8 
6
5 

7 
9 

9 
7 

10 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 

10 
6 
720 
8 

10 
8
4 

11 
11. 
7 
7 
7 
7 
16 

7 
7 
7 

11 
7 
4 

16 
16 
ii 
20 
16 

16 
11 
16 
7 
4 

14 

17 
11 
11 
5 

11 
i 

7 
11 
20 
20 
11 
9 
7 

11 
11 
11 
11.76 
11 
12. 
11 
17 
20 

7 

t 
6 
7 

20 
I0 

16 
5 
5 
6 
5 
6 
6 
7 

5 

8 
9 
7 

12 
10 

59 
50 
63 
47 
54 
72 
71 
74 
62 
50 

48 
34 
58 
56 
58 

47 

63 
61 
60 
64 
53 

3 
3 
2 
4 
3 
1 

1 
2 
3 
3 
4 
5 
3 
3 
3 
1 
4 

2 
2 
2 
2
3 
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CALWP? DR SE a McKEE N E4~IIA INC 

Methodology Memormndum No. 4 

To S L. V. Wtierrez, Jr. 

From : E. Jacildo 

Date : 20 January 1977 

Subject: Probability Azalysis of Stream Flows by Owbel 

A. Need
 

In evaluating the aurfaoe water nauroon for water supply
purposes, the analyst ban to focus onhis interest otatiatioal 
frequenoy of extreme low flows. Since the exact oequenoe of
streamflow for future ytars can not be predictedt he also has 
to consider the prcbablo variations in flis in order to 
develop a design on the basis f caloulated risk'O 

In 1941, 1,. J. Gumbel deaised a probability method by
which reourring flowe oan be computed for design requirements.
Under this method, the hydrologic data are antayzed as an 
"extreme value" distribution end the seVs of hydrologic data 
are plotted as straight lineso Cumbel's method han been found 
advantage'qua to use. 

B. Basio Data 

The hydrologic data are found in Surface Water Su]plx
Bulletins published by the Water Resouroes Division of the 
Bureau of Public Works (BPN). Data are presented in the follow.
ing sequeloe: 

1. Name of river banin 
2. -Name ef stream
 
3, Location 
 of grging station in latitude and longitude
4. Drainage area in square kilometers
 
5. ReoordD available: months and year
6. Gage elevation
 
7. Rrtroies; magnitude and dates of maximum and minimum 

flowu 
8. Remarks 
9. Revisions 

10. Presentation of darely discharge for one year 
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It shoull be noted that Surface Water Sppy Bulletins 
after I(7 }ave n,t been published; they are on file at the BPW 
Water ReFouroes Aiiion.,
 

C. Y hodoloj2e 

Below at6, the steps in Gumbel's probability analysis of 
streamflows.
 

Tab lo M=4l
 

1. Tabulate 	 the monthly flows (moan, 	 minimum or 
maxi,-m, whatever jia deoired).
 

2. 	 Take note of any chungeb in the yearly records as 
stated under "Rema ks" or "Revisions" of the 
Bulletin. Writo them under remarks in Table 1,M4-1. 

TableMM4-2 

1. 	Arrange all monthly flows in ascending order, i.e.,
 
from lowest to higiest. Any flow that occurs
 
more than once should be listed.
 

2. Rank the 	arranged floAs under "im". 
3. Take the 	logarithm of Q. 
4. 	Solve f'or the probability flow by the formula 

n x 100 
n+-. 

where, m is the rank of a particular flow 
n is the total numbar of recorded flows. 

5. 	 Solve for the return period by the formula 
n+l 
m
 

Figue 1214-1. 

1. 	 Plot log Q as ordinate arinst probability as 
abscissa. Figure M44-! is Guunbel's special proba,
bility paper.
 

2. 	 Draw a straight line (month lino 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 pointc. Any 
return period which falls on the line is in month's
 
term. The line may be extended in order to reach
 
periods not covered by it.
 

3. Take the 	antilogarithms of the values of return 
periods in months as projected on the log Q scale
 
(ordinate). The antilogs 
are the recurring flows in
 
cubic meters per day.
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TABLE 14-1 

MEAN-DAY DISCHARGE FER MONTE 

Basin: 

Station: 

Pampanga (San Vioente) 

Pefaranda River 

Gage Elevation: 

Units: 

11,050 

cumd x 

m 

ivO00 

Location: 

Drainage Area: 

lat. 15018'46"; 

575 sqkm 

long. 1200569'30' 

Year Jan Faeb Nar pr X Jun Jul Ag Sp Oct Nov Dec 

Mini mum-Day
Disoharge/ 
Yer emax~ks 

1965 

1966 
1967 

-

-
4,922 

2,283 

2,915 
857 

753 

-
1,189 

351 

-
547 

372 

8,941 
873 

1,313 

1,595 
425 

-

2,682 
1,012 

-

4,215 
6,614 

-

5,425 
4,415 

3,239 

1,413 
5,707 

5,156 

9,801 
53896 

4,353 

5,380 
125 

1968 66 77 120 54-0 96 - -. 117 

1969 

1970 

1971 

1972 

1973 

1974 

141 

1,989 

3,123 

5,992 

697 

1,405 

32 

814 

642 

4,873 

823 

1,332 

336 

279 

732 

406 

82 

2,191 

689 

17 

294 

1,461 

105 

471 

664 

17 

1,499 

767 

95 

621 

301 

3,561 

4,567 

415 

686 

3,781 

3,203 

2,928 

4,021 

18,347 

2,525 

3,497 

2,394 

1,628 

1,824 

15,977 

2,650 

10,761 

2,248 

9,590 

1,377 

6,306 

4,405 

10,014 

1,175 

11,726 

11,161 

216 

14,582 

12,567 

1,785 

9,689 

5,229 

4,701 

4,149 

16,317 

2,190 

6,915 

15,007 

2,896 

2,124 

13,693 



in cin Q 103 


1 17 

2 17 

3 32 

4 66 

5 77 

6 82 

7 95 

8 96 

9 108 

10 117 

11 120 

12 125 

13 141 

14 216 

15 279 

16 294 

17 301 

18 336 

19 351 

20 372 

21 406 

22 415 

23 425 

24 471 

25 540 

26 547 

27 621 

28 642 

29 664 

30 686 

31 689 

32 697 

33 732 

34 753 

35 767 

36 814 

37 823 

38 857 


T~ATILT 

~~A~W (	FJo'dRNDAn.)A 
GAFAN WAI(Q 

Ln 

4o230 

4.230 

4o505 

4.820 

4.886 

4.914 

4.978 

4.982 

5s033 

5*068 

5.079 

5.097 
5,149 

5.334 

5.446 

5.468 

59478 

5.526 

5.545 

5.570 

56608 

5.618 

5.628 

5.673 

5.732 

5.738 

5.793 

5.808. 

5.822 

5.836 

5.838 

5.843 

5.864 

5.877 

5.885 

5.911 

5.915 

5.933 
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iw SANL V IENE) 
DISTRICT 

Re-urn Period 
Probbility (Months) 

xn+1oo 

0.93 108.00 
1.85 54.00 
2.78 36o00 
3.70 27.00 
4,63 21.60 
5,56 	 18.00 
6.48 	 15.43
 
7.41 13.50
 
8.33 12.00
 
9,26 10.80
 
10.18 
 9.82
 
11011 9.00
 
12.04 	 8.31 
12.96 	 7.71 
13.89 
 7.20 
14*82 6.75 
15.74 	 6.35 
16.67 	 6.00 
17.59 	 5.68
 
18.52 	 5.40 
19.44 	 5.14 
20.37 	 4.91 
21.30 	 4.70 
22.22 	 4.50 
23.15 	 4.32 
24.07 	 4,15

25.00 	 4.00 
25.93 3.86 
26,85 3.72 
27.78 	 3.60 
28.70 	 3.48 
29.63 	 3.38 
30.56 3.27 
31o48 3.18 
32.41 	 3.08
 
33.33 	 3.00 
34.26 	 2.92
 
35.18 	 2.84 

14,14-4
 



TATBLJ. I44-2 (oonvtiniued) 

GAPAS WATR DISTRICT
 

Returu Period 
Probability (Month5) 

39 873 5.941 36.11 2.77 
40 1,012 6-005 37.04 2.70 

41 
42 

1,175 
1,189 

6.070 
6.075 

37.96 
38.889 

2.63 
2.57 

43 1313 5,118 39.815 2.51 
44 
45 

1,332 
1,377 

6,024 
6.139 

40.741 
41.667 

2.45 
2.40 

46 1,405 6.148 42.592 2.35 
47 1,413 6.150 43.518 2.30 
48 1,461 6.165 44.444 2.25 
49 1,499 6.176 45.370 2.20 
50 1,595 6.203 46.296 2.16 
51 1,628 6.212 47.222 2.12 
52 1,785 6.252 48.148 2.08 
53 1,824 6.261 49.074 2.04 
54 1,989 6.299 50.000 2.00 
55 2,124 6.327 50.926 1.96 
56 2,190 6.340 51.852 1.93 
57 2,191 6.341 52.778 1.89 
58 2,248 6.352 53.704 1.86 
59 2,283 6.358 54.630 1.83 
60 2,394 6.379 55.555 1.80 
61 2,525 6.402 56.481 1.77 
62 2,650 6.423 57.407 1.74 
63 2,680 6.428 58.333 1.71 
64 2,896 6-462 59.259 1.69 
65 2,915 6.465 60.185 1.66 
66 2,928 6.466 61.111 1.64 
67 3,123 6.494 62.037 1.61 
68 3,203 6.506 62.963 1.59 
69 3,209 6.510 63.889 1.56 
70 3,497 6.544 64.815 1.54 
71 3561 6.552 65.741 1.52 
72 3,781 6.578 66,.667 1.50 
73 4,021 6.604 67.592 1.48 
74 
75 
76 

4,149 
4,215 
4,358 

6.618 
6.625 
6.639 

68.518 
69.444 
70.370 

1.46 
1.44 
1.42 

mml4-5 



TBI7,144-,2 

ff,FO (Mi4URAMA 

GAPAN WATM 

m Mt o LW__q 

77 4,405 6.644 
78 
79 

4,415 
4,567 

6.645 
6.660 

80 4.70i 6.672 
81 4,873 6.688 
82 4r922 6.697 
83 5,156 6.712 
84 5,229 6.718 
85 5,380 6.731 
86 
87 

5,425 
5,707 

6.734 
6.756 

88 5,896 6.770 
89 5,992 6.778 
90 6,306 6.800 
91 6,614 6.820 
92 6,915 6.840 
93 
94 
95 

8,941 
9,590 
9,689 

6.951 
6.982 
6.986 

96 9,8o 6.991 
97 
98 

10,014 
10,761 

7.001 
7.032 

99 11,161 7.048 
100 11,726 7.069 
101 12.567 7.099 
102 
103 

13,693 
14,582 

7.136 
7.164 

104 15,0o7 7.176 
105 15,977 7.203 
106 16,317 7.213 
107 18,347 7.264 

(oortinued) 

RIVER, SAN victual) 

DISTRICT 

Probability 

+ 

71.296 

72.222 

73.148 

74°074 

75.000 

75.926 

76.852 

77.778 

78.704 

79.630 

80.556 

81.481 

82.407 

83.333 

84°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 

98.148 

99.074 


Return Period 
(Manthi) 

1.40 
1.38 
1,37
 
1.35 
1.33 
1.32
 
1.30 
1.28
 
1.27
 
1.26
 
1.24
 
1.23
 
1v21
 
1.20
 
1.19
 
1.17
 
1.16
 
1.15
 
1.14
 
1.12
 
1.11
 
1.10
 
1.09
 
1.08
 
1.0'(
 
1.06
 
1.05
 
1.04
 
1.03
 
1.02
 
1.01
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Methodology Memoreandum No- 5 

To # .\~Gur~~r 

From : J. , .th.ut/- ., Cnlin 

Date 16 May 19',"' 

Subject: QuatitY off Sto-'e !R-.rus YRato ofiSupply 

A. 	 General 

ThG .:'. f'or witter 'Ur &. iater sry tem is not uniformt 
therefore, the ',ystommust hr designed to supply water at 
varying %rateaof*demns'd. 

'no iuommon metI) of uppy.n water at v,.a ying rates 
is to p'ovid( a -,pocific maio;nt of ricur-c& Inimping capacity 
and u 12" 't~ "ii re.ico be ,ten demandl and pumping capa
city f'rotin a wa ;or E-tora,; fPci1i y 

Thc cc cspo'Ant of piumping capacity,notmica.l and 
storage veo]- ,i:i.s sekcead hased on cost studies of' alter
native coorbinations cf facilities that would meet a com
rnunidty's necd , Somei of the f.-tors that rhould be considered 
in thes,e oott and -ome basic goidlelines for.audies selecting 
properly siz.o facilities are presented in this memorandum. 

B. 	Di: ensOion
 

The amount of weater a community needo at any particular 
instant is pr'imarily ctepondont on -the following factors: 

1. 	 'Denuwber of people within the community 

2. 	The nimber of wate. -oomuunifn facilitien within the 
averagv home (faucota, toiict , showers, automatic 
washing appl.ianceA, utc- ) 

3. 	The habitsi ot people (what timisti people eat, shower, 
sleep, at0.) 



two 	peak usa;-e periodo dur.Uzt : the day and low uiage late at 
nighto F ize W45-1 shows a Lypioal variation measured in a 
geotioD, of -IIo i)1 Cq v~t'iui~ yoLen. 

The relationship of the peak usage on an average day can 
be detormincA t1oi;i~L3: zor a ,i~en coziaunity. The sta
tistical pe I.G an o0 L .ach Lersorv'S )eaX\, "J:saFge and 
has two importafnt pi'cpertie..: 

1, 	 Theo - ti ua~i pea.k: ,i r fi.c on of the number 
of people in tno conrxi.uiity The fewer people, the 
higshr the peak 1,y be becauao each porsonts peak usage 
could Ino.roe. iiy afect the total. flo4 

2. The s-tatiztI,tiae pcnk Ihou.ld bf. rac ,..niz a S mathe.
matical averrarG, j:nd C.r, soimeO.y: the peak usage c.ould 
be .kch oioherIoer thanthe -satistical peak.h or 

The comm~on ongineo'ing practice for watter systoms is to 
supply water, from a sorrceo at maxiinum-dnay rates either by pump
ing or gravit.y. tlaximum.-day demand i the :naxium quantity of 
water used dur-:in; an entire doy in a siinRgl year. Water usage 
can be at or near ma:iriwm'--day demand for a period of weeks 
during summer months. Source capac.ty must equal maximum-day
demand because it wou-ld be impractical to store sufficient 
water to supply maximr-day derand rates for more than a few 
days. 

The difference in demand between the peak-hour demands aid 
the supply (Which is equal to maxiimm-d' derands) ocmrs during 
a period of short duration where demand exceeds supply. Stored 
water is used to meet this short period of excess demand and is 
called operational storage. It should be noted et this time that
 
there are three categories of storages
 

I. 	 Operational storage - used to seet hourly fluctuations 
in demand. 

2. 	 Fergency storage - used to meet demands in case of 
breakdowns in source facilities; typically equal to
 
a full day's demand. 

3. Firs storage - used to meet the required volume of 
water used to extinguish the worst fire expected in
 
the community.
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Storage requirements for the last two categories have been
 
largely neglected in these studies because of the excessive cost
 
involved to provide the storage.
 

C. 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 numb of people 
in a community has been developed by CDM and others.-" Practice 
has shown that a volume of about 15 to 20 percent of the maximum
day usage is required as operational storage if source facilities
 
can supply maximum-day demands. Combining the "peaking curves" with
 
the operational storage requirement, a second set of curves relating
 
the quantity of storage to the number of people, at different rates 
of source supply, has been developed (see Figure W45-2). 

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 quan
tity of storage. This is especially true where storage is provided 
in elevated structures that axe very costly, since they are built 
to withstand earthquakes. The curves in Figuire 14145-2 have been 
used in this study to determine the requirements for storage at 
various supply rates in order to prepare cost comparisons of alter
native supply and storage combinations. 

-/ASCE Manual of Practioe No. 37.
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Methodology Memorandum No* 6 

To i L. V. Gutierrez, Jr. 

From : J. Arbuthnot; B, Conklin 

Date : 22 March 1977 

Subjecti Economical Sizing of Pumped Waterlines 

A. General
 

This memorandun develops an expression for the most eco
nomic size of a pipeline for pumped water systems based on tvo 
cost factors: cost of pipe-in-plaoe and cost of pumping
(energy). The larger the pipe the greater the cost of con
strotion. Also, the larger the pipe the lesser the cost of 
energy required to pump water through the pipe. The most eco
nomic pipe sizes would be where the incremental cost of pumpiig
 
is equal to the incremental cost of pipe construction.
 

In most situations, the above cost factors are the most 
important factors in determining the economical size of trans
mission mains. Even when these are not the only important 
faotors, it is still advantageous to know what is the most
 
economic size of pipe with regard to these two factors.
 

B, General Relationship
 

The total annual cost of a pipe line is eiqual to the sum of
 
its construction ooat (expressed on an amortized annual basis) 
Dlus its annual pumping cost. 

Ct - C + Cp 
To determine the most ,conomic pipe diameter both the fao

tors on the right hand side of the equatioh were expressed in 
terms of the diameter of thj pipe. The equation was then 
differentiated with respect to the diameter, and solved for
 
the dVeter for which the resulting expression was equal to
 
zere.; 

i/Total Annual Cost - Annual Covstruotion Cost + Annual 
Pumping Cost.
 

&d() d(C 0, where X - pipe diameter 

dx dx dx 



C,,. AnnuaCc~trootionco 

Th-, oon,,iLructi.on coat of the pipe was taken from Table G-4of Apone (7.,, BaRi Ocf CCot Eetimate% in Volume I of'the final repcr :by .,-'diii
f,ncesaary
valves and by encalating thedoe by 10 percent per year for 2 yearoto obtain Jul,! 197 conetxwucLion , Tece osts were then 

for 
.... ....,,for :-onzt~ngenoj anc1then by 1. peroentontgineeiung. The fo.:o.-iag equation w:ri derived and representsthe adjuioted construction costs in Table G-4 in terms of the dis

2845 (Dia.) ....... cn.ation 1
 

C ic the installed cont. of pipe in pasou per meter, and Dia, the
diametor of the pipe in waetrt,. 

The amoritized f.inual cot of construction is the cost of construction 2ultiplied by the oapital rocovery factor. (as influenced
by the economic lire of tht, pieo and discount factor), The gene
ral ecuation is; 

Wiucal Cot cf Coautruct ion CRF x 28 45(Dia.) 1.292 

- - - Equat ion 2
 
where CRF is tho capital recovery factor; for n  50 years, dis
count rate i2''? CI?OF iS equal to 0.12042. 

D. AnnualThrnin 
Cost
 

The aznual cost of pumping energy may be exprepsed in terms

of the amount of water pumped, the energy required -,o overcome
the frictional loss in the pipe, the price of elect ical energy

and tho effioienov of the pumping machinery. 
The g(ieral equatio'i
 
may be w-ritten as:
 

Annual ("-t of Pumiping Energy MafsYenarx -XxH 
efficiency x X11 

Equat ion 3 
where maes!Year is the amount of water pumped in kilograms; gj the
gravitational constant! Hf, the energy lost by friction of flow
in the pipe expressed ill meters ,P/kwh, the cost 
 f energy in pesos
per kilowatt houxr and 3.6 x lo 6 , the number of newton-meters per
kilowatt hour. 

The friotio-n 
loss of energy in the pipe may be expressed in
terms of the diameter utilizing the Iazen-Williams (H&W) 'oquation, 

L L .852 
1 8 5361.27C 87 .... Equation 4 

where L is the length of pipe in meters; IMLD the flow of water _r
million liters per day; C, the Phzen & Williams roughness ooeffj •

elent; andDia, the diameter of the pipe in meters.
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Th, 123 formw VGout obiwit~dI 

etig -the esian for ZV the'ei"'ation fo !,r 'teri at of 
pwmpiu ern~r odbizing, thiv with the expreission for the annual 
cvost of n-norotion, difri.taig setiing the, resultking 
expression equal to varo and ci vJ 4 for the dimaierl 

MiniMt Cos% MD0.4628 X ,01623 zpahn 

D ineur 2q.391 (frioioncv) 0' a 

usin a C valuo of 120 ead a capital raovery faotor of 0.12042? 
the following aquwk'on iv obtainedi 

Xiinum Cost maQ42 6"A5.,2 

~~~7*149 (3ff, i :. cii.k 

The ebove equation iv expressed graphically in Figuw'e KM 16-I, 

Fe Lini't8tionra of' tbh, &~a i
 

Nor"reliable ia -the preceding relationship (1Rquation 5)v 
between water oarried and eocomic pipe dinaiot33? 11%e derlvatioA 
is rigorous but the re).tion i4 no tore exot than are -the aa.pl.
f1yizg assumptions upon which the deriviktion wns banods 

1 Conatruotion Cost he1etionship 

The oon'itruction oost relation (Squation 1) hav a Stand
ard devia'ion of just twder 10 pe.osnt, This mears tht 'w,
thL d of the time the formula will repreznt tho adJnsted 
costs tabulated, -aithin 10 percent,, The largest dffe7.rnov 
obsered was 20 percent, nren sop ecoronmiu conditions and tho 
cost of pipe may ohange in tin. Probably, a new table 
of nips costs saato be uade every 2 or 3 yearvs and the 
for zuam,, alon with Figuro MK 6-1, adjuatod aoeoirdingq. 

2o Other Assmptiona 

Other asumptLions rrez 

c w 120 (&ason & Williams o~oMoi"n) 
i 12% (Dilgarount re.1e) 
n o 50 YeAre (Boonomioal life of piPa) 

The ds iatio rasoabe su tha for therhnea in 
pu~mping biady n'aing various pip. sissi' for a~ dosilrA flow, thin 
total conatruction ost of the pumnpirng atatiom reaains9 Coniatan'tc 
This assumption is reasozable sinae the diffaernco 13 009't 



between one pumzp eeleotion and another for different headsat The same flow would not alter the oost of the complete
station by zijnificlnt amountp Generally, the installed 
motor horsepower would. also be the same since the motors 
come in standard sizes and one size may be used for a
number of different pump selections at a given flow. 

The relative. rate of inflation for pipeline constr-orion 

is assumed equal to that of power oosts, 

3. Flow Quantities Based Constantare on Flow 

The derivation of the economicmost pipe diameter is
based on a constant rate of flow within the pipe. This is
probably the most general and therefore the least accurate
 
of any of the assumptions.
 

Normally a pipeline is designed for a specific flow

condition; even under design conditions 
 that flow may occur

only part of the time. The flow in ! transmission main
 
could be expected to nearly equal the design flow for long

period of time.' However, in a distribution main, sized for
peak-hour flows, the flow may not to thebe equal design
flow except for very short periods of time.
 

The variation ,in energy due ,to acosts fluctuating pumping rate through a pipeline can be calculated l6nd applied 
 to

adjust the most economic pipe dliameter determined from Figu.re
MM 6-1. This so-oalled "energy vdriability factor" is dis
cussed inthe following section.'
 

G.. Avergy Variability Factor 

Figure MM 6-- is basedL on aelec+ing & pipeline where the flowwill be .constant throughout the year. In most cases, pipeline
sizes axe selected on a maximum expected rate of flow, If the
flow t-'ough the pipeline is less than the design floi; the pump
ing head (which directly affects energy 
 coots) would decrease
according to tbe 2.852 power of the flow (Q). 
Conversely, if
flow greater than design f ow rate is pumped through a pipeline,

the energy cost would be increased by the 2.852 power. 

The overall difference in energy costs over the day or year

can be calculated by oomparing the costs of pumping at a constant

flow rate witb the cost of pumping at the expected flow variation.
Thnis value is the jo-called "energy variability factor" (Pow').
The design flow for the pipe usedis as the base flow and the
actual flow to the design flow over the day isexpressed as a
 
percent.
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1,he wiwthoa uaeid i~ t~o raise the iferano) 'bet~tcin siati~al Zlow
and the base flow (expressed as a percentav) to the 2.852 rWero 

?Lbe:v~oof' t4ho Altl for thc d1v' of tho -afql-ka :flow to illT k*opin 
flew each raiaed to "the2852 power is ebal te "he v?, JV'iv'e 
MI"6-2 and Tablo 10- 6-1 present two poosible flow variations and 

tb01' 1lt~ff~ ener var~ iabiity fxatcr fo~r io, 

The two flow patterns selected for Figure M-6-2 are not 
i~ eece 

i? a. bigher raitv or7 flauo bz -the ftgEa -zi4c ic pomped. -Man54, 
the pipeline dui'ing a portion of the dayt the W in greater than 
1,0& Pattern 2 8hoki tha if tht actual flow rate is ne-rly equal 
to the design tlow, the "M~ woyulei bo neiarly ;qua1 '60 Ito* 

ooa~1rJyi~ed U~Y'8. e'. 1Us to o that 

An VF of leou 'tha 1.0 wvold be a more oonMmon doo-renoo 
smio the majority of pelin are desied. for sore mriaum future 
flow. The s gested Yn a foollowing seetin is an exampleVYV of 
an NFP leos than 1.0, 

.I, Agp'nhcati% of B" 

The XIF o=n be usedwt lius - in ealoltirw the' 
miniumm cost pipe diameter" The RF iviuzearted into th* aou'4l 
neray cost equation (e ,i.ton3) and then. included in the 'dif

forattiation, resoltin in a revined 'emlatin as.follovot 

Dia~efer7*149 

The &pplicatiom of EVF requires 2 steps: first design A 
miiimuz eonori%pipeline for som flow usig Figure Mr 6-1; and 
second, ",tlulate the VP for the a-.-tual flow variati.n. amd 
multiply the pipe Oise oaloulated in1 Step :1'by 4.he:1TViF rsised to 
the 0.1623 power, 

Nhe feasibility reporz on the 56oond Tthn Prorinoial Urban 
Areas deals mihly with distribution pi lines; th fz a 
eg9..ted MVq' that is applicablo -to cdiviribution Syetoms iS pre.-

The calculation of an M depwin antirelly on th6 flow data 
or asumed flov wibhim a Speoifio pipeline, The only accurate 
data produced auring the feasibility atudies re the ditrnal 
flow Vaiations measured i a portion of Cebia, Te NW,. flow in 
tho Cebu data., wau 2.06 which ip greater than the design flows 



FlowP'atern att~ern No.2 
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used for this study. Figure Y'aM5-3 presents an adjusted graph of
 
diurnal flow using the shape of the Cebu curve but a maximum 

peak of 1.75. Tn E' .fCXfthi3 01rVe is equal to 0o32 (see Table 
mm 6-2) azd when raised to the 0.1623 power, equals 0.83. 

In prartic( the EVF used. for distribution systems in this 
study is only significant when the pipeline size is greater thean
 
300 nmn (significant means that ETF changes the recommended pipe
 
size by a &rge incremental size)o 

K. Fe42 

Problem: Select an economical distribution pipe size to con
vey a peak-hour flow of 20 MLD. The cost of power is 49 centavos 
per kilowatt hour, the pump effioiency is 81 peroentand the 
motor efficiency ia equal to 90 percent. 

Solutioni
 

Pesos/kwh ". .672 say .675 

If 181 x 190 

Frbm Figure MM 6-1 using the flow of 20 Ktp and Pesos/kwh/ 
Eff -. 675 select a pipe size of 500 mm. 

For v%flow variation in a distribution main, the EV ie equal 
to 0.32 and the WP raised to the 0.1623 power is equal to 0.83. 
The most economical pipe size for the actual flow variation is
 
equal to 0.83 x 500 m or 415 mm; so ohoose 400 mm pipe size. 

In16-7
 



TABI, 14M 6-2 

TVF" FOR DISTRIBITION SYSTSM 

Peroent of Avermg Peroont of Dsin Energy/ 

1 35 20 0,010
 
2 
 40 23 0.015
 
3 39 
 22 0.013

4 37 21 0,012

5 73 42 0°084 
6 134 77 0.475
 
7 164 94 0,838

8 175 100 1,000

9 174 99 0°972


10 163 93 0.813 
11 16- 93 0,813
12 134 77 0,475
13 118 67 0.317 
14 94 54 0.172
15 94 54 0.172 
16 94 54 0.172
17 105 60 0.233 
18 129 74 0.424 
19 123 70 0.362 
20 96 55 0.182 
21 72 41 0.079 
22 58 33 0.04273 47 27 0,24
 
24 40 23 o22,m. 

7.716 

I"Vlo - ,II6 , Q-- 32 E 0 1 23 =0083 

f/sirig 175 peroent of average day a8 base flow for pipe design.
WEquals Peroant Design Flow raised to the 2.852 power. 
* Energy variLtion at oonstant flow 

mm6-8
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