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A. GETERAL
 

This chapter describe. the immediate improvement program, and 
the first and second stages of the long-term construcLion program.

In addition, the capital, operation and maintenance costs of the
 
recommended program, concepts concerning sewerage and drainage, oom­
ments regarding the management of water resources and a statement 
regarding the environmental impact of this project are included.
 
Appendices F, G, N and 0, Volume II contain discussions of Design
 
Criteria, Basis of Cost Estimates, Construction Methods and Materials
 
and Outline Specifications, respectively. The recommended construction
 
program consists of the following implementation stepst
 

1. Immediate Improvement Program (1978-79)
 
2. 3tage I Phase A of the Long-Term Construction Program
 

(19-90-85)
3. Stage I Phase B of the Long.Term Construction Program
 

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

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

(1996-2000)
 

In some cases, facilities included in the last phases of cons­
truction are only designed for a short term to the year 2000. These 
facilities are included in the cost analysis of this study to deter­
mine their ecoxiomic impact on the overall program. However, from a
 
technical point of view, they may not be the most practical or eco­
nomical facilities to construct. During the design of the last phases

of the construction program, the design engineers should study alter­
natives beyond the year 2000 and design facilities aocordingly.
 

Source
 

The present sources of water supply utilized by CO-WD are four
 
wells located within Barrio Rosary Heights and the Iimapatoy River
 
in Barrio Dimapatoy, Dinaig (municipality southwest of Cotabato City).

As eiscussed in Chapter IV, the present capacity of the existing source
 
facilities is approximately 6,080 cumd (2,390 cumd from Dimapatoy and
 
3,690 cumd from the four wells combined). The 6,080 cumd capacity is
 
adequate to meet the projected 1981 maximum-day demand of COT-WD.
 
However, the Dimapatoy River source will be abandoned because of its
 
turbid water whenever it rains upstream and the absence of treatment
 
facilities.
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Fouar' ;.1I, ,r iivwt.'e couioiired for the lon,';-term water 
supply o1 O'"T-41) in Chapter VIII. Tanuel SprinC supplemented byinduced inf"iltration wells :tlon:, the Simuay River is the most eco­
nomical r3ource. Duir' i.rw; the immediate iiprovement *' iiran,Yanuel
Spring will be deve~o ' ] :n a new source in addition to the existing
city wella. Total capacity of T nuel Sprir.,, will supply the
jected water demand of COT-.D up to year 

pro­
1988. From then on, induced

infiltration wells alon: the Simuay River will be developed to meet 
the projected water demin.d of COT-1D to the year 2000. 

The COT-WD should apply with'the National Water Resources

Council for water rights on Tanuel Spring and on the Simuay River
 
area.
 

1ransmission System
 

The existing 250 mm CCI transmission main from Dimapatoy River
 
to Barrio Tamontaca will be abandoned as the Dimapatoy River source
 
will be abandoned during the immediate improrement prograir. 
 A new
200 mm transmission pipeline, about 7 km long, will be constructedfrom Tanuel Spring to Barrio Tamontaca as part of the immediate
 
improvement program. 
The new line will be connected to the existing

250 mm pipeline from Barrio Tamontaca to the reservoir. An additional

350 nMn transmission pipeline will be constructed parallel to the
200 mm pipeline during Phase I-A (1980-85) of the longd-range program.
 

With the development of the Simuay River induced infiltration

wells in the later part of Phase aI-B (1988), new 250 mm pipeline
will be constructed from the Simuay River source to the poblacion and

will be connected to the distribution system.
 

The second phase of the long-range program will involve the

construction of a 250 mm pipeline during Phase II-A (1991-95) and
another 250 mm pipeline during Phase II-B (1996-2000) from the Simuay

River well field to the distribution system.
 

Distribution Stra,;e
 

Cotabato City currently has a ground storage tank, with a capacity
of 750 cum, located in the city on
cor-e top of Colina (PC) Hill.
 
The existing tank is
a reinforced concrete structure counstructed in.
 
1939. 
Based on the alternative studies conducted for COT-WD and pre­sented in Chapter VIII, the least costly alternative is the maximi­
zation of storade ca;acity and a supply rate equal to maximum-day

demand. 
The storage requirement of COT-WID in the year 2000 is approxi­
mateloy 13.3 percent of the maximum-day demand or total storea 
requirement of 3,450 cum. 
The staged construction of the storage

will be dicaused in the succeeding sections. The existing tank

will be used through the year 2000. 
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Distribut ion 3ySLst-e 

The existing distribution system will be expanded to serve the 
additional service area of the poblacion and the barrios of Rosary 
ilei 1-hts, Ba.ua and Twaiontaca by the yi.ar 1990. Barrio Kalanganan 
will be ,--rved by the year 12000. 

A tot:.I 
len,'th of about 29.3 km of 100 to 350 mm pipelines
 
will be installed by 1990. 
 This includes pipe replacements for
 
those undersized pipelines in the exirtiug system. 
By the year

2000, an additional lnom;th of about 
13 km of 150 to 250 mm pipelines 
will be added to the .:.:::stem to serve the additional outlying service 
areas. The above lengths of pipeline.: (io not include the new internal 
network pipelines that will be installed du:.ing the construction 
program. The distribution facilities proposed for the long-term
 
development of the COT-NDT 
are shown ir Figure IX-1 (appended).
 

Administrative adl Other Service Facilities 

In addition to the source transmission and distribution facili­
ties required for the production and transportation of water to
 
consumners, 
it will be necessary to provide other facilities to
 
improve administrative operation, maintenance and quality control
 
capabilities within the water district. 
An administration building
 
will be constructed and pliumbing tools and meter repair facilities
 
will be purchased during the immediate improvement program. A
 
plumbing shop will be constructed and water quality laboratory
 
facilities will be provided in Phase I-A (1980).
 

Design Conzj.derations
 

The recommended progr.m of pipeline construction reflects the 
results of succe-;sive computer analyses of the COT-WD distribution
 
system. The aeneral design criteria and methods of analysis are
 
discu:sed in Appendix K of Volume II and Chapter XII of the Methodo­
logy Manual.
 

The method of selecting pipeline sizes consists of analyzing
 
each pipe for the anticipated worst set 
of hydraulic conditions.
 
Since each computer analysis is critical to a different series of
 
pipea, there is no single prolpram result that can be included herein
 
as "desii ci n.11 

The computur printouts for the peak-hour and minimum flow con­
ditions are 
included in Annex IX-C as representative of the worst
 
conditions for pipe design. 
 The peak-hour condition can, in general,

be considered as the "design run" for the majority of pipes. 
However,

certain vuriations in operational modes, especially in systems with
 
well supplies, cui be more critical for 
some pipelines.
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birint the
tilr at, 

desigi of,' .i "'h " ,h i "*	 itthes 1 .h gOe,-o--u the comnutoi pxjvan to de'erminethe 	critical conditions for each pipeline to be designed. IRis also important to revise the progaram during each design phasge
t:.' 
 in to aoCOulrtL the aclual.:.wtem oond't.on., 	
to 

It i2 reoommendeod
t.... a ri o . of hy r':.'. Ii(i .tudie j o.' the cI'it-ribution sys'tem
be co'iducted JA'totr some impr'oveaiintu have been completed and the
system operates with -Ldep.*uate pressures for 24 
 hours a day. Theresuilts of thjoe studies coui 	 be incorporated into future designs.Additi on.: iderrtiorsi conire..nin, the updating of 'this report

are dicocu.sed in Appendix Volume
r, II. 

11. T14?-XJ) TATS' IMPR0V.-MEIN T PR0Gk.01 

litilek the .Pin. anud vocommendations of this report are beingreviewed, puidrtuin, their approval the L'UAby CCT-!,'D, and financialagencies, certain steps may bo taken to facilitate immediate improve­ment in the COT-14D water supply sy.stem. The proposed "high impact"improvemonts will uperade the service to existing consumers and willprovide service to a limited number of new consumers before implemen­tation of' the ilitial phase of the long-ter construction program, 

As discussed in Chapter IV, the existing system has 	many defi­ciencie.. 3ome corrective me.asues are recommended in 'the imm6diate 

The immediate improvement progdram will improve and expand watersupply service primnarily by the addition sourceof and distribution 
facilities. The projrain will of theconsist following: 

1. 	The construction of' a new spring, intake structure and pro­
vision of pumping equipment:

2. 	 The installation of about 7.0 km of 200 mm transmission 
pipelines.

3. 	 The installation of about 2.2 kn of 100 to 250 mm distri­
bution pipelines as shown in Pi.-ure IX-2 and listed in 
Table IX-'.
 

4- The initiation of intensive
r'epair p~ro, 	 leaka -o detection survey and'rii, 
5. 	 The addition of reliable dicint'ection eciuipment to providef ll-time chlovina ion of' the distribiition system.
6. 	 The meterin, of 1,655 existing flat-rate service con­nections as well as the provision of 1,018 new connections

.und,repair of' alTroximately 20 percent (348) of the existing
Corunections. 

7. 	 The cons'tl'LIction of' a ncw administrative building and

purchase of' a1,purtenrnc, s oich as 
shop tools, vehicles,
oFi'iie eqiuipmenL and Purni.ttre to up.rade the operational
ctpabilitie of the water district. 
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Pipe 

Humba-

438 


250 


251 


252 


253 


279* 


423 


424 


459** 


462** 


223 


254 


262 


267 


269 


211 


214 


TAPLE IX-I
 

IM,.DIAT., IPROEIENT PROGRAM 
(1978-1979)
 

DcEsori .iton!Looation 


Along Santoo St. 


Along Jose Rosal s Subdivjsion Road 


Along Del Pilar St. 

Along Del Pilar St. 


Along Almonte St. near E&uebio
 
Tanghal Subdivision 


Connecting line of pipes at corner
 
of Almonte St. and Quezon Ave. 


Along Jose Lim Sr, St, 


Along Jose Lim Sr. St. 

Pipe replaoement on Ilang-Ilang
 
well line 


Pipe replacement on Ortuoste
 
well line 


Along Rosal St. 


Along Jose Lim Sr, St* near Manday 


Connecting int of ipes near Cota­
bato Light and Power Station 


Along Rosales St. 


Connecting linesof Pipes along

Martinez Ot, 

Tanuel Spring to Tamontaoa 


Along PC Hill Road 


Storage tank line 

*11ot shown in 	map, only a connecting pipe. 
Iot
.I :Tho,.m in map, only a repla.emnnt in pump 
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Pipe Size Pipe Length 
)
 

100 100
 

100 120
 

100 220
 

100 200
 

100 	 160
 

100 	 5
 

150 	 160
 

150 	 260
 

150 	 5
 

150 
 5
 
150 180
 

150 200
 

150 20
 
150 200
 

150 	 20
 

1,050
 

200 7,000
 

250 190
 

250 	 200
 

390
 

Total 9,245
 

line. 



'he new 200 mm transmission pipeline from Taiuiel spring willprovide a bettor qulity of water to the COT-1D consumers. Theprovision of additional 100 mm pipelines in the poblacion and
Barrios Rosary Heights and Bagua will provide additional loops
for better pressure and flow distribution and the installation of
250 mm pipeline alotg the storagTe tank line will lessen the pressurehead loss. 
 Existing city well pump discharge lines, 75 andmm125 mm in diameter, will be replaced by 150 mm pipos to reduce
 
loss in head to the system.
 

The provision of better pressure distribution throughout the
COT-liD distribution system on a 24-hour basis will tend to aggra­vate the current level of system leakage and wastage. It is there­fore essential that an intensive prog-ram of leakage and wastagesurveys and associated system repairs be undertaken during the imme­
diate improvement program. 

Water meters will be provided for the existing 1,655 flat-rate
connections. 
About 348 of the total present connections (1,742) willrequire major piping repair or replacement. Approximately 1,018new connections will be installed, increasing the 1980 served popu­lation to 40 percent of the total 1980 service area population.
 

Disinfection equipment consisting of structures, ohlorinatorsg
booster pumps and scales will be installed at the existing four wellsand at the Tanuel Spring pump station. 
This will provide adequate

disinfection of water supplied to 
consumers.
 

The operational capabilities of the COT-lWD will be significantly
enhanced by the acquisition of land and the construction of a new
administrative building, complete with office space for administration,
billing and record keeping, as well as a small library. 
This new
building will be furnished with desks, filing cabinets, typewriters,
addressograph and validating machines. In addition, plumbing tools
and meter repair facilitios will be provided for installation andrepair of water meters, service connections and pipes in the dis­
tribution system.
 

Tqble IX-2 presents the breakdown of costs (at 1978 price levels)
for the immediate improvement program. 
The total project cost of
P16.35 million consists of P3.20 million in foreign exchange and 73.15 
million in local currency. 
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G0ST SUMMART/
 
IMMED1ATE IPROVEMEWNT P"ROGRUM
 

Item Looal .2ei 

Source Failities -/ 

(r'Ig intake Struoture) 
Materials and Equipment 3,600 20,500 
Civil and Structiural 31,400 

(Booster Pumping Station) 
Materials and iuipment 441lOO 109,900 
Civil and Structural 103,000 -

(Disinfection Facilities) 
Materials and Equipment 127000 86,500 
Civil and Structural 24,000 

Tranamiesigr1 and Distribution 
2189100 2190 

-~g~ti~-- -

(250 mm x 390 m) 
Materials and Equipment 
Civil and Structural 

22,600 
47,200 

85,800 
-

(200 mm x 7,000 m) 
Materials and Equipment 217,000 882,000 
Civil a'id Structural 595,000 -

(150 mm :z 1,050 m) 
Materials and Equipment 23,100 91,400 
Civil and Structural 76,700 -

(100 mm x 805 m) 
Materials and Equipment 3,200 32,200 
Civil and Structural 42,700 -

(Valves) 
Materials and Equipment 
Civil and Structural 

7,000 
7,300 

21,700 
-

(Fire Hydrants) 
Materials and Equipment 39000 8,000 
Civil and Structural 2,70 -

(Leakage Survey and Repair) 
Materials and Equipment 9,600 32,700 
Civil and Struotural 

1,208,800 

V/July 1978 prioes.
3/Exchange rate @ US $1,00 P7.00 

Conti.ingencies and engineering are 15 and 10 peroent, 
for these items.
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-aa 

435,000
 

____6.50_Re_00 

2,352,400
 

respectivoly, 



TABLE IX-2 

Item 

Admnta L Mis oellaneous 
Facilitie&_4! 
(Administrative Building) 
Materials and Equipment 

Civil and Structural 


(Plumbing and Meter Repair
 
Facilities)
 
Materials and Equipment 

Civil and Structural 


Sub-t ota4/
 
Materials and Equipment 

Civil and Structural 


Service CcnnectionAi 

(*18 new service connections,
 
1,655 for conversion, 348 for
 
replacement)
 
Materials and Equipment 

Civil and Structural 


Vehicleav 
(2 van or pick--up) 
Materials and Equipment 
Civil and Structural 

(Miscellaneoub Items) 
Materials and Equipment 

Civil and Structural 

Materials and Equipment 

Civil and Structural 


Total Construogign Con 
Materials and Equipment 
Civil and Structural 

Sub-total 


(%Co'n1 inued) 

Total 

37,600 
363,000 


4,500 

-

405,lOO 


387,300 

1,3J 50 


lt668d 


32,900 

10 

660 


60,000 

-

5,000 

65,000 

97,900 
4LO0 

5919 

485,200 
1,8738200 
2,358,400 


Cost ()
Foreig Total 

55,800
 
-


93,300
 
-

149,100 55,200
 

1,519,800 1,907,100
0 050 1 


04A 331,0
 

914,600
 
-

914,600 1,441,200
 

60,000
 
-

8,000
 
-

6000 133,000 

982,600 1,080,500
83,700 
98j 1,574,200 

2,502,400 2,987,600 
55,000 1.928.200 

2,557,400 4,915,800 

4/Contingencies and engineering are 15 and 10 percent, respeotively 
for these items* 

5/Contingenoies and engineering are 10 and 5 peroent, respectively 
for these items* 
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item 

Cont inencies 
@ 11 percent 
@ 10 percent 

Endsieeringg 
@ 10 percent 
@ 5 percont 

Land 


TOUL PROJECT COST 

TABLE IX-2 (Continued)
 

Local 

2659000 
5920 

324,200 

134,500 
J0.300 

164,800 


300,000 


3,147,400 

Foreign Total 

236,200 501,200 
9,300 151,500 

334,500 658,700 

249,800 384,300 
56,300 86.600 
30,100 470,900 

- 300,000 

3,198,000 6,345,4oo 
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C. 	 FIRST STAGE OF TiN1 It'ECOMI*:11ED LONG-TRM1 
CONSTRUCTION PROGroi (198o-199o) 

As a result of the alternative studies discussed in Chapter VIII,
the COT-WD will develop Tanuel Spring and induced infiZtration wellsalong the Simuay River as its future sources of water supply.
 

The first stage of the recommended construction program, iicludingsource development, treatment, transmission, distribution and storage
facilities, will be implemented in two construction phases. The firstconstruction phase will be implemented between 1980 and 1985, and the
second, between 1986 and 1990.
 

Existing facilities will be incorporated into the recommended
scheme to the maximum extent possible. Most of the existing dis­tribution facilities constructed in 1939 will be replaced during
the first stage of the construction program. The existing 250-mm distri­
bution main line along Sinsuat Avenue and 125.the to 200-m pipelines

will be retained and incorporated into the proposed system.
 

As previously discussed, COT-4D will meet projected peak hourdemands with supply coming from the source and the storage tanks.
The existing storage tank located in Colina Hill will be retained
and incorporated in the long-range program. The tank has an over­
flow elevation of 53 meters above 143L, which is sufficient to main­
tain the required pressures within the service area.
 

CO1.iSTR1-'I O1I0
PHASEI-A (1980-1985) 

Source Development
 

During Phase I-A, the pumping station at Tanuel Spring constructed

during the immediate improvement program will be expanded. Additional
pumpsets will be installed and equipped with necessary valves and
pipings. Production meters will be provided to measure total water
production and will be adequately sized 
to be used to the year 2000.

The addition of new pumpsets will increase source capacity from 2,400
cumd to 12,700 cumd. 
This will satisfy the projected water demands.
 
of the system under maximum-day conditions to the 1988 (See Figure

IX-3). Existing city wells will then be used only as stand-by units.
 

The chlorination structure at Tanuel Spring will also be expanded.
Additional eauipment such as ohlorinators, booster, pumps, scale. 
and appurtenanoes WiI be installed. 

StorageFacilities
 

The analysis of distribution storage in Chapter VIII indicates
that a total storage capacity equivalent to 13.3 percent of maximum­
day demand (3,450 cum) should be provided by the year 2000; the required 
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volume has been staled in four oonstruction phases. During Phase I-A, 
a 675-0um storage tank will be constructed to supplement the existing

750-cum storable 
tank and will be instJlied at the snme site as the
existint.g 
tuk at Coiina 1i4.11, with .:4overfiow elevation of 53 meters 
above Mi,3L. The total siora.,'e vultde of 1,425 otm would be adequate
 
to meet the peak-hour demand fluctuations to the year 1986. 

Ph-alnmission Pacili tic1 

During Phase I-A, a 6 ,570-mater transmission pipeline, 350 mm indiameter, will be installed parallel to the 200-4nm pipeline from
 
Tanuel Spring to Barrio T2montaca anil will b3 conected to the 350-4r=distribution main extending up tc the proposed storaee tank. 1heresultin,, panalle system of 200-mm and 350-mm pipelines will be
adequate to transmit 12,700 cumd, the full capacity of the spring.
 

Distribution Sytem Facilities
 

Improements to the distribution system for Phase I-A will in­
volve replacement Of 
 existing 100-nan distribution pipelines which
 
have poor hydraulic capacity and installation of pipeline in 
new
 
service areas, thereby increasing served population.
 

A total length of 16,440 meters of 100- to 350-mm distribution
 
pipelines will be installed. 
All pipelines recommended for Jbae-1-A 
construction will provide hydraulic capacity for projected peak­
hour flows.
 

Some of the recommended pipe sizes would be adequate up to year
2000; 
some would need reinforcement, as 
they are incorporated into

the proposed system in succeeding construction phases. Pipelines
alon. the existing storage tank line and Quezon Avenue will be phased

out for technical reasons. 
Pipes recommended for.Phase I-A would

extend water supply to additional consumers, while reinforcement to
existing pipes in sucoeedirconstruction phases would enhance* hydraulic
capacity as the Simu;%y induced infiltration wells are developed. 

All necessary valves and appurtenances have been included in 
the cost estimates of the distribution pipelines.
 

Details of pipelines for construotion during Phase I-A are
reflected in Table IX-3 and shown in Figures IX-I 
(appended) and IX-4.
 

Tho. 'inal computer printouts for the year 2000 peak-hour conditions 
and for minimum flow conditions are shown inAnnex IL.­
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DISTRII;TI0N PIPELIIES - PhASE I-A (1980.-8) 

Pipe 
1umber 

ripe Size Pipe Length 
(mm)~in;oato (m) 

405 
406 
407 
408 
409 
413 
414 
415 
416 
417 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
439 
445 
446 
447 
282 
283 
255 
257 
258 
260 
261 
263 
264 
265 
266 

Along Bonifaoio Street 
Al ong BTlifac io 31reet 
Along Bonifacio Street 
Along Ponifacio Street 
Along Quezon Avenuei 
Alog Sinsuat Avenu0e 
Along Villaeron Street 
Along Villaeron Street 
Along Villaeron Street 
Along Villaeron Street 
Along Magallanes Street 
Along Magallanes Street 
Along Magallanes Street 
Along Magallanes Street 
Along Magallanes Street 
Along Magallanes Street 
Along Almonte Street 
Along Almonte Street 
Along Almonte Street 
Along Almonte Street 
Along Almonte Street 
Along Santos Street 
long Figueroa Street 

Along Figueroa Street 
Along Figueroa Street 
Near Notre Dame Girls Dept. Road 
'NearNotre Dame Girls Dept. Uoad 
Along Mabini and Villaeron Streets 
Along Bonifacio Street 
Along Aguinaldo Street 
Along Magallanes Street 
Along Magallanes Street 
Along Villaeron Street 
Along Supermarket Road 
Along Supermarket Road 
Along Supermarket Road 

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

120 
90 

110 
70 
60 
90 
130 
120 
70 
160 
80 

130 
60 

300 
260 
120 
80 

130 
120 
60 
60 
100 
90 
100 
90 

280 
180 
140 
160 
80 
70 
60 

220 
100 
210 
200 

400 
401 
402 
403 

Along Mabini Street 
Along M'.bini Street 
Along Mabini Street 
Along Mabini Street 

150 
150 
150 
150 

4,500 
100 

80 
120 
90 
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Tah1*-5 !X.. (Contirued) 

!-.'mber 	 r1 __o Cc -___ 

;.O4 Along MAli Street 	 150 110 
1! . ,k ,. , -	 150 90 

412 kiou, -k,, u itreet 	 150 110 
11. 	 Along e Lim Sr. Street 150 90 

190 13020 AlonLg JioL. Lire St, [;I. r:eit 	 150 120 
12I Altnr t e Lim Sr. Street 150 60 ,-. AI(.,:- Jose Lir Sr. Street 150 150 
200 DiI ts P pe irnn to1 i,'. montaoa 150 500 
215 A-iollg :.in,;-t A--. tear CaL -edra] 150 420 
222 Sinsnat Avenue - Gutierrez St. to Gutierrez -

Rosa] Streeal 150 220
4-ai -ctt ,. 150c,..-- Streets 170 

'25r insuat Avenue-C o-nb-to ',, F" to 
Provincial Motor Fool 150 340 

226 Along Cotabato Circuit Road from Provincial 
Motor Pool to Don Cer Street 150 230 

227 Along Cotabato Circuit Road from Provincial 
Notor Pool to Don Cero Street 150 70

,.128 Along Cotabato Circuit Roaid from Provinoial 
Notor Pool tn Don Cern Street 150 70 

22,9 Si:-n Vicert -Souu: Street4 to Son Vioente -
Tu I inCan Streetb 150 280 

240 San Vicente-Tulingan Stri-etn to San Vicente -
,Tv. ir ,. Streetrn 150 320 

268 Gutierrez-Roesal Street'. to Rosal-Ortouste Sts. 150 180
 
274 Santos-Rosal Streets to Rosail-Martinez Streets 	 150 150 
275 Martinez-Rosal Streets to Cotabato Road Junotion 	150 
 180

2?85 Along I7akakua Street 150 10
 

4,580 
441 Q.esoni Avenue-Almonte Street to Quozon Avenue-

Nagal lanes Street 200 90
 
442 Quezon Avenue-Magallanes Street to Quezon Avenue-

Jose Lim Sr. Street 	 200 100
 
443 Quezon Avenue-Jose Lim Sr. Street to Quezon
 

Avenue - Suan Street 200 
 180
444 iezon Avenue - Suan Striet to Quezon Avenue -

Datu Siang Street 200 140 
'12 Alcng FC Hill Road 200 100
 
213 Along PC Hill Road 200 160 
216 Along Cp ezon Avenue near Cathedral. 200 20
217 Alo ng Quozon Avenue near Cathedral 200 340
21. 	 A)ong Quezon Avenue to Qii.zon Avenue - 144r,
 

Dane Avenue 
 200 200
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Pipe 
V,:xmherL Dese, 1.io'0owto 

219 }.otre Dame-Quezon Avenue to Quezon Avenue -

Almonte Street 


220 Quezon Avqnue - Aimonto Street to Super­
market Road 


221 Along Almonte Street near Supermarket
256 Mabini Street to Palma Street aloag quezon

Avenue 

259 Palma Street to Sinsuat Avenue along

Quezon Avenue 


201 Along Cotabato Allah Makar . tional Road
 
near o. Tamontaca 


202 Along Cotabato Allah Makar I.. tional Road
 
near Bo. Tamontaca 


203 Along Cotabato Allah Makar National Road
 
near Alfredo Ortouste Subdivision 


204 Along Sinsuat Avenue near Notre Dame Hospital

205 Along Sinsuat Avenue from Notre Dame Hospital 

to Gov* Gutierrez Street 
206 Gov. Gutierrez St. to Gutierrez Street 

along Sinsuat Avenue 
207 Ortouste Street to Pansacala Street alongSinsuat Avenue 
208 Rosales Street to Cotabato Circuit Road
 

along Sinsuat Avenue 

209 Cotabato Circuit Road to Don Sero Street
 

along Sinsuat Avenue 

210 Sousa Street to Cotabato Light and Power Plant
 

along Sinsuat Avenue 

276 Gutierrez Street to ortouste Street along


Sinsuat Avenue 


277 Pansacala Street to Rosales Street along

Sinsuat Avenue 


278 Don Sero Street to Sousa Street along

Sinsuat Avenue 

Total' 


Pipe Size Pipe Longth 

200 140
 

200 120
 
200 100
 

200 90
 

200 240
 

2,020
 

350 400
 

350 700
 

350 1,460
 
350 400
 

350 380
 

350 280
 

350 80
 

350 480
 

350 350
 

350 290
 

350 180
 

5,000 

350 110
 

350
 
5,340
 

16,440
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Internal Network 

The existing distribution system and internal piping network,
together with the pipelines installed during the immediate improve­
ment progr.im, will serve approximately 202 hectares of the
COT-WJ) area by 1980. The remaining service area will be provided
with the internal piping network by 1985. 

T,'uring Phase I-A, an additional area of approximately 202
hectares will be served by internal network system. This will
bring" tho total area served by equivalent internal network system
to 417 hectitres by 1985. This consists of 202 hectares served by
the existin,, :iystem and immediate improvements; 13 hectares covered

by distribution pipelines inst:lled during Phase I-A; and the 202

hectares of internal network installed during Phase I-A. A des­
cription of* internal network 
 systems is presented in Appendix X,
Volume II and details of internal netwo.k 
 system piping installation 
for the COP-,tD are presented in Annex IX-C. 

Service Connections
 

During Phase I-A, approximately 2,164 service connections will
be installed in Cotabato Poblacion and the barrios of Rosary
Heights, Bajua and Tamontaca. The total number of connections ins­talled by 1985 will be about 4,924 broken down into 1,742 existing
connections arid the 1,018 connections installed during the imme­
diate improvement program. 
 The rate of installation of service
connections during will bethis phase approximately 433 connections 
per year.
 

In addition to the new service connections proposed for this

phase, 80 percent (1,394) of the existing connections will be re­
paired or replaced because of their age and poor installation and
 
materials. 

Details o service connection installation are presented in 
Annex IX-C.
 

Fire Protection 

Fire protection will be provided for Cotabato Poblacion, barrios
Rosary Ifeiihts, Batua and Tamontaca. During Phase I-A, a total of 
417 hectarts, or about 37 percent of the total to bearea served by2000, will receive fire protection service by fire hydrant instal­
lation. Of this total, 172 hectares will be provided with higher
level or fire protection. Portions of the Poblacion andbarrios 
losary Hei: hts, will beand Ba ,ua provided with higher level ofhydr-ant service because of the high-value property associated with
commercial areas. Normal residential-type service will be pro­
vided for the rest of the area. 
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Co t SI i, r; --, , 

..... rxt~MIaVe I-4A is
 
p-esented in iti ;l. 11-4, Baedi 19i8 price levels,
on the total project
cost for thia phse 1 P21.83 million with a foreign exohange component 

,+ 

m 
 .P11.69' maliioti, includes imanpo(FD,), ' of 

23 +V.+ which direat ar.d idi.ect j-prpe
',.., +3' ,' l,.. f_+t q.,..b ., .+ ,",. +<,-,. + .. st ]: ' k n x ed an: ,,R ials aild. i ,­

s !p : r'q.ri., civil nwi ral"an.i, Mterials and
 
equipment considered in lhi breakdown include 
pipes, valves, pumping
equipnen-t water mot.rs, bydrants, chlorinators awi labortory facilit-is 

Source Facilities 

As digussed in Chapter VIII. he Tanuel Spring source will be sup­
plemented with in,-uoeld infiltration wells to be drilled in the Simuay
River areia For the construc-tion of these wells, the following parameters 

.
have been} asizuwcd ,.I n existingwell (1) mi­ba limited Iata available: 

nimm well cp~cing of 500 meters, (2) well depth, 45 meters1 (3) size
 
of casingg 250 mm ('Id) capacity of 2,700 cul.
 

The construction of one induced infiltration well in 1988 will

increase the sonrce c%,;pTanity from 12700 cumd to 15,400 cumd, suffi­
cient to mtset the maximum-day demand until 1991.
 

Chlorination facilities will be installed adjacent to the well to

disinifect the 
tater 5uppiy as it in pumped into the transmission main.
 
These facilities inolude a chlorinator, booster pnipz scale, piping
 
and metering equipment.
 

Stora2ge iacilities 

During Phate I-B, additional storage capacity of 675 cumd will be
 
constructed to increase the storage capacity available in Phase I-4A
 
The total storage capacity of 21100 cum will be adequate to meet the
 
storage requirement up to year 1991,
 

Transmisroonolacilities 

The developnent of induced infiltr A..ion wells in the Simuay River 
area duriug Phase I-B, will require construction of a new 5,830 m,
250 mm transmission pipeline from Simuay source to Quirino Bridge in 
the .,oblacion. Thence wil I he oouiected to the main distribution pipe­
line aorg C.Iezon Avenue. The 250 nim transmissi.on pipeline will be ade­
quate to carry the required additional supply up tc year 1993. 

Distribution Sstem 

In I haie T.B, axn a .di ional length of approximately 10.6 ]om of 
100 tc: 30 mm pipelincs will. be installed to extend service to pre­
vto, -uy2nser-ce.are-au, to provide :oops for better pressure distribu­
tion .V: +;-. d :'-ilf'o exis:Lng piTN. O.u, t , ?oe 

http:transmissi.on


TABLE IX-4
 

CONZ;TRUCTT ON CO5T SU, MARYi
 
PHASE I-A
 

tem 

Source Facilitiesl-/ 
Expansion of Booster Pump 
Station and Chlorination 
Facilities at Tanuel 

Materials and Equipment 
Civil and Structural 

Pipelines- / (Transmission and 
Distribut ion)
 
(11,910 m x 350 mm)


Materials and Equipment 
Civil and Structural 

(2,020 m x 200 mm)
 
Material s and Equipment 

Civil and Structural 


(4,580 m x 150 mm)
 
Materials and Equipment 

Civil anw Structural 


(4,500 m x 100 mm)
 
Materials and Equipment 

Civil and Structural 

Valves-
Materials and Equipment 

Civil and Structural 


Storage Facilities-/ 
Materials and Equipment

Civil and Structural 

1978 Prices 
31 Exchange rate @US $1.00 

Total 


137,300 
316,000 

453,300 


662,900 

2,449,800 


63,500 
171,100
 

99,800 

332,500 


16,300 

239,600 

41,100 


4,128,000 


283,400 

121i400 

404,800 


FP7.00 

Cost r 

Foreign Total 

364,300
 
-

364,300 817,600
 

4,669,200
 
-

254,200 

.399,000
 
-

179,700
 
-

164,400
 
-51,40
 

5,666,500 .9,794,500 

20,200
 
81,000 

101,200 506,000
 

-, Contingencies and engineering are 15 and 10 percent, respectively, 
for these items.
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TABLE IX-4 (Continued) 

Item 
 Local 


Internal Network-/ 
Materials and Equipment 112,000 

Civil and Structural 1,106,400 


1,218,400

4/Fire 11vdrul s 

Materi-ils and Equipment 152,500
Civil and Structural 224,200 

376,700 


Plumbing Shop and 
Laboratory Faciiities4-/
 

Materiokls and Equipment 
 21,000
Civil and Structural 409,200 


430,200 

Sub-t oraly-

Materials and Equipment 1,589,700 


Civil and Structural 5 

7,011,400 


Service Conne ctions /

Materials and Equipment 86,100
Civil and Structural 1100.300
 

1,126,400 

Sub-total 5-

Materials and Equipment 86,100 


Civil and Structural 1.040.300 


1,126400 


Total Construction Cost

Materials and Equipment 1,675,800

Civi, and Structural 6,462.000 


8,137,800 


A/Contingencies and engineering are 15 and 
for these items.
 

/Engineering and contingencies are 5 and 
for these items.
 

IL-18 

__Cost N ­ -ota
Foreign Total 

876,800
 
-

876,800 2,095,200
 

5201800
 
- _ 

520,800 897,500
 

189,000
 
-

189,000 619,200 

7,637,600 9,227,300 

000 5,5022700 

7,718,600 14,730,000 

1,469,000 

1,469,000 2,595,400
 

1,469,000 1,555,100 

- 1,040,300 

1,469,000 2,595,400 

9,106,600 10,782,400
 
81.000 6.543.000
 

9,187,600 17,325,400
 

10 percent, reepectivelyt 

10 percent , respectively, 



TABLE IX-,4 

Item 

Cne ncies 
@ 15 percent 

@10 percent 


Sub-total 


Engineern
 
@ 10 percent 

@ 5 percent 


Sub-total 


Land 


TOTAL PROJECT COST 


(Continued) 

Local 

1,051,700 

112,600 


I,164,300 


9,302,100 


592,900 
49,900 

642,800 


9,944,900 


200,000 


1,144,900 


...	 Llcost ( ) 
Fore in . Tot a). 

1,157,800 2,209,500 
146,900 - 9, 1. 

1,304,700 2,469,000 

10,492,300 19,794,400 

1,101,100 1,694,000 
,,,8o0 _142;700 

1,193,900 1,836,700
 

11,686,200 21,631,100
 

200,O0
 

11,686,200 21,831,100
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Details o the;o propose. l~iines are ji~ted in Table IX-5 

Pnd shown in Figures ly-.4 and .117A (append':d). 

Internal Netwo7 k 

New internal network for aproximately 159 heetaxas within the 199C 
service area will be provided during P1ase I-B. The total internal net­
work are. of 656 hectarq served lr 1990 consists of 417 hectares tex rsi. 
in Phase I-.; e0 h~cires for ar.-: served rj distribution pi.eline­
coxistrustcd iL Phtase I--3; ard 159 hecLares for area served by inter.i 
network contuceed during Phase I-B. Details of internal network systez! 
are presenttid in A:rnex iX-C. 

Service Connections
 

During Phase I-B, a ae-ditional 3,860 service connections will be
 
installed within the 1990 c-r-ice area. 
 The total number of service 
oonnecticna within the sorvi-.- area of COT-.D by the year 1990 will 
be about 8t784. The rate of rerie connection installation during 
this phase uill be 772 per year (see tnnex IZ-C). 

Fire Protse0%ion 

An additira.l area of 239 hect'res covering the poblacion and 
barrios of Rosai- Heights, Dagua anfl Tamontaca will be provided with 
fire protection service lyj the instal]Pion of fire hydrants. This 
w-I~l provai, appro.iniatny 3 -c.-n t covnrage of the total areos to 
be co=:rcd b. the -year200' ,'v AprorimatIey 75 hectarcs 
of the 170 hectar, to 1,e pr<'vicdd with fi3 protection for B~erio 
Rosary Hei.h .L will receive a hi--:7 lcel of fire hydrant s~rvic, 
Normel reside,,tial-t't . s,i !.11 ',-o pecvidzd for the rest of ti~ 
araa, totall ,,:: w-: , 1. A nectarl:e; (sce Annex IX-C for details 
of hydrant i--talJ ation). 

Cost Sturrnm.~ - 1..-13 

The nost smnrTry fe' pr:,--- ---d covrtruction during Phase I-B is 
presented 4n Tb-e o..-XM-6. on 1978 -vioe lovels, the total projict
cost for this 7hr.-. is 76154 million, foreign texuiaa;a rom ant 
of P7.39 milli.n. 

I-20
 



TABLE IX-5
 

DISTRIBUTION PIPELINES - PHASE I-B (1986-1990)
 

Pipe 
Number 

Pipe Size Pipe Length 
I(escrimion) 

272 Along Notre Dame Avenue 150 60 
229 Don Sero St., Cotabato Circuit Road to 

Radio Station along Don Sero St. 150 370 
230 Along Don Sero St. near Sero Elementary 

School Extension 150 300 
231 Along Cotabato Circuit Road noar Notre 

Dame University Campus 150 620 
232 Along Cotabato Circuit Road near Jose 

Vilo Subdivision 150 660 
234 Along Notre Dame Avenue near Uy Kala 

Moreno Subdivision 150 220 
236 Along Sousa St. ' 150 170 
237 Along Sousa St. 150 160 
238 Along Sousa St. 150 200 
241 Along Cipriano Yap Subdivision Road 150 540 
243 Along Julian Pascual Subdivision Road 150 260 
244 Along Pansacala St. 150 690 
245 Along San Vicente St. near Casimiro 

Baas Subdivision 150 640 
246 Cotabato Cirouit Road, SM Vicente to 

Cotabato Circuit Road, Sinjuat Avenue 150 700 
247 Cotabato Circuit Road, "An Vicente St. 

to San Vicente-Sousa SU. 150 500 
249 Along National Road near Kwong Cheong 

Fat Subdivision 150 500 
270 Along Rosales St. near Luis Sero 

Subdivision 150 300 
271 Along Notre Dame Avenue 150- 320 
273 Along Gutierrez St. 150 300 
280 Along Don Sero St. 150 100 
281 Sinamt Avenue to Cotabato Circuit Road 

along Don Sero St. 150 380 
286 Along Sergrotooao - Cipriano Yap Sub­

division Road 150 500 
8,490 

211 Reinforoement along PC Hill Road 200 190 
214 Reinforcement on Storage Tank Line 200 200 
233 Along Almonte St. near Marquez Sub­

division 200 280 
235 Along Uy gala Moreno Subdivision Road 200 280 
242 Along Governor Gutierres Road 200 400 
248 Along Tulingan Ste 200 

290 Datu Siang St., Quezon Avenue to 
Quirino Bridge 250 300 

Total 10,600
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TABLE 'T'!K 

CONSqN'UCTION COST SUMMARYi­ / 

PHASE I-B 

Cot (?) 

Item Local Poreign2 Total 

Source Facil ities ­

"(l-well, pump station, .­hoduction 
meter a'id chlorination facili­

ties) 
lMteri.Js a nd Souipment 99,400 193,300 
Civil Iod Structural 170,800 O00 

270,200 190,300 
Rived/Crossing and Access 
Road- / 

Materi.-], and Eq-L ;.pment 84,0,000 60,000 
Civil aid Structura! 760,000 240,000 

,00,000 300,000 1,900,000 
TransmissiQFaci lit ies - cad. Distribution 

(250 mm x 6,130 m) 
Materials and Fquipment 355,000 1,350,000 
Civil and Structural 741,700 -

(200 mm x 1,810 m) 
Materials and Equipment 56,900 227,800 
Civil and Structural 153,300 

(150 mm x P.0 I) 
Materials and Equipment 184,900 739,600 
Civil and Structural 616,400 -

(Valves) 
Materials and Equipment 24,300 77,300 
Civil and Structural 25,400 -

2,157,900 2,394,700 4,552,600 
Internal Network 
(159 ha) 

Materials wnd Equipment 86,400 675,800 
Civil and Structural. 853,000 -

Storage Paciitiie /' "939,400 67,00 1615,200 

Materials and Equipment 283,400 20,200 
Civil and Structural 121.400 81,000 

404,800 101,200 509,0o6 

1/1978 Prices 
rate @ 11S 1.00 p7.00P 

- Contin.;encies and ongineering are 15 and 10 percent, respectively, 
for these items. 
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TABLE IX-, (C.tinued) 

Item~ocalCost(?')
 
Ite 

Fire Hydrants/ 
Materials and Equipment 

Civil and Structural 


4ub-totz..4/ 
Materials and.Equipment 

Civil and Structural 


Service Connections /5,57,600 


(3t860 new connections)

Materials and Equipment 

Civil and Structural 


Total Construction Cost
 

Materials and Equipment 

Civil and Structural 


Contingencie s 

@ 15 percent 

@ 10 percent 

Engineering 
@ 10 percent 

@ 5 percent 

Land 


TOTAL PROJECT COST 

Loal 

75,000 

110,300 


185,300 


2,005,300 

5 


93,400 

1,261,100 
1,354,500 


2,098,700 

4.813.400 

6,912,100 


833,600 

135.500 

969,100 


381,600 

62,100 

443,700 


820,000 


9,144,900 

Total 

256,1OO 
-

256,100 441,400
 

3,600,100 5,605,400
 
3,876,300
 

3,924,100 9,481,700
 

1,868,200
 
-

1,868,200 3,222,700
 

5,468,300 7,567,000
 
.24,000 5,137,400
 

5,792,300 12,704,400
 

588,600 1,422,200
 
1 322,300 

775,400 1,744,500
 

708,800 1,090,400
 
115,2 177.300 
824,000 1,267,700
 

- 820,000
 

7,391,700 16,536,600
 

A/Contingencies and engineering are 
15 and 10 percent respectively,
 

for these items.
 
/Contingencies and enP.ineering are 10 and 5 percent, respectively, 

for thcn, i ,eLn. 
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LON'G-TER?., CO] L3TUCTION PPROGTLA 
The icond sa,;e of the recommende1 T)rol;rii n cludes }:rovingon 

of additional source, stoure -trnsmission Pnd distribution faci­
lities and expansion of internal network servicesystem, donnection
and fire nrotection facilities. These works will be implemented

in two construction phases. The first phase of the second 
 s8ta,;
 
prograrn will be implemented from 1991 
 to 1995 wid the second phase, 
from 1996 to 2000. 

CODIISTRTCTION PIAJE IT-A (199- 1 99 9 ' 

Source Facilities 

As previously stated t we is installed during Phase I-B will
provide sufficient volume of water to meet the maximum-day water
 
demand until 1991. 
 To provide adequate source capacity to meet
 
1995 maximum-day demand, two wells will be constructed during

Phase II-A. 
These wells will each produce an estimated 2,700 cured,and will be constructed in 1991 and 1993, respectively. The add­
itional 5,400 cund source capacity provided during this construct­
ion phase will increase the total capacity to 20,800 ound for CO0-WD 
which will be sufficient to meet maximum-day demand iutil 1996 (seeFigure IX-3 ). 

Stora,'e Facilities
 

An additional storage tank with a capacity of 675 
cum will be
 
constructed during Phase II-A. 
This will supplement the existing

capacity of COT--WD. 
 The new storage tank will be located at the
 
existing site and will be interconnected to the tanks constructed
 
in the first stage. The total storage, capacity of 2,775 
aum is
 
enough to meet storage requirement up to year 1996.
 

Transmission Facilities
 

A second 6,830 meter transmission pipeline 250 mm in diameter,

extending from induced infiltration wells in the Simuay River area
 
to the Cluirino bridge in the poblacion will be constructed during

Phase II-A. 
From the Quirino bridge, the new pipeline will be
 
interconnected to the main distribution pipeline along Quezon

Avenue. 
 This pipeline will provide sufficient hydraulic capacity
 
to the year 1998.
 

Distribution System 

The distribution system improvements recommended for COT-WD
 
during Phase II-A will consist of the construction of additional
 
pipelines to 
provide additional service to Barrio Kalanganan and to
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the outlying areas previously unserved :wid to reinforce existing
pipelines for better flow and pressure distribution. Table IX-7 is 
a list of the improv6ments recommended for construction during
Phase II-A and Figures IX-4 and IX-1 (appended) show the pipelines
included in Phase I-A. 

Internal Network
 

An additional area of 203 hectares of internal network system

and an equivalent area served by distribution pipelines of 50 heo­
tares will be provided during Phase II-A. 
This will provide ser­
vice to 53 percent of the additional area to be served between 
1990 and 2000, resulting in service to about 80 percent of the 
served area in 2000. 

Service Connections
 

An additional 3,821 service connections will be installed
 
during Phase II-A, at an annual rate of approximately 764 con­
nections per year. By the year 1995, the COT-WD will have a total 
of 12,605 service connections. 

Fire Protection
 

A total of 253 hectares will be provided with fire protection
service by the installation of fire hydrants during Phase II-A. 
This area will include the barrio of Kalanganan. By year 1995,

80 percent of the year 2000 served area will have fire protection

service. Normal residential-type hydrant service will be provided
 
for all areas during this phase. 

Cost Su ary - Phase II-A 

A cost stunmary for construction during Phase II-A is presented
in Table IX-8, based 1978 price levels. The total pro, ,ct cost for 
Phase II-A is P14.50 million# with a foreign exchange component of 
P7.46 million. 
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TABLT!'E U-7
 

DI-3TUBIUTION PIPELIN'ES - PHASE II-A (1991-1995)
 

T't.Null'ber 1.ooat i on!Deskoript= ion 

300 Near Ortouste Subdivision 

303 Alon, Laureano Sebastian Sub­

divi.sion Road 

306 Governor Gutierrez - iMu'ia Gutierrez 

St . to 1,1ria Gutierrez - Durian 
St . 

311 Along Lius Sero Subdivision Road 

313 From Tulingan 3St to Lialik Panda
 

Subdivision 

315 Along the road to Lugay-Lugay
 

Elementary School 

316 Distribution pipeline to Bar ±o
 

Kalanganam 

317 Along Gutierrez St. near Proposed
 

City Hall Site 

318 Near Proposed City Hall Site 


441 Pipe Reinforcement from Quezon
 
Avenue - Almonte St. to Quezon
 
Avenue - Maallanes St. 


442 Pipe Reinforcement from Quezon
 
Avenue - Magallanes St. to Quezon
 
Avenue - Jose Lim Sr. St. 


305 Along Governor Gutierrez St. 

443 Pipe Reinforcement from Quezon 
Avenue - Jose Lim Sr. St. to 
Quezon Avenue - Suan St. 

444 Pipe Reinforcement from Quezon 
Avenue - Suan St. to Quezon 
Avenue - Datu Siang St. 

211 Pipe Reinforcement along PC Hill Road 
212 Pipe Reinforcement along PC, Hill Road 
213 Pie Reinforcement along FC Hill Road 
214 -Storage tank line reinforcement 
216 Pipe Reinforoement along Quezon 

Avenue near cathedral 
217 Pipe Reinforcement along Quezon 

Avenue near cathedral 
218 Pipe Reinforcement along Quezon 

Avenue to -,uezon - Notre Dame 
Avenue 

Pipe Size Pipe Lenr}(n' (m) 

150 560
 

150 470
 

150 660
 
150 500
 

150 530
 

150 400
 

150 600
 

150 560
 
150 300
 

4,580
 

200 90
 

200 100
 
200
 

550
 

250 180
 

250 140
 
250 190
 
250 100
 
250 160
 
250 200
 

250 20
 

250 340
 

250 200
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TABLE IX-7 (Continued) 

Pipe
Number Location/Desoription 

Pipe Size Pipe Length 

219 

290 

Pipe Reinforcement from Notre -
Dame - Quezon Avenue to Quezon 
Avenue - Almonte St. 

Pipe Reinforcement from Datu 
Siang St. - Quezon Avenue to 
Quirino Bridge 

250 

250 

140 

1,970 

Total 7,100 
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TABLE IX-8
 

CONSTRUCTION COST SUMMARYI/
 
PHASE II-A
 

Cost (?) 

Item Local Foreign -/ Total 

Source Facilitiesy 
(2-wells, pump stations t production 
meters and disinfection equipment) 
Materials and Equipment 195,900 344,800 
Civil and Structural 336,800 6.000 

Transmission and Distribution 
532,700 350,800 883,500 

Facilitiesl/ 
(250 m x 8,800 m)

Materials and Equipment 511,100 1,937,900 
Civil and Structural 1,064,800 

(200 mm x 1,050 m) 
Materials and Equipment 33,000 132,100 
Civil and Structural 88,900 -

(150 mm x 4,580 m)

Materials and Equipment 99,800 399,000
 
Civil and Structural 332,500 

(Valves) 
Materials and Equipment 15,100 50,100 
Civil and Structural .....16,4a
 

Fie an 3/ 2,161,600 2,519,100 4,680,700
Fire ts 

(253 ha)
 
Materials and Equipment 55,600 189,800
 
Civil and Structural 81.700 ­

137,500 189,800 327,300

Internal wetwork-
(203 ha) 

Materials and Equipment 112,100 877,300 
Civil and Structural .J 7 ._ - __ 

1,219,300 877930 2,096,600 

j1978 Prices 
1Exchange rate @US $1.00 ?7.00 

!Contingencies and engineering are 15 and 10 percent, respectively, 
for these items.
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TAE3L) X-8 (Conuinued) 

.. . 
Local 

Str
 

Materials and Equipment 283,400 

Civil a-id Structural 121,400 


404,8ooSub total4/ 

Materials and Equipment 1,306,000 

Civil and Structural 3,149,700 


Service Connections- / 4,455,700 


(3,821 new service connections)
 
Materials and Equipment 92,500 

Civil and Structural __248,_00 


Vehicle /
51,.340,800 

(1 vehicle)
 

Materials and Equipment 30,000 

Civil and Structural ­

30,000Sub-total v5

Materials and Equipment 122,500 

Civil and Structural 1,248,300 


1,370,800 
Total Construction Cost 

Materials and Equipment 1,428,500 

Civil and Structural 1,3981000 


5,026,500
Contingencies 

@ 15 percent 668,400 

@ 10 percent 137,100 


805,500

Engineerin ~ 

@ 10 percent 341,900, 
@ 5 percent 62,600 

404,500 
TOTAL PROJECT COST 7,036,500 

4/Contingencies and engineering are 15 and 
for these items. 

/Contingencies and engineering are 10 and 
for these items. 

IM29
 

... Cost 
L10ei Total 

20,200
 
81"000
 

101,200 506,000
 

3,951,200 5,257,200 
87300 3,236,700 

4,038,200 8,493,900
 

1,849,300
 

1,849,300 3,190,100 

30,000
 
-


30,000 60,000 

1,879,300 2,001,800
 
- .1,248,300
 

1,879,300 3,250,100
 

5,830,500 7,259,000
 
87,000 4.485,000 

5,917,500 11,744,000
 

605,700 1,274,100
 
187,0 325.000 
793,600 1,599,100
 

634,900 976,800
 
116,200 178,800 
751,100 1,155,600 

7,462,200 14,498,700 

10 percent, respectively, 

5 percent, respectively, 



Souroe Facilities
 

During this final phase of the recommended construction program,
two additiol wells will be required in and 1998,1996 respectively,
Each of the wells will have a capacity of 2,700 cumd, and will be
 
provided with structures, pumping, metering, piping and disinfection
 
facilities as required. Tho additional 5,400 ctumd capacity provided

during Phase II-B will increase the total source capacity to 26,200

cumd sufficient to satisfy system demand until the year 2000, 

"t.orae Facilities 

To meet the storage requirement for year 2000, an additional 675 
cum storagecapaoity will be constructed during Phase li-B. By then, a
total of 2,700 cum of storage oapacity will have been constructed, in
addition to the existing storage tank capaoity. The total volume of
3,540 cum is adequate to meet the storage requirement of COT-WD to year 
2000.
 

Transmission Facilities
 

With the development of additional source capacity in the induced
 
infiltration wells in the Simuay River area, a new 7, 8 30-meters long,
250 mm transmission pipeline will be constructed, reinforcing the trans­
mission pipelines installed in PhaseI-B and I-4. This parallel

transmission network will provide adequate pipe capacity to the year 
2000.
 

Distribution Facilities 

During Phase II-B, an additional length of approximately 6#070
 
meters of 150-250 mm distribution pipelines will be installed to
extend service to the (additional) outlying unserved areas, to pro­
vide loops for better pressure distribution in the system and to
reinforce pipelines to increase their carrying capacity. 

Table IX-9 and Figures IX-4 and IX-1 (appended) show the pipelines
installed during Phase II-B. 

Internal Network 

During Phase II-B, an additional area of 172 hectares of internal
network and an equivalent area served by distribution pipelines of 53
hectares will be provided. This will provide service to 100 percent
of the year 2000 served area by the end of the construction period in 
2000. 
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TABLE TX-9
 

DISTRIBUTION PIPELINES - Pfl&SE II-B (1996-2000)
 

Pipe 
Numiber D1escriptijon/'Locat ion 

301 Located in Laureano Sebastian Subdivision 
302 Located in Laureano Sebastian Sulbdivision 
304 Located in Sergio Tocao Subdivision 

307 A]ong Durian Street 

308 Located in Sanguan Kamal Subdivision 

309 Located in Saaiguan Kamal Subdivision 
310 Along Kakar Creek 
312 Along Kakar Creek 

314 Near Lugay-Lugay Elementary School 

319 From Sinsuat Avenue to Maria Gutierrez -


Durian Streets 


441 Pipe Reinforcement from Quezon Avenue -

Almokte St. to Quezon Avenue -

Magallanes Streets 


442 Pipe Reinforcement from Quezon Avenue -

Magallanes Strett to Quezon Avenue -

Jose Lim Sr., Street 

443 Pipe Reinforcement from Quezon Avenue -
Jose Lim Sr., Street to Quezon Avenue -
Suan Street 

444 Pipe Reinforcement from Quezon Avenue -
Suan Street, to Quezon Avenue - Datu 
Siang Street 

290 Pipe Reinforcement from Datu Siang Street 
Quezon Avenue to Quirino Bridge 

Pipe Size Pipe Length 

150 360
 
150 480
 
150 520
 
150 440
 
150 660
 
150 200
 
150 600
 
150 780
 
150 460
 

150 760
 

5,260 

250 90
 

250 100
 

250 180
 

250 140
 

250 300
 

810
 

Total 6,070
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Service Connect iona 

Service connections will be installed at an annual rate of 1,096 
connections per year during Phase II-B, to provide a total of 5,482 
new connections during the period 1996-2000. By 2000, the total 
number of service connections within the area served t COT-WD will 
be 18,087. 

Fire Protection 

During Phase I1-B, an additional area of 225 hectares will be 
provided with fire protection service within the COT-WD. This will 
provide complete coverage of tho total area to be covered 1W the year 
2000. See Annex IX-C for details of hydrant installation, 

Cost Summar - Phase II-B 

The cost bmnmary for construction during Phase II-B is presented
 
in Table IX-1O. Based on 1978 price levels, the total project cost
 
of this phase is ?15.85 million, with a foreign exchange component of
 
P8.31 million.
 

E. CAPITAL COST SUMMARY
 

The capital costs for each phase of the recommended construction 
program, including the imlediate improvement program., are summarized 
in Table IX-11. The total project costs presented in this table
 
include engineering, contingencies and land costs. All construction 
cost estimates are based on 1978 price levels. The foreign exchange
 
component of the total project cost includes the cost of direct and
 
indirect import items. 

F. ANNUAL OPERATION AND MAINTENANCE COSTS 

Annual operation and maintenance costs include personnel, power, 
fuel, chemicals, maintenance, office supplies and other miscellaneous 
expenses which are necessary to maintain the overall water supply 
system. The total annual operation and maintenance cost of the exist­
ing system was P583,310 in 1976. Following implementation of the 
immediate improvement program and the long-term construction program, 
the annual cost will increase due to the additional costs for per­
sonnel, chemicals, fuel and maintenance. 

The annual operating and maintenance costs are estimated to be 
P0.57 million, F1.26 million, P2.37 million in 1980, 1990 and 2000 
respectively. The breakdown of these costs is presented in Table 
IX-12. All costs shown are based on projected 1978 price levels. 
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CONSTRUCTION COST SUPIAR4/
PHASE II-B 

Cost in (?) 
Itom Local E/.. __? Total 

Source Facilities
 
(2-wells, pump stations, pro­
duotion meter and disinfection
 
facilities)
 

Materials and Equipment 195,900 344,800
 
Civil and Structural 336,800 6j00.
 

532,700 350,800 883,500
 

Transmission and Distribution 
Facilities 
(150 mm x-9,640 m) 

Materials and Equipment 501,800 1,902,500
 
Civil and Structural 1,045,400 ­

(200 mm x 500 m)
 
Materials and Equipment 15,700 62,900
 
Civil and Structural 42,400 ­

(150 mm x 5,260 m)
 
Materials and Equipment 114,600 458,300
 
Civil and Structural 381,900 ­

(Valves)
 
Materials and Equipment 15,800 51,700
 
Civil and Structural 16a900 ­

2,134,500 2,475,400 4,609,900
 

Storp/
 

Materials and Equipment 283,400 20,2oo
 
Civil and Structural 121,400 81,000
 

404,800 101,200 506,000
 

Internal Network 5/ 
(172 ha) 

Materials and Equipment 95,500 747,300 
Civil and Structural 43100 ­

1,038,600 747,300 1,785,900
 

/1978 prices* 
_/Faxchange rate @ U.S. $1.00 = P7.00 
I/Contingencies and engineering are 15 and 10 percent, respect­

ively, for these items. 
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TABLE IX-1O 


Items 

4J
Fire Idriit0

MateriMlz and Eami pment 
Civil and 3tructural 

SubTotal4/ 
Materials and Equipment 
Civil and Structural 

Service Conmections2
 
(5,482 new service connections)
 

Materials and Equipment 

Civil and Structural 


Total Construction Cost
 
Materials and Equipment 

Civil and Structural 


Contingencies
 
@ 15 Percent 

@ 10 Percent 


Engineering 
@ 10 percent 
@ 5 percent 

TOTAL PROJECT COST 


(Continued) 

Local 


50,000 

73500 


123,500 


1,272,700 

2,961,400 


4,234,100 


141,400 

1,908,600 


2,050,000 


1,414,100 

480000 


6,284,100 


635,100 

_205,000 


840, 100 


325,200 

-


419,100 


7,543,300 


Cos t in () . ..
 

Foreign Total
 

1-01800
 
-

170,800 294,300
 

3,758,500 5,031,200 
_87,0 30 484 

3,845,500 8,079,600 

2,827,500 2,968,900
 
- 1,908,600
 

2,827,500 4,877,500
 

6,586,000 8,000,I00
 
87,000 497,000
 

6,673,000 12,957,100
 

576,800 1,211,900 
- 282,800 -487,800 

859,600 1,699,700
 

603,900 929,100
 
174,400 _.68.300
 

778,300 1,197.400
 

8,310,900 15,854,200
 

-/Contingencies and engineering are 15 and 10 percent, 
respec1ively, for these items. 

Y-Contingencies wid engineering are 10 and 5 percent, 
respectively, for these items. 
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TAB.LE I.X.- II 

CAPITAL COST SUMMARY
 

Corstruction Construction Construction Project Cost (P)
 
Phase Year cost (r) Local Tota__
 

Immvediate 
improvement
 
Program 1978-1980 4,915,800 3,147,500 3,198,0OO 6,345,400
 
I-A 1981-1985 17,325,400 10,144,900 11,686,200 21,831,100
 
I-B 1986-1990 12,704,400 9,144,900 7,391,700 16,536,600
 
II-A 1991-1995 11,744,000 7,036,500 7,462,200 14,498,700
 
II-B 1996-2000 12,257,100 7,54-3,30 8 15,85,200
 

59,646,700 37,O17,000 38,049,000 75,066,000
 

TABLE IX-12
 

OPEATION AND MAINTENANCE COSI1/ SUMMARY
 

Administrative Power3/
 

.ne1 Chemicaladn
Year Per Fuel Maintenanoe/ isaellaneoueW Total
 

1976 130,740 420,310 - 6,330 25,930 583,310 
1980 267,540 182,170 36,900 46,420 37,960 570,990 
1985 290,940 298,480 57,560 161,98 61,140 870,1OO 
1990 345,020 455,430 96,650 260,580 98,470 1,256,150 
1995 411,840 621,750 126,870 371,650 158,580 1,690,690 
2000 580,320 880,620 167,680 485,200 255,400 2,369,220 

/ 1978 prices*
 

/It isassumed that 1y 1980 an, for years to come, the National Power
 
Corporation will supply power to Cotabato City at the rate of P.25/kwhr. At
 
present, power supply for Cotabato ity is provided by Cotabato Light Power
 
Corpo ftion from a diesel-operated plant at a rate of POe70/kwhr.
 

/Includes chlorine costs at P10.00/kg and laboratory chemicals. 
J Includes mechanical equipment at 2%per annum and other items atjV,' 

per anymm. 
on 1976 budget, incrersed at 10% per annum.
p -ased 
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G. 1 AGE/DRAINAGE CONCEPTS
 

The exisLing drainage facilities of Cotabato City consist mainly
of a system of open canals and concrete pipes. Open canals are earth 
and lined varying in width from 0.3 to 1.0 meter and 	from 0.3 to 1.2 
meter deep. Concrete pipes along some of citv streets (Almonte,
Makakua and parts of -Mabiniand Jose Lim Streets) have diameters
ranging from 0.30 to 1.0 meter (see Figure IX-5). Most of these street 
drains are interconnected at street intersections by 0.3 meter diameter 
drainage culverts, 

The existing facilities -transport storm water runoff to Manday

Creek on the west, Rio Grande de Mindanao on the north, Mindanao creek
 
in the poblacion and to depressed swampy areas in some parts of the 
city* In spite of the presence of natural channels for discharge of 
stormwater runoff, some open canals and small ditches overflow during
rainy seasons. These overflows occur at road intersection drainage
culverts that are not maintained and are therefore clogged during 
storms. 

Field observations of the drainage system in Cotabato City are 
as follows: 

1. 	The main disposal areas for storm water runoff are Manday 
River which runs on the western side of the city and
 
Rio 	Grande de Mindanao which runs along the northern side
 
of the city, Some storm water is disposed of into de­
Pm'eed areas between Sinsuat Avenue and Cotabato Circuit
 
Road and in Don Sero Subdivision.
 

2. Domestic wastewater is discharged directly into ditches.
 
Some roof drainage is transported to these facilities,
 
causing occasional flooding during rainy seasons, Although
 
direct discharge of domestic wastewater to storm water
 
facilities is uncommon, it is likely that an appreciable
 
amount of domestic wastewater travels overland during 
rainy periods. 

3. 	Maintenance of drainage facilities is very poor.
 

4. 	 Clogging of drainage conduits is caused by disposal of 
solid wastes into drainage channels. 

IX-36
 



00 

. ol 

A N 

h1 AA 0 D P, AEE 

STA.L led 

TUL. 

ILIVJO"T 
 .... ON 

'E 

0 
8T 

DPRETION AFRFLO 

J(1 'SA8 ILL I ETR 

- -- 0.6 R.C. DRAINAGE PIPE UNLESS 

OTHERWISE NOTED 
PA.NsACADLA TRSEUNLINED EARTHEN CANALS 

| I~ T I
 

UNESOTHERWISE NOTED 

/"' EXISTING
SEWERAGE/DRAINAGE FACILITIES 

FEASIBILITY STUDY FOR ATRSCHEMATIC 
SUPPLY OF SECOND TEN URBAN AREAS LWUA- CDM COTABATO CITY WATER DISTRICT 



P~elati.n3h ip with Inhfrast OLher and,ucLure aricd aa;;neerin 

Economic Mactors
 

The provis ion of ;sewera:e and dr:'.j na .:e .faci.. i.. s within the
 
COT-11f) has a sinifi.caxn impact on water supply ap.i other infra­
structure components. Economics (public's ability-tc -p'ay) 
 and. -the
 
status of :ublic health also -dfect directly the fleasibility of
 
providin,- ,;tWeraV.J and draina,,e iacilitJies.
 

In view or the current relatively minor Htorm water drainagre

problem; beii.nt experienced in the COT-4D area, it appears that
 
'rainV'e facilities do not warrant 
hi,-h priority in Cotabato's list
 
of infrastructure components. Before decisions 
 can be made con­
cerning the implementation of" sowera e and/or drainare prog'rams,

addition;l technical and economic data must 
 be collected and evaluated. 

Informa tion from the De nartment of Health indicaes t.that in
 
1975, 
 37 percent o[' Cotabato City households had water-siealed toilet
 
facilities; 33 percent had clo..;,..sd-pit type toilets; nd 30 percent

had no toilet facilities. Although statistics indicate 
that the
 
general level of occurrence of satisfactory toilet facilities
 
is higher in Cot.t-bato City tUii in most other comparab.e urban com­
munitie's in the Philippines, it is unlikely thatt uich a low percentag:.e
of "modern" facilit:ies c..n economiclly justify a near-future sewerve 

The rationale for lthe provision of w:.i.a.stowater f,,ciiities has
 
tradit,in:tlly been 
 b;ased on acsthetic. Inuid public heulth benefits.At presLnL, there is an obvi.ous -.ater supiy problem in the COT-W]). 
As the water up:1l]y rurob.em is.roso].d , wastsew-ter vol"urra.u will 
increase. RelaLed aesthetJ.c ;nd 11",uic ho:aL:]hLi'ji;xnldrds will improve
in time, i.uicr a.inU the ui_;'ncy for ;zolution of the wastewater problem. 

Po'ecLeii;.Ltewterf Voluies 

W'istet., ter fIows io COT-J!) hive been v'roject.ed. fov' the 'Years 1990, 
2000, 2005 and 2025. ihCso eatimo.ae,; ;a'o sAhown in Table IX-13. 

Thu service aze- coiu id<red fCor the wastewater pr'ojections is
 
the Co.- :'oa to r'. ccive wi-kter supply by 190. 'lhis area is tl.e r.;o:t

densely ]populaite, :uLe;, in the wtor d L.3tri':t 
 ad is the area where 
public he:.th ad nisraxce 'robiems s::ciated with wastiewater
will be , e,;t. Alt},ou:'h it is3 yrojocted that the entire water
service . o: reccive :servi.ce, roblacion rndr would sewer only the 
B..rio Roijtr,7 tei,"hits will r-eceive oewer oer'vice b', the year 2025. 
This decision w,.s l)b,.:ud on hi,'-h ;uau:tl sewer couiim.ction r e recsuirod 
to ;!...iei' poblaio n, Ros::try Be.i,-'ht Ba~o.-: ;vid Tndnontaca. 
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The wastewater volume which could be colleoLed wa (eTermined
by es1timating the percentage of water supply connecLions (domestic.nd comie rcial/induutrial/institutional) receiving sewer connectionsduring the design period from 1990 to 2025. It was assumedall water supply conections would have 

that 
sewer connections by 2025,
and that in 1990, 30 percent of domestic and 
 50 percent of commercial/industrial/institutional water supply connections would have sewerconnections. It was assumed that no unusually larje water-.oiA­sumini connections would occur during. the desijn period and that90 percent of water conswned would therefore be returned to the
 sewers. An allowance 
 was made for groindwater infiltration intothe sewers, based on projected percentage of physical area with
 sewers aid an infiltration rate 
of 0.15 Ips/hectare. The resultant
number of sewer connections required during the design period
then checked to ensure that the annual rate of 

was
 
sewer connections wasrealistically within the physical capabilities of the water district.
 

Alternatives Available
 

The coot of sewerase/drainpe facilities for the COT-11) area
 
is expected to be significant.
 

The provision of a financially self-sufficient sewerage/drainagesystem is seldom achieved even in developed countries. It is likely
that the COT-WD is no exception to this rule.
 

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

1. individual (septic tanks) or unified public collection
 
system; 

2. combined or separate sewerage/drainage systems; 

3. various degrees of centralized community sewage treatment; 

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

The question of whether the COT-WID should construct a combined 
or a separate sewerage/drainage system depends on economic circumstances.
 

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

Alterna-tive treatment and disposal methods for intercepted waote­
water may consist of:
 

1. Screening of g&ross solids, high-rate lagoons and effluent 
dischlrge into Rio Grande de 1lindanao. 
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TABLE IX-13 

AVERAGE DAILY WASTMIATEM FLOWS 
COTABATO CITY WATE DISTRICT 

Wastewater FlQws (cU d) 
Uommercial-

Serived Desi.n Industrial/ Infiltraticn 
Area Year Domestic Institutional Allowance Total 

1990 1,240 330 640 2,210 
P oblaoi cn 20C0 

2005 
2025 

3,400
5,o6o 

18, 340 

860 
1,440 
4,580 

830 
910 

1,270 

5, 09 
7,410 

24,190 

Rosary 
Heights 

1990 
2000 
2005 

0 
2,240 
3,240 

C 
670 

I,020 

0 
990 

1,100 

G 
3,900 
536r 

2025 10,060 3,770 1,530 15,361 

Tct-l 1990 
2000 
2005 
2025 

1,240 
5,640 
8,300 
28,400 

330 
1,530 
2,460 
8,380 

640 
1,820 
2,010 
2,800 

2,210 
8,990 
12,770 
39,580 
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2. 	 Some form of treatment such :s conventional primary or 
high-rate secondary treatment may be applied. Treated 
wastes may potentially be used for agricultural irrigation.
 

Re commendati ons
 

As soon 
as the first phase of the water supply program is under­
way, a comprehensive searage/draina,-;e feasibility study should be 
undertaken. This study must address the issue of combined versus
 
separate sewers. It should also update the population zuid water
 
demand projections of this water supply study.
 

Once tile decision has been made to use either the combined or 
separate system, the water district must embark as 
promptly as pos­
sible on a street sewurin: and house connection prooran.
 

A plumbing code should be developed by the COT-1ID to coordinate 
pluubin, , requirements for ,ater, wastewter and surface runoff faci­
lities. This code becomes very imortat and meaningoful particularly 
if a separate system of sewers s adopted. 

In the meantime, a house-to-house survey should be conducted 
to inventory existing. wastewater and toilet facilities. As-built 
drawings ol' storm drains -Lrd reripheral c,',LLlS must be compiled and 
acourate!,, recorded in preparation for the sew.era;e/dr:..ina e feasi­
bility ;ttlady. 

.Wor residences ,nd establis ments that currently lack waste 
dJis1S!,s iLcilities Lrld are I'in-,ucially unable to,provide the modern 
flush toilet with septic tank, the Department of Health (Division
of Dviron,'ontal J.3nitation) has develoned an inexiensive water­
seal toilet.
 

Perm:nent rijhts-of-,ay should be acquired for the main routes 
that wil be used for drina~e/sewerae conduits. 

hle current practice of dumwpin,, solid wastes into waterways, 
canals ald manholes, should be strictly prohibited. Solid wastes 
not only no]lute the water, bumt are also very unsightly and serve 
as habit;Ots for flies, rodents ;ui( m,,z!j os. The proper handlinC 
of solid wastes should be studied and pl.nned carefully. 

H. 	IiAiJA:2 J i' OP JA : (MTY ' *'TTRCES
 

In orler to make the best use of water resources available for 
present ;nsi lfuture use of COT-lfl), certain technical and nmarla emerlt 
steps must be conswidered. These considerations are primarily related 
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to the L:ollection or dita conurninl; the cheical quality -nd Mnoult 
of water produced by Lhe district, and a data stora6e ad retrieval 
system which would provide easy access to those orzaizations dealin,,;
with the ;uiiject. These are diqcu;-jsed further in Aipendix P, VoIiune 
II of tiiz report. 

I. UPDATI: WAIER JUrPLY i: ;T R PL1'iRE T 

To be :- meaningful worikin.; documein this water supply mas­
ter plan ,u,,wt be periodically updated. Chm: es related 
to techno­
logical tdevelopments, social :to.tls, 1l use concepts, onforeseen 
population :routh or movement, etc., must be reviewed for possible
lon6-rarqnre impact on the pro,.,,r;-ns recommended in this report. An
outline or the steps required for such periodic updating is presented 
in Appendix Q, Volume II. 

J. ENVII'L;N ICrTVThL C011SIDERATIONS 

Appeadix R, Volume II discusses some of the ways the recom­
mended nrofram may affect the environment of' the study area. Some
of the natural resources affected by the projram are irreplaceable,
requirin, due consideration beCore actual construction. 
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AP IX-C 

DISTRIBUTION SYTEM GROWTH 

General
 

It is necessary to project the growth of the distribution system

in order to estimate the required expenditures for the internal net­
work piping, service connections, and fire hydrant requirements. The
projection of distribution system growth is based on () 
an appor­
tionment 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 of individual 
 served
sections within the service area. details of theseThe items are
 
discussed below.
 

Served Population
 

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

Number of Persons Per Connection 

Based on the pilot area study carried out within the present
(1976) service area, the present number of persons served by a single
service connection is approximately 8.0 It is estimated that the
overall served population pi. service connection within the water

district service area is slightly less. 
 It has been assumed that

the effects of future increased living standards and family plan­
ning will be offset by the effects of future inward migration, and
-that the resultant per-connection population will be approximately
7 persons for the 1990 study period and 6 persons for the 2000
 
study period.
 

Total Served Area for Individual Communities 

The total served areas of the individual served communities have beenprojected on the basis of field studies and locations with potential

consumers of the COT-0WD water supply. These projections are presented

in Annex Table IX-O-2.
 

Area Served by Internal Network Systems 

In order to project the net area to be served by internal net­
work piping, the gross served areas presented in Annex Table IX-C-2 werereduced in proportion to the expected percentae of population 

IL.-C-1
 



served (as shown in Amnex Table lX-C-I). Served populations in 1980, 
1990 and 2000 are expected to be approximately 40, 70 and 80 percent, 
respectively, of the total population within the corresponding ser­
vice areas. It has therefore been assumed th-at 8i and 86 percent 
of the total service area will actually receive water service by the 
years 1990 and 2000, respectively. For the 1980 service area, about 
55 percent of the total area (367 ha) or 202 hectares will receive
 
water service by 1980. The remainder of the 1980 service area will
 
be served fully by the year 1985.
 

ANNEM TABLE IX-.-1
 

SERiED POPULATION PROJECTIONS
 
COTABATO CITY WATER DISTRICT
 

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

Poblacion 
Rosary Heights 

6,192 
6,232 

10,200 
9,592 

279440 
27,650 

44,640 
49,010 

Ba.-ua 1,200 1,792 4,480 9,656 
Tamontaca 312 496 1,920 4,240 
Kalanganan - ' 974 

Total Served 
Population 13,936 22,080 61,490 108,520 

Total Service Area 
Population 50,300 55,170 87,840 135,650 

Peroent Served 28 40 70 80 

ANNEX TABLE IX-C-2
 

TOTAL SERVICE AREA (ha)
 
COTABATO CITY WATER DISTRICT
 

1976 1980 1990 2000 
COMMity Served Service Area Service Area Service Area Service Area 

Poblaoion 
 98 98 174 217
 
Rosary Heights 236 236 507 782
 
Bagua 13.5 13.5 42 143
 
Tamontaca 19.5 19.5 90 145
 
Xalanganan 
 - 32 
Total Service Area 367 367 813 1,319
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- The resultant areas to receive internal network system are
 
given in Table acoorcdrin to aerviAnnex IX-C-3* ". it-a,,%nd
 
Annex Table U-C- 4 , accor4ing to oon itruotion phaso. It I.s also
 
been assumed that distribution system pipelines passing
 
through the service area will provide service to the areas within
 
50 meters on each side of the pipelines. The oorreaponding ar a 
served by the distribution system pipelines are listed in Annex 
Table IX-C-5, according to construction phase. The net ares 
served by internal network system are shown in Annex Table I -c-6. 

ANNEX TABLE IX-C-3 

TOTAL AREA SERVED BY INTERNAL NETWORK
 
SYSTM, BY SERVICE AREA (ha)
 

19901S0 1 2000 
___it Serve& Service AJ/ Servioe Area Service Area 

Poblacion 90) 98 148 206 
Rosary Heights 95) 236 406 665 
Bagua (7 13.5 34 115 
Tamontaca (10) 19.5 68 123 

Kalanganan - -

Total (202)?/ 367 656 1,134
 

ANNEX TABLE IX--C. 4 

TOTAL AREA SERVED BY INTERNAL NETWORK 
SYSTM BY CNSTRUCTI0oN PHASE (ha) 

Phase I-A Phase I-B Phase II-A Phase II-B 
Cesm ity Served ( ( (1991-9) (199f 0(X)j 

Poblacion 90 33 25 29 29 
Rosary Heights 95 141 170 130 129 
Bagus 7 7 20 41 40 
Tamontaoa (10) 34 24 28 27 
Kalaganan - . . 

Total (202)/ 215 239 253 225 

Cmulative
 
Total 417 656 909 
 1,134
 

i/Reuainder of the 1980 servioe area not served by 1980 will be 
served by 1985. 

2/Area served by 1980, including the immediate improvement 
program pipelines.

/Area served by 1980. 
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ANLfX TABLE IX-C-5 

INTERNAL NETWORK ALLOWANCE MOR DISTRIBUTION PIPES (ha) 

Phase I-A Phase I-B Phase I-A Phase II-B 
Community Served (1981-85) (1986-90) (1991-95) (1996-2000) Total 

Poblacion 
Rosary Heights 
Bagua 
Tamontaca 
Kalanganan 

-
8 
-
5 
-

15 
55 
10 
-
-

-
34 
10 
-
6 

-
48 
5 
-
-

15 
145 
25 
5 
6 

Total 13 80 50 53 196 

ANEX TABLE IX-C-6 

AREA SERVED BY INTERNAL NETWORK SYSTE (ha) 

Phase I-A Phase I-B Phase II-A Phase II-Bnity,Serve(181-8) (1986-90) (199125) (1996-2000) 
Poblacion 
 90 33 10 29 29
 
Rosary Heights 95 133 115 
 96 81
Bapua 7 7 10 31 35Tamohtaca 
 10 
 29 24 28 27

Kalang:anan - _ _ -

Total 202 
 202 159 203 
 172
 

Area Served by Dis­
tribution Pipe­
lines (ha) 
 80 50 

Cumulative Total
 
Equivalent Internal 
Network (ha) 
 417 656 909 1,134 

Number of Service Connections 

The number of service connections to be installed is obtained
by dividing the served population (see Annex Table IX-G-i) by the
 
averauze number of persons per connection. The estimated ntuber of
service connections for each community within the service area is

presented in Annex Table IX-C-7 by service area and Annex Table 
IX-C-8 by construction phase.
 

!/Includes area served by distribution pipeline. 
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-AANYNLETLE IXC-(-j 

SCHEDULE FOR SERVICE CONNECTION INSTALLATION 

1976 1980 .1990 20'D0 
Service Area Service Area Servioe Area Service Area 

Poblacion (774)* 501 2,645 3,520 
Rosary Heights 779) 420 2,751 4,220 
Bagua 150)* 74 416 970 
Tamontaca 39)* 23 212 433 
Kalanganan - - ­ 160
 

Total (1742)* 1,018 6,024 9,303
 

Cumulative Total 1,742 2,760 8,784 18,087
 

ANfEX TABLE IX-C-8 

SCHEI)ULE OF SERVICE CONNECTION INSTALLATION 
BY CONSTRUCTION PHASE 

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

Comnunity Served Program (1981=5) (1986-90) (1991-95) (1996-2000) 

Poblacion 501 952 1,693 1,452 2,068 
Rosary Heights 420 974 1,777 1,719 2,501 
Bagua 74 151 265 382 588 
Tamontaca 23 87 125 191 242 
Ralanganan - -

1,018 2,164 3.860 3,821 5,482 

Cumulative Total 
(including existing 
1,742 connections) 2,760 4,924 8,784 12,605 18,087 

Rate per Year 509 433 772 764 1,090 

*Ezieting service connections 
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During~diir~ -hte4 duri tlvi; ~~ tg ifrimiiate 
improvement prograin, rt is expecited 1hat some existing service con­
nections will be identified as major sources of leakage. It has 
" hetfor bter. antioipated that 20 percent of existing service con­
neo-ion6 will requir m rO eprir or raplacement hY 19801 amd that 
the remaining 80 percent will be repaired or replaced during Phase 
I-A. 

Areas Reoeiving Fire Peotection 

The total area to receive water supply Iy 2000 will also receive 
fire protection by the same year. A high level of fire protection
 
will be provided for areas where high property values or high popu­
lation densities are expected. Hence, 44 percent of the poblaoion 
and 23 percent of Barrio Rosary Heights served areas will receive 
highr-level fire protection, The rest of the communities served will 
be provided with normal residential-type of fire hydrant service. 
The aohedule of fire hydrant installation is presented in Annex Table 
IX-C-9. 

ANX TABLE IX-YC-9 

SCHEDULE FOR FIRE HYDRANT INSTALLATION BY 
CONSTRUCTION PHASE 

Areas Reoeiving F'ire Protection 
Phase I-A Phase I-B Phase II-A Phase li-B 

CoM~mty ered (1981-85) (199 q1-95)_ (1996-2Q00) Total 

Poblaoion (90) 123 25 29 29 206 
Rosary Heights (75) 236 (75) 170 .130 129 665 
Bag (7) 14 20 41 40 115 
Tamontaoa 44 24 28 27 123 
Kalanganan - M -__ 

(171) 417* (75) 239 253 225 1,134 

Cun=lative Total 417 656 909 1,134 

* Total area receiving fire protection includes both the hig,­
value residential, commeroial and industrial areas and the single-family 
residential areas. Figures in parentheses indicate areas to receive 
higher level of hydrant service. 
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Distribution Syetem OCimpute? Printoutr 

The comeptier priuo,ut, (Avnex Ta!ble. IU0-G11, 1,-C-11 and IX-U-12)
indicate the eati~rted "within the C0T .WD distrI­
bution system in the year 2000. The peak-hour and minimum-flow condi­
tions are included as representative of the design conditions at that 
time. The .ioail conditions for 6ome pipeines may not have been 
the peak or minimum conditions, iut the majority of proposed pipelines 
are carrying design flou-s during peakc-hour conditions* 

,The format cf Anrnex Tables IX10, IYI-C-1 and IX-C-12 iz dis­
cussed in Chapter XII of "he Methodology Manual. Pipeline numbers 
from I to 66 shown on the computer printouts are existing pipelines
that were retained and incorporated in the long-range program. Exist­
ing pipelines that are to be replaced immediately are those nurn'ered 
from 400 to 447 as shown on the printouts. Thc 11200" series pipelines 
are pipes to '" installed to satisfy 1990 oonditions. The "300" 
series pipelines are to satisfy the 2000 design conditions. 

Some of the pipelines in the recommended construction program 
may appear to be in a construction phase not indicated by appropriate 
pipe numbers. This may result from other conditions governing the 
staging of recommended facilitiese 
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C :.," C[IY WATFR .ISTRICT YFAR 2)01 PFAK HOUR CONOITION 

IA'->V AND )UTPLJT IN LPS 
Nil)E' , : NQ 25 

NtO i PIPES 
MAX Nr OF ITFPATIONS 20 
P:,- KI: f FACTOR I .75000 
At;i" ' -D JP FR/STATIC - PCT 3).0 
S ]c HGL FOR P-)POP CALC 53.D 
Mi- UNAL - LPS 0, !J0 
,vAX ALLOW VEt -MPS .,0 

L!.")W VFL - kPS . 4 0 
MA'. ALLOW IL - M/IIO)O M I(.oo 
Mi . ALLnW HL -- M/1O00 M 0.30 
MAX iALLOW PRESS ATM
- 7.DUO 
M;; :".LLOW PRESS - ATM 0.700 
V-1 UF HEADS T3 BE R FAD I 
N OF UNKNOWN CONSUMPTIONS I 
SuM OF FIXED DEMANDS 137.67 
8.Alqw I TH 18 

!t 1 UNBAL 79.38 LPS 
IIFi 2 UNBAL 39.86 LPS 

,I- 3 UNBAL 26.25 LPS 
I, 4 UNBAL 12.02 LPS 

r. UNBAL 5.0, LPS 
I"E- 6 UNBAL 2.26 LPS 
TIF1-, 7 UNBAL 0.82 LPS 
I, f 8 UNBAL D1.16 LPS 
i"~, 9 UNBAL 0.02 IPS 

SCLUrION NO. I PEACHED IN 9 ITERATIONS
 
0.0208 LPS UNSALANCE
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ANNEX TABLE fLXC-1-0 (oniniued) 

I 2 ?50 400. 90 0.24?E-02 34.75 0.71 1.7? 4.31 
2
3 

3 
4 

250
253 

700. 
[ .. 

90 0.423F-02 
"-'. 

31. 76 9fr .55 
. 

3t5 

4 5 ?50 40J. 90 0. ?4?E.-O_ ??.98 0.47 0.bC66 :. 
5 
6 

6 
95 

250 
250 

380. 
28 0. 

90 
qV 

0.230F-02 
. 16QF--)2 

21.07 
12.51 

9.43 
).?5 Ln 

().6r 
. 

1.71 
0.65 

* 7 8 250) fk 0 .~Q4 3 3"-3 7J.. J. 15; L I0. 
9 

24 
11 
11 

21 
9 

13 
12 

250 
250 
250) 
250 

4:0. 
350. 
90. 

420. 

0 
9!) 
90 
q 

0 .29)7- 02 
0.21IF-)2 
0.175F-02 
0.254F- 02 

0.39 
6.5,1 
16.49 
5.1' 

3.01 L, 
J.13 LO 
0.34 LO 

1.,t2LO 

0.rq, 
J.,)7 
0.31 
0'05 

C . i 
0.19 
1.OR 
0.12 

' 

LO 

I0 
11 12 13 250 20. 9u .121F- )3 19.11 0.39 LO U.:;3 1.4? 
'" 13 14 200 200. 90 04358r-)2 16.3? J.5? 0.63 3.15 
,'- 14 15 200 90. 90 0.161F-02 11.75 0.37 LO n.15 1.71 

15 16 200 100. 93 U.179F-J2 8.86 J.28 L0 U. 1) 1.02 
6 16 17 200 100. 96 0.179F-0? 3.00 0.10 LO 0.01 9.14 LO 
' lb 11 150 190. 60 0.2'3 -01 4.42 0.25 LO 0.46 2.42 

;i 18 19 153 100. 60 1..154E-91 4.0) 0.23 LO 9.2 ?.01 
i9 19 12 150 160. 60 0.246E-01 3.93 1.22 LO 0.31 1.94 
20 506 18 150 200. 60 0.308r-01 7.04 0.40 LO 1.14 5.71 
21 
2 

5 
20 

20 
21 

125 
125 

660. 
360. 

60 
60 

0.247E J')
0.135E 00 

1.95 
0.73 

0.16 LO 
0.06 LO 

0.85 
0.07 

1.29 
0.21 LO 

.3 21 22 125 170. 60 0.636E-01 4.17 0.34 LO 0.89 5.26 
74 22 23 125 310. .116F 00 1.36 000.11 LO 0.20 0.66 

24 23 125 350. 60 0.131F 09 3.26 0.27 LO 1.1.7 3.33 
Th 25 24 125 520. 60 0.195F 00 1.52 0.12 LO 0.42 0.81 

7 
:! 

12 
27 

26 
26 

125 
125 

20. 
340. 

60 
60 

0.749E-02 
0.127F 00 

0.07 
0.46 

'3.01 LO 
0.04 LO 

O.')J 
0.03 

U.00 LO 
0.09 LO 

9y _8 27 125 200. 60 0.749E-01 1.88 0.15 LO 0.2'4 1.20 
4r) 29 28 125 140. (0 0.524E-01 2.49 0.20 LO 0.28 2.02 

29 30 125 260, 6LI 0.G73F-01 3.83 0.31 LO 1.17 4.5D 
30 31 125 240. 60 0.898E-01 0.77 0.06 Lr O.O5 0.23 LO 

, 29 84 125 120. 60 0.449E-01 5.21 0.42 0.95 7.95 
14 84 50 125 100. 60 0.374F-01 4.87 0.40 1O .70 7.02 
35 
i6 

7 
35 

.33 125 
34 125 

110. 
100. 

60 
60 

0.412E-01 
0.374E-01 

5.69 
0.24 

0.46 
0.02 1O 

1.03 
DOJU 

9.35 
0.03 LO 

37 35 36 125 170. 60 0,636E-01 1.02 0.08 LO 0,07 0.39 
38 36 38 15 150. 60 0.561E-01 t.08 0.09 LO 0.06 0.43 
.'9 40 39 150 60. 100 0.359E-02 1.83 0.10 LO 0.01 0.18 LO 
.0 41 40 150 170. 100 0.102F-01 2.57 0.15 LO 0.06 0.34 
41 ?3 41 150 150. 100 0.8'7E-02 3.30 0.19 LO 0.08 0.55 

2 38 42 125 180. 60 0.674F-01 0.91 0.07 LO 0.06 0.31 
43 42 43 125 230. 60 0.861E-01 2.81 0.23 Lfi 3.58 2.54 
44 43 44 1_5 70. 60 0.?62F-01 2928 0.19 1O 0.12 1.72 
45 
'Ve 

47 
24 

44 125 
47 125 

150. 
380. 

60 
63 

0.561E-01 
0.142E 00 

2.70 
3.85 

0.22 
0.31 

LO 
LO 

0.35 
1.73 

2.36 
4.54 

7 44 45 125 370. 63 0.139F 00 1.96 3.16 LO 0.48 1.30 
,8 45 46 125 70. 60 0.262F-01 0.99 0.08 LO 0.03 0.36 
49 44 91 125 70. 6J 0,262E-11 2.22 0.18 LO 0.11 1.63 
1. 91 99 1_5 6?0. 60 0.23ZE 00 ?.27 0.18 LO 1.06 1.71 

TY-0-O 



ANNEX TABLE IX-C-10 (oontinued)
 

FRhiM-TfC MM m k-s MPS--CK MT MT/I COD K 

4q 4q 125 320. 60 0.12 ) J) 2.32 0.19 LO .57 1 .7R 

1t0 5 5'-5 KI . 6 ,. 0,),'2. 0.,,:6F.,-oC,:.0 6.010 0.,4",3.,-I1t. 2 _7? 

'+ 51 
54 

54 125 
55 125 

161. 
200. 

6 
60 

0.59 -01 
0.749E-31 

4.47 
3.41 

1.36 
0.28 

L) 
LO 

U.96 
1.72 

5.99 
3.6: 

( 
' 

* 

57 
20 
99 

: 
56 
32 
48 

].25 
1.25 
125 
125 

0.Ro 
260 
ICO. 

60. 

60 

6.) 
to 

0.105F 00 
,C.IIr- , 
0.374F-01 
0.225E-0[. 

2.82 
4.0 
0.49 
4.68 

0.23 T 
3 1 L0 

0.04 1 
0.38 LO 

0.7k 
1..3 
0.01 
0.39 

' 
2.% 
5.) 
0.10 LO 
6.5 

7 250 
21 250 

180. 
10l1. 

0 
90 

1) 109F-02 
. iA4F-J3 

9.5? 
3.3? 

O.l LO 
0.07 10 

..07 
0.1 

0.3q 
0.06 10 

16 10 24 250 230. ,0 .139F-02 11.31 0.23 LO 0.12 0.54 
r) 57 71 150 100. 130 0.599F-02 7.06 0.40 LO 0.22 2.23 
i 71 58 150 80. 100 3.478[:-0? 2.41. 3.14 Lfl 0.02 0.31 

J? 58 59 150 10. I0 C.719F-0? 3.34 0.19 t.0 0.07 0.56 
)3 59 60 150 90. 100 0.53E-02 0.73 o.n4 1O 0.00 0.03 LO 
34 
,5 

6u 
63 

61 
62 

150 
10 

110. 
120. 

1j) 
100 

e'.659F-02 
0.517F-01 

2.79 
0.36 

3.16 
0.05 

LO 
1O 

0.,)4 
0.01 

0.40 
0.06 L0 

64 63 100 90. 100 0.393F-01 0.50 0.06 LO 0.01 0.12 LO 
*7 
)9 

65 
66 

64 1)0u 
65 100 

1.0. 
70. 

1.3 
100 

0.474F-JiJ 
0.302?E-3I 

0.67 
0.27 

0.09 L0 
3.03 LO 

0.02 
0.00 

0.21 LO 
0.04 LO 

'9 
I.) 

13 
72 

72 
73 

100 
150 

60. 
190. 

100 
IWJ * 

0.259F-01 
.114F--1 

0.62 
8.39 

0.08 LO 
0.47 

0.01 
0.58 

0.18 
3.07 

LO 

4 73 74 150 9). I0v C.538E-02 5.08 0.?9 LO 0.11 1.21 
.2 74 75 150 110. 100 0.653F-02 3.37 0.19 LO 0.06 0.57 
!3 75 76 100 90. I 0.388F-01 1.13 0.14 LO 0.05 0.54 
i4 7J 66 100 130. 100 0.5601-01 3.50 0.45 0.57 4.39 
5 17 70 100 120. 100 0.917F-01 3.92 0.50 0.65 5.40 
, 
7 

76 
78 

17 
76 

IOU 
100 

70. 
160. 

1)0 
100 

0.3)?E-ol 
0.689F-01 

1.76 
1.38 

3.22 LO 
0.18 LO 

0.09 
0.13 

1.23 
0.79 

' 65 61 150 90. 100 0.538F-02 8.77 0.50 0.30 3.34 
') 69 65 150 130. 1),) 0.777F-02 10.22 0.58 0.5? 4.43 

16 69 150 120. 100 0.718E-02 11.49 0.65 0.66 5.50 
. 75 16 150 60. 100 0.359E-02 6.67 0.38 1O 0.12 2.01 

* 

77 
86 

75 
80 

150 
150 

150. 
260. 

IJJ 
100 

0.897E-02 
0.155E-01 

5.47 
11.5? 

0.31 LO 
0.65 

).21 
1.44 

1.39 
5.53 

4.) 
-)5 

80 
64 

77 150 
60 100 

160.. 
80. 

103 
1j 

0.957F-02 
r).345E- )1 

6.89 
2.81 

0.39 LO 
0.36 1O 

0.34 
0.23 

2.13 
2.92 

3 6 68 64 10 130. 100 0.563E-01 3.59 0.46 0.60 4.59 
7 89 68 100 60. 109 0.259E-01 3.90 0.50 0.32 5.35 
.8 79 74 1)0 303. IJJ 0.129E UO 1.66 0.21 LO 0.33 1.11 
;9 83 79 100 260. 100 O.tIE 00 3.64 0.46 1.23 4.72 
*30 33 85 100 120. 100 0.51IE-01 5.49 0.70 1.21 10.09 HI 
31 
2 

63 
67 

59 
63 

100 
100 

80. 
130. 

IOU 
lOu 

0.345E-1)1 
0.561E-01 

2.72 
3.63 

0.35 
0.46 

(-0 r).?2 
0.61 

2.75 
4.69 

113 14 67 100 120. 100 0.517P-01 4.72 0.60 0.91 7.62 
.let 73 14 1.00 60. IOU 0.259F-11 1.19 0.15 1O 0.04 0.60 
)' 73 31 100 60. 103 0.?rqE-01 1.37 0.17 LO 0.05 0.77 
. 37 36 100 100. 10 0.43LE-01 1.67 0.21 1O 0.11 1.12 
'Q 22 37 100 1U0. 100 Q.431F-3u1 2.16 0.28 LO 0.18 1.80 

IX-.-1O
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ANEX TATILE IX-C-I0 (continued) 

N : iT,.-rT mr 1 'l' r....U Nir i/ 000 CKl 

2"t3 L05 104 150 
.105, 5). 5 

260. 
61ri 

1T," 
1 

... iF-.1 
,0. 1 

1.99 
R, 76 

0.11 
:,0 

LO 0 J6 
-: 

'J,. 
3,~ 

L3 

9 
016,
lOb 

150
153 

e)40. 
700. 

1 0 
100 

,3 -: 
".4 19E- )1 R.99 

0, L L
0.51 

. 5 
?.44 

0.23 
3.4,. 

LO 

1!06 55 150 500. 100 '.29,1F-31 3.49 0.20 LO 0.3C 0.6 .. 
. 56 107 200 460. 110 0.56,S*-02 22,30 0.71 1.78 3 , 

:, 1. 
71 

IlLn150 
112 100 

50. 
120. 

100 
1'Jt0 

0. 2'9F-01I. 
0i 517F-:')1 

V.2 
3.84 

i 
0.49 

3.,., 
).62 

6..45 
5. 0C0 

. 112 113 100 220. 100 O.q4BF-01 '2.19 0.28 L,:' 0.41 1.,34 
113 

ki9 
114 
113 

tO0 
100 

200. 
160. 

10) .E62F-0l 
9 1 3 .F ?F-91 

2.45 
4.09 

1.3l t.O 
3.52 

0.45 
-.t 

27 
5.86 

l 114 150 200. 100 .121F.-O I L2.b1 0.73 1.35 6.73 
66 61 100 140. 100 0.603E-01 2.39 0.3) L) 9.3R 2.16 
90 
90 

57 200 
62 100 

90. 
160. 

110 
10:) 

9.1IIF-02 
0.689E-01 

25.40 
3.06 

0.81 
0.39 LO 

3.44 
0.55 

4.q3 
3.41 

62 58 130 BO. 100 0,.45iE-O1 2.17 0.28 LO 0.15 1.3'1 
'. 12 90 200 240. 1lIU.26F-iJ2 30.34 0.97 1.65 6.86 

2 15 89 100 7J. 100 0.352E-01 4.26 0.54 0.44 6.32 
: 7 15 100 60. 100 0.259E-01 1,85 0.24 LO 0.08 1.35 

II 25 150 20. LO0 0.120i-02 4.13 0.23 L0 0.02 0.83 
80 78 100 Z0. 100 0.943E-01 2.38 0.30 LO 0.47 2.15 

, 185 
..85 

84 
123 

100 100. 
210. 

100 
10 

0.431F-01 
..935F-01 

0.54 
3.06 

0.07 LO 
3.39 LO 

0.01 
0.72 

0.14 t.l 
3.42 

:50 123 100 o00. [C) o.862E-01 0.14 0.02 Un 0.00 0.0 1.0 
.' 21 35 150 200. 100 O.1?OE-01 11.61 0.66 1.12 5.60 

7 3 96 150 18:). 100 0.108F-01 0.33 0,02 LO 0.00 0.01 LC 
,. 39 38 150 ?0. 10 0.1.2jF-O? 1.10 0.06 LO 0.0.0 0.07 10 

35 94 150 300. 100 0.179F-01 9.52 0.54 1.16 3.88 
. 98 99 150 320. 1). 0.1SIE-CI 3.90 0.22 1O 0.24 0.74 
. 9A 49 150 60. IOG 0.2591-01 1.56 0.20 1O 0.06 0.98 
V,. 96 97 150 300. l1U 0.179F-01 9.29 0.53 1.11 3_.71 

-'' 36 38 150 150. 1' a.P.V7E-07, 2.90 0.16 LO 0.06 0.43 
38 42 150 180. lOG C.108E-0. 2.45 0.14 1O 0.06 0.31 

, 95 7 350 180. 120 0.124F-03 30.75 0.32 LO 0.07 0.3q 
8 21 350 110. 12 ).157E-C-4 10.73 0.11 LO 0.0] 0.06 1.1 

',;, 10 24 350 230. 12i U,158E-03 36.51 0.38 t0 0.12 0.54 
2"0 
;1'i 

47 
24 

91 
47 

150 
150 

100. 
380. 

100 
109 

0.'3F-02 
.J.227F-9l 

10.53 
10.37 

0.60 
0.59 

0.47 
1.73 

4.68 
4.54 

- 52 53 100 280. 103 0.11E 00 0.49 0.06 LO 0.03 0.11 LO 
v., 51 52 100 180. 100 0.776F-01 1.22 0.16 LO 0.11 0.63 

?6 72 150 10. IC 0.5S817-03 9.57 9*54 0.0nt 3.92 
s D603 105 150 500. 100 0.299F-01 2.64 0.15 L0 0.18 0.36 

Yt) 2 0 88 400 300. 120 0.108E-03 153.00 1.22 1.20 3.99 
.) 4 100 15U 560. 1'P, 0. 335F-.1 11.22 9.64 2.95 5.27 
I I00 101 150 360. 100 O.-15E-Ol 6.10 0.35 1O 0.61 1.70 

,1J2 101 102 150 480. 100 0.281F-01 3.89 0.22 LO 0.36 0.74 
3 
i4 

103 
102 

102 
104 

150 
150 

470. 
520. 

Lou 
jai 9.71F-0 

1.2ql1-.l1.7L 0.10 LO 
2.42 0.14 1O 

).08 
0.16 

G0.16 
0.31 

10 

93 115 200 360. 110 0.4'5F-02 17.95 0.57 0.93 2.59 
:), 115 116 150 660. tOo 1.395F.- 01 3.46 0.20 LO 1.39 0.6) 

IX-4-12
 



ANNEX TABLE IX-C.-10 (continued) 

V VAY1.; ... --VFL-
. 

-4HF AI- . 
MT '4T/ 199I CK 

: I 1 117 15 0 4 4. 1JO 0.263F-O1 5.30 0.30 LO 0.58 1.31 
..5 0 6-0 ,p 1 1-56 0 0- P .0 0 -0 9 0 .14 trU 

310 
.. 

1 19 
94 

120 
120 

153 
150 

600. 
500. 

I ), j-
110 

-L 
0.2VE- 01 

2.17 
£.13 

0.12 
0.29 

LO 
LO 

0.1;:, 
0.62 

0.25 
1.23 

LO 

:,1, 

) 
7'1 

109 

li 
1;)8 
108 

151 
1 0 
150 

7Q0. 
5-30. 
460. 

lOI, 
1J 
100 

3.IF-O1 
0j3 17F-J1 
0.275E-01 

2.40 
4.43 
2.20 

0.14 
0. 54 
0.1-2-0 

LO 0.20 
2.Ot+ 
0.12 

0.25 
3.85 
0.26 

1O 

LO 

Al'] 11 
I 

109 15') 
*H :113 

401. 
60 0. 

10o 
IOJ 

0.239E-ul 
u 0 359€-01 

5.7) 
4.02 

0.32 LO 
0.23 LO 

1. 60 
0.47 

1.50 
0.79 

_ 7 119 15-0 5P0. 0 Q.335F-1 4.90 ).28 LC 0.63 1.13 

1 115 119 151 30 -. I 9F79F-)1 6.67 0..3 LO 0.6, 2.11 

519 4 116 150 760. ICt 0.455E-01 11.63 J.66 4.27 5.62 

IX.C-13
 



-- 

AVNEX TABLE IX--
 (continued)
 

i 
i'- *. .. . ­

: 1-f V i:S ATM- .. CK PCI DROP---CK 
1 147.0010.0 
 5 .9CU 49.93 4.83 
 -16.05


" 56. 19 5.44 -10.15
2.0 -4. 5 55..2U4 2).0 5.19 -5.14-9.78 50.6:U 4l.6 4.71 4.66

5 10.0 -.. 13 49. 82U 39.82 3.85 ".406 lU.0 -4.16 49. 17U 39.17 3.79 8.90 

I D3- 0 - 3.0o(1. ,; .2U 38.9?- 3.1710.0 -8.71 4,,.90U A8.90 3.77 9.47 
9.54
15.0 -7.4f 48.qU 33.89 3.28 I.91
12.0 -3.49 49.18U 37.08 3.59 9.55Ii 15.0 
 -61 4 0.4U1J 34.40 3.3312 5.0 -2.92 49.35U 44.35 4.29 
9.48 
7.61
13 3.0 
 -2.17 49.32U 46.32 4.48
14 7.36
3.0 -1.05 
 48.6U 45.69 4.42 
 8.62
15 2.0 -0.47 48.5311 45.53 4.41l 
 3.0 -1.05 48.43U 45.43 4.40 
8.93 
9.14
17 3.0 -0.84 4b.42U 45.42 4.40 
 9.16
18 
 20.0 -1.75 49.86U ?9.86 2.89 
 9.52
[9 20.0 -J.88 49.66U 29.66 2.87 
 1).13
?0 10.0 -0.73 48.97U 38.97 3.77 9.38
21 10.0 -0.65 48.89U 38.89 3.77 
 9.55
22 10.0 -1.65 48.00 U 38.00 3.68 11.63
23 15.0 -1.31 47.79U 32.79 3.17 13.70
24 12.0 -4.36 48.96(j 36.96 9.85
3.58 


25 15.0 -2.61 49.38U 34.38 3.33 9.5?
26 5.0 -2.08 49.350 44.35 4.29 
 7.612" 3.0 
 -3.78 49.38U 46.38 
 4.49 
 7.24
28 3.0 
 -5.76 49.62U 46.62 
 4.51 
 6.76
?9 3.0 -2.45 
 49. 9 0U 46.90 4.54 
 6.20
30 3.0 
 -3.06 48.73U 45.73 
 4.43 
 8.53
31 3.0 -2.13 48.68U 45.68 4.42 8.6432 10.0 -0.49 4H.QU 38.96 3.77
33 10.0 -1.71 47.89U 37.89 3.67 
9.40
 

11.8834 1(. 3 -0.24 47.77U 37.77 
 3.66 
 12.1635 
 10.0 -1.71 47.77U 37.77 3.66 
 12.16
36 10.0 
 -1.47 47.710 37.71 
 3.65 
 12.31
37 10.0 -3.49 47.82U 37.82 3.66 
 12.05
38 12.0 -1.71 47.64(l 35.64 13.07
39 12.0 -0.73 47.64U 35.64 
3.45 


40 13.0 -:. 73 
3.45 13.07


47.b5U 34.65 
 3.35 
 13.3741 13.0 
 -0.73 47.71U 34.71 
 3.36 
 13.22
42 10.0 -2.45 47.59U 37.59 3.64 
 12.59
43 1U.0 
 -1.96 47.[OU 37.01 
 3.58 
 13.95
44 10.0 
 -).98 46..8U .346.88 3.57 
 14.23
45 10.0 
 -0.98 46.40U 36.40 3.52 
 15.35
46 10.0 -).98 46.370 36.37 3.52 
 15.41
47 10.0 
 -. 98 47.23U 37.23 3.60 
 L3.41
43 3.0 -1.00 45.32U 42.32 4.10 
 15.36
49 3.0 -5.25 45.8AU 
 42.89 4.15 
 14.12
50 3.0 -5.67 48.25(U 45.25 4.38 
 9.51
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ANNEX TABLE IX..C-I0 (oontinued) 

£L1V A T m -- ­ ' ( I . 

-J 10.0 -0.3 
., 73 

47.831)
47 72"1 

37.83 
41.7? 

3.66 
4.0'-

12.02 
11[?4 

j 6..0 - 49 ,;7 :j 0 1)4.04 11.31 
5.0 -3.92 46%8711 41.87 4.05 12.76 
5.0 -5.65 46,15U 41.15 3.98 14.27 
8.0£0 10 -3,9 1S(.1 37.43 3.6? 16.8213-. 3 F, 
4.0 -. 24 7.0 IU 43.01 4.16 12.22 

59 3.0 
3.0 

- .. 4 
-­0.75 

46.94U 
46.94U 

43.94 
43.94 

4.25 
4.25 

1.,I1 
12.12 

061 3.0 - . 4 46,1It9( 43.9) 4..2 5 12.21 
4.0 -I. 24 47.16U 43.16 4.18 11.93 

6? 3.0 -1.05 7.1 U 44.16 4.28 11.67 
034 --.94 47.17tj 44.17 4.28 11.65 
05 
h 6 

3.0 
3.0 

-lIf)5 
-­0.84 

4 7. CU 
47.20U 

44. ?) 
44.20 

4.28 
4.28 

11.61 
11.60 

67 3.0 -9.84 47.77U 44.77 4.33 10.45 
6"1 .0 -0.75 47.77U 44.77 4.33 10.46 
6 9 3.0 -0.84 47.77U 44.77 4.33 10.45 
70 3.0 -u.65 47.77U 4/4.77 4.33 1,r.46 
71 6.0 -3.80 47.04U 41.n4 3.97 12.69 
72.- 5.0 -1.80 49.31U 44.3t 4.29 7.69 
73 3.0 -0.75 4,.72U 45.72 4.43 8.55 
74 3.0 -1.52 4.t1U 45.61 4.4? 8.77 
75 3.0 -1.03 /i8.550U 45.55 4.41 8.89 
76 3.0 -0.75 48.30t 45,50 4.41 8.919 
77 3.0 -1.42 48.76U 45.76 4.43 8,48 
78 3.0 -1.00 4b.63U 45.63 4.42 8.74 
7P 3.0 -1.98 48.95.) 45.95 4.45 8.11 
HU 3.0 -2.26 49.1OU 46.10 4.46 7.80 
83 3.0 -1.33 50.17U 47.1l 4.57 5.65 
114 3.0 -3.01 48.95U 45.95 4.45 8.10 
85 3.0 -1.89 48.96U 45.96 4.45 8.08 
86 3.0 -1.73 50.54U 47.54 4.60 4.92 
87 3.0 -18.88 51.370 48.37 4.68 3.27 
88 3.0 -17.95 52.22U 49.22 4.76 1.57 
49 3.0 -0.37 48.09J 45.09 4.37 9.82 
C40 8.0 -1.99 47.70U 39.70 3.84 11.77 
91 10.3 -3.67 46.77U 36.77 3.56 14.50 
9? IO.0 -?.69 46.02U 36.02 3.49 16.27 
93 10.0 -3.90 47.69U 37.68 3.65 12.38 
94 
pr 

10.0 
10.0 

-4.3'9 
-1.71 

46.61U 
48.9WU 

36.61 
38.99 

3.54 
3.77 

14.87 
9.33 

96 10.0 -1.q6 4 " .B89U 37.89 3.67 11.89 
97 10.0 -4.39 46. 78U 36.78 3.56 14.48 
98 3.0 -10.52 45.95U 42.95 4.16 14.11 
99 3.0 -12.25 45. 71IJ 42.71 4.13 14.58 
0 4.0 -5.13 47.67U 43.67 4.23 10.87 

101 3.0 -Z.20 47.u6U 44.06 4.27 11.88 
102 3.0 -3.18 4f-.71U 43.71 4.23 12.59 
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AON.X TABLE IX-C-10 (oontinued) 

FLEV L'V A": - K i, nr ---­

5.0 -5.86 46.78U 41.78 4.04 12 

..0 -7.3., 46.60U :+..60 4.22 12..%O 
3.0 -7.58 46.45U 43.45 4.21 13.10 
3.0 -12.83 43.655U 40.65 3.94 18.70 
3,0 -11. 6' 1 . 61 J 3 ,!.6, 7 4 ti 

3.0 -3.5) tl.,3U .i3.".7 3.75 22.54 
110 2.0 -4.0? 41..85U 39.85 3.86 21.85 
iLl 3.0 -2.30 42.33U 39.33 3.81 21.35 

K 3.0 -1.64 4(.41U 43.41 4.20 13.18 
1 3.0 -3.83 46.01U143.0 1 4.16 13..S9 

3.0 -2.75 45.r5U 42.55 4.12 14.90 
1.0.9 -7.82 4f,. 74U 36.74 3.56 14.55 

1L 3.0 -9.78 4t.35J 43.35 4.20 13.30 
IL? 3.0 -6.86 45.77U 42.77 4.14 14.45 
L19 5.0 -3.Q2 45.860 40.86 3.96 14.87 
lV 8.0 -3.92 46.J4U 38.14 3.69 15.?4 
120 3.0 --4.90 45.9SU 42.99 4.16 14.02 
21 1U.u -6.37 45.79U 35.79 3.46 16.76 

122 3.0 -29.13 4,.39U 43.39 4.20 13.22 
123 3.0 -3.20 48.24U 45.24 4.38 9.51 
121 3.U -7.61 4H.17U 45.17 4.37 9.65 
125 
200 

3.0 
8.0 

-8.1? 
153.00 

56.73U 
53.41U 

53.73 
45.41 

5.20 
4.40 

-7.46 
-0.92 

46.0 137.67U 5I.L.O 5.00 0.48 LO 28.57 
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YEARH 2000 MINIM FLOW 
(TUML SPRING AS MAIN SOURCI) 

(~ITY Wt," 'AINTCI -YI-AP ?')MINIMUM FLoW CONDITIoN 

IN~ 1I~Th) !t..TPtJT TNLS
 
~i ~f S 1i2
 

AU I'd "'If) cK/STAiTI'O - PCT 36.0 
S 1 (I-L r-CR fALC r.30I jr)R(:f.-

t.LIW~ V'L -M I'S .3 i~ 

? ) 1.01 - 0.00t.L) ;L M/Pll'..c i (j 

NP LL .Y HL (i), M 0.30
-M/1l 


M )L L PW f'p!-S r - A TM 7.,000 
Mlv l L k"' - ATM070*'-'7.N S 

Lv' * 'fF lI31 MANII.J$ -1 17.97 

1
T~~~* NAL 70-3(J LPS 

tIAL 3A5 90TNc 9LPS 

Ui'~ AL 1b.11 LPS 

'III~NA'AL 3.11 LPS 

I I U NJr'".,L 0,19l LPS 

"Mil' NI 1 .FACHfl' IN b. ITERATIONS 
C',(0! 69 LPS UN'ALANC L 



ANME TAIL! IX-0-11 (continued) 

P1 .! -. '.1 / .. .. ' *. .. 1 ... .... r. . ' 
" "i-M--i. Mw t" . L 

U;' .r L L~h. L~-... p:;fi ...... 

MPS--CK MT MT/hOO CK 

I ' 2 .i Y0'.? - 1 34. '1 1 'itI.7 - . 
2.9 4.4.24 

J 2-0, 3'i.05 .69 .0hb ,W.t .15 
? 0, ,,, "'0 S'7' t.) .2W,.4. F- 0'. 29 . C13 r 1 1,30 .. Z 

6 ? . • ,j , (,.'4(.F-02 26.5,i .5 1.16 ".'t. 

7 	 ??';,) -. '", u.4'L- U 24.46 0 U0.1 2.25 
.?1 "' 25.' 4. t 0,23 ." -02 3,51 (.48 1.00 2.092' 0." '. r . 'o 0 ?h.-0 22.54.o6Ij (4.46 15,4 

1:' . . Thi . ' .rfl ',17':,F-02 2. o .,45 0.55 1. 9 
I.L 11. 1 4o * 0 '",.E-02 9.17 .vI LO Q0.15 ,37
1 i. , 12 ,r .'. C. 2 'IF-03 1.17 (02 10 0.o0 1).0I L P 
. I1.'i ?fio . . " us 1 ..F-2 0.89 0.03 til (0 "1 Lf.)
I 	 11 2-)0 4o 1i1F-02 n.Ft r,.03 L' 0,00 n".i '714 	 1U 0. 

6 1o. U. O P. .- 0.17'-a? 0.71 C.02 LO 0.00 0.01 LU 
1 17 1. 2 .0 11C, 0 O , T.79F-;)2 0.07 OoOL0 0 0.00 O0 : Lm
17 11 1P 1( I],m, tO 0 .,?03-o,1 4.?6 0.24 L) 0.,43 2.26 

t') IP I., C I' 6, 0.5.4c-01 2.P2 .1S 	 1.f5I 91t. 04I 
I'-t' ql ' P).a e. U.2 4 f-0I1. 2,4 0.16 LO U.17 1l.D6 

. , liP ..- ,. L, 0.t'bL-0 6.03 0.34 L 0.86 4.09 
'i ?0 12", 6-6.to., fe0. 0.247E 90 2.96 0.24 LO l.bt. 2.d0

." 2] 1?. 31)u. 6,; 0.l.3"iF O0 2.75 0.22 Lf 0.88 2.4 
' 	 &I;,- A. 0m-06rn 1 2.73 Ot.22 L - 0.41 2.40

.'4 e2 z3 125 310. ,0 P.lIbE 0" 1.3 0.16 L 0.39 1.26
 
. ?3 .-4 175 3.,.o. t,( o.131F O0 a.8u .23 Lt UORP 2.53
 

.C 	 2. 2 '1,. . ,0 . ' !E (,'0 2.43 0.20 LP 1.01 1.-4
 
21 1?? 125 2'.C .o0 74,E'-. -, 1,29 1910 L0 0901 0.,0

?'. . 1-' , (0 0.127F On 1.19
?7 

w Z: (.,10 LC 0.18 0.52?7 125 6'.(!(. () *74 QL-, 1,21 (isl10 tO 0*11 0*'53 
.'.5 	 60?', 12, 1. . 4 -OJ 1.30 .11 Ln 0.09 Oetl 

'1 29 3 0 1?" ?0. . 0 .973E-O1 1.63 Ot13 L O 0.24 Q .'-,2 
' . '1i 2 t1 ?-t0. 6'', . 0. t .06 -O 1 1.10 O.0 LU 0.11 0.45 

.vq 121 .U. 1 O0.44 1-OI 0o64 (i.05 LU 0.02 0.10 Lt.! 
,114 12d-'. o1 0,37',E-0I 0.61 0.05 Lrl 0.01 0.15 LO 

7 1 110. 0 -o1?5 i l.lsF 1 . 7 .1 1 0.11 0.9b 
-, 3'j .34 1? 1 -l.r). 6V 0.374.-01 0.04 (.00 L' 0.00 0.00 LI 
47 4'i u 1? 170. r)0 006obF-0l 2.46 0.220U LI 0 e,34 .9Q8

" 1 175 1". 60 .5 b.t-01 2.55 0.21 LO 0.32 2o1.4 
, 0(.150 el.. 100 0. ,$ li.'-OZ I ab 0.08 L V O.O1 0.10 LU ,,' 41 41 10 ' 16 0. 1 :1'"-01 1,23 0.07 LO 0.01l 0,09 Lo 

1 	 41 . I',i.', P",. .975-o? 1.1 0.06 Lil 0.01 0, 07 1O
,2 125 1,)P. 61 0.,74:-01 2.07 1917 L11 0.26 1o,,5

-3 4' 43 1? ?i., ,%) U.hlu-OI 2.24 tieoI L;J 03q 1.67
 
,.4 '+1 4 170, 
 CI V., .- - 01 2.15 .18 L tr 0.11 1,9'A
 

r, 44 47 1?5 1')h. O.5IF-01 
 1.24 0.10 LU 0.00 O.'86 
1 Il 0.75 LO 0.08 O. 2Lh14 47 ! !. 'i, b 0 602. O., 0.06 L-

t'I 41' 4 ' 125 .37"1. e, e)el 00 0 .34 t.0'4 LU 0.02 0,sI 1 L0 
,,,p 41 46 1 7(. ,0 0.' 2F-0. 0.1 0.,1 O OO0 0.01 LrP 

..,) 44 11 1 70f. 0, U.20? kt-0 L 168 U.14 L9 0o07 0.47

",I 91 , q I1 6"Q C .23' OV 2.10 r).17 LO 0.92 1.48
 

z~om-1 8 



NN-E-X TAI-L , .. Ii (o ,tizvuad) 

O.'S-.. K ml 	MT/C(0. cf,
 

- t - 119 1 5 ". . -,. . .", 	 w.:lL -1:.0: t U. L ti t 	 I U . .17 


0.0 t 02 1 
,0 '1 12 "c,. . -- ,i ..3 , i;0 . L i. 0.0 0 -?? L P 

',, 	 ' t 4 " 11,. ',f .. V,7.J] 0.77 0 5 LiO 0.04 0.23 LC 
5'. ''. f2t 0.5f., 0 ' . L'J 0 3 0.14 L(.l

' 
' :" . 5 	 ,: ,, ) 2 ' ' :'L: 0.4
; -1 ., l. 	 ... 0 1 .73
 

,, 57 12 L 0.10 0.28 LfJ 
. ':1 :c. (;u. t,. ". 7.'.~-0 0.0t L:.01 L"1 0.00 0.00 L.f 
'/' 49 12 ,,. 0. 2 E-01 t -.86 i . 15 Li. 0.07 1.184(0 


',.. 9. -, ? i l,.;,. :. 0. !,''t-0T. ;'4.Q f., ,.. ] O.,42 ?. 44
 

,." ' 21 25 0 110 "." "(. 'qF -, 24.3; t'.Sq .'?.4 ." 23
 

, ?,* IC 2'i . ;C 0 .19' --02 23 .16 0 .4Y 0.47 2 .,3 
4 it' 11I 1' 10<(,. too 0 . I .74 0.10 L "I 0.02 t. 17 LI 
-,11I 71 % 1.C ". i C.'7f[- . 0 -1 C.' Cs, LO 01.)0 0.26 L.) 
Z, 5 s 1.' 0 1c 2 0 1 t 70 - 0 M'6 t: .05 LO 0. 01 0.05 Lt, 

4,,. 1 ,o, on.( 1 6) 0.35 L 0 0.00 0.01 LD.,, . 0 0 .02 
1,100 0.02,', 	 ,-, 61I'0 110. 0.o59E-0? 0.5., 0.13 Ln 0.0(0 L ! 

hJi. . 120 o.9(1 0.18 .02 LO] o.n2 UI6? l.Ou 10o 7,-01 1" C.00 
64 I, , 0.I0o aIA', u1. loO () 1 1i( ). IL *0 0 U0.01 L9 

4' 7 ft 65 1.,r!0 lIe. ,'O 0.4 7 - l .C3 '.00 LI 0.00 0.00 LU 
4.);6. (A 6 10 70. Ilu 0.120-c, O.F.01 0.00 0L 0.90 0.00 LOI 
41' 7 > InIion. ,-o. '("0f-'i0.61. 0'.08 LU0 0.01 0.19 L0 
410 /3 1? l'U.63 191. C.fl.P-01 o.6 0.04L ) 0.00 0.03 L9 
411 7,+ 73 1 (0. 1i,, to.hF-02 0.73 6.(-4 L) 0.00 0.03 L) 
412 71 14 1.5 110. t2 .(0iF-0IF -0 0,1 0.03 Lj 0.00 0.(.,2 ii' 
1 T, 75 1007 #!. I'0 O. -i--l 0.0? u.00 LCJ 0.00 .0 LU 

4. 	 70 S6 lo 130. 1) 0.. 0-1 0.43 0.05 LU 0.01 0.09 LC 
, 17 7 0 10 1 . .10 ,. 7T-O1 0.52 G.07 L0 0.02 0.13 L0 

'M 17 1.0 7o. 1(10 0.3 1 0..74 ,09 LD 0.0 0.25 Ln 
.	 "?' 76 1,O 160. 1l) 0.6;')F-01 0'S9 (.111 1Ln 0.06 0.35 

1C0 u LU 0.01 0.07 L-1,t, 61 90. I" 0.f91(-02 1.07 -0.06 
41'' 6 I9150 Ii0. I'W 0.77'T-0 1.24 0.07 LO' 0.09 LC.V} 0.01 

14, b9qI 150 120, 110 0. 71 E-02 1.51 0',09 L0 0.02 0.13 11 
7- 16 1r 60. ]i'1 0 .3 9F-? 2. i3313" L0 0.02 0.29 L 

14 (7 	 75 150 150. 0.' 97.-O? a ).071 0 3,09 o7lt 0.45 
I () 150 00.. '.u u.lI E-0l 4.78 (;27 L 0.?R 1.08 

f," 77 1.tUI. 0. 9 3.33 LC 0.56F11) 150 L:O 7t-O" 	 0.19 0.09
• ," r, I, rn l3 0. 445.: F,-01 0.31 C.04 LiO 0.00 0.05 LO 

,44, ,3 54 lou .10O1 1 0P 0.5",)--U 1 0.41 0:. L1 0.08 L00 0.01 
t,1 P 0 606 l.,0 1.5,?4-0 0*40 .6 L( 0.01 r.IC L0 

L 14,1, 70 14 	 10 30t3'.1C 11!(, U.l,',I: 00 1.14 0.17 0.55 
4. 3 79 1 nO 760. loo 0.112 L:DO 1 .4 P 0.19 L11 0.23 0. 9 
4'if i ti'1 V 0 ?u. l'U .1517L-C11 1.02 0.13 Lf0 0.05 0.45 
4'| ,63 ",0 1"I . 1',:0 0.30. -! (-.04 O.OC0.' 1L0 0.05 L( 

6,2 'I3 10 1,41). lI() u.$b) --0l 0.39 0.05 L 0.01 0.08 L I.7 

I1, 	 (.7 1nO 1( C,' . r 1 r.6 L) (.12 LiI> I .".I 7r -0 0 .50 0.01 
T3,4 14 0. . 0.71 C'.09 L (.01 0.23 U?7. 1 (it) 1',!. F -O1 

4.9> .31 100 1( 9. ii. ).Oq L'J 0.2 5 Ln71 00. 0 ,F- 0.74 OU1. 
4 37 6 100 1.! 1,,0 C .4, 1L -0l O.U U . 0 Lli 0.02 0.17 L' 
z,.: 2' 37 100 100. 1 (O 0 .4-31 F01 0.69 .O9 LI 01.2 0.22 LA: 

iX-c-19 

http:0f-'i0.61


ANNX TABLE 1X-70-11 (otnued) 

'. . I, I, '-A U,-\J\Llr r-LPW -- Vr' L-- - .- A -LC.vt.,r I mMmr T.. ; LmPS--L 	 !S --­i 
' 	

MI M /I PC') L,
 

... , .41, 1 j t ? t.-14 41 adif s 3 L Q 0.04 0042 
.... G',1-0 
 ,, 	 34. ,1 I , t, Li 0.O0 (1, 49 

0. *,, oP 1 1 ''' 0~* ,,~. 	 sL s41,t 0810 0s7.4 
. 7 1 	 0.,',8.-0 0800 0 r.00 ,(0 L11o1 LO I 

.. '.~V"1 ,. , 1" 0 V 4-0j 1 ,1 i 1 L. 9 PII Lt'",Q e., 	 0.06*' 	 ''[- lI *6.0 O1 a2I.:!I L' 41s Q.,l0 0 	 'o I'}
1, 0 lei-721 to.?TI F-1 ii 	 1.72 4 ,'A l 

, " 	:Y, 1'C0 . 1 i -02 110.01 1,14 6.Ob it.75 
:i' .' I, .!-ui 4. 3512I I,- 1 .u30,U 	 j,. 

i'-'.
I P~0 C0 	 12i F4.s56 0@.85 0.,71 2 0 5 5 

4,r,r 	 -10 75996 r,79'~ .$. " , 1( a.':' 1 -r,'.i 72.v9Y 	 1.004(f' )O,76 O.66F 1,&104
 
I" i 1 *, 1 .'9 ('". u'toL- 0 4 71.91 0v'' 0. 55 1.0 9
v. ', (I. 

I I , I (:. 12!. Oq.?11t-(,:' 79,14 .,b2 0.43 2.2b 
t,. s( 1W. 11, ' 11F-0.- 32.05 0.45 0.11 1.5 
I I~t,'f *7 11~ .b FLV'3 32 9 1b 0.946 0.17 1.016


2" 1'1:1)(M 00 1 '.--- .i 111.44 iA 0.86 4-. ?4

.2. It 2I -' 'i .,. tIwo o.'hF-0J1 . 5 !e14 LU 0,14 0.34
 

, 	 1 I<I, • 43L-- 4 ?3. 57 0.34 LJ 0.00 1)0.10
I70Ck) ,,. O ,-u4 21.81 0.01 L , UlP 	 0.'2
' P' ?i im ,:. I0 O.3,',- 22.22 1 LO) O.ll 0.3 

"
$ 1 (", "'. 111I Cs.'?40E-03 23.63 41.34 LO 0 .oC 0961.'* ?'4 '. ,fr. 12C, II(.; C. ,I&'Ud-02 4.05 I.13 LO 0.0 0.16 L00 
1 )au 00 Q 	 3.83 0.12 LU 0.01 V.15 LO111 )e'.Q1'1 3,F-u2 

, 9: 	I,I' P:'i. ,,1 0.132F-01' 371 Iu #.( 1,0 	 4.76 0.27 0) 0.24 1,07l 1 o' . tie I 9S -0 1 7.31I 0*4-1 0.43 2.-48
 
17;C'e'T1 U070..'12F-01 6.62 0.37 Lii0.34 1.99
 

... 
 .4' 0 1r 't!l.," I t,- O,0v3L-01 1.03 0 ,06 L) 00.02 00b LL
'2 .$ IC 2rC.. Ir' '6ei--0lI o.03 0.34 'L 0 .938 1.7 
' . '1.', i' ?,. ',, 4'.4',-U' 5.79 O.33 LO 0.11 1. 4

* - 'l 1%/ ('. It... (,.41 .-0 4.51 0.26 LO 0.07 0.97 

I I', -) ?(10 1..10 ' . t t-01 1 8H 0. 22 l 0027 U.74' 1.1 9? 1 )VI 0 I1,10 0.I79F-Q1 4.34 (.25 L0 0.27 0.91 
,01 1 S ' (11 u".171-. F-O1 5.66 0.32 LC 0,92 1.48u) . C• 110)" Ci.?'i. '0 - 1.96 0.05 LU 0.0 0.06 Lf 
k., 12" o 0.)( I?' ). I,3511w )46E-LP t.11 L11 0.03 0 .12 LO 

14' 1I' II?4 ?"L.. U.1 -3L-(l 1.5? ('a.09 LC 0.03 0.13 L".!.;.- 27 k'O: d C. 110 O.*3 .F-O 0.21 0&01 Lt, 0.00 0.00 tCL 
1;) ' 1 "(1 IO 12F-O1 2.33 0o13 LCI 0*O0 0.29 L1,. P1,( 

S' !! '',I "'.' I,'.* 1" (:0 F"7 -0 2.08 (to 12 LU 0.04 0.23 LC 
:. !'c 2r,. . C'c.' I 1.59 9 L 0.03F.I2lF-n 1 	 ('. 0.14 Ln 
.'1 1:,U ?.-o. t 00 It) -E-01 6.15 k,.35 L) 0.48 1.13 

-" .. ;7 l' ?1. r .''0I.L).-o1 2.46 0.14 Lri) 0.10 (.).12."! lu3I(}L.O ' 4'l. 0..'$-01 	 5.00 0. 28I' 0.L64 1.18 , 
 , '?'. , . 110I 0.49, F-1-2 5.72 n. 18 LC 0.12 0 .31 
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ANNEX TABLE IXP--1 (oontinued) 

S, 

1 1! o f 

L -. 
Lv 

i , L'.J- --- VL--
MPS--CK 

--

M T 
AA 

M 
L 1.SS) ... 

/]., ( u -

* . 1,,: ', A''' . - l -'..' V*P L'I 1.3 i.].;., 

*''>4 b ' . : ,' .. 1'.,, 0*.. '.,--O "/ ' €E9I.&Q l.3 2.J 

* 

'" 

,)*/ 

j.,-
f~1 

; f 

1;'f 

."~ (' 

'. 

1 ,, 

,.' 

""*iio* 
1!" . 

. ,, 

1.. 
1,', 

:. 

r" 
' 

... 
" 

] 

...,"'.. 

"-<-(0 

U -nl 

4.,s' 
.51i 

J..j. 

t .14 
".29 

'.(M: 

L17 

LII 

Ltl 

C .,I 
0.07 
C);) 

1.20 
0.13 
(.*, 

L' 

L, 

LU 

) '11 1t,,, "" . ! ' . ;,,.IWI 0.3 ' . LI.1..:, 0.00" 

'"1 

.,1~* C 

I " 

[,." I 
.'h"" 

ll[h( 

I.,i])L.Ii' 

I . 
,-r .1.',.". 

I 

fl 

' 

',1'9 
€.''" 

.1:2.' 
*~ 

u'' 
-~f4...if 

-{.1 I',r 
-t; 

0' 1'i 
'* 

1.71 
.4.4 

1 5 L.0 
,.014 

. 10 
, 

%"'I 
L' 

L1'L 
Ld~(i 

o.03 
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0 .07 
0. I6 
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.0 
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L" 

L, 

"'" 
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CHAPTER X FINICIAL FEASIBILITY ANALYSIS 

A. GENERAL 

The financial feasibility analysis herein establishes a detailed
 
set of guidelines that the water district management may use in making

crucial decisions during the next years. The technical aspects and
 
project cost of the recommended plan have been presented in Chapter IX.
 
Its economic justification follows in Chapter XI. In this ohapter, 
 a 
plan is developed to indicate how and when funds will be used to operate

and 	maintain the system, implement the program, establish reserve funds,

and 	retire indebtedness. 

Water rates have been developed on the basis that the system will 
be financially self-supporting. Capital funds for the recommended 
plan will be obtained hy borrowing from international lending agencies
and LWUA. The water rates that have been developed appear to be within 
the ability-to-pay of the average householder in the water district. 

The financial analysis includes only those revenues and disburse­
ments for the proposed construction program from 1978 to 1990 (Immediate
Improvements, Phase Phase All revenues andI-A and I-B). disbursements 
shown between 1990 and 2000 are those directly attributable to continued 
service and expenses occurring from facilities constructed between 1978 
and 	1990.
 

B. THE EXISTING SYSTEM 

Personnel
 

As of October 1976, the water district was operated by 23 personnel. 
In order to meet the needs of an expanding organization, recent develop­
ments have been directed towards augmenting its present staff and the 
adoption of LWITA guidelines in the area of personnel management. 

Water Rates 

The present system has 1,655 flat-rate connections and 87 metered
 
connections. As of December 1976, the water rates were as followst
 

A. 	 Metered Connections 

1. 	Minimum charge for metered services consuming between 1IM
 
20 oubio meters per month:
 

a 	 Domestic Service 115.00/month
 
Commerci~l Service 20.00/month

Industrial Service 25.00/month 
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2. 	 For every cubic meter in excess of 20 cubic meters per 
monthi 

a! 	Domestic Service P 0.65, m 
Commercial Service 0.70 am 
Industrial Service 0.80 ca 

Be 	 Flat-Rate Connections 

1. 	 For the first faucets 

a~ Domestic Service P20.00/pmnth 
Commercial Service 50.00/moath
Industrial Service 150.00/month 

2. 	 For additional faucets 

a 	 Domestic Service P 5.00/onth

b 	 Commercial Service 7,00/onth

Industrial Service 8.00/month 

Pinanoial Statements 

Based on the Statement of Income and Expenses for the period
January 1 to October 31, 1977, total revenue was P428,000 or an average

of P42,800 a month. On the other hand, average monohly 
 expenses amounted 
to P54,000. C0T-Ol therefore, had an average monthly deficit of approxi­
mately P11,200. This deficit was reduced 1W +ho 
 15,000 monthly subsidy
it received from the city government from January to April, 1977. How­
ever, the city government has not extended the eubsidF 
 from Nay 1977
 
due to its oui financial problems. In order to meet its operational

costs, the district is proposing an increase in itti water ratee.
 

The district is now in the process of installing the Comercial 
Practices Manual which preoscribes detailed accounting prooedurese How­
ever, historic financial records have not been based on organised basic 
accounting systems. Therefore, data on the past finances of the present
system are inadequate to form a sound basis fox 	future projections. It 
istherefore,,neoesary to make certain assumptioneo The financial 
feasibility of those assumptions will be tested as the project is 
implemented. 

0, DEVELOPWnT COSTS 

The cost estimates of the facilities needed to improve and expand
water services of the water district over the developement planning
period are presented in Chapter Il. Cost estimates of the facilities 
are based on the projected July 1978 prices. 

XW2 



Project Costs 

Project costs of facilities recommended for implementation in
 
Stage I are summarized on an annual basis in Annex Table X-C-I. 
Engineering services for design and construction supervision are
 
broken down. It has been assumed that 70 percent of the engineering 
services applies to surveys and design and 30 percent to construction 
supervision. Design costs are shown in the year preceding construction. 
Contingencies (15/10 percent) are distributed uniformly during the
 
construction period. Foreign exchange component of total project cost
 
includes cost of direct and indirect import items, as well as portion
 
of the engineering costs.
 

Escalation of Costs
 

To account for the effects of inflation, capital cost estimates
 
are escalated. This has been done year by year on an item-by-item
 
basis using escalation factors computed from assumed inflationary
 
trends and applied to the basic current cost data as shown in Annex
 
Table X-C-2. The escalation factors used are based on an average
 
annual rate of inflation of 10 percent per year from 1978 through 1980,
 
8 percent from 1981 to 1985 and 6 percent per year thereafter* On the 
other hand, annual operation and maintenance costs and family income 
are escalated at a rate of 8 percent all throughout the 23-year study 
period. These escalation factors have been assumed to apply equally 
to the local and foreign exchange costs.
 

D. OPERATING AND MAINTENANCE COSTS 

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 ares 
personnel, power, chemicals, 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; and the extent to which the physical 
plant will be operated and maintained. 

The operating costs of the existing and future systems are pre­
sented in Chapter IX*
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E. 	 F1A1CIING POLICIES COVMING LOCAL 
WATER DISTRICT DELOPMenT 

The following are the major potential sources of funds which cal 

be utilized by the COT-WD. 

OPerating Source 

To the extent that revenues from the operations of the local water 
district exceod annual cash requirements for all other purposesp funds 
can be devoted to financing development costs. As a practical matter,

it is highly desirable to finance a significant proportion of develop­
ment costs in this manner in order to reduce the amount that must be 
borrowed and the associated debt service costs.
 

Non-Operating Sources
 

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

1. Loans - funds may be borrowed by the water district for develop­
ment. One of LWUA's primary functions is lending funds for 
development to water districts. 
From the water district's point

of view, LWUA is the primary, if not the only realistic, source
 
of funds. LWUA borrows both foreign currencies and pesos at
 
varying terms and relends needed funds to water districts
 
according to the composite terms needed to support the blend
 
of debt service terms LWUA itself must meet. 
At present, LWUA's
 
terms include:
 

Immediate Improvements Loan Phase I-A and I-B Loan
 

Interest- 9 percent per annum to be 9 percent per annum to be 
computed at j percent per computed monthly at j percent
month. Interest due ox the per month from the year
local component is paid ' following the date of die­
annually. Interest on bursement. 
foreign exchange is capi­
talized 	during construction. 

Total loan outstanding at
 
the end 	of construction 
period earns another full
 
year interest before re­
payment.
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Immediate ImProveent Loan Phase I-A and I-B Loan 

Duration - .30 year loant disbursement 30-year loan from the date 
assuind made :t mid-year of init.-1l disbursement, 
thus will ea'rn interest for 
6 months. 

Principal -amortized equally for 30 No principal payments due 
years to start one yea ' during construction periods
after construction. (Construction periods of
 

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

2. 	Charges and Assessments - consist of payments made by new 
customers and benefiting property owners for the costs of
specific portions of the facilities being developed. Typically,

such charges are made for the costs of new construction and
 
water meters and for all or a portion of the costs of new

distribution system extensions. 
LWUA guidelines suggest that
 
new customers may pay for connections and water meters, but
 
currently do not include an 
assessment for distribution
 
system costs. For pyurposes of the analysis new customers were
 
assumed to be paying for the new connections and water meters
 
on a revolving fund basis. 
 These sources are referred to as
 
"contributions in aid of construction" in accounting terx­
minology and have the effect of reducing the amounts to be 
borrowed. Since many new customers will not be in a position

to pay connection fees (or beriefit assessment charges) in cash,

it will be necessary to proride ficaicing assistance. Present
 
practice is to allow such payments to be made at a flat monthly
 
rate of r5.00 over a period of 10 years.
 

3. 	 Grants or Credits - LWUA has access to ban funds on con­
cessionalry 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 systems. Another
 
approach is for the government to advance a portion of the
 
funds needed during the early years of development'at little
 
or no interest to assist the local utility in building its

financial capacity. This is another form of "credit" as
referred to above. 
Later, as the revenue base expands and
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dew2evcen- ,..itu *' j . j - e thI :iocai utility reflnds 
such advances as permitted by it.lcash position. At the 
present time, however, the local uater district if, expected 

pa t I by (Jrf2 t -s i3tunci?~ othe;cr immx thet LWA loajns. 

Reznerve Roquirements 

Since reoqrve reqirements -.rv tied dircctly to obtaining develop­
me,"it loans 'rom LWUA, they are considered as funds required to support
capital development. After total revenue requirements are determined,
LWUIA guldelines suggest that 10 percent be set aside for reserve funds.L*'or purposeii of this 'tuds, a lower percenrtige will be used starting 
at 3 percent progressively increasing to 10 percent. 

F. FINDS FOR CAPITAL DEzLOPME.T 

Once the basic data requirements are met and the financing policies
outlined; funds required to 
cover dovelopment 
costs are then determined.
 
The most impoitant document in thia regard is the breakdown of costs as 
escalated and shown in Annex Table X-C-2. 

Depreciable Assets/Depreciation gpenses
 

Capital assets acquired each year become subject to depreciation

in their first full year of 
service. Thus a pipeline completed in 1978
 
becomes "depreciable" in 1979. 
 If it has a 50-year life, depreciation

continues for 50 years and it 
is assumed to be retired in the 51st year.

The cost of large facilities that require several years to construct 
is
 
carried as "work-in-process" until completed.
 

Annex Table X-4-1 shows the water district's assets and depreciable

value forecasts, the initial purpose of which is to show the appropriate

"depreciable" values for ise Iu calculating replacement andcosts annual 
depreciation expenses. 
At the same time, year-end book values of assets
 
are shown as well an 
the value of work-in-process.
 

Baued on 
the schedule of assets, annual depreciation expenses were
 
oalculated and are shown 
in Annex Table X-!$-2o
 

Revolving ?urd for Connections
 

To asslat new customers in financing nervice connections charg-su

it is necessary to provide working capital for a revolving fund. It
 
in propoject 
that LWIIA'a presont policy which provides for the costs to
 
be payable at P5.OO/month over a 10-year period be increased to ?6.83 
by 1978 to cover the increased unit price of meters. Net flow fwids
will be reqt.ii ed over a period of 10 yeitrt: to build sufficient income
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to suppo t the annual costs of connections. At some future point,
income exceeds annual expenditures and the revolving fund can be

* used to refund the earlier advances of working capital.
 
Annex ~Pable X-F-3 indicates the working capital requirements 

In this talle, the two key assumptions are:
 

a. The monthly installment payments are based actualon costs 
of cnnstructing service connections and meters; thus, the
 
monthly payments ty customers connected to the system in
 
1981 would be greater than those who would be connected
 
to the system in 1978 to account for the escalation of con­
struction costs.
 

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

Revenue Unit Forecast
 

The present LWUA rate policr incorporates the use of "revenue 
units" (RU) in determining the basic cost per cubic meter of water to
domestic consumers. Commercial and industrial customers are charged
twice the unit price for domestic use and wholesale water distributors
 
are charged thrice the basic price. As defined, a "revenue unit" is
 
an arbitrary unit of measure into which discharges from pipes of
 
various sizes are reduced to a 3/8-inch connection by the use of
 
conversion factors.
 

Thus, the discharge of a 3/8-inch connection (actually a J-inoh
 
connection, but regulated by a water meter to give the discharge of
 
a 3/8-inch connection) ismultiplied by 100; that of a -,-inoh by 2.5;

that of a i-inoh by 4; that of 1-inch by 8; and so forth, to get the
 
total RUe delivered.
 

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

Annex Tables X-F-4aand X-Fh4b give the revenue unit forecast. 
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G. AV!,LYSIS OF WATER RATES 

Ability-To-Pay Issue 

Presidential Decree No. 198 stipulates that water districts must
be financially self-sufficient, In 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 rnd inadequate con­wamer promotion. The major 
reason for insufficient revenues, however,

is that certain comsumers being ser ed ly+the water district have suchlow incomes and hence, are not in a financial position to pay the full 
costs of the system. Therefore, before a water system is improved
expanded, the ability-to-pay of the population targeted to be served,

and 

must be ascertained. 

Since water districts are not expected to be,. xtended government
subsidy, the analysis of the factors affecting-P.oility-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 informal survey was conducted among Water 
District General Managers to help gather data needed for the ability­
to-pay studies. Questionnaires were distributed to 15 water districts 
covering provincial areas that differed in size# location and economiD 
conditions. 

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

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

2) 	 Water consumers generalUv accepted the increase after some
explanations justifying it. Only five received formal oom­
plaints about the increased rates while eight received formal. 
complaints about the poor quality of water supply. 

3) 	 Ten had difficulty in the collection of water bills primarily
t due to dissatisfaction of consumers with the water service. 

4) 	 Assuming that capital and service improvements were madi,
the general managers indicated they could increase their 
rates by a low as 25 percent and as high as 447 percent for 
the 	averae and below average households. 
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ot. A formal survey was conducted in April and NaW, 1975 in the cityof Lipa and'the Munioipality of Tanauan. 
These pilot areas were
 
selected because 
(a)they are at present experiencing water supply
problemn, 
 (b) the income level of their fCumilies is similar to that
of the national income figure, and (c) they are near Manila, only

about two hours away'by bus. 

The survey covered 556 families, classified into 4 inoome groups.
Approximatley 28 percent came from the low-income clas (below P220/

month); 55 percent from the middle-income (P221 - ?750); 12 percent
from the upper,iiddls-income group (P751-P19soo); and 5 peroent from
the high-income group (above P1500). 

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

ESTIXATED ABILITY-TO-PAY 'DY DCOME GROUPING 

Weighted Average 
Income Group P220 P221-750 ?751-19500 P1,500 
% Distribution 28% 55% 12% 5% 
Probable Ability­
to-Pasy on Basis 
of Improved
Service P13.50 ?24.50 P37.00 P67.50 P25.00/6o 

Eatimated 
Income 

Average
P220 P660 P1,000 P2,700 P680/household 

Ability-to-Pay 
Divided tor Ave­
rage Income 6.1% 3.7 37% 2.5%14 3.7% 

The foregoing table indicates ,that tho lov-income group may beable to pay a maxium of P13.50 a Aonth for water (about 6.1 percent of
their average income). In the erreme end, the high-income group maybe able to paY a maximun of P67. 50 a monUth for water (only 2.5 peroent
of their average income). Thin dieparity in the percentage of incomeallocated to water by the 2 income groupo may well be the best argment
of those advocating a socialized price ufruoture. 

The probable maximum ability-tolyi of the pilot area averagehousehold is about P25.00 per montho-' 

This figure inoludes appropriate allowances for the respondents
understating their income or willingness to pay and the inorease inamount they are willing to pay, as a result of improved services. 
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Family lncume 

In the Survey of Households Bulletin Series No. 34, pablished

July 1973 1-y the NCSD, Eanila, (pag..e 3, Table 5), the following data 

Manila Other 
Total Total and Urban 

Fami 1i9 a !rhir. Suburbs Areas Rural 

Median Rawmily Lnntal 
Income, Feose P2,454 P3972 P5,202 P3,650 P1,954 

Size of Sample, 
Families 6,347 1,913 525 1,388 4,434 

The above data are for the 12-month period Vay 1970 to April 1971,
more or le,. The figure for "other urban areas", 73,650 median family
annual incone, may apprcxlmate, 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 pei.eral, people In urban areas tend to be financiaily
better off than people in rural areas# The term "urban areas" includes 
all urban areas in the country. The inhabitants of the central urban 
area of a city or municipality are expected to be somewhat wealthier
 
than the other areas of the city or municipality. 

BY July 1976, the annual income for "other urban areas" cited
above, escalated at 10 percent per year, would be about 06,200/year. 

The report, "The Filipino Fanily, Community, and Nation" by Emma 
Porio, Frank Lynch and Mary R. Hollensteiner published by the Institute
of Philippine Culture of Ateneo de Manila University in April 1975,
cites in Tble A9, page 99 the results of a survey in April 1974. The 
,amiliea aurv,%,ed were distributed among 15 urban areas, and included 
373 families in Metro Manila. Excluding the families in Metro Manila, 
mean monthly income of the remaining 1,599 families was P572, or P6,864 
per year. Escalating this income at an annual rate of 10 percentq tw
I July 1976, it would be an income of about P8,510 per year. Theme 14
 
urban areas are among the more urbanized in the country. They included,

for instance, only 3 municipalities, the other eleven being classified
 
as cities. 'The median population of the 14 urban areas in the 1970 
consus 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 systems are 
proposed to be improved might be, by I July 1976, somewhere between 'the 
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1'6,200 per year developed fro rthe 1970/71 data of the VCSO) and the
!8,50 per yea" developed from t?, dtIVL+3re,o& 
 Llnch and HoliensLeier).
For lack of other data, the average water-using family may lave an income
of about P7,900 during 1976 (or P660 per month, which'ieolose to theLip. houeehold survey). This is equivalent to an annual income of 
11,000

for a family of six or seven*
 

Initial Rate Determination
 

Several trials were made to come up with "revenue unit" (RU) price.
that can be used for a 
period of several years. It is good practice for
 
the water district to adjust prices every 3 years or so# instead of
 
annually.
 

Based on the trials made, the water rates established at 3-year

intervals are ,as followes
 

Period Water Rate (P/RU) 

1978-1980 PO.75
 
•1981-1983 
 1.20
 
1984-1986 
 1.50 
1987-1989 
 1
 
1990-1992 2.c0t/
 
1993-1996 
 2.10 
1997-20 2.20 

The first stop of P0.75/U was selected as an intemediato rte, inanticipation of the second step (P1.20/4U) which is indiestive oC the

required cost to make the system financially viable* The rate of P1.20/

RU in 1982 cost levels is equivalent to PO.82 in 1978 prices (based on a

10 percent discount rate). 
Likewise P1.50/RU in 1985 is equivalent to
 
?0.77 in 1978 prices. 

Feasibility of Charges 

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

charges both now and in the future in order to obtain safe and reliable
 
water services. 
Inasmuch as the proposed water rates represent the

"mean" I determination has been made for that group of households whose

income (?700/mo) also represents the "mean". Probable use of water
 

-'This rate only covers expenses of debt service and operation and
ma.intenance costs incurred for facilities constructed before 1990, 
 Water
 
rates from 1990-2000 would be higher if the COT-WD continued to con­
struct additional facilities from 1990 to 2000.
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i ~~ . . : - For preserrit pur­
poses, the study covers conmimer- with -inch conneeioni inaamLch as
they comprise the bulk of the domestic/government consumers, Working
back, the 1979 rate of P0.75 per revenue unit will yielc a mont'aly 
minimum charge of P18. 75. The co,'mcdi:y charge :ur a 24-cum ccnsumption 
is PI0.50 (P-0.75 x 14). For newly connected cuotomers who aYuil of the 
10-year installment pluni, monthly ixpenditure for water will increase by
P6.83 to account for the service connection charge. Since both water 
and household incomea increase each yeuzl t f.... of he inatallmet
 
charge on the expenditure pattoni of the huuoehold will decline over the 
10-year period of payment. The eatimated impact of the increased rates
 
and connection charges on household patterns is 
shown below for the 
mid-point of each rate tlock. 

Escalated income of 
hwaushold earning 
P700/mo in 1976 
(8% per year) 880 1,110 1,400 1,760 2,220 3,020 4,110 

Expenditure for 24-cum 
water consumption­
minimum charge 
(first 10 cum) 18.75 30.00 37.50 42.50 50.00 52.50 55.00 

Commodity charge
(Rate/RU X 14 am) 10.50 16.80 21.00 23.80 28.00 29.40 30.80 

Income allocation to
 
water for existing 
consumers (%) 3.3 4.2 4.2 3.8 3.5 2.7 2.1 

Connection charge for 
now customers 
(P6.83/mo in 1978) 7.51 9.63 12.13 14.45 17.20 21.71 27.40 

Income allooation 
to water for new
 
customers 4.2 5.1 5.0 4.6 4.3 3.4 2.8 

,/Probable use of water hy income groupas 

Income Below Upper Weighted
Grouping Average Average Middle High Mean 

Probable Water 
Use (cum/mo) 16 24 32 44 23.7 
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Since the i.id-pcjij.t
be noted that 

.-,e ;,,ele~ct ,(,.Ifor corap:.jinjOn, it nholil'dthe pr(;)ortino . l he-1t2,o d ulightlY higrer in the ye;irpreceding the mid-pont aud lower in the .uccoedini' year of each ra'!bl,.cK.
 

In the example lilov, 
 .LhC,, t.e Pro;:rtlolaof the householdUIcorne reru ied for wczter r, rvxca (exce pt
the in 1982 and 1985 which are
" '.l.:ieredlWIthil u.pethe razg'e l nit of thc&'bility-to-)'.Y ituda-es drwi in Lilp;ct .dLer,:5i 1' ingnez,for improved serviCes ere 
to pay fee

found to be about 3.7 percent of the house­
hold income.
 

In t.t, i iiil at;.:.iyu,,ii 1 :JLY aeii frca ,t improvement is to beachieved in the scope :ud qalty -c"public water service and if therequirement for commercially vi-ble and financally elf-upportingwater dintric-t ia to 1e i-itntained, all E'roupu ofhave to water customers willp-ky uuoatanti ally higher chatrges for water services than theo 
have paid in the pact. 

Socialized dater Rateu 

A policy gu11elibv iii the 'itructuring of ratewater charges isthat they must be reaconal-le ar.d realictico Since 4ater ais primecommodity both for the poor and the rich, the soCiLized rate may be
determined ouch that 
a greater financial burden in 
carried b thoase
who can afford it (but not to the point that it becomes oppressive to them). 

In the preceding sect ione, specific rates established meet the
cash requirements for improvedan system, and at the same timel, fallwithin the average consumer's ability-to-paye 
 Under this scheme, the
oest for the first 10 oum oonsumed is P18o75 and the subsequent oon­atmption, P0o75/oum. 
Thus, the monthly rates for the following water
 
consumption will bet 

ILuage (um/w~o)Cotmnh(l 

16 23.25
 
18 
 24.75
 
20 
 26.25
 
22 
 27.75
 
24 
 29.25
 
30 
 33.75 
32 35.25 
44 44.25 

4/For j*.-inoh connection, donventlc olaeiftioation. 
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Tr, e3timtcd inpact, r, !,, . .,-"rji.eincome household (assumed to
have a monthly 1976 income or P66:)) ard the below averagc, income housri­hold (asnume lo have ai! .-. justed mnthy 1976 :nccrn of P3O0) l, 

Projected 1979 Moithly Usage Cost of Percent of lnco.,
Income Love! Mont hll como of Water Water/e Allocatod to Wntc-r 

Below Averuage ?380 16 curm 123.25 6.1 
Average 
 830 24 cum 29.25 3.5
 

The P,ecel.1.r11 t~blr! shwo that tnci t'inancial burden to the below
 
average inicome group is heavy.
 

A socialized pricing alternative has been develo;t. to relieve the
low income groups of tLe high finpicia! coat of water with the following
 
rate structures 

first 16 cum/mo at Po.8.5/ou 
from 17-24 aum/mo at 1.85/um 

25 or wore cum/mo at 2.45/cum 

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

Usage (CuM2 Coat/month (r)
 

16 
 13.60
 
18 
 17.30
 
20 
 21.00
 
22 24.70
 
24 28.40
 
30 43.10
 
32 48.00 
44 77.40 

The corresponding impaot on the various income levels Is as followni
 

Projected 1979 Monthly Usage Cost of 
Percent of Income
Income Level XonthlZ Income 
 of Water - Water/me llooated to Water
 

Below Average P 380 16 
cum F13.60 3.6
Average 830 24 cum 28.40 3.4
Upper Middle 1,260 
 32 cum 48.00 3.8
High 2,910 44 cum 77.40 2.7 

The preoeding table shows that, 
across the income profile of the
oommunity, the monthly coste range from 2.7 - 3.8 percent of household 
income.
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Eat ':rted future leveIs of .ircome from water sales are shown
 
in Ann3x Table X-G-1.
 

Several trialu have been nor ducted in developing the forests of
 
financial .tatemenrto of the COT-WD. These statements are 	based on the 

1 	 Reserve Fu.d; 3 percent of sales for 1978-1990; 6 percent 
for 1991-194i; and 10 percent fcr 1996-2000. 

2. 	 Rrco'Ilctiblea: ?ve:'r.t of eress revenue requirements
for 	the first year cf a new rate application, and 1 percent
 
for 	the second and third years. 

3. 	 Accounts Receivablp: equvalent to 3 monthe of sales. 

4. 	Accounts Payable: equivalent to 2 months of operating
 
expenses.
 

External Bcrrowing Required 

Annex Table X-H-l shows a summary of the external borrowing

required and the annual debt servicing of the loans. Two separate

analyses were made for the immrediate improvement loan and the Phase
 
I-A anid I-B loans to comply with prevailing LWUA terms.
 

Borrowing will start in 1978 and continue through 1990. 
 The
 
immediate improvement loan (1978-1980) will amount to 7.602 million.
 
The Phase 
 I-A loan will cover the 5-year period 1979-85 inclusive and
will amount to P29.143 million. The Phase I-B loan will cover the 5­
year period 196-90 inclusive a.-d will be about "29.026 million. 

The immediate improvement loan of 7.602 million consists of 
P6.511 million in escalated capital expenditures (see Table X-C-2) and 
P1,.67 million capitalized interest. The Stage I loans of P29.143 
million in 1978 and ?29.026 million in 1986 include escalated capi-tal
expenditures (see Table X-C-2) less revenues from the service oonneation
 
revolving fund (see Table X---3). 

Project:uiws ofiP'inancial Statements 

Annex Table X-H-2 Bhowa; the net income (loss) on a yearly basis. 
Net loss is "'orecasted in 1981 through 1986. Est income cumulative 
would show positive values in sixteen of the 23-year otudy period. 
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Otner related d-ta 3uch as water prc.duction, water sales, un­
accounted-for-water and rate of return based on net fixed assets in
 
operation are also presented in table.
 

Caah Flow Stadea-ezts
 

The cash flow statement provides an indication of the adequacy of
 
working capital. It is not generally sufficient to oover cash out­
lays with revenues because of the tendency of cash receipts to lag

behind cash outlays. In geneutl, an expanding organization with an
 
active capital development program and increasig level of activities
 
will require similarly incre;-sing quantities of working capital. 

Annex Table X-11-3 presents the annual "Projected Sources and
 
Applications of Funds.," Potential net decreases expected in 1978,
are 
1982 and 1983. Py 2000, positive net cumulative cash balance will be 
P34.953 million even if "cash at the beginning of 1978" has been assumed 
equal to zero. 

Other Finanoial Statements 

Appendix Table Z-H-4 presents the "Projected Balanoe Sheet" which
 
shows the projected fixed and curremt assets, liabilities and equity
 
of the water district of the water district from 1978 to 2000m
 

Rate of Return 

Discount rate of return on total investments (Annex Table X-B-5) 
measures the true effioiencW of mobilizing investments on the project
from a broader perspective. Taken from a different perspective, it 
measures the effective utilization of total inveNtmnts eplqed in 
the project. It shows what the compounded guowth of investment within 
the project cTole would be based on the interplay of cash outflows 
and the resulting inflows from such investment. 

Net asset salvagr value of P6.451 million is added to net oash 
inflow in the year 2000. This is done based on the assumption that the 
project will terminate in the last projection year. Idenoe assets are 
to be liquideted and all liabilities are to be paid from the proceeds 
of the assets.
 

Several trials were made in finding the rate of interest that 
equated the present value of the cash inflows to the unrooovered invest­
mentse. In the COT-WD, the rate of return, with assumptions mado, 
is estimatid to be 8.4 peroent. 
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ANNEX X-C
 

DI-MIQP.EfT 0COJTS
 



FROJECT COST OF EC O £DDFRORAX 
CC'T,3ATO CITY WAT!" iI-RI'T 

WITCUT ECULAICN 
(P x 1,000) 

-A ~1- 1IL8 2 1980 1981 . I.2. 1983 2.19r 9r6 *'7 tO8c*P 198 9 ~ 'a I 
Source 7Facilities aj Sqtiirme.ent 40 297 298 1 2'65


Weli "-5
 
c) 3 ructures 25 I7 led 15 .2 

Transmission and DistributicA Facilities 788 5,801 5,501 366 52' 52 ,,5 i,.,
 
Storage Facilities 41 599 
 41 5"5
 
Internal Network 
 169 413 413 413 414 414 544 383 383 383 3F2 2.? -3

Service Connections a. Pipes 80 - 371 394 464 510 70 417 443 521 5'A ,5b) Meters 20 - 110 98 110 121 173 159 19F i9P 219 2 P .23 
Fire Rydrant. 72 177 177 177 177 177 214 104 10. 1 " Ir' . . 
Tlumhir.4 ihop and 
Laboratcry Facilities a) Equipent 17 249 .6. 

b) Structure 33 485 '1 
River Crossmna and Access Road 153 1,12.5 1,125 :,4:4 

L--Liate Isproveawmt a) Source ftoilitiel 1) Equipient 319 ! Q 
2) Structure 231 231 

b) Transmision and Distribution 
Facilities 2,976 1, 7 

c) Administration Building1 Equ i lmen t 118"1 

2) Structure 459
 
d) Plumbing and Miter Reriir
 

Equipeent 124 
 "24 
e) Vehicles 139 -'IC 
f) iscellaneous Iteme 15 15i
 
.P) 3ervice rnnnnectt-ns I) Pi-ea 40 2. 237 -5 , 

2) Yeters 531 90) 90 711 
Feasibility dissi/ 63 384 

iub-total=/ 5,455 1,612 8,919 7,357 1 ,2 1 , 15 1,221- 2,19. 219 2,7'1 4,77,9-37,
Land .00 200 PIC _ ' 
Total Project Cot- 5,755 It62 9,19 7,358 1-2 7 ,22 9 3,F--753,009 751 7,,.7 ? T7 

-J.,om-uted at aprroximately f of the total project cost.
 
"Includeu design (first year of each major se3ment of development), supervision of construction mnd crnt=,ner.cea s.read uxri:rmly :.c-r.g
 

the period of ccnstructicn.
 

3/Does not include interest durinjz construction. For :alculated interest see Table X-H.-1. 
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ANNEX X-P
 

INDS FOR CAPITAL DEVELOPK T 



An ?LDIR 1-F-I 

Am Ans IAfl1ZLYALZ POUCA 
Wh3mm Clmr WOU DISNhICT 

(P x 1,000) 

imi mi ism 12U 192 1U aft m I 2 tm I=f I= m i22-6 am 

m PmIlitle .) quipmest 44 403 792 32 32 32 594 
b)Vella 16 16 16 304 
a)Structu. 28 25 0 IS 18 18 lAO 

Tota t 92r 46 66 U38 
11. S1M*h MTI1 TK.IMWD 

?,mmisims MA Distriutinm PW6USI N7 1019 75w 651 994 1053 4037 4281 1257 
lera acilities 45 7?5 73 1130 
llerlal Network 
serlice Cometc. ) pI 

196 
8 

500 
-

40 
485 

583 
556 

631 
TO 

681 968 
840 1192 

722 
786 

766 
886 

812 
1104 

858 
1289 

910 
1552 

)otors 22 - 144 13 168 199 308 300 336 420 490 590 
Pirut drsat, 79 214 231 2 270 292 381 196 208 220 236 250 

imibLag Shop ad 
Laborttory Fai1ities a)b) quipmet,

Struoture 19
36 

301
587 

liver CI0o-.1fl and sU A 272 2251 2384 
ImdLate 1.pro Nmnts a) Source h miUltims

I. equipment 319 

b) 
2. Structure 231 

?ranasloion and 
Dltrib'tioa Facilities 2976 

0) hiniotrative BaLldin 
1, F;1pmen 118 
2. itructure 459 

d) ?I1mbLin and Moter 

*) Vehicles 
F)N 901aaoeaa Items 

K Service Conrnctior. 

139 
15 

1. Pipe, 
2. ),tore 

430 
531 

261 
9 

2a7 
109 

Pemibllty 9tudLie 63 465 
Replaement a) 

b 
Soa-oe Paclitie. - Iqua.ent 
Servio Co-nectiomw - Meters 

9 
1509 271 

946 1006 
287 3T1 351 417 28' 593 

PluobLnC Shop anI 
Laboratory Pacilities- zuimnt 793 

d) hAd sztration 
iling - &7ulpment 335 

e)' Pl'as'in 
Repair ­

and .otor 
fIt psent 352 

7.bel'Ies. 238 35853 
I) KiSOellAneou It.:. 

Total hmets by Tear-ad 54 ii g, lW 85&2 1W 1777 '01i 4Z33 4128 5500 8977 7154 4559 358 3t4J 271 2(96 13T7 35i '417 1I26 5t3 

Mr. ISPMIULZ TVL.. 

A. 50 TBoB Srvioe U.s 
E'LatLLg ?@Militia@ 
Source Pacllitia- - Structure 

6851 
-

C-3 
231 

66Z3 
231 

6683 
231 

65.8 
731 

,6,13 6270 
731 731 

6143 
731 

6008 
731 

6008 
731 

6008 
731 

600 
1071 

10 1402 4024 4024 
1071107 07 1* 

4024 
1071 

4024 
1071 

4024 
1C71 

4024 
1071 

4024 
1071 

4024 
107 

4024 
1071 

Transmieion and Distribution Pacilitie - 2976 3843 102 18444 1U 1844 18444 19095 20089 21142 25179 29460 30717 30717 30717 307'? 1';7 30717 30717 30717 30717 30717 

X-F-1
 



- -

A,1.X TABEZX-.r-I(Con'ttcaed) 

$torege Foilitis 45 770 770 770 770 770 843 1773 l'3 1973 1973Internal Network 	 1973 1973 1973 193I9M3 1973 19"73 1973 1973 1773- 186 6A6 1226 10 2440 3121 4089 4411 5577 6. 9 7747 8 8157 8157Service Connction - Pi]poe 	 M 8157 8157 8157 8157 8157 81-5T 8157- 480 829 1116 1601 2157 2865 3705 47 5! ,~,.~63~5 8962Priro t nte -	 7673 10514 10514 1514 10514 10514 10514 10514 1Cwj14I0.:4 10514- 79 293 524 774 1044 1336 1717 1313 2121 2341 2577 2827 2827 2827 2827 2827 7 7 282 ? 27E27 227 
Lborator-' Pvclities - Strmcture - - 36 6-3 623 6:3 623 c23 623 Q3 6.1 6,River Cronai ng eM Acess oad - - .579 6-3 623 &23 W3 U 623 U 3 623 (-z 3 t23
Adinistration Building - Struntwu -

.2 ' - Z7'3 4.47 4 07 4307 49 7 4907 4 )7 4907 4 9 7 4907 4C7 4.W-S9 459 9 .159 459 45 514 4-1 45? 45? 4',9 459 451 459 459 	
4 7 

459 45Q 4." 4'- 459 4'" 4C,3Total 50 Years GerrIoa We 6851 10629 12391 81723 30926 32100 33614 35332 35174 42562 47726 5E,23 61303 65272 6527Z -5272 65272 65272 65Z72 65272 6.O7M 6527- 65272 
B. 	30 Tea, ServIce Le 

Feaibillty 3tudle 61 63 528 52A 528 528 52_ 528 5- 2 8 528 528 528 528 58 528 S.8 528 528 5,2 5P.R 528*otal 30 Tears Serice Life - 63 6. 528 528 528 528 528 528 5.28 521; 5.8 528 528 528 528 52 52.8 523 528 528 528 5.78 

C. 	25 Tears 3rvice LtreXXItinK Facilities 85 85 85 85 85 85 85 85 85Scam*e Yaciliti. Wls 	 -4 
85 85 85 e5 85 85 85 85 85 8! 85 !j ­

144 3 041o0 .I 104 3 I4 304 304 IcATotal 25 Team Srvice Life 85 83 85 85 85 85 85 F, 85 85 85 3.89 0! 389 389D. 	 389 389 389 389 3 9 3h9 399 3C415 Tears ervice Wef 
ZZIutin Facilities 306 306 306 306 286 286 286 286 286 286 286 286
Sourne Failities - Eq4isent 	 3 3 3 3 3 3 3 3 3 3 3- 319 319 319 1111 1111 1111 1111 1111 1111
Serwi. Conmaetiona - eters - 531 	

1111 1705 1705 1705 1705 1705 2291 2291 2878 3495 3495 3495 34?5652 761 9 1043 1211 1410 1713 2018 2354 2774 3264 3814 3854 38.4 432 5004 5182 5409 5 22 5.71 6159Plumbinga hop and Leboraor)'Facilities - Equircent 
 - 19 320 320 320 20 320 320
Admtniotr~tion DUildlnc - Equipment - 18 	
0 32O 320 32b 320 320 320 320 320 793 79 791 T93 793118 118 118 118 118 118 "118 118 118 118Plumbing 3hop end eter Repair Equ plall - 124 	

118 118 118 118 335 335 335 31, 335 335 335124 124 124 124 124 124 I2.4 1 2"4M.sol2.ou1 a Ite.nd -	
124 124 124 12 4 352 352 31.;2 357 352 3P2 3525 15 1 Is 15is 1I 1i 1) 1s 1i i 15 i is 4 3 41 43 41 41 4 .Total 15 Tea.a.Service Life 306 1413 1553 1963 2879 3017 3185 3384 369 39W2 4328 5342 5%549 6139 6139 6139 8176 8345 9586 10430 106.3 0P9V 1-194 

S. 	7 Tear. Service Lif.vehiole& 
 - 139 139 139 139 139 139 139 2_8 .8 23 8238 % 238 2 ?S 8-3358 158 3 35,8 358 15 35P 53?Total 7 Tears gervice Life -
 139 139 139 139 139 
 139 139 238 238 238 238 238 238 238 358 358 358 358 358 358 356 539 
TOTAL DgFRZCIJBZ TA.L1 
B0OaTALZ 0FA3Z= 3 OM I LAND 

7242 12529 14231 24438 34 7 35949 373"1 39468 43277 4'405 5290 63120 6807 72566 72566 72066 74723 74895 76131 7697 71790 77439
12697 14303 25 34712 3O8 T78z3
7256 
542 542 5.. 542 2089 2069 209 289 2089 2089 209 2089 

LAND 	 300 3Wo 542 542 
3726 39603 43617 47471 52971 63120 U74 7266 72924 "5830 74994 76921 7510 7328 77607 78a65• 78416 

2089 08 2089 2089 2C.9 2 9 20 9 
70TAL Bor VIL,,OP ALL CA'nAL Ai 12T97 14603 2537 3514 3N AM 4W45 44159 49560 5506 "209 72363 7445 74405 75073 T703 77063 790 79599 79417 79J "54 M58 
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ANVeX TABLE X-F-2 

SCHEMLE OF DEPRECIATION; IEMNSES 
COTABATO CITY WA!IER DISTRICT 

(Px 1000) 

Year 

1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 

1989 
1990 

1991 
1992 
1993 
1994 
1995 

1996 
1997 
1998 
1999 
2000 

50 Yr 

137 
217 
248 

434 
619 
644 
673 
707 

775 
851 
95, 

1,32 
1,226 

1,304 
1,305 
1,305 
1,305 
1,305 

1,305 
1,305 
1,305 
1,305 
1,305 

30 Yr 

-
2 
2 

18 
18 
18 
18 
18 

18 
18 
18 
18 
18 

18 
18 
18 
18 
18 

18 
18 
18 
i8 
18 

25 Yr 

3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 

16 
16 

16 
16 
16 
16 
16 

16 
16 
16 
16 
12 

15Yr 

20 
94 

104 

131 
192 
201 
212 
226 

246 
266 
289 
356 
370 

409 
409 
409 
545 
557 

639 
695 
710 
726 
745 

7 Yr 

-
20 
20 

20 
20 
20 
20 
20 

34 
34 
34 
34 
34 

34 
34 
51 
51 
51 

51 
51 
51 
51 
77 

Total 
Annual Accumulated 

Depreciati n Depr ecatio n 
Epenues Prior Year 

160 3,704 
336 3,864 
377 4,032 

606 4,409 
852 5,015 
886 5,712 
926 6,463 
974 7,254 

1,076 8,093 
1,172 8,895 
1,299 10,067 
1,556 11,366 
1t664 12,922 

19782 12,319 
1,782 14,101 
1,799 15,883 
1,935 17,444 
1,947 18,272 

2,029 20,120 
2,085 21,361 
2,100 22,913 
2,116 249875 
2,157 '5,823 

50 Yr 

168 

135 
135 
135 
135 

135 

1,984 

25 Yr 

85 

15 Yr 

20 

293 

1,107 
99 

788 
533 
138 
168 
199 

Z 

139 

237 

358 

Total, 

-
168 

155 
135 
135 
135 

274 

2,267 

238 
1,107 

99 

788 
533 
138 
168 
642 

Net 
Accumulated 
Deprec iat ion 

"er nd 

3,364 
4,032 
4,409 

5,015 
5,712 
6,463 
7,254 
8,0?3 

8,895 
10,067 
11,356
12,22 
12,_39 

14,01 
15,333 
17,444 
18,272 
20,120 

21,361 
22,913 
24,875 
26,823 
28,338 
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-cme st i/ liov'e r.r en t ,,-. air.uatr . 

19 8 
1 8O 
1585 

1,56 
1,723 
3,074 

'4 
'562 

1,1e2 

-
245 
473 

2,0c0 
2, '.50 
4,729 

.-. ,, " 

57 
77 

13) 

. e 2-1­

15 
22 
35 

-
11 
.0 

?2 
110 
15 

2,C?2 
2, 

Donestlo/Govsrttd
1/2" 3/4" 1. 

j=a LL2-1 Z (sLc 

1972 3,765 1,976 -
19e. .,;: 2,548 2,120 
1985 7,'5 4,728 3,7P 
19 0 13,78 e,436 5,752 

Sub-
!oia! 

5,741 
9,076 

16, 1-r7 
2&,1695 

Comorotal/Industrial
3/4" I" ILub-

(p.')0 1 .) (O ' 

536 .23 -
414 352 4'098 7,4q5 1,72e 

1,0F8 '24 %0 
1,52 1,104 1,400 

Otal 

776 
1,408 
?,512 
4,456 

t:)-'-J'.:;1IT 7O'CAST / 

I.jr-tnd., " ..i""-'':'') 
Total:,: (7!!au 2 ~ 

',517 7;2,040 
10,494 1,252,080 
15,7-9 2,245,C0 
33,352 4,002,240 

'Estimated Consumption 

Domestic -:o-zrercxt'4L~t 

720,145 95,995 
P46,070 112,7?5 

1,511,H0 215,350 
2,693,335 425,320 

,:.,1.5 
52^,0, 
932,1C0 

1,:P1,2.5 

172,310 
19?,170,170 
3F2 
769,127 

' ~ 
'rroTt -,Ivn ,.,. 

, .5 
q v" ' 5,320 

3,5' 
5 

/,. of renu units Daod on L.,'JA idelinea on structurirnT wator rates.SI/1rtnd total of number of connectzn.a -ultxplid by t-eir respective co:"vernlon factors for comrutr- revc-. ,.ur.:ta , 
1Ji It i ply .r %r total by 120 (Ieri:ed r. .) *0-u/-cr.th, the ""ininum am.ount co,:erod by, th-! miirr c~nr-, 1? 7:nthz)• tt s.vticn - (120 x nu.cr of ar... tc :or~njctjzns) x use oictar. "ae r-fator for donest ,/ - . :l;,c:.i-C-or..ercial conzL,t=n • (123 x r.... er cf -o-mercial c..ncti-na) x use f-ctr. Use facto f r c.......er::al :l.c... . 

r.-z 

: 
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ANALYSIS OF WATER RATES 



A1WX TABLE X-G-1
 

REV'IUE FORECASTS
 
CMBATO CITY WATEI DISTRICT
 

Estimated 
Numbe r 

of ' x 1,000 

Year 
Rate/RU 

P 

RUs 
(Yearly 
in 00s) 

Income 
from 
Sales 

(Bd 
D 

Other -
Income 1L/ 

Total 
Net 

Income 

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

0.75 
0.75 
0.75 
1.20 
1.20 
1.20 
1.50 
1.50 
1.50 
1.70 
1.70 
1.70 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 

1,434 
1,710 
1,985 
2,237 
2,505 
2,820 
3,167 
3,561 
4,024 
4,515 
5,093 
5,729 
6,452 

6,452 

1,076 
1,283 
1,489 
2,684 
3,006 
3,384 
4,751 
5,342 
6,036 
7,676 
8,658 
9,739 
12,9o4 
12,904 
12,904 
13,549 
13,549 
13,549 
13,549 
14,194 
14,194 
14,194 
14,194 

22 
13 
15 
54 
30 
34 
95 
53 
60 
154 
87 
97 

258 
129 
129 
271 
135 
135 
135 
284 
142 
142 
142 

22 
26 
30 
54 
60 
68 
95 
107 
121 
154 
173 
195 
258 
258 
258 
271 
271 
271 
271 
284 
284 
284 
284 

1,076 
19296 
1,504 
2,684 
3,036 
3,418 
4,751 
5,396 
6,097 
7,676 
8,744 
9,837 
12,904 
13,033 
13,033 
13,549 
13,6f5 
13,685 
13,685 
14,194 
14,336 
14,336 
14,336 

-Other income (derived from meter replacement charges, contingency
fees of new connections, service fees, eto) is about 21" of sa?,es. 
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ANIM X-H
 

FMANCIAL StRWRY
 



AN]TEX TABLE X-H-1 

DEBT SEMRVICE SCMEDULE OF TOTAL FROJECT LOAN 
COTABATO CITY WATER DISTRICT 

(p X 1,ooo) 

Immediate 
 Phase I-A Immediate TotalPhase I-A Immediate Phase I-A
Year Im-provement and I-B 
 Total Improvement Debt

and I-B Total Improvement 
 and I-B Total Se.ric
 

1978 5,883 - 5,883 ­ - 131 1311979 6,521 1,294 7,815 -
- 131 
- 268 ­ 268 268
1980 7,240 11,783 19,023 ­ - 282 116 398 39F
1981 7,602 21,222 28,824 
 -
 -
 290 1,O60 1,350 1,350
1982 7,546 22,523 30,069 56 
 56 684 1,910 2,594 2,650
1983 7,485 24,016 31,501 61 
 61 679 2,027 2,706 2,767
1984 7,419 25,673 33,092 66 
 66 674 2,161 2,835 2,901
1985 7,347 29,143 36,490 
 72 72 668 2,311 2,979 3,051
1986 7,268 34,062 41,330 79 
 219 298 661 2,623 3,284 3,582
1987 7,182 38,688 45,870 86 219 305 
 654 3,O66 3,720 4,025
1988 7,088 47,835 54,923 94


1989 219 313 646 3,482 4,128 4,441
6,986 53,731 60,717 102 328 
 430 638 4,305 4,943 5,373
1990 6,875 56,856 63,731 111 328 
1991 

439 629 4,836 5,465 5,9046,754 56,310 63,064 121 546 
 667 619 5,117 5,736 61403
1992 6,622 55,545 62,,167 132 765 897 608 
 5,068 5,676 6,573
1993 6,478 54,780 61,258 144 
 765 909 596 4,999 5,595 6,504
1994 6,321 53,688 60,009 157 
 19092 1,249 583 
 4,930 5,513 6,762
1995 6,150 52,596 58746 
 171 1,092 1,263 
 569 4,832 5,401 6t654
1996 5,964 51,287 57,251 
 186 1,309 1,495 554 4,734 5,288 6,783
1997 5,761 49,759 55,520 203 
 1,528 1,731 
 537 4,616 5,153 6,884
1998 5,539 48,231 53,770 222 1,528 1,750 518 
 4,478 4,996 6,746
1999 5,298 46,485 51,783 241 
 1,746 1,987 
 499 4,341 4,840 6,8272000 5,035 44,520 49,555 263 
 1,965 2,228 477 4,184 4,661 6,889
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CO'TAA'O CrT WATER D=.C?(P z 1,000) 

c,,id (neete,1=7 1981 2 1978 79W 2R 22aj "T6 17 48 !.V- 2=12 1.-T-- ' 2 . o , -, I i. .'
 
L'n:or.7 gtof Pl. d iAe.t. 13125 
 14375. 50 35. 37717 M359 41,736 .5If4- Sr 6,Ci,, 73. 4,57 6 7'46 -7lC4 7Vi10,81?4,: iCj -C 405"A 0.. q ,I1.4mo cctul~itsd Depreoalon 35440244" 0i L) r~ ~ 2~'1 a:2£M7'7) :'. Y.31 I72?.'2141? 1
?:at Vatl I f ft4.1 Assl 1, 1 3 3093 ,Q3159)j 320 477 4'JO 3 0M9t i9.'61 i 2 391 ,1t40 4 9 t 

5 O'5 I2 4",',:
• 

;.:,.)
W.1k In Progre. .1 .. - 72 6. 7 12r (14 6 1.4. 

Total ?lied Asele W'I1 10777 21957 31330 32005 32896 33902' 37151 417'-6 4 (01- 54934 (.053.2 6347 61(45 &'.;221 61566 55P2 p9* 1 5 j 1.- 57, 5 Y,9~. 1 2 '.,A 

()
(8.1 396 776 W7 455 (315) (62') 156 120 W67 4460~f LC 9371 1U205 17640 IBC40 -' 0)53 ~5 LA 24' 83.1 1 33114 
coour.t- Raolv',bb 269 321 372 671 7,50 846 1193 1336 1- "1 1119 (5 2435 2 6 32.76 3G6 33 P7 33.S7 1 P? 4 "r7 3J.k.. '.,4"@$ And I-Ott 6 3 -'3 a 21 8 3 2?? ,q I.j ) 2., C5 3P2 321 (.): y] ') *.

-n~~l.14A138 147 227 2f1 %1? 374. 3f31 f, Iti.Sr IV , f R P I- '~2 .* ,15;. ; 
it1l Crrenl Asodse 527 8.2 129 1312 12(0 139 1477 12 3)C, 4.,11 71W 9163 133Y9 17417 2CVV9 2 14j I."C,e7 874s 7,, ;e02 3;.> 17 
Ti& Ancata 9798 lIP.29 '37 3 A,~067 -' f-' z 0 . -3250 111, 2P,3715 Y,4S-,') A) k. 'I :' 1~ -2 150 8s , Q'e'PP 8 1c' ~ I ,i7)~ 

k-c r'sy4' 13 12 2 111 1 '. 6 .5191 -1- 2 1 3 1 -1 1 527 561 6t6 7411 p '' 1 I'll1 9-14 1 7Current X~turit io. of Lo:.M4@rm :bt - '6 61 U' 7 1 "'11~ 10 439 G' 7 817 "P11 124'?) l'1. I I -A 1?11 17'0 "-*7 722.3 :1j 1, 
~oa 7.~liI.1s103 t22 1il CI : 7 5'9 6 , vf 579.4 11-.4 1466, 1.25 1913 111 .127o' :1 (7 2654 : .1 1 12.! 

L tne-7nm (LamI Correct Xatrritle)5803 7815 19023 2P768 3X0CA 31435 3 45551Debt 3 3D02361 41 125 56=93 "'73 C3049 62167 61258 6C09 59746 57?51 5520 ',3770 536!! 49y 41437 
r-;'41 tY:
 
Zoverrsmqnt Contribution 3535 3535 3538 3538 3518 3538 3538 3538 3538 3538 3531 3535 3538 3538 3538 3538 3536 3538 
 353F 3538 3' J 3o " 35.S

Ceiu.~ltjto 5 215 3642 7812 1407 1,448 7385 13040 38 3 4753 5S259 6471 6959 7465 7941 5317? 874? 906.5 11'P 4.; 9517
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ANN.EX TABLE X-H-.5 

RATE OF RETURI ON TOTAL I:.vT:'MNT 
(DISCOUN:,E CASH PLOW YETHOD) 
COTATIATO CITY WA77 DI" MICT 

(P x 1000) 

Not Total Net 1st Triid 2-.d Trial 
Debt Increase Cash Cash PreEent Vahe: 87 Present Value: 10Y 

Year Service In Cash Inflow Investments Tiflow Factor V.lue Factor Value 

1978 131 84) 47 5,883 (5,P36) 1.000 (5.836) 1 5936)1000
1979 268 480 748 2,052 1,304) .926 ,,08 (909
,185)

1980 398 382 780 11,357 10,577) .857 (9,064) .826 (8,737)

1981 1,350 149 1,499 9,979 8,48o) .794 (6,733) .751 (6,368)
1982 2,650 (672) 1,978 1,527 451 .735 331 .683 308
 
1983 2,767 (570) 2,197 1,777 420 .681 286 .621 261 
1984 2,901 253 3,154 2,012 1,142 .630 719 .564 644 
1985 3,051 418 3,469 4,149 ( 680) .583 396) .513 ( 349)
1986 3,582 914 4,496 5,675 ( 1,179) .540 637 .467 551)
1987 4,025 1,377 5,402 5,500 ( 98) .500 49) .424 42)1988 4,441 1,822 6,263 10,149 3,886 .463 1,799) .386 1,500
1989 5,373 1,630 7,003 7,154 151) .429 65) .350 53 
1990 5,904 3,274 9,178 4,559 4,619 .397 1,834 .319 1,473
1991 6,403 4,832 11,235 - 11p235 .368 4,134 .290 3,258
1992 6,573 3,435 10,008 358 9,650 .340 3,281 .263 2,538 
1993 6,504 400 6,904 3,144 3,7'<0 .315 1,184 .239 899 
1994 6,762 3,913 10,675 271 10,404 .292 3,038 .218 2,268
1995 6,664 1,607 8,71 2,O26 6,245 .270 1,686 .198 1,237
1996 6,783 1,842 8,625 1,377 7,248 .250 1,812 .180 1,305
1997 6,884 2,920 9,804 351 9,453 .232 1,193 .164 1,550
1998 6,746 2,898 9,644 417 9,227 .215 1,984 .149 1,375
1999 6,827 I894 8,721 1,026 7t695,A/ .199 1,531 .135 1,039
2000 6,889 1,839 8,728 593 14,586- .184 2,684 .123 1,794 

+i,008 -4,672
 

RATE OF R?,T1N =P 8.4% 

J-A/Includes net asset value of P6,451 
Total assets , 92,098 
Total Liabilities (50,694)
 
Cash (4,953 
Net Asset Value 6 i
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CHAPTER XI ECONOMIC FEASIBILIT' ANALYSIS 

A. WATER AND THE ECONOMY 

Introduction 

Water is a basic requirement in any country's economic develop.
 
ment and no economic activity can take place without it. However,
 
this basic function diminishes in relative importance as a higher

level of economic development is attained by a country. In moast in­
tances, the availability of water alone will not spur economic growth

for there are other significant factors tnht influence development,
such as peace and order, political stability rate of taxation and
 
availability of infrastructure facilities. Hence, a water supply pro­
jeot must be considered as only one part of a regional development
 
program. It must be viewed wit'-in the context of the overall govern­
ment prc ram. 

Cons. *ring that the Philippines is still a developing country,
water supply plays a fairly important role in the national or regional 
economy. Traditionally, water has been made available to the consuming
public at very nominal rates. There is a tensncy for the consumers 
to use water wastefully. As a oonbequence, the regard given to it is 
far below its true importance. 

To the water consumers the value of water is measured 1 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. 
Prom
 
the national viewpoint, the benefits to the water user, both householder 
and businessman, are only a part of the total.
 

Major User of Water Supply
 

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

IndustrialUse. Water isused by industry primarily as a factor 
of production. In some instances, it goes into the production process
as an input. This is the c'tse for the soft drinks industry. One 
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method of determining the value of water to industry is to analyze the
 
cost of alternative industrial processes which produce the same pro­
duct but use less water. This is not, however, al.Wys possible and
 
may be unduly laborious.
 

Other Uses. Crop irrigation is one of the major uses of water.
 
The value of water used for irrigation purposes can be estimated IW
 
an elaborate calculation 
of "with" and "without" project conditions.
 
All other costs are assumed to be paid and water becomes the residual
 
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 purpose may be valued by comparison with the lowest-cost alter­
native of prov-din.i electric power. Lastly, bodies of water serve a
 
basic role in many recreational activities. Ordinarily, water qua­
lity is not adversely affected by recreational use. Water value in
 
this case depends on a number of factors such as accessibility, set­
ting, beauty and quality.
 

In the Philippines, the National Water Resources Council escab­
lishes the water priorities, in pursuance of the policies laid down
 
by its charter, Presidential Decree Io. 424. In general, the system

of priorities for the development, conservation and utilization of
 
the country's water resources reflects the current usage of water and
 
is responsive to the changing demand for water. 
Another presidential

decr-e (Presidential Decree No. 198) has declared that the creation,
 
operation, maintenance and expansion of water supply and wastewater
 
disposal systems are a national policy of high priority*
 

B. ME'HODOLOGY
 

Recommended and Next-Best System
 

One approach in determining the economic feasibility of a water
 
supply project involves a comparison of the benefits and cots of
 
the recommended system and those of the next beet system. 
In this
 
method, the capital expenditure costs and the operating and mainte­
nace costs for both alternative systems are transformed to an equiva­
lent 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.
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Benefit-Cost Ratio
 

A second approach in determining the eoonomic feasibility of
 
water supply project involves the following stepst
 

l. The identification of the economic benefits and costs
that can be attributed to the establishments operation
and maintenance of an improved water supply system; 

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

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

The 	 results of the economic analysis are then expressed as a
single ratio called the 	benefit-cost ratio. The isproject considered
feasible if the ratio is equal to or greater than 1:1. 

Internal Rate of Return 

Another method involves the calculation of the internal economicrate of return of the proposed projecto The total amount of the bene­fits as well as of the oosts is determined throughout the 	projectionperiod. WP trial and theerror, interest rate at which the presentwoth of the benefits is equal to the present worth of the costs isthen calculated. The project is considered desirable if internalits
economic rate of return is higher than the minimum rate generallyacceptable in such projects, which is usually the opportunity cost of
cpitalo 

Nethod(s) Adopted 

Both the second and third mthods were employed in determiningthis project's eoonomic feaibility. These two were considered moreappropriate than the first method beoause,in this case, the recom­mended plan has already 
 been selected from several alternatives on thebasis of present worth cost comparisons (am discussed in Chapters VIII 
and 	I).
 

Calculation of Benefit and 	Cost Jtress 

The 	 economic studies cover Ionly Stage of the proposed watersupply program, which extends from 1978 to 1990. Benefits, however,were projected up to 2000 except for land values which end at 199OThis is because the benefits (except for land values) from the facili­tien to be constructed up 1990 wouldto continue to accrue beyond their 
oc truction period. 
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The construction costs included in the anal~uis are those which
 
will be incurred up to 1990, except replacement costs and the opero..

tion and maintenance costs which were projected up to 2000. This is
 
due to the faot that proper maintenance of the facilities will have
 
to be undertake' regularly for as long as benefits are desired to be
 
realized from the system,
 

Estimates of benefits and costs were based on 1978 prices. 
In
 
recognition of inflationary pressures, all benefits were escalated
 
bay 10 percent from 1978 to 1980, by 8 percent from 1981 to 1985 and
 
by 6 percent from 1986 to 1990. All project costs were also esoala-. 
ted in the same manner, with the exception of operation and mainte­
nance co3ts whi ch were escalated uniformly by 8 percent all through­
out the study period. In both cases, however, the escalation factor
 
for 199C was held constant up to 2000. This is because only Stage I
 
of the proposed project is being considered in the economic analysis;
 
hence, only partial inflation has been adopted.
 

C. QUANTIIABLE IMILTITS 

The economic benefits that will be derived from the proposed 
water supply improvement program for the water district may be classi­
fied into quantifiable and non-quantifiable. Quantifiable benefits 
are those which can be expressed in monetary terms. On the other 
hand, non-quantifiable benefits are intangible but real, and are 
extremely difficult to express in monetary terms. 

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

The quantifiable benefits that are discussed in the following

sections are: 
 increase in land values, improved health conditions,
 
reduction in fire damage, and beneficial value of water.
 

Increase in Land Values
 

The implementation of the water supply project will result in
 
an increase in the land values of the service area. 
However, it must 
be pointed out that the increase in land values cannot be attributed 
solely to the water supply rroject. Any difference between the acqui­
sition cost and the present market value of a piece of land evolves
 
from a aeries of market and public forces which exist whether or not
 
the water supply project is undertaken. Such forces include the
 
general pace of industrialization, construction activity, inflation,
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land speculation, taxation, public land acquisition and selling.
More particularly, such a difference could be the result of a general
estimation of productivity due to infrastructure investments which 
include a water supply project. 

The portion of land values attributable to the provision of an 
improved public water supply aystem was 	estimated in the household 
survey in Lipa City (May 1975) to be about 22.6 perent of the market 
value of a piece of land. It is reasonable to assume that this 
figure represents the incremental value of a piece of land, given 
access to water supply. In a specific instance, a residential lot
 
about 400 sqm has the following market values;
 

Without Water 400 sqm 1 e50 a P 20,000 
With Water 400 sqm x P65 - P 26,000 

Ratio a 1.3 or 30% increase 

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

On the basis of this information, it may be conservative to 
assume that 20 percent of the value of land tierved l r the water 
distribution system could be attributed to the water supply project. 

Assumptions made for this analysis are explained in Anne-w XT-4. 
Annex Table XI-C-1 shows the computations of this benefit, which 
amounts to a present worth of P42e59 million* 

Health Benefits 

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

U. 	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 to earnersincome 
who are afflicted with such diseases. 

2. 	 A subsequent reduction in premature deaths due to the 
lower incidence of water-borne diseases* 
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3. 	A corresponding reduction in medical expenses for the 
same reasons 

Calculations 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
 
P1.59 million.
 

Reduction in Fire Damage
 

With the installation of suitable fire hydrants espeoially in
 
the high-value as well as the residential districts in the service
 
area as part of the proposed project, savings due to reduced fire
 
damages will result from the availability of an adequate amount of
 
water and increased water pressure for fire-fighting purposes. Cal­
culations 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 P8.72 million.
 

No attempt was made to quantify the inconvenienoe to the people

rendered homeless and the value of human lives lost due to firea.
 

Beneficial Value of Water
 

This benefit (sometimes calldi "consumer satisfaction") is

quantified by the additionoa. revenzue generated toy the water district 
as a result of an improved water supply project. In the case of a
 
comnuity which previously did not have any piped water system, the

"consumer satisfaction" benefit may be measured by the full amount
 
of the economic value of the accounted-for-water.
 

For a community where ihe proposed project involves merely the

expansion and improvement of the existiag system, this benefit may
be measured by the econoiiic value of the incremental water produo­
tim- directly resulting fz.m bhe improvement of the system. 

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

This concept taks into account not only what households and oommer­
cial establishments are actually paying for water but also how much
 
more the consumers are willing to pay for this essential comodity.

Calculations fo.* the beneficial value of water are shown in Annex
 
XI-C and Annex TLble XI-C-4. The present value rf this benefit amounts
 
to P22.35 million,
 

D. NON-QUANTIFIABLE DBEFTS 

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
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attempt has been made to quantify or include them in the benefit­
cost calculations. 

The proposed water supply project will set off a chain of
 
events beyond its construction period. Those activities include
 
among others the inducement to industry to establish plants in the
 
service area due to availability of a dependable water supply, With­
out such supply, new industrial and commercial establishments would
 
be forced to develop their own suppl, system or relocate elsewhere.
 
The overall cost of providing separate water systems is normally large

and represents a deterrent to invest in the area and consequently to
 
industrial development.
 

Because of the employment generated by the project, hired laborers
 
are able to spend their wages for purchasing goods at the local stores.
 
Hence, each peso they spend is generated back into the inoome stream
 
of the local economy. In the operation and maintenance of the pro­
ject, the water district would find it advantageous to purchase re­
quired supplies locally and engage local service. 

E. ECONOMIC COSTS
 

General
 

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

Costs have been divided into the following:
 

1. Project costs 

2. Replacement costs 

3. Operating and maintenance costs 

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

Project Costs 

Project costs include the construction cost of the proposed
facilities such as pipes, meters and equipment, as well as, engineer­
ing services and contingencies and land cost. The coet of the feasi­
bility studies has also been included. 
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Annex Table XI--&-I sI(ws the construction costs of' the proposed 
water supply project for the water district. They are listed by 
component ac to type of er:.renditur, 'n 197 price:,. They are further 
broker, dow iinto fore.gn and donmestic components. 

The cost of unskilled labor is shown reparatelj from the do-­
mestic component of the project. From the balznce of the domestic
 
costp, 5 percent was assumed to be in the form of hidden taxes.
 

Adjustment of Project Costs
 

In the decermination of 'he project costs, adjustments were
 
made for those items which are not properly valued by the price

mechanism. A price other than the TArket price (called the shadow
 
price) was imputed to these items. 
 In this way, most of the effects 
of price discrepancies which could be identified, whether primary or 
secondary, were incorporated directly into the project analysis and 
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 Depart­
ment cf Public Works, Transportation and Communication. 

One of the items where 'shadow pricing' was applied is the
 
price of unskilled labor (otherwise known as common labor). In a
 
perfectly competitive market, the price of labor is determined by

the marginal value of its product. In this case, therefore, the
 
price of labor is equal to the value of the output which an extra
 
laborer hired would produce. However, this is not applicable in
 
an economy such as that of the Philippines where there is a surplus

of labor. Since there is widespread disguised unemployment in such
 
an economy, unskilled labor is normally valued below the actual wage
 
rate likely to be paid. In this study, the opportunity cost of un­
skilled labor or its potential in other employment was valued at
 
one half of its estimated cost in the project. The net effect is to
 
reduce the cost of unuxilled labor by 50 percent, thereby reducing
 
the summation of project costs.
 

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 w-uld probably migrate elsewhere tn obtain employment or a
 
better wage.
 

Adjustments were also made with respect to cost of project

facilities which use up 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 percent, 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.
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Interest was not included since thio is considered a finan­
cial instead of an economic cost.
 

Annex Table XI-E-1 shows the conversion of financial costs to
 
economic costs thrcugh shadow pricing .--d other adjustments. The
 
present value (see Table XI-F,-4) of total economic project cost for
 
COT-WD amounts to Y39.91 million.
 

Replacement Costs
 

Based on the criteria used in Lhc finnuicial studies, vehicles 
have a life expectancy of 7 years while meters are expected to be 
replaced every 15 years. Other items which have a service life of 
15 years are the equipment of the source facilities, the plumbing 
shop and laboratory, the equipment of administrative shop building, 
miscellaneous items, and plumbing and meter repair items included 
in the irurediate improvement program. The feasibility studies are
 
assumed to apply for 30 years, while the well is expected to last 
for 25 years. All other facilities iri thi, ,ty..ttn have a life expeo­
tanca, of 50 years. 

Therefore, vehicles, meters, equipment, and the miscellaneous 
items with a service life of 15 years will have to be replaced during 
the 23-yettr period from 1978 to 2000. Annex Table XI-E-2 shows the 
replacement schedule and costs of vehicles, meters, equipment, and 
miscellaneous items. The present value of total replacement costs 
(see Table XI-,-4) for Cotabato City amounts to P1.13 million. 

Salvage Value 

Annex Table XI-E-3 shows the salvage value in 2001 of all the 
capital equipment to be used in the project. The percentage of sal­
vage value was based on the remaining service life of the facilities
 
in 2001. For COT-WD, the present worth of the salvage value (see 
Table XI-E-4) is P4.39 million.
 

Operating and Maintenance Cost 

Operating and maintenance costs refer to the costs associated 
with the mzintenance, operation and management of the project. 
Otherwise kna.owni as annual costs, they include personnel, power, 
chemicals, and other miscellaneous maintenance expenses such as fuel 
and lubrication, repairs, communication needs and office rental.
 
Only the operating an maintenance costs of the proposed project 
(i.e., excluding those of the present system) were considered in 
this study. 

Annex Table XI-&--4 presents the incremental annual recurring 
costs ansociated with running and operating the water district up 
to 2000. The present value of these costs amounts to P5.12 million. 
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Calculation for Economic Costs
 

The economic cost may be expressed as the adjusted (shadow
priced) project cost plus replacement cost plus operating/mainte­
nance cost less salvage value. Annex Table XI-F,-4 shows the computa­
tion of total economic costs for CO-D-WD, amounting to P41.76 million.
 

F. BE;EFIT-COST AI7ALY.IS 

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

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

SUMMARY OF B E'IS AID COSTS 
°
(F x 10) 

Benefits 
 Costs
 

Increase in Land Values P42.593 Project Cost 
 P39.911
 
Health 
 1.587 (+)
Reduction in Fire Damage 8.720 
 Replacement Cost 1.126
 
Beneficial Value 
 22.350 (+)
 

Operating and 
P75.250 Maintenance Cost _5.116 

Sub-total P46.153
 

-)

Salvage Value
 

P41*760
 

Benefit Cost Ratio - 1.80 1 1 

The preceding table shows that the quatifia*.e benefits exceed 
the economic costs associat-:d with the improvement of the water 
supply syster in COT-WD. Under the principle of benefit-cost ratio,
the project ii,therefore, considered economically feasible. 

The actual benefits of the proposed project may really be greater

than what the benefit-cost ratio represents beoause the non-quanti­
fiable benefits have not been incorporated into the analysis.
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G. I TRNAL ECOC:OVIC RATE OF R7TUnMI 

The internal economic rate of return (IERR) is the rate at 
which the present value of the quantifiable benefits is equal to 
the present value of the economic costs of the proposed project. 
It is generally held that for a project to be feasible and desir­
able, its IERR should be higher thza. the prevailing opportunity 
cost of capital. In this particular stuay, the opportunity cost 
of capital is 12 percent.
 

For COT-WD, the IERR is 56.08 percent as shown in Annex Table 
XI-G-1. On the basic of the above stated principle of IERR, the 
proposed project appears to be economically feasible and justified. 
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QUANTLIABLE BENEFITS 

Portion of Land Values Attributable to 'ater Supply Project 

Annex Table XI-C-1 shows the present value of the portion of
 
land values attributable to the proposed water supply project, based
 
on the foll'wing assumptions:
 

1. 	 In accordance with the staging program of the construc­
tion of fcilities, the 1980 service area of 367 heo­
tares was projected to increa~se in the following manner: 
by 30 hectares from 1980 to 1981; by 23 hectares from 
1981 to 1982; by 36 hectares from 1982 to 1983; by 38 
hectares from 1983 to 1984; by 42 hectares from 1984 to 1985; 
bY 45 hectares from 1985 to 1986; by 49 hectares from 1986 
to 1987; by 53 hectares from 1987 to 1988; by 58 hectares 
from 1988 to 1989; and by 62 hectares from 1989 to 1990. 

2. Land use was assumed to be 87 percent residential and
 
13 percent commercial/institutional/industrial through­
out the projection period. This classification was based 
on the water demand projections in 1980 1Y consumer cate­
gory, as shown in Chapter VI. 

3. 	 The 1977 costs of land based on estimated market values 
in Cotabato are: 

Residential : P30 per sqm
 
Industrial/Commercial/Institutional : P40 per sqm
 

These costs were assumed to be constant over the pro­
jection period. 

4. 	 The portion of the total cost of land specifically
attributable to the provision of water supply was as­
sumed to be 20 percent of the cost of land. This land 
value benefit was escalated by 8 percent from 1980 to
 
1985, and by 6 percent from 1985 to 1990.
 

5. A discount factor of 12 percent was used to obtain the
 
present values of the benefits. This is believed to be
 
the opportunity cost of capital and is commonly used for
 
public investment projects like water supply development.
 

For COT-WD, the land value benefit in its present worth amounts 
to P42.59 million. 



' * -,A;:'' TA Xl- ;-1 

.- L.!j "i.:U A.I'3rJTA-Z T-0 FRCJECT"T.O;:0, 

L.c (cnfir, cf Land (*- x 12,-" P ercent 
Conril onril otc.1 Cost Benefit 1%ueia 1/ :Z.C <'. 2e ;1e&:A .' wtr n!nsttutirn!a/ cr L.A.nd tc Frc.iect "-ca-iatior. 3er.efit- - e ient ial ao efIndu tri! . Resident iLL Inuntra1I.I ) x IOO) &o).oIt_ i 12e 

1980 3,192,900 477,100 P 85,787.0 P 19,084.0 P 114,871.0 P 22,974.2 
 1.210 P 2-,73E.8 .7 P 22,155.'.
1;1 26,000 39,000 7,830.0 1,560.0 9,390.0 1,78.01982 2c0,200 1.307 2,454.5 .7i- 1,747.­29,900 6,003.0 1,196.0 7,199.0 1,439.P 1.412 
 2,033.0 .63: 1,293..
19F3 313,200 46,8.00 9,396.0 1,872.0 
 11,268.0 2,253.6 
 1.525 3,436.7 .5C" 1,9, '..
)
6-- 49,400 9,31e., 1,976.0 11,894.0 2,376.6 1.641 3,917.9 .507 ,9i
9 3C5,400 54,600 10,962.0 2,184.0 13,146.0 
 2,629.2 1.775 4,677.3 .42,
19: 351,50C 5E,50- 11,745.C 2,340.0 14,085.0 2,617.0 1.8&619 '7 5,312.9 .44 2,14.4426,300 63,700 12,789.0 2,545.0 15,337.0 3,067.4 1.-999 
 6,131.7 .361 2,21
1 461,100 66,900 13,833.0 2,756.0 16,589.0 3,317.8 2.119 7,030.4
19% i3?,600 75,00 15,138.0 3,C16.0 18,154.0 3,630.8 2.24- E..... 
.322 2,2.­

19" 5.3c,400 6:,600 16,162.0 3,224.0 19,406.c 
.2 2,3.'.

3,81.2 ?. :1 C,2-1.1 .25 2.3-. 
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Health Benefits 

To determine the amount cf benefit arising from the reduction
 
of income lost of those afflicted with water-borne diseases, perti­nent statistics or morbidity rate were gathered from the Department

of Health. 
From 1964 to 1974, an average of 1,305.6 out of every

100,000 populatirn in the province of Cotabato were afflicted with
primary water-borne diseases every year, regardless of age, sex,

and income class. The same rate was assumed for the City of Cota­
bato 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 are wage­
earners, an 
adjustment was made accordingly. Based on the 1970

Census on Population and Housing of the National Census and Statis­
tics Office, 681gercent of the municipality's population was econo­mically active.I/It was assumed, therefore, that only 68 percent of
1,305.6 per 100,000 who were afflicted with primary water-borne
 
diseases were economically active. 
Hence, this is the only segment
of the population who would suffer a reduction in income due to saiddiseases. Furthermore, these afflicted wage-earners 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 due to water-borne diseases was thereby
arrived at by multip ying the number of people afflicted with water­borne diseases by 68 percent, by P8 a day and then by 15 days. 

Another health benefit couldthat be associated with the estab­lishment of a safe public water supply system is the reduction of
the economic cost of the premature death of those afflicted withwater-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 bymultiplying the number whoof people die because of water-borne
diseases (assuming that a water supply improvement program were
 
not undertaken) by 68 percent and then The
by P11,629. projected

number of such deaths was based on the avera-e of the 10-year mor­tality rate for primary water-borne diseases in the province of
 
Cotabato, as gathered from the Department of Health. These figures
indicated that 61.5 persons died of the 1,305.6 per 100,000 who wereafflicted with water-borne diseases. 
 This mortality rate was assumed 
to be constant over the projection period. The 68 percent corres­
ponds to the income-earning portion of the service area population.
The P11,629 represents the monetary value of each death.
 

[Economically active porelation includes those who are 10 
years old and over, whether employed or unemployed, excluding re­
tired persons, students and housewives.
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This was derived from the estimated income to be earned by the ave­
rage w;age-earner over a period of five years discounted at 12 per­
cent plus 20 percent associated economic costs (summation of P200 
a month x 12 months x discount factor + 20 percent associated costs). 

The third health benefit that can be derived from the improve­
ment of the water supply :n the service area is the reduction of the
 
medical expcnses of persons afflicted with water-borne diseav.
 
According to the Lipa City pilot survey on "Ability-to-Pay", an
 
afflicted person spends ?113.00 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 P113.00 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 adjustments 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
 
by a poor water system and may also be due to less than ideal per­
sonal hygiene or lack of sewerage facilities. Second, the 40 per­
cent health benefit was escalated by 8 percent from 1980 to 1985,
 
by 6 percent from 1985 to 1990, after which the escalation factor
 
was held constant up to 2000. Third, the escalated health benefit
 
was discounted to its present worth at 12 percent. Annex Table XI­
0-2 shows the calculations associated with the health benefits for
 
COT-WD. The total present value of said benefits after the adjust­
ments amcunts to r1.59 million.
 

Reduction in Fire Damage
 

The profosed wat'r supply i:.iprovement program will result in
 
increased water pressure and reliable supply for domestic as well
 
as for !ire-fighting purposes. At present, 67 percent of the fire
 
hydrants in Cotabato are effectively operating. With the implementa­
tion of the program which will involve the installation of new fire
 
hydrants, the fire protection coverage will be provided to the ser­
vice area. Hence, a reduction in fire damage is expected in the ser­
vici' axrea.
 

V Refer to Methodology M'anuel, Chapter 20 for "Ability to Pay"
 
studies.
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AJKIN. ELE ZI-0-2 

IC-ALTH 
COTABLTO CI1r 

E-VtITS 
;ATE DISTRICT 

Year 

1980 
1951 
InP2 
1963 
198.1 
19;5 
1986 
19:57 

19z9 
1990 
1991 
1992 

1993 
1994 
1995 
1996
1997 
1998 
1999 
2000 

Served Poulatin 

22, &) 
24,460 
27, 100 
30,320 
33,260 
36A,50 
40,320 
45,223 
50,10 
5 500 
1,490 

1 
61,490 

:"itof ?1.-6 
Lostot e to 
Illness (1) 

23,523 
26,059 
28,e72 
31,982 
35,434 
39,259 
43,.^8 
48,179 
53,375 
59,128 
65,51C 

65,510 

'ca..rc Loa3 
X-e to Prer-.. 
ture Death (2) 

117,381 
118,955 
131,794 
145,995 
i16,752 
179,211 
195,518 
219,931 
2-13,649 
269,910 
299,c41 

299,041 

:ct.of 
::odla-1 
"nEe (3) 

32,575 
36,087 
39,981 
44,289 
49,069 
54,366 
60,223 
66,719 
73,914 
81,881 
90,718 

90,718 

40 Percent 
73tal Reduction Due 

£c:r.:=c Lcaaes to .?roject 
Xe toIlinesa (Benef itu) 

163,479 C5,392 
181,101 72,440 
200,647 80,259 
222,266 88,906 
246,255 98,502 
272,836 109,134 
302,229 120,892 
334,829 133,932 
370,938 14-,375 
410,919 164,368 
4354,269 122,1c6 

455,269 182,106 

Escalat-on 
I 

1.210 
1.307 
1.412 
1.525 
1.647 
1.779 
1.886 
1.999 
2.119 
2.246 
2.381 

2.381 

Eacralated 
Reluction 
Due to 
Froect 

79,124 
94,679 
113,326 
135,582 
10,233 
194,149 
22B,002 
257,730 
314,407 
369,170 
433,594 

433.594 
-E,727,936 

Bls-.ou.t 
?ictcr it 
12Par t 

.797 

.712 

.636 

.567 
- 507 
.452 
.404 
.361 
.32­
.288 
.257 
.229 
.205 

.163 
137,7 

.146 
130 o.16 

.104 

.093 
0638 

Frenen.t " 1%va 

63,062 
67,412 
72,C',5 
761 75 
F.2 ; 
F7 -*, 
92, I. 
96, 1. 

1)6,."21 
111,43 
99.2.,3 
88, .7 

70,,:6 

63,3.5 
56,36750,2Jt7 
45,094 
40,324 

1,5#_6,769 

Tohl l Population 
Etinomically Activet 

Yorbility Ratet 
Mortality Rate: 

I) E6K x 1305.6 x S.e. x P8 x 15 
100,000 

2) 6F x6. S.P. x P11,629 

61,184 
4,864 

or 6L09 
1,305. 6/100,;00 

61.5/100,000 

) 1,3C5. xS.?. x? 
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This reduction was assumed to be 0.75 percent of the combinedassessed values of all structures in the service area. 
For Cotabato,

the ave y;e acsessed value of each structure was a!3umed to be

F18,800d/. The number of structures was derived from the projectedpopulation to be served by the §ystem, assuming that each household 
has an avterai~e of 6.3 members./ 

The fire protectio benefit was based on 
the assumed overall
reduction in fire damage, but correlated with the schedule of fire

hydrant installation in the service area. 
Percentage of fire pro­tection starts at 55 percent in 1981, gradually increasing to 81
percent in 1990 in accordance with the extent of the service area
 
to be covered by the fire hydrants.
 

The net reduction in fire -mage was escalated y 8 percent
from 1980 to 1985, by 6 percent from 1985 to 1990, after which the
escalation factor heldwas constant up to 2000. It was then dis­
counted at 12 percent. 
 The present value of the fire protection

benefit, as in Annex XI-C-3shown Table amounts to P8.72, million. 

Beneficial Value of Water
 

Since water is essential to human life, all members of the
served population in the service area presumably would be willing
to obtain it in sufficient quantities at 
some given price. With

the proposed improvement of the system's facilities, the volume of
water prouction is expected 
to increase considerably to serve the
needs of the growing population. 
This will bring about additional
 revenues to the water district, especially since a price increase

of water may be justified in view of the improved service.
 

In general, water rates charged by the water district do not

reflect the true value of water. 
Moreover, it is recognized that
households and commercial 
users are rcally willing to pay more than
what they are actually being charged for water consumed. From the
economic viewpoint, therefore, there is a consumers' surplus. 
This

consumers' surplus refers to the additional amount 
consumers are
willing to pay over and above what they are paying for water. For
purposes of this study, this additional value beenhas estimated
 
to be 50 percent higher than domestic 
water rates and 25 percent/
higher than the comercial/ndustrial/inst'tutional water rateel / . 

I/In the absence of assessed value records on Cotabato, thefigure on the municipality of Gapan in Nueva wasEcija used* 
4-/Based on the 1970 Census on Housing in Cotabato Province. 
2/Refer to Revised Procedures fcr the Economic and FinancialAnalysis of Water Projects, LRCA, , ay 1977. 
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AMXE TABLS 11-0-3 
R-:'CTIO) =: FLS DAMGE 

COTA3TO CITT 4ATE DISTRICT 

ZSM 

1980 
1)81 
1?82 
1?-3 
1•.4 

15E5 

1;7 
198c 
1,E9 

199o3 
192 

Nae r5z 

3,505 
3,883 
4,102 
4,765 
5,279 

5,,r49 
6,66,479 
7,17 
7,952 
E,1ao 

9,760 

=k1 

Total Value 
at Pid. zw 

. fC;dl 

(P x 1000 1 

65,094.0 
73,000.4 
80,877.6 
89,582.0 
99,245.5 

109,961.2 
121,505.2 
134,946,4 
149,-97.6 
165,628.0 

183,488.0 

Overall 
Reduotion in 
Fire Dome 

(,007S)? x 1000 

494.2 
547.5 
606.6 
671.9 
744.3 

824.7 
913.5 

1,012.1 
1,121.1 
1,242.2 

1,376.2 

P.rcentae 
of Fire 

&angUM 

-
55% 
59 
63 
67 

72 
76 
77 
78 
79 

81 

Net Reduction 
in Fir D&-ALe 

(Berefit) 

(P x 1000) 

-
301.1 
357.9 
423.3 
498.7 

593.8 
694.2 
779.3 
874.5 
981.3 

1,114.7 

Escalation 

P)f-td 

1.210 
1.307 
1.412 
1.525 
1.647 

1.779 
1.236 
1.999 
2.119 
2246 

2.381 

Ea.!.tei ;:uo 
of "et Reduction 

( 1M 

-
393.5 
505.4 
645.5 
821.4 

1,356.4 
1,.09.3 
1,. -1 
1,853.1 
2,204.0 

2, 4.1 

5x*-v- Proon.-e 
kac-.at of .:;t ?,:efit 

12- Ps.roornt PxIL 

.797 

.712 28.2 

.6,6 321.4 
4567 366 .0 
.507 41 .4 
.4% 4* 3 

322 59,. 7 
2!., 

.257 6r-. 1 
1992 .229 , 

1993 .2Z5 544.1 
1994 01234"7 
1995 .163 432.6 

6 .146 387.5 
1} .130 .5.0 

1.92 
.116 307.9 
.13,1 27c. 

5'-f 
4. 

183,488.0 1,376.2 81 1,114.7 2.381 2,654.1 
.093 
.OC3 

246.". 

39,541.5 

V7-erivel :'.-.co the served population pro.ectionx i. Ch.apter VI. 
-':'e ne n t-r.e a:zaeoccl value recori, in 0zpan, Ln the aboenoe ol" similar 136ta in Cotabato. 

caxl-t-!J 
• . .' .­

:.rr.t'ay ty 10 yz,r 
n-c.1ic. factor ws 

t frcm 978 to 1980, by 8 peroent 
held constant up to 2000. 

from 1980 to 19E5, and y 6 percer.t :'rom 19E5 to 1590, ;Lfter 

VV-4-? 



In the determination of this benefit, the following steps were
 
taken: 

1. Only the incremental volume of accounted-for-water was
considered; hence, the 1977 accounted-for-water amounting
to 598,980 cum was deducted from total accounted-for­
water projections in Chapter VI. The water demand
jections in Chapter VI, expressed in liters 

pro­
per 	capita

per 	day, were converted to cubic meters per 	year. 

2. 	Classification of' accounted-for-water into domestic and 
others (commercial/inatitutional/industrial) was 	 based 
likewise on Chapter VI. 

3. 	 The price per cubic meter of water was obtained from the
unescalated rate per revenue unit in Chapter X, Annex
Table X-C-i. The rates were, however, adjusted upwards
to reflect consumers' surplus: 50 percent higher for
 
domestic water and 25 percent higher for others. 

4. The total economic revenues were then escalated Iy 10 
percent from 1978 to 1980, Iy 8 percent from 1980 to 1985,
bV 6 percent from 1985 to 1990, after which the escalation
 
values were discounted at 12 percent to obtain their pre­
sent values.
 

For COT-WD, the beneficial value of water amounts to a present

value of P22 o3million, as shown in Annex Table XI-C-4o
 

XI-c-8 
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AlnfiEX TABLE XI-E-2 

REPIACE .i;T COST 
COTABATO CITY WATER DISTRICT 

1978 PRICES 
P x 1000 

Year 

7-Year Ites 

Vehicles Meters 

15.-Year 

Equipment 

Items 

isc,. Items 

Plumb II 

Meter Repair Tota' 

1978 

1979 

1980 

1932 

1933 

1984 

1985 

1986 

1987 

1988 

1989 

129.5 12. 

1990 

1991 

1992 

1993 

1994 

129..5 

502.7 

lo.o 

383.6 

51.0 

14.3 113.3 

125 

1,011 

1. 

1995 

1996 

1997 

1998 

1999 

2000 

TOTAL 

129.5 

-67 

388.5 

8:.2 

10 ,5 

9,.0 

10. .9 

11..4 

1,282.. 

487.0 

263.3 

1'4 
1,200o, 14.3 

-f 

113.32 

572.: 

369.1, 
94., 

1A " 

21 

XI- : 



AN= TARS X-1-3 

SUWLAU TALU D 2001 
COARA CITY UAMIR DI3IRM 

(rz IO00) 

0 Team,
9s,-.laiaq 

30 Tears 
"--'ne 

25 Team,
AUiW 

15 TeWN
"b--lmiug 

7
b 

Tear ~ Tfilt.~a&Lna " -

Zconono 

Service 
Life 
In 2001 

u C&in Percent) 
Slvqp 

Value 
Zoone 
aboo 

Service 
Life 
is 201 
LuImaro 

Uelw
.inl. 

emia 
alue. 

Servioe 
i.f 

in 201 
JZa.L 

selvw 
lain.. 

ammel
.aM-ALU-. 

service 
Lt 
in f1 ftlag
IZL hiom.lAIu.. 

arvIce 
J M 

kesa Im 21
.X"u. (in hzuas) 

3e1vw
Juan.. 

MMinaO 
Jai... 

service 
Lift 
La 200 
ftmmPTc~ 

§s2vage
AIr 

Tkrt @l 

1978 
1979 
1?80 

3,359.8 
1,206.7 
6,512.4 

56% 
58 
60 

.881.5 
699.9 

3,907.4 

41.5 

417.6 

27 

33% 

18.5 

137.8 

204.7 Io1l Af.T 2, i84.7 
6 

1901 
19&1 
1983 
1984 
19,5 

,830.7 
W.8.1 
891.4 
932.0 

1,659.8 

62 
64 
665W.3 
68 
70 

3,615.0 
5"0.058. 

633.8 
1,161.9 6.5 40% 2.6 

906 0.6 4,3.65.030.-0 

63A.0588.3 
,6.5 

1986 
15t7 
19 B1939 

1990 

1,666.8 
2,.6.4 
3,363.63,363.6 

1,413.9 

72 
74 
7678 

80 

1,300.1 
1,499.5 
2o556.3!
1,55.3 

19 2,0. 81930239.6 
1,1310 

9.6 52 5*1 

153.5 
162.9 
425.2 
209.8 

7% 
13 
20 
27 
33 

17 
21.1 
85.0
56.1 
79.1 

10 TT7..T 1,, .3 
1, 20.7 
2,i92.6 
2,011.T 
1,210.2 

1991 
1992 
1993 

1996 
1997 
198 
1999 
2000 ______ 

32,196.0 

194572.2 

_____ 

21,35936 WT 1I56.3 

,m 

103.1 myJ 

1,014.1 
155,0 

369.8
94.o 

104.9 
117.4 
to_ ar 

Va5 

53 
60 

67 

73
80 
a?
93 

537.5 
93.0 

383.4 

270.0
7 . 

"s.3 
109.2 

a0 
129.5 N% 111.4 

'*WrT~ 

537.5 
93.0 

141.4 
270.0

15.1 

91.)20.6 

22/ e values rur mear rop.rmmt UA ddaW valuetf unism yew 2m0. 
-- ,o&.­
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ANNEX XI-G
 

INTERNAL ECONOMIC RATE OF RETURN
 



INTRNAL RATE OF RETURN 
COTABATO CITY" WATER DISTRICT 

(px 1000) 

Year 
Escalated Values 
Benefits %Its 

Discount Factor 
at 55 Peroent 

Present Values 
Benefits Costs 

Discount Factor 
at 60 Percent 

Present Values 
Beefits Costs 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

124.9 5,967.1 
272.4 1,946.' 

28,332.4 11,526.6 
3,917.6 10,324.5 
3,897.8 1,778.1 
5,781.7 2,122.7 
7,269.2 2,457.4 
8,813.2 4,735.1 
10,217.8 6,332.6 
12,379.4 6,273.7 
14,307.0 11,339.2 
16,561.3 8,933.0 
20,087.3 6,460.8 
10,327.1 1,694.5 
9,740.2 2,002.8 
9,544.5 4,109.1 
9,085.4 2,063.6 
8,694.0 3.056.9 
8,302.6 2,575.0 

1.000 
.645 
.416 
.269 
.173 
.112 
.072 
.047 
.030 
.019 
.o12 
.008 
.005 
.003 
.002 
.001 
.001 
.001 
-

124.9 
175.7 

11,786.3 
1,053.8 

674.3 
647.6 
523.4 
414.2 
306.5 
235.2 
171.7 
132.5 
100.4 
131.0 
19.5 
9.5 
9.1 
8.7 

5,967.1 
1,255.8 
4,795.1 
2,777.3 

307.6 
237.7 
176.9 
222.6 
190.0 
119.2 
136.1 
71.5 
32.3 
5.1 
4.0 
4.1 
2.1 
3.1 

1.000 
.625 
.391 
.244 
.153 
.095 
.060 
.037 
.023 
.015 
.009 
.006 
.004 
.002 
.001 
.001 
.001 

124.9 
170.3 

11,078.0 
955.9 
596.4 
549.3 
436.2 
326.1 
235.0 
185.7 
128.8 
99.4 
80.3 
20.7 
9.7 
9.5 
9.1 
-

5,967.1 
1,216.8 
4,506.9 
2,519.2 

272.0 
201.7 
147.4 
175.2 
145.6 
94.1 

102.1 
153.6 
5.8 
3.4 
2.0 
4.1 
2.1 
-

1997 8,i06.8 1,918.3 -
_ 

- -
-

1998 
1999 
2000 

7,715.6 
7,392.3 

000o 
2178714 

1,944.3 
2,282.4 
2.130.2 

-
-

-

164243 

-
-

-

-
-

-

-

-
-

-
15,015.3 

-

-
-

-

SalvagTe Value 
103,974.8
_24,930.7 
79,044.7 

16,307.6
0,0 

16,307.6 

15,439.1 
0.0 

15,439.1 
2.76 1.00 WlR - .55 + .05(116.7) 

540.5
Present Value at 55% 
- 116.7 - .55 +.0108 
Present Value at 60% a 
 - .56.0&­
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CAM' P1ESSER & MCKEE INTERNATIONAL INC 

Kethodology Memorandum No. 1 

TO : Lo V. Outierrez, Jr. 

Prom : A. de Vera 

Date 1 4 January 1977 

Subject: Pilot Area Survey 

A 	 Need 

In astimating water aooutability, data on the ratio of 
borrowers to primary users, avirage peone per household, and 
per capita oonAumption are necessa y. Information on oapeoity
and wille.ngness-to-pay u-nuld greatly aid financial snaluis. 
In all oases, these data are not readily available in the 
Philippines. The only waV 1o get 	these data would be to aotually
perform a house-to-house *urvity within the served areas of the 
water district (WD). Considering time and financial constraints, 
a pi]ot area survey would be the best approach. Thi, is merely
surveying a representative area within the WD and projecting the 
data obtained for the ontire served area of the WDo 

B. 	 Methodolocy 

1. 	 Choose a pilot area within the WD. Deirable requirements 
for the area are as follows! 

a. 	 adequate line pressures, preferably with 24-tour service; 
b. 	 metered connections; 
o. 	 presence of domestic as well as comercial oonnectionm. 

Ratio of comercial to domestic connections for the area 
must not exceed that for the entire MDI 

d. 	 representative income levels of the onoesionaires. 

2. 	 Devise a one-page questionnaire so that its 

a. 	 is easily understood by WD personnel (who will serve as 
interviewers); 

b. 	 provides relevant information; 
c. 	 provides a means of oroas-cbeoldng some answers given 

by respondents; 
d. 	 would make tabular analysis easy* 

A sample questionnaire is attached* 



3. Get aasise-uwi fromn iCth3 pereonnrl ir the house-to-ouse 
arvcy. Tt is suggested that they do the actual interviewbecause of 4heir fa "]iarlf with local customs and dialoote.
However, before allowing the WD enumeratore to prosee c 
thair own, it is neoemsary thato 

a. the enwoeratore be 7Tiven a thorough briefing on theiZport _nco 'U 'he flury, . s well a the purpose of 
each item in the Aest.iorznaare.b. the enu~mratorD b+; aocompanied to the first few
houses, and 4von -iditiona2 pointors or feedbaok 
before they proeee cn their own.
 

4. CoVuct a -ouse-to-ho,,s aurvey of all households within
the piloT. area. A inan at thia point indioating the exist­ins' houses (with neir code numbers) woild be neoessazy.
The following would be .'elpfvl daring the surveys 

a. brief the renpondents about the purpose of the surey
before askirn, questions. It is very important that
they be receptive to the interviewers. Otherwise data 
given could be misleading.

b. in asking for estimates of consumption, avoid usixg
technical terms, i.e., liters, gallons, eta. 
Use
local containers like pail., 
drums or whatever theyuse. 
Note the capaoity of the container in the
 
crestionnaira.
 

C. Data 

The following data may be obtained from the survey: 

1. Pilot area density
2. Average peraons/houeehold

3. Borrowers from connected households and peroentaee of 

households dependent on the WD
 
4. Potential concessionaires
 
5. Consumption estimates 
6. Income levels and the respective rates showing


willingness 
 to M-y for iuproved service
7. Water accountability 

11-2
 



__ 

_________ 

WATER DISTRICT
 

PIWT AREA QUESTIONNAIRE 

n,7'r RVIE,EE 

TYPE OF DWELLING 

WD CONCESSIONAIRE 


Is NO. OF OCCUPATS: 


2. CLASSIFICATION: 

0 Domestic 

0 Commeroal 

03 Institutional 

0 Industrial 
0 ,_ 


3. SIZE OF CONN&CTION: 

03 " 0 1" 02" 


0 oif" o_. 
4. TYPE OF COWNECTION: 

Ometered: meter functioning 
0metered: meter damaged 
0 flat rate (unmetered) 

5. APPURTENANCES (Connected to 
System)

0 with hand pump 
Owith eleotrio motor pump 

HES used/day 
Pump rated HP 

GPM 


6. OTHER SOmRCE ASIDE FROM WD: 

wells 0 wellr 
Owspri 0 welspOsprings 0 springs 

O rainwater 0 rainwater 


DATE 
TIME i 


ADDREESS
 

CONSTRUCTION MATERIAL
 

CONCESSIONAIRERALALL HOUSEHOLD5NON- ID FOR DSEO~ 

I. NO. OF OCCUPANTS: --


2. SOURCE OF SUPPLY: 

Down private well 
O rainwater 
0aping 
Opublio fauoet 

WD concessionaire 
HH Code No. 

Elpublio well 
nothers' private well 


0 


3. CONSIMPTION: 

COfree 

Opaying 

volume used per
____,, ____ 

day
Paying P 

for '____* 

0 - - - -/ 0n 

(TO BE FI Up AT 'rHE WD voICz) 

1. HOUOSEHOLD CODX NO. 3. WD CONCESSItARE 

E3 registered
2. INCONE: 
 0 u-eg stered
 
Obelow average (P220 below) 

Oaverage P221 - 750) 4. PAD MS 
0upper middle jPlI - 1500 up-to-date

ohP,5OO above) Cdeltquent 

I WD-WATER AVAILABLEs
 

No. of hours 
Time 

2. FA
0 
0 

UCETS: 
1 
2 

0 3 
C04 

0 5 
0_ 

3- SHOWES:
 

4. 

5. 

6. 

7 


3 0C32 0 3 0 

FLUSH dATER CLOs.'-:
 
01 02 03 fl3
 

MANUAL WATER CLOSET:
 
1 E2 0J3 0 e
 

o0w/septic 0 W/o 8e;t
tank tank
 

oAVERA(G )NTHL 1gY8Consimpion ilzAM
 
WD:

walle: '
 
others_
 

8. USER 
o w/ borrowers
 
0 w/o borrowers
 
Total no. of HH
 

borrowers
 
Total no, of HK borrowers'.
 

occupants
 

9. How muoh would you be
willing to pay ifwater servioe were
 
improved?
 

th e
 

_
 

ENENRATOR
 

POSITION
 



CAMP r):FsSER & 	 .Me-r.rF %rJTr-RNATEOJNAL INC 

Methodology Memorandum No. 2 

To : L. V. Gutierret, Jr.
 

From I A. de Vera
 

Date : 31 January 1977
 

Subject: Eet imating, ater Aocountabil ity 

A. 	Need
 

To be able to determine future water domand per capita,

need for leak d-tecticn and mirvey .rocram, 
 and 	the level of 
development pos6ible for reducing waatage and leak.a e, the
 
followin; information must first be available.
 

1. 	.Ratioof acocunted.for aiud unaooounted­
for-water.
 

2. 	Ratio of wastage and leakage in relation
 

to total production.
 

3. Domestio consumption per capita.
 

Although there are various methods for estimating water
 
accountability, the selection of a 	method depends on the
purpoee for which it is to be used and the level of aoouraq
desired. Aooounted-for-water am used herein refers to the
 
revenue-produoing water for the water district. 
 It is the
 
sum of the billed metered consimption and inferred water con­
sumption at 
flat-rate oonnections. 

B. 	Nethodolog 

1. 	 Pilot Area Survey 

a. 	 Objective - To be able to estimate total aoccmted­
for and unaooounted-for-water. Accuracy will depend
on the reliability of the consumptj*n figures as 
obtained in the pilot area survey.-'
 

b. 	 Data Neoessary - Monthly production; number of metered 
and unmetered connections; water rate schedule; pilot 
area data; and total monthly metered consumption. 

!/Refer to Methodology Memorandum No. 1.
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1) 	Obtain total nmber of households dependent an 
water system. To do this, first obtain ratio 
of households dependent om the system to total 
households in the pilot area and apply ratio to 
the whole service area. Compute for nmber of 
primary and secondary users. 

2) 	 Compute for inferred flat-rate use per month. 

3) 	Compute total aooounted-for-wmter by adding average 
monthly metered oonsumption and total inferred 
flat-rate use per month. 

4) 	Unaccounted-for-water is total produotioa lse 
accounted-for-water. It is also the total of 
potentially billable water plus wastage, leakae 
and other uses. 

5) 	Potentially billable water is the sun of:
 

o UsW of borrowers from flat-rate 

primary users)
 

o Unbilled flat-rate use
 

o Wastage of flat-rate users 

2. 	 V i hted Average of Fipt 10-City Survey 

a. 	 0bjective - In a water system with all functions billed 
as flat-rate, oomputing for water aocountability is 
impossible without resorting to detailed MurveYs. Hm,­
evr, this method implies that the figures obtained 
during the first 10-area survey (CDN - 1975) approximate 
those of other water districts. aocuracy, however, is 
not 	determined. 

b. 	 Data vNeo a - Total monthly production and figures 
obtained durila the First 10-Area Survey of CDR). 

N12-2
 



o. 	 Steps 

MUItiP! manthly pr.oduion by 

• 31 to gl accounted-fotwater
 
.11 to )"tandoreotima*.ed flat-rate use
 
.26 to gt wwtae
 
.25 to get leakage
 
e07 for others
 

3. 	 Field Study Method 

a. 	 Objective - To be ab]e to determine within t 5 percent
accuracy water aoccntability figures. This method,
however, is time-consuming and very expensive. 

b. 	 Data Neoessary - All data reoeived shall be generated
in the field. The number of ooneuionaires and the 
water rate schedule are basic requirements. 

0. 	 Steps 

1) 	 For each section of transmission and distribution 
line in the water iystem, appropriate measuring devioes
shall be installed in order to determine the amount
of water flowing in and out, water uied by the oa­
essionairem, and water leakage. 

2) 	 Desk-top analysis is then necessary to determine 
water accountability. 

http:andoreotima*.ed


To : 	 L. V. Gutierrez, Jr.
 

Date : 	 S Pebrt--ry 1977 

Sub jeea 	 Clasei cy: t.f' iatei DisLricta Aooording to
 
Puture Water Requirements
 

The purpose of -his .atbodology manua is to clanaify water
aistricte (WD) so that future ,a-er requirements mAy be estimated. 
The factors to be =o-siderno in classifying WD's are economio and 
social davelopment in the ditrict 's boundaries, probable sourea 
of additional w-ter supply &nd the people's ability-to-pay for
 
improed water service.
 

Th group with Tho probable highest per capita consumption
is labelled Grozip i; ani the group witb the probable lowest 
water conaumption, Group V. Affluent and highly urbanized 
water districts may fall under Group Iwhile lese developed
 
and small water distriots, andsr roup V.
 

B. Methodology 

The initial service area of the WD will moot likIly inolude
 
the central urban area or core city (poblacion). To olamaify it 
aooording to future water demands, the WD and its central urban 
area are judged acoording to 5 grouping criteria - 1975 urban 
income, 1975 standard of living, 1975 tuminess indqx, 1980 oost 
of water, and served population in 1980. For eacb criterion, a 
number of points, from 0 to 20, are allotted to each water 
district. The total number of points under the 5 criteria
 
determines the *lausifieatiom of the ND.
 

Table MM 3-1 lists the 5 criteria by which the WD can be
 
olassified, and the points allotted to ranking. in eaeh ert­
terion.
 

The grouping of the WD's based on the range of total
 
points under the 5 criteria is as folloeso
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Group Total Points 

I 70 and above 
II 60 - 69 
III 50 - 59 
IV 40 - 49 
V 39 and below 

In allotting points under eaoh criterion, readily available 
data are taken from the latest ?JCSO report (1970 or 1975 oonus).
These data are: total population in the city or municipality;
total households; number of urban households; number of oommer­
oial establishments; number of industrial establislments; number
of households with refrigerators; and number of households using
flush water-asealed toilets. The data on total income taxes paidin the oity/munioipaity in 1975 obtained from the BIRwere office.
Data on the probable sources of additional water supply weretaken from the reoent preliminary Uydro-eurvey oonduoted by IMUA 
and the liD. 

The following is a procedure for assigning points to a WD 
on the basis of the 5 criteria. 

1. 1975 Urban moose 

Urban inoome is based on the total income taxes
paid by individuals and business entitles and the per­
oentage of urban households with respeot to total house­
holds In the city/mmloipality. If the 1975 data are not
available, the percentage of urban households is projeste
to 1 7 bi applying an inarease of 0.1 to 0.4 peroent
per year. In prejecting the peroentage of urban house­
holds, growth oharacteristics and urban dvelopment
must be considered. The projected percentage is ml­
tiplied by 1M total income* Table XX 3-idhows the
breakdown of the annual income with points ran"in 
from I to 20. 

2. 1975 Standard of Living 

The standard of living is measured by the number
of households in the urban area with refrigerators and 
those with flush water-eealed toilets. 

The percentage of urban households with refriger­
ators with respect to total urban households is projeetedto 1975, if the 1975 census is not available. An inoreas 
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of I Jto :.-oent rnr arniM. i appi~iedp d0pending upon

the reoent oconomic and sooial development in the oity/

munioipa]ity, The p.rooedure
sane is applied to the
X-rcntaip of urban housoholds using flush water-sealed
toilets. Tablo LI 3-1 shnws the percentages of households
 
with refrigerators 
 and thono with flush toilets with res­
pect to total urban households, 
 with points ranging from 
4 to 10. 

3. 1975 Business Index 

The business index is by themeasured percentage

of omnercial establishments with respoot to total urban
* households in 1975. One industrial establishment (data
from NOSO census) is assumed to be equivalent to 10 cors­
meroial establishments (umxcept the
when 1975 census isavailable). An inorease of 1 to 20 establishments per
year is applied, depending on the recent business 
aotivi­
ties and urban development in the oity/muni'oipality. The

number of urban households in 1975 is obtained by multi­
plying the 1975 total households ( otal population +
 
average of 7 persons/household) by the 1975 peroentage
of urban households as derived in the methodology for
1975 urban income. The 1975 sum of comeroial estab­
lishments divided by the number o.- 1975 urban households
is the business index of the oity/munioipality. 
 Table W
MM 3-1 shows the various levels of business index with
 
corresponding 
points ranging from 2 to 20. 

4. 1980 Cost of Water 

The cost of water is inferred from the probable 

source of additional water supply by 1980. Me probable
source of additional water supply is weighted accord­
ing to its apparent eoonomio vi.tbility. A spring source
 
that is located within the 
 1980 service area canand flow

by gravity is considered the most econcrioal. Surfa

water requiring oomplete water vreatment with impoun'
 
reservoir is the 
most expensive. Infiltration galleries

with short or long transmission lines, welle, or spring
 
sourse requiring booster pump, are 
considered to have
 
weights between the most and least 
expensive (see Table
 
xx 3-1). 

%3 
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5. Served 'opala- :,rior 9 

The served population in 1980 is projected by
delin-aLing the fiturO service azeas of the 'WDand
projecting the population of the oi-y/munioipality
and of the service areas. ?he 1980 served population
is determinod am a portion of the servioe area popula­tion. In projecting the population sernved and the
 
future service ares, economic growth and urban develop-.
ment, rvaliability of water supply and capability of
the water diatrict to provide service mur be ocmidered. 

C. Expeoted Water Demand By Class of W) 

The experience of the LIUA-CDM staff, especially duringthe First Ten Urban Areas Project in the Phililpinen, has beenused to aaeign valaes of expected water demand to the 5 classesof water districts. These expected water demands are shown in

Table MX3-2.
 

D. Eample of Water District C]ahesifioation 

This method of classifying a water dictrict is illustrated,
with the Silay City Water District as an example. Available
data for Silay City are taken from the NCSO and BIR reports,and from the preliminary hydro-survey by LWUA theand SIL-WD. 
The following data were obtained:
 

Total income taxes paid in the city - n20,049,139 (1974-1975) 
Total population in the city - 103,493 (1975)
 
Total number of households in ­the city 10,915 (1970) 
Total number of households in the urban area ­ 3w693 (1970) 
Total number of commercial establishments in the city - 36 (1970)
Total number of industrial establishments in the city - 1 (1970) 
Total urban households with refrigerators - 266 (1970) 
Total urban households using flush water-ealed toilets - 807 (1970) 
Probable source of additional water supply - wells (1980) 
Pbpulation in the service area - 21,280 (1980) 

To determine the speoific weights of the above data for eachgrouping criterion, the methodology developed is applied an follow.: 
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TABLE KM3-2 

WA'IER DEIM OF vATEP DISTRICT GROUPINGS 

Year 
Classif: catjion 9 19 200 

Group I 

Domestic use, pcd 140 155 175
Comier ial/ndust'rial/Institutional 

of domeatic 17 21 25

Equivalent, Ipcd

Accounted-for-water, 'pcd 
 -0
 
Unaccounted-fo r-water
 

% of production 
 40 28 20

Euivalent, !pcd 
 109 _a5 

Total production required, iped 273 261 262 

Group II 

Domestic uue, lpcd 
 120 135 150
Comme rcial/Indus t rial/Irwtitutional 
% of domestic 
 15 17 20
Equivalent, lpcd 
 18 21 +0 

Accounted-for-ater, Ipcd
Unaccounted-for-water 

% of production 
 40 28 20

Equivalent, Ipcd 9K 62 4 

Total production required, Ipcd 230 220 225 

Group III 

Domeatic use, lpod 105 120 135
Commercia/Industri1a/Lnstitutiona1


%of domestic 
 13 1C 18
Equiva-,ntg, Ipcd ja 12 24 

Accounted-forwater, ipod 119 139 159 
Unaccounted-for-tat er


% of production 
 40 28 20Equivalent, lpcd ./M _ .42 
Total production required, lpod 198 193 199 



,T1AI. My 3--2 (Continued) 

WATLR £ OF WATER DISTRICT 

Classil'ication 

Group IV
 

Domestic use, ipcd 

Commercial/IIndur trial/Inwtitutional
 

'.of do;r:estic 

Equivalent, Ipod 


Accounted-for-water, ipod 

Unaccount ed-for-water
 

<'of production 

Equivalent, ipcd 


Total production required, ]pod 


Group V
 

Domestic use, ipod 

Commercial/Induetrial/Institutona.
 

of domestic 

Equivalent, lpcd 


Accounted-for-water, lpcd 

Unaccounted-for-water 

% of production 

Equivalent, lpcd 

Total production required, lpod 


GROUPyNG:S 

Tear 
1980 IM 200
 

9 110 125
 

12 14 16
 
12 15 20
 

107 125 145
 

40 28 20
 
71 4A 36
 

178 174 181
 

90 100 :I0
 

I0 13 15
 
2 13 17
 
99 113 127
 

40 28 20
 
66 *44 3
 

165 157 159
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1. 	 1975 Urban Income 

In 1970, the urban households accounted for 
33.8 percent of the total households in the city.

But 	 due to recent developments in the local economy
and 	3ubdivision housing projects in the urban sector 
of the city, the number of urban households was pro­jected to increase to 3' rercent in 1975. The product
of the total 1974-1975 i. ,me taxes and the 1975 per­
centWge of urban households represents the urban in­
come taxes which imount to about P7.017 million.
 
Table MM 3-1 Fives this a weight of 16 points.
 

2e 	 1975 Standard of Living 

This is measured byt 

a. 
1975 urban households using refrigerators
 

In 1970, 7.2 percent of the urban house­
holds had refrigerators. 
Due 	to economic and

housing developments, the percentage wan esti­
mated to increase to about 12 percent in 1975. 
Table MM 3-1 	gives this a weight of 6 points,
 

b. 	 1975 urban households using flush water-sealed 
toilet facilities 

In 1970, the households with toilA faoili­
ties represented 21.9 percent of urban households.
Due 	 to the recent housing developments in the 
urban area, the households wtth toilet faoill­
ties were projeoted to be about 32 peroet in J9.Table MM 3-1 give. this a weih f 7 	points. 

3. 	 1975 Business Index 

It is assumed that one industrial citablishment isequivalent 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 tohave increased to 96 (at 10 establishments per year)

in 1975. Total urban households increased from 3,693in 1970 to about 5,180 in 1975 (1975 population of 
103,493 4 average 7 persons/household). Hence,
business index in 1975 was 1.9 percent 

the 
(commeroial estab­

lishments divided by the number of' urban households in
1975). Table MN 3-1 gives this a weight of 7 points. 
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4. 1980 Coat of Water 

Based on the hydro-eurvey of 6vUA-CD and SIL-WD, 
4odeepwells appear be the most probable economical 

source of additional supply. Table XM 3-1 gives a 
weight of 11 points for this source. 

5. 1980 Served Population 

By 1980L the served population is expected to be 
about 15,63CJaa projected from the 1975 NCSO Census 
of Population and Pousing. Table MM 3-1 gives thia a 
weight of 7 points. 

Therefore, the 2IL-D has a total of 54 points tinder the 
5 criteria, indicatirg that it belongs to Group III. The water 
demands of this group from 1980 to year 2000 are listed in 
Table M. 3-2. 

Table MY 3-3 classifies 16 water districts in the 
Philippines aocording to the 5 grouping criteria. 

See* Chapter VI, Table VI-39 of the Silay City Feasibility 
Study Report. 



YABIZ X 3-3 

SMIh1 OF CITIMLVKCIPALITMS SUBJECT= 
TO "U WAM DISTRICT WOUPING CRI IA 

1975 

1IM Siandard of Livtng
Urban Urban 

Households Houmeiolda 1975 
1980 Cost 
of Water 1980 

I AMk1~-* 

Urban 
Inoc a 

with atri-
prators 

NitaL 

with nlumb 
Toilets

!IL *) 

Dwminass 
u 

wU GtP) 

" -ce of 
supply 
ints) 

Served 
Poylation 

lnt!L 
Total 
Fints Group 

"eliggSrwigao del Sur 
Urdansta, Paumainan 
Ca ba,,lawsms 
GO-.Nueva30ija 
SilayCity 
CebuCity 
D&taoCit4, 
BacolodCity
Zinbaaga city 

14 
6 

14 
6 

16 
20 
16 
20 
14 

6 

9 
8 
6 

9 
9 
7 

7 
9 

10 
9 
7 

10 
9 
9 
9 

11 
11 
7 
7 
7 
7 

16 
7 
7 

14 
11 
17 
11 
11 
5 

11 
11 

7 

7 
5 
6 
6 
7 

20 
10 
18 
6­

59 
50 
6o 
47 
54 
72 
"1 
4 

', 
3 
2 
4 
3 
1 
1 
1 

Digo Dm do 1lSur
Bacaomi, Albaq 
Bangadq Abra, 
BalsetepC4ba 
Bmqbaeg eyto
Hoxaucity 
Cotabato city
OlaagmpoCi-ty 
Subic 
Sm ftawo (PaMM~wC)
TUvla 

12 
1 
1 
1 

10 
10 
12 
18 
4 

14 
12 

6 
59 
CP 
5 
9 
9 
9 
9 
5 
6 
a 

9 

8 
8 
8 
8 
a 

I10 
6 
7 
a 

7 
11 
7 
4 

16 
16 
11 
20 
16 
20 
16 

11 
.20 
20 
11 
9 
7 

11 
11 
11 
11 
11 

5
5 
6 
5 
6 
6 
7 

5 
7 
a 

50 
31 
48 
34 
58 
56 
58 

47 
65 
63 

3 
3 
4 
5 
3 
3 
.3 
1 
4 
2 
2 

-- cuityLipsftty 
Iai-a.b ao-yay.bas

Det10 

12 
a 

14 

a 
a 
6 
5 

18 
10 
a 
4 

11 
16 

7 
4 

11 
11 
17 
20 

9 
7 

12 
10 

61 
so 
64 
53 

2 
2 
2 
3 
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CAMP DRESSER & McKEE iNTERNATIONAL INC. 

Nthodology 1earandam No. 4 

To t L. V. utierres, Jr. 

ro : E. Jaoildo 

Date. : 20 January 1977 

3ubject: Probability Analysis of Stream Flown by ambel 

A- Need 

In evaluating the surface water souroes for water supply 
purposes, the analyst has to focus his interest on statistioal
frequency of extreme low flows. Sinoe the exact sequenoe of
streamflow for future years oan not be predicted, he also has 
to consider the prcbable variations in flows in order to 
develop a design on the basisof calculated risk. 

In 1941, 3- J. OUabel devised a probability method bywhich recurring flows on be oomputed for design requirementso
Under this method, the hydrologic data are analysed as an
"extreme value" distribution and the sets of hydrologio data 
are plotted as straight linese. Oubel's method ha been found 
advantageou, to uses 

B. Basic Data 

The hydrologic data aro foid in Burface Water sumlv 
Ballting published by the Water Resouroes Division of the 
Bureju of Public Works (BFW). Data are presented in the follow­
tig Uquenost 

1. Name of river basin 
2. Name of stream 
3e Loction of gaging station in latitude and longitude
4. Drainage area in square kilometers 
5. Reoords availablet months and year
6. Gage elevation 
7. Extrmeis; magnitude and dates of maximum and utnimm 

flows 
8. Remarks 
9. Revisions 

10. Presentation of daily disoharge for one year 

XJ4-l 



Tt shu'A. be noted that Surface Water Supply Bulletins
after 1t7 }ave nt been publizhed; they are on file a. the BPW 
Water lesourcee : iqion. 

C. Metht:Ioloa 

Belcow ars the steps in urmbel'8 probability analysis of 
stream flows. 

Tabl1e 2!-1 

1. Tabulate the mnnthi:, o ficu, (oman, minimum or 
ma-irran, whitever Ja desired).

2. Take note c-, any vhangea in the yearly records as 
uta,d under "Rem;-.rs" or ",Revisions" of the 
Bul letin. Write them under remarks in Table MM4-l. 

Table MM4-2 

1. Arrange all monthly flaws irn ascending order, i.e.,
from lowest to hi;$iest. Any flow that occurs 
more than 
once should be flated.
 

2. Rank the arranged flows under "m". 
3. Take the logarithm of Q.
4. Solve for the probability flow by the formula
 

m 
x 100n+l 

where, m is the rank of a particular flow 
n is the total number of recorded flows.

5. Solve for the return period by the formula
 
n+l
 

m 

Figure M44-1 

1. Plot log Q as ordinate against probability as
 
abscissa. Figure MM4-1 is Cumbel's special proba­
bility paper.
 

2. Draw a straight line (month lin passing through the
points marked in step 0-1. If not all the points
fall on the line, adjust the line such that it 
passes on the average path of the points. Any
return period which falls on the line is in month's 
term. The line may be extended in order to reach 
periods not oovered by it. 

3. Take the antilogarithms of the 
periods in months as projeoted
(ordinate). The antilogs are 
cubic meters per day. 

MI4-2 

values of return 
on the log Q scale 

the recurring flows in 
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TABLE XM4-1 

XEAN-DAY DISCHARGE PER XDNTH 

Basin: POApman4 (San Vtc.Cite) Gage Elevation: 11,050 I 
Station: PNfaranda River Units: cuad x 1,000 
Locations lat. 15018*46"; long. 120P56030-

Drainage Area: 575 oqk 

Minignum-Day 

Yer Jan Fab mar AME Jun JlOct Nov Dec 
Discharge/ 

rear Erak 

1965 2,283 753 351 372 1,313 - - - 3,239 5,156 4,353 

1966 - 2,915 - - 8,941 1,595 2,682 4,215 5,425 1,413 9,801 5,380 
1967 4,922 857 1,189 547 873 425 1,012 6,614 4,415 5,707 5,896 125 
1968 66 77 120 540 96 - - - - - - ±17 
1969 141 32 336 689 664 301 3,203 2,394 2,248 1,175 1,785 2,190 
1970 1,989 814 279 17 17 3,561 2,928 1,628 9,590 11,726 9,689 i,915 
1971 3,123 642 732 294 1,499 4,567 4,021 1,824 1,377 11,161 5,229 13,007 
1972 5,992 4,873 406 1,461 767 415 18,347 15,977 6,306 216 4,701 2,896 

1973 697 823 82 108 95 686 2,525 2,650 4,405 14,582 4,149 2,124 
1974 1,405 1,332 2,191 471 621 3,781 3,497 10,761 10,014 12,567 16,317 13, 693 
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MMEIn~L0 


m m,..0 1o3
a oti 3Lo_ 

I 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 


(F'R ARA.'DA RIME, SAr. VICENTE) 
G.AN WAlR-M DISTRICT 

Return Period 
(Eonths) 

108.00 
54.00
 
36.00
 
27.00
 
21.60
 
18.00
 
15.43
 
13.50
 
12.00
 
10.80 
9.82 
9.00 
8.31 
7.71 
7.20 
6.75 
6.35 
6.00 
5.68
 
5.40 
5.14 
4.91 
4.70 
4.50 
4.32 
4.15 
4.00 
3.86 
3.72 
3.60 
3.48 
3.38 
3.27 
3.18 
5.08
 
3.00 
2.92
 
2,4
 

4.230 

4.230 

4.505 

4.820 

4.886 

4.914 

4.978 

4.982 

50033 

5.068 

5.079 

5.097 

5.149 

5.334 

5.446 

5.468 

5.478 

5.526 

5.545 

5.570 

5.608 

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 


Probability 

(..L z .I0)..n+l 

0.93 

1.85 

2.78 

3.70 

4.63 

5.56 

6.48 

7.41 

8.33 

9.26 


1o.18 
11.11 

12.04 
12.96 

13.89 

14.82 

15.74 

16.67 

17.59 

18.52 

19.44 

20.37 

21.30 

22.22 

23.15 

24.07 

25.00 

25.93 

26,85 

27.78 

28.70 

29.63 

30.56 

31.48 

32.41 

33.33 

34.26 

35.18 
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WJ,-FLCV (FFEiANTDA rl., SAT VICMwr) 
CAPAN WATER: DITICT 

ReturlL Nriod 

Irobability (Momths) 

m , 13 Le a + .. .1 

39 873 5.941 36.11 2.77 
40 1,012 6.005 37.04 2.70 
41 1,175 6.070 37.96 2.63 
42 1,189 6.075 38.889 2.57 
43 1,313 6.118 39.815 2.51 
44 1,332 6.124 40.741 2.45 
45 1,377 6.139 41.667 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.'7 
62 2,650 6.423 57.407 1.74 
63 2,680 6.428 58.333 1.71 
64 2,896 6.462 59.259 1.69 
65 29915 6.465 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 3,561 6.552 65.741 1.52 
72 3,781 6.578 66.667 1.50 
73 4,021 6.604 67.592 1.48 
74 4,149 6.618 68.518 1.46 
75 4,215 6.625 69.444 1.44 
76 4,358 6.639 70.370 1.42 
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MWEN!~c 


u ottad x -10 

77 4,4o5 

78 4,415 

79 4,567 
80 4.701 

81 4,873 
82 4,922 
83 5,156 
84 5,229 

85 5,380 
86 5,425 
87 5,707 
88 5,896 
89 5,992 
90 6,306 
91 6,614 
92 6,915 
93 8,941 
94 9,590 
95 9,689 
96 9,8ol 
97 10,014 

98 10,761 

99 11,161 

100 11,726 

101 12,567 

102 13,693 

103 14,582 

104 15,007 

105 15,977 

106 16,317 

107 18,347 


• r,•:..:,.-

(PEiARADA
GAPAN WATER 

Lo1 Q 

6.644 

6.645 

6.660 
6.672 

6.688 
6.697 

6.712 

6.718 

6.731 
6.734 

6.756 

6.770 

6.778 

6.800 

6.820 

6.840 

6.951 

6.982 

6.986 

6.991 

7.001 

7.032 

7.048 

7.069 

7.099 
7.136 

7.164 

7.176 

7.203 

7.213 

7.264 


oont ued ) 

RIVrv SAN VIAc,;rM)DIS-TICT 

Probability 

(n x100
 

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 
(Rmnths) 

1.40 
1.38 
1,37 
1.35 
1.33 
1.32
 
1.30 
1.28
 
1.27 
1.26
 
1.24 
1.23 
1.21 
1.20 
1.19 
1.17
 
1.16
 
1.15 
1.14
 
1.12 
.11
 

1.10
 
1.09
 
1.08
 
1.07
 
1.06
 
1.05 
1.04
 
1.03
 
1.02
 
1.01
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RETURN PERIOD (ON' HS) GUMBEL DISTRIBUTION 
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Methodology Memorandim No..5 

To : L. V. Gutierrez, Jr. 

From : J. 7. Arlut.hn,,t/T. R. Connlin 

Date : 16 May 1977 

iubject: Quantity of itorve 'Ierjous Rate of Supply 

A. 	General
 

The for water in a water system is not uniform, 
therefore, the system must be designed to supply water at 
varying rates of dem-wid. 

One commjon method of supplying water at varying rates 
is to provide a specific amount of source pumping capacity
 
and supply tho difference between demand and pumping capa­
city from a water storage facility.
 

The moot economical amount of pumping capacity and
 
storage volume is selected based on cost studies of alter­
native combinations of facilities that would raeet a com­
munity's needs. Some of the factors that shot' d be considered
 
in these cost studies and some basic guidelines for selecting
 
properly Pized facilities are presented in this memorandum.
 

B. 	Discussion
 

The amount of water a community needs at any particular
 
instant is primarily dependent on the following factors:
 

1. 	The number of people within the community
 

2. 	The number of water-consuming facilities within the
 
average home (faucets, toilets, showers, automatic
 
washing appliances, etc.)
 

3. 	The habits of people (what times people eat, shower,
 
sleep, etc.)
 

MM5-1
 



In general f daily uorag': ewter O:llcwa pjtor with
 
two peak usage periods drinc :hs day and )ow usag6 late at
night9 Figure XX5-1 
 shows s typioal variation measured in a
 
seotion of the Cebu Cjty jintribtition eystem.
 

The 	relationship off 
the peak usage on an average day can

be dete rinct statiatlca]ly for a given cofinity. 
 The 	 sta­
tistical peak is an U-srage of each person's peak usage and
 
haa 	two important properties:
 

1. The elatiptical peak is a function of the number 
of people in the community. The fewer peoples the 
higher the peak may be because each person's peak usage
 
couild more easily affeot the total flow. 

2. 	The atatiatical peak should be reoognjzed as a mathe­
matical average, and on some days the peak usage could
 
be much higher or lower than the statistical peak.
 

The ooimon engineering practice for watra ysitems is to
supply water from a source at maximum-day rates either by pump­
ing 	or gravity. Maximum-day demand is the maximum quantity of 
water used during an entire day in a single year. Water usage 
can 	be at or near maximuw-day demand for a period of weeks 
during summer Source mustmonths, capacity equal maximum-day
demand because it would be impractical to store sufficient 
water to supply maxinmwi-daj demand rates for more than a few 
days. 

The difference in demand between the peak-hour demands and
 
the supply (which is equal to maximum-day demands) oors during 
a period of short duration where demand exceeds supply, Stored 
water is used to meet this short period of excess demand and iscalled operational storage. It should be noted at this time that
 
there are three categories of storage:
 

i1 	Operational storage - used to meet hourly fluctuations
 
in derand.
 

2. Rergency storage - used to meet demands in oase of 
breakdowns in source facilities; typically equal to
 
a full day's demand.
 

3. 	Fire storage - used to meet the required volume of 
water used to extinguish the worst fire expected in 
the 	oommunity. 

tn5-2 
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Storage requirements for the last two categories have been 
largely neglected ir, these studies because of the excessive cost 
involved to provide the storage. 

C. Xethodolo y 

The engineer must determine th- amouni of storage and source 
capacity to meet thri demands in a spicific cormunity. A set of 
curves that relate the peak hourly usaye to the numb of people 
in a community has been developed by DM 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 reouiremont, a second set of curves relating 
the quantity of stora;e to the number of people, at different rates 
of source supply, has been developed (see Figure 0N5-2). 

Up to this point, the only option that has been discussed is
 
to supply peak-hour demands from storaCe facilities. In many cases,

the cost of storage facilitieu is ao high that it may be more eoo­
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 are very costly, since they are built 
to withstand earthquakes. The curves in Fi&ue M15-2 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. 

YASCE Manual of Practice No. 37. 
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Methodology Memorandum No. 6
 

To : L. V. Gutierres, Jr. 

From : J. Arbuthnot; B. Conklin 

Date : 22 March 1977 

Subjeot: Economical Sizing of Pumped Waterlines 

A. Genoral 

This memorandum develops an expression for the most eoo­nomio miss of a pipeline 
 for pamp water sstem based on two
 
cost faotor : cost of pipe-in-plame and cost of pumping

(energy). 
The larger the pipe the greater the oost of oon­
struotion. Also, the larger the pipe the lesser the 
coat of energy required to pump water through the pipe. 
The most eco­
nomic pipe sizes would be %here the incremental cost of pumping
is equal to the incremental cost of pipe construotion. 

In most situations, the above cost factors are the most

important factors in determining the economioal sin. of 
trans­
mission maini. 1ven when these are not the only important
factors, it is still advantageous to know what is thq most

economic sise of pipe with regard to these two factor. 

B. General RelationahUp 

The total annual cost o pipe line i equal to the Pm, of
its construction ost (expressed on an amortised annual basis)
plus its mnual pumping cost.
 

C l
Ct W C0 + I 

To determine the most economic pipe diameter both the fao­
torn on the rigot hand side of the equation wre expressed in
 
terms oQf the diameter of the pipe. The equation was
diffeentiated with respect 

then
 
to the diameter, aid solved for
the r ter for which the resulting expression was equal to
 

]/Total Annual Cost a Annual Construction Cost + Annual 

P Cost. 
3dC_ d(C(0c toreXwpipe diameter 

dx. di di 



C. AnnuaCtuct~,t1Cost
 

ofhe construction cost of the pipeof was taken fromAppendix Table 0-4, Baais of Coet EatimateB, in Volume II of thereport. .1toius adjun td final.re 
 by adding a valu for necessaryvalves and by escalating these by 10 percent per year for 2 years

to obtain July 1978 constructim costs. Them, cose were then

lncre,"Oed by 15 percent 
 for contingencies and then by 10for engineering. The percentfollowing equation was derived and representsthe adjusted construction costs in ble 0­meter. of the dia-


S2845 (Dia.)1 2
 2 - - - -quation 1 
C is the installed cost of pipe in pesos per meter, and Dia 
the
 
diametor of the pipe in meters,, 

The amortlzed annual cost of qOnstruction isstruction multiplied by the Capista the cost of con­recovery factor. (as influencedby the economic life of the pipe and discount factor). The gene­
ral equation is: p 

Annual Cost of Construction * CRF x 2845(Dia.) 1 o2 9 2 
0 

- - - - Equation 2
where CRPF is the oapital recovery factor; for n 
- 50 years, dis­count rate 
- 12X, o is equal to 0.12042.
 

D. Armual puminiCost 

The annual cost of pumping energy mayof the aa~out be expressed in terms 
the 

of water pumped' the energy required to overcomefricticnal loss in the pipet the prie of electrisl energyand the effioienc7 
of the pumping machinery. 
The general equatioumay be written as: 

Annual Cost Of Pumping Eergy - efficize &x 3.6 x 00 

,-- -Equation 3
 

where mass/Year theis aunmt
gravitational constant; Hf, the 

of water pumped in kilograms; go the nergy lost by friction of flowin the pipe expressed in mets-*; P/kwh

ker kilowatt hour; and 3.6 z 

the cost of energy In peso.
10o the.number of newto-.tor perkilowatt hour.OfntO00ospe
 
The friction loss of energy in 
 the pipe may be expressed in
 

terms of the 
 diameter utilizing the Hazen-illia.1 .36 1 Cm D ONa) equation, .hf-L x K01-l8 52
 
36la 1-852 ]4.87 -
I ­ - - -Equation 4 

where L in Lh, length of pipe in mters; No, the' rlea-of waterin-
Million liters per Uy; C9 the Hai.m & WilivmsL ro oe ter..in
 
elent; and Dial the diameter of the pipe in 
 mters. 



. nisM C0o tDid -

Th.;rav~for,Mirzivnf C diwmL'-tr!!ay be. Cr~taine J~ 
inserting the expression for 2 i ihe eouat Lon ff the Qost of 
pUMzin, emerly, oambinin thn -with the exprension for the anIut3. 
Waot Of %-r.4rritionv dlfforotJat4 .rg1 astAing the doea-ing
expression equal to zero wi. iA'A, for t1b diwsori 

imm loat XLDO-4628 P(qousbxh _ 

.1 fiameor "M W 

1nga :' 'suo Of 120 erA a Oapital rsoovery7 £fotur of 0- 12042v 
the Zoli1.vin ecjp1;on in obtained 

MrAmncs MYUP 4 S28(p..Ce/kv01& 3 - -vqatio 5 
,:70149 (afCIoC ,nqT '1:? 

Tho above eqa-tion is expreaaed graphiolly in Fire'S NN 6-I. 

F.Limudtaticna of t"e Analyvis 

Rto 
 reliable i. the preceding relationship (RCOation 5)f
betwee vmter oarried and oocvnomic pipe diameter? LThe derivation 
iv rgorous but the relation is no :ore exnt than are the simpli­
f ir4 aasnaPtions up uhiob the derivation was basods 

O , Constructiom Cost holati=ship 

The convtruotion oost relation (Squatie 1) hasa taid 
ard dewa-;ion of JUt udder 10 perormte This newt that two­
thfr-ds of the time the foruula will repree=nt the djustqd 
costs -abulated, -- thin 10 peroent. The largest &ifforpono
observed we 20 percent. ven so$ ecomio Q nLItiom wd tho 
009t of pip. may change in time,. Probably, a new table 
r3f 7ipe cosrto has to bei made every 2 or 3 years# wd the 
forrulan, alonC vith ?iguro U 6-1, adjuated. aooezingfy. 

2a ther "a -optaions 

Other asnuptions &r'e* 
C a120 HBazen &William oceffioeirut)
 
1 12% Riaocuznt rate)
 
n-/ 50 Yet-r (6onoetioal life of pipe)
 

The dsiyation altso asnues thai for the Ch512gem in 
pumping bea ruing various-pipe sizes for a design flow, the 
total construation oost of the pumping stati=, remains conatant. 
This aasumption i re.onable sinoe the diffarenes im oost 

0­



0 

77~ 

between one pump feleoation andnoiher for diffiront beodo 
at the same flow would not altar the ooet of the ctmplete
station by D"cuifi cu aMornt, Oensrally, the installed 
motor horsepo.or would also bi th& name since the motorn 'V 
come in standard sizes and one size may be used for a 
number of differnut pnump selections at a given flew. 

The relative rate of ijiflation for pipeline onMS 4.ructjCn
is assumed eqal to that if power costa. 

';uant are3. Qlcv ties Based on Constant I1,0 

The derivation ,f tw tmt oooonomic pipe diameter isbased on a conatant rat of' flow withi the pipe. 'hias i t .probably tr, most generaO and therefore the least accirwtd
of any of the assumpticns. 

Normally a pipslinc is designed for a apeoific flow-,ondition; even tuider deosin conditions that flow may occur
only part of the time. The flow in a, transmission main
could be expected to nearly eqal the design flow for longperiod of time. However, in'a distribution mainy sized for
peak-hour flows, the flow z ay notobo equal to the 4eeign
flow except for very short periods of time. 

The variation in energy coats due ato fluctuating Pum­
ping rate through a pipeline can be calculated ard applied to

adjust the most economic pipe diameter determined from ViTre
MM6-]. This so-called "energy variability factor" is dis­

. cussed in %he following section.. 

G.. RMrY Variability Factor 

Figure iMu6-1 is based on selecting a pipeline where the flowwill be coneal-nt throughout the year. In most cases, pipaline
sizes are Blected on a maximum expected rate of flow. If the
flow through the pipeline is less than rhe design flo% the pump­
ing head (whi',h directly affects energy coota) would decreaseaccording to the 2.852 power of the flow (Q). Conversely, if
flow greater than design flow rate is pumped through a pipeline,
the energy cost would be increased by the 2.852 power. 

The overall difference in energy costs theover ay or yearcan be 3aloulated by comparing coststhe of pumping at a constant 
flow rate with the cost of pumping at the expected flow vai-iation.This value is the so-called "energy variability factor" (EVP).

The design flow for the pipe is used as the base 
 flow andactual flow to the design flow over the day io expresaed as 

the
a 

percent. 
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rnte thod Uiood Af ; . raieq, -Je hs r4rnot. ftvumi actual f~ow,
and tho base flow (xprested as a percents4e) to the 2.852 power­
4 t 

flw each raised W the w...wer ie sqtta..t -: 4 ft-. irt, 
YM 6-2 and Table RH 6-1 present -two poesiblo flow vaiaLtionx and 
iLe, e omliCzae enery rariability fsctcr for eanh, 

The two flow patterns selected for Figure UM. 6-2 are not 
oo owly ueed design ouzeu. Ptt'n 1 ekectod to show that 
if A lrdghor- rator. Cfe tha'i t~he 4v--h 2.WI iii ur 
the pipeline dur.xn a portion or the da.y the M it greater thaw 
1,0. Pattern 2 ohown -that it th* actual flow rate i; nea .wuai 
to the design flow*-the PIP weiald be rierly utqal to 40, 

An MT of lesi thii 1,0 vj1d.ba a more oommon orrenoe 
ainoe the cajority of pile]iiae re deasload fr gome x isum future 
flow. The Pvgest~d rV5'an a flluowinx nor.0.1on is an example of 
W UP less than 1,0,
 

I, Alcation ofeVF 

TheX can xeu s .it'4 )PIVueg ) 6-V tn Caloulating -the 
mininzu coat pipe diameter* The MY is inasrted ihto the &rnu~l 
ansrgy cost equation (ertation 3) amd thtv includae? in the dif­
fsrention, reroiti4T in & revieed ecruUtp as foilowst 

6 2
 Winiua Cost 0.1623 M 7O.62(placeh 
3
Dio1ter '"49 (efioienoY) 012 -

The appli,3ation of EV requires 2 astepst first deaign a 
ninima eoonovi) pipelinG for mom flow using Figus )X 6-1; and 

_aboond4 oaluulate the IVP for the a4V. flow wvriatio .nd 
multipli the pipe size oalcoulated l A'i .1 1Y the EV? rsised 'o 
the 0.1623 Irower. I I 

The f'esibility rn ort an the 542und Ten Provinoial UIrb&n 
lAzM deals mainly with diotritbuti4 pipelines; iherafol-,, a 
m4Wgeuted EV? that is applioable to distribution eyatemo is pro­
sen'6d herein, 

The caloulation of a EVF dependu entirely on the flow data 
or asinumed flow within a speolfio pipeline. The onlX nocumte 
dMa produced during the feasibility atudics A're Ithe diurnal 
flowVvariatit s measured in a portion of Cebii. The , k flow in 
theo Cebu data vao 2.,06 whloh i, greater than the design flows 

-6 



Flow Fatte. No, i Plow Patter No. 2 
?rof ar a~&'rii rij Paroent of "*vrso 

1 
2 
3 
4 

32 
36 
39 
33 

0.04! 
. 

0.41200 
48 

0123 
0.12J 
0.123 
10000 

5 
6 
7 
8 
9 

46 
95 
193 
206 
198 

O.lo 
C.864 
6,522 
7.855 
7.016 

100 
100 
120 
120 
120 

1.000 
1000 
1.682 
1.682 
1.682 

o 
11 

156 
169 

3.554 
4.466 

120 
120 

1.682 
1.682 

12 
13 
14 
15 
16 
17 

129 
123 
95 
99 
96 
107 

2,067 
1,805 
0.864 
0972 
0.890 
1,212 

120 
120 
120 
120 
120 
120 

1,682 
1.682 
1.682 
1.682 
1.682 
1.682 

18 
19 
20 

133 
130 
87 

2.255 
2.113 
0.672 

120 
120 
100 

1.682 
1.682 
1.000 

21 
22 
23 
24 

64 
54 
42 
38 

0,280 
0,172 
0°084 
0063 

100 
100 
48 
48 

1,000 
1,000 
0.123 

44.038 28,481 

9"1 1.8324-000 "24,00 , 4OWI 1,19 
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used for this studcy. Picure $.-3 p r ad ustei grph ,trprQcyts an 
diurnal flow usLn.- the chape of the Cebu cuy'r but L ',",xawu 
peak of '.,5. TIe. 14 'cr t L' 'r'e i. . , '". - e 
NX 6-2) and when raised to tic- 0.1623 power, e-ualr O.C.' 

In pratico, the EVF used for distribu-ton srn-tsar, i. -hi, 

study is only significart witer. the pireline size is gre'-ter ti-an 
300 m (significant means that EVF changes the reco~mended pipe 
size ky a large incremental size). 

K. Ezample 

Problem: Select en ecenomical edis.ribution pipe 7ize to con­
vey a peak-hour flow of ?0 HLD. The c<,tit of power is 49 centavos 
per kilowatt hour, the pump efficiency in 81 percent,and the 
motor efficiency in equal to 90 percent. 

Solutions
 

Peso/kwh .49 -. 672, say .575Rff ".81 x *90 

from Figure )N 6-? using the flowi of 20 III? .4nd -.-ros .cv/ 
Eff - .675 select a pipe aize of 500 m. 

For a flow variation in a distribution cain, thf EF? is equal 
to 0.32 and the EhP raised to the 0.1623 power it ejual o 0M83. 
The most eoonomioal pipe size for the actual flow .ariation is 
equal to 0.83 x 500 m or 415 =; so ohoose 400 am .ipe size. 



TABLE RM 6.-2 

m"V" FOR DISTRIBUTION SYSTE 

Percent of Average Peroont of/Design __er____/ 

RerDy-e~,- i -1 Vaiatio4/ 

1 35 20 0*010 
2 
3 

40 
39 

23 
22 

0.015 
09013 

4 
5 

37 
73 

21 
42 

0.012 
0,084 

6 
7 

134 
164 

77 
94 

0.475 
0.838 

8 
9 

175 
174 

100 
99 

1.000 
0.972 

10 163 93 0.813 
11 162 93 0.813 
12 134 77 0.475 
3 118 67 0.317 

14 
15 
16 

94 
94 
94 

54 
54 
54 

0.172 
0.172 
0.172 

17 
18 

105 
129 

60 
74 

0.233 
0.424 

19 123 70 0.362 
20 
21 

96 
72 

55 
41 

0.182 
0.079 

22 
73 

58 
47 

33 
27 

0.042 
0.024 

24 40 23 01015 

7.716
 

-.032 1623 -. 0-83 

A/;usiz 175 peroent of avera.. day an base flow for pipe design.
W Equals Percent Desinp Plow raised to the 2.852 l~mer. 
Enaerg variation at oonstent flow 

xy6-8
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