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CHAPTER IX DELCHIFIION AND CUOSY CF THE BBCONMANDED FLAN
A. GENERAL

This chapter describes the immediate improvement program, aad
the Tirst and second atuges of the long~term construchion programs
In addition, the capital, operation and maintenance costs of the
recommended program, concepts concerning sewerage and drainage, o~
ments regarding the management of water resources ané = 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 Qutline Specificaticns, respectively. The recommended consiruction
program consists of the following implementation steps:

1. Immediate lmprovement Program (1978-79)

2. OStage I Phase A of the Long-Term Construction Program
(1980-85)

3¢ Stage I Phase B of the Long~Term Construction Program
(1986-90)

4. Svage II Phase A of the Long=Term Construction Program
(1991-95)

5« Stage II Phase B of the Long~Term Construotion Progrem
(1996-2000)

In some cases, facilities included in the last phases of cons~
truction are only designed for & short term to the year 2000. These
facilities are included in the cost analysis of this study to deter-
mine their economic impact on the overall programs However, from a
technical point of view, they may not be ths 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 accordingly.

Source
AR ——

The present sources of water supply utilized by COT=WD are four
wells located within Barrio Rosary Heights and the PNimapatoy River
in Barrio Dimapatoy, Dinaig (municipality southwest of Cotabato City).
As discussed 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)s The 6,080 cumd capacity is
adequate to meet the projected 1381 meximum—day demand of COT-WD,
However, the Dimapatoy River source will be abandoned because of its
turbid water whenever it rains upatream and the absence of treatment
facilities,

IX=1



Four :liernative sourcees were considered for the lon:wterm water
supply of" C'P~WD in Chapter VIII. Tanuel Spring supplemented by
induced infiltration wells ilong the Simuay River is the most eco-
nomical source. Imring the immediate improvement Irowrram, ‘lanuel
Spring will be developed a5 a new source 1n addition to the existing
city wellas  Total capacity of Tunuel Spring will supply the pro-
Jected water demand of COT-Yi) up to year 1988. From then on, induced
infiltration wells alons the Simuay River will be developed to meet
the projected water demand of COT-WD to the year 2000,

The COT-WD should apply with the National Water Resources
Council t'or water rights on Tanuel Spring end on the Simuay River
area,

Transmission System

The existing 250 mm CCI tranamission main from Dimapatoy River
to Barrin Tamontaca will be abandoned as the Dimapatoy River source
will be abandoned during the immediate improrement program. A new
200 mm transmission pipeline, about 7 km long, will be constructed
from Tanuel Spring to Barrio Tamontaca as part of the immediate
improvement program. The new line will be connected to ihe existing
250 mm pipeline from Barrio Tamontaca to the reservoir. Ar additional
350 mm transmission pipeline will be constructed parallel to the -

200 mm pipeline during Phase I-A (1980~85) of the long-range program.

With ihe development of the Simuay River induced infiltration
wells in the later part of Phase I-B (1988), a naw 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 ITI-B (1996-2000) from the Simuay
River well field to the distribution system. '

istribution Storace

o —

Cotabato City currently has a ground storage tank, with a capacity
of 750 cum, located in the core city on top of Colina (PC) Hill,
The existing tank is a reinforced concrete structure cunstructed in
1939. Based on the allernaziive studies conducted for COT-WD and pre-
sented in Chapter VIII, the least costly alternative is the maximi-
zation of storage cajacity and a supply rate equal to maximum-day
demand. The storage requirement of COT-WD in the year 2000 is approxi-
mately 13.3 percent of the maximum—-day demand or a total storage
recuirement of 3,450 cum. The staged construotion of the storage
will be diucuused in the succeeding sections. The existing tank
will be used through the year 2000,

IXw2



Distribution 3ysten

The existing distribution system will be expanded to serve the
additional service area of the poblacion and the barrios of Rosary
lleighis, Begua and Tumontaca by the ywar 1990. Barrio Xalanganan
will be served by the yuar #00C.

A totol 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 axisting system. By the year
2000, an additional lensth of about 13 km of 150 to 250 mm pipelines
will be added to the srstem to serve the additional outlying service
areas. The above lengths of pineliness do not include the new internal
network pipelines thai will be installed du:ring the construction
program. The disiribution facilitlies proposed for the long-term
development of the COT-WD are shown ir Igure IX-1 {appended).

Administrative and Other Service Facilities

In addition to the source transmission and distribution facili-
ties required for the production and transportation of water to
consumers, il will be necessary to provide other facilities to
improve administrative oreration, maintenance and quality control
capabilities within the water district. An administration building
will be constructed and plumbing 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).

Desifm Considerations

The recommended program of pipeline construction reflects the
results of successive computer analyses of the COT-WD distribution
syotem. The general design criteria and methods of anailysis are
discussed 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 et of hydraulic conditions.
Since cach computer analysis is critical to a different geries of
pipea, there is no single program result that can be included herein
as '"desiym run "

The compulur 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 conwvidered as the "design run" for the majority of pipes. However,
certain variations in operational modes, especially in systems with
well supplies, can be more critical for some ripelines,

IX%-3
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TARLE IX~1

DISTRIBUTICN PIFELINES
IMVEDIATE IMPROVEMENT PROGRAM

IX=5

(1978-1979)
Pipe Pipe Size Pipe Length
Number Desoription/Location (rm) (&)
438 Along Santoa St. 100 100
250 Along Jose Rosales Subdivision Road 100 120
251 Along Del Pilar St,. 100 220
252 Along Del Pilar St. 100 200
253 Along Almonte St. near Busebio '
Tanghal Subdivision 100 160
279% Connecting line of pipes at corner
of Almonte 53t. and Quezon Ave, 100 5
805
423 Along Jose Lim Sr, St, 150 160
424 Along Jose Lim Sr. St. 150 260
459 %% Pipe replacement on Ilang--Ilang
well line 150 5
462%% Pipe replacement on Ortuoste
well line 150 5
223 Along Rosal St. 150 180
254 Along Jose Lim Sr. St. near Manday 150 200
262 Connecting in® of ipes near Cota~
bato Light and Power Station 150 20
267 Along Rosales St. 150 200
269 Connecting linesof Pipes along
Martines 5t, 150 20
1,050
Tanuel Spring to Tamontaoca 200 7,000
211 Along PC Hill Road 250 190
214 Storage tank lina 250 200
390
Total 9,245
*lot shown in map, only a connecting pipe.
¥*Hot shown in map, only o replacement in prp lines



The new 200 mm transmission pipeline from Tanuel spring will
provide a better gulity of water ito the COT-MD consumers. The
provision of additional 100 mm pipelines in the poblacion and
Barrios Rosary Heisghts and Bagua will provide additional loops
for better pressure and flow distribution and the installation of
250 mm pipeline along the storage tank line will lessen the pressure
head loss. BExisting city well pump discharge lines, 75 mm and
125 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-WD distribution system on a 24-hour basis will tend to aggra-
vate the current level of system leakage and wastage. It is there-~
fore essential that an intensive projgram of leakage and wastage
surveys and associated system repairs be undertaken during the imme-
diate improvement program.

Water meters will be provided for the existing 14655 flat-rate
connections. About 348 of the total present conmections (1,742) will
require major piping repair or raplacemaent., Approximately 1,018
new connections will be installed, increasing the 1980 served popu-
lation to 40 percent of the total 1980 servioce area population.

Disinfection equipment consisting of structures, chlorinators,
booster pumps and scales will be installed at the existing four wells
and at the Tanuel Spring pump station. This will provide adequate
disinfection of water supplied to consumers.

The operational capabilities of the COT=WD will be significantly
enhanced by the acquisition of land and the construction of a new
administrative building, complete with office space for adminiatratian,
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 facilitiasg will be provided for installation and
repair of water meters, service connections and pipes in the dis-
tribution system.

Table IX-2 presents the breakdown of costs (at 1978 price levels)
for the immediate improvement program. The total project oost of
P6.35 million consists of P3.20 million in foreign exchange and ?3.15
million in local ourrency.
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TARLY

TN,
ENTRES

cosT SUMMARY%/

IMMEDTATE IMPROVEMENT PROGRAM

Item

¢

source Facilitiaaé/
(Spring Intake Struoture)
Materials and Equipment
Civil and Structural
(Booster Fumping Staticn)
Matorials and Eguipmant
Civil and Struciural
(Disinfection Facilities)
Materials and Equipment
Civil and Structural

Transmissigry and Distributien
113 =

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

(200 mm x 7,000 m)
Materials and Equipment

Civil aud Structural e

(150 mm = 1,050 m)
Materials and Equipment
Civil and Struotural

(100 mm x BOS5 m)
Materials and Bquipment
Civil and Structural

(Valves)

Materials and Equipment
Civil =2nd Struciural

(Fire Hydrants)

Haterials and Equipment
Civil and Structural

(Leakage Survey and Repair)
Materials and Equipment
Civil and Struotural

1
éf;uly 1978 prioces,

Cost (¥)
) e Tote
ooal Foreign Total
3,600 20,500
311400 -
44 100 109,900
103,000 -
12,000 86,500
] 2&,000 -
22,600 85,800
47,200 =
217,000 882,000
595,000 -
23,100 91,400
76|700 -
3,200 321200
421700 - -
7,000 21,700
71300 -
3,000 8,000
2’700 -
9,600 32,700
86,500 000
1,14§,§bo 1,2%3,500 2,352,400

3/Exuhange rate @ US $1.00 = 7,00
= Goniingencies and engineering are 15 and 10 percents respectively,

for these items.
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TABLE IN-2 (Continued)

Ttenm
Administrative and Miscellanoous

Facilities
(Administrative Building)
Materials and Equipment
Civil and Struoctural
(Plumbing and Meter Repair
Facilities)
Materials and Equipment
Civil and Strustural

Sub-totafb/
Valerials and Equipment

Civil and Struotural

Service Connectionsi/

18 new service oonnections,
1,655 for oonversion, 348 for
replacement )

Materials and Equipment
Civil and Struotural

Vehiclesi/

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

(Miscellaneous Items)
Materials and Equipment
Civil and Structural

Sub-tota1?/
Materials and Equipment
Civil and Struotural

Materials and Equipment

Cost (P)
Total Foreign Total
37,600 55,800
363'000 -
4,500 93,300
405,100 149,100 554,200
367,300 1'519'338 1.907.1£
1 00 55, 1,5}5,5
1,766, 1,574, 34341,600
32,900 914,600
00 -
52&,%66 914,600 1,441,200
60,000 60,000
5,000 8,000
65,000 -68,000 133,000
97,900 982,600 1,080,500
423,£oo - 00
591, 982,600 1,574,200
485,200 2,502,ggg i.ggg,sog
594 20
5o 1355 50

Civil and Structural 1,81;,200
Sub-total 2,358,400

i/ContingencieB and engineering are 15 and 10 peroent, reaspeotively

for these items,

?d/Contingenoios and engineering are 10 and 5 peroent, respectivaly

for these items.

Ix-8




TABLE IX~2 (Continued)

Soet (P)

Item Local Foreign Total

Continzencies
@ 15 percent 26%5,000 236,200 501,200
@ 10 percent 59,200 96,300 151,500
324,200 334,500 658,700

Enginsering

@ 10 percent 134,500 242,800 332,_200
@ 5 percunt }0,300 56,300 4600
164,800 306,100 470,900
Land. 300,000 - 300,000
TOTAL FROJECT COST 3,147,400 3,198,000 6,345,400
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C. FIRST STAGE CF TI[E RECOMMENDED LONG—TERM
COMSTRUCTION PROGRAM (1980-1990)

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

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

Bxisting facilities will be incorporated into the recommended
scheme to the maximum extent possible. Nost of the existing dis-
tribution facilitias constructed in 1939 will be replaced during
the first stage of the construction programe The existing 250-mm distri
bution main line along Sinsuat Avenue and the 125= to 200-mm pipelines
will be retained and incorporated into the yroposed system.

As previously discussed, COT-W¥D will meet projected peak hour
demands 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 metcrs above MSL, which is sufficient to main-
tain the required pressures within the service area.

CONSTRI;CTION PHASE TwA (1980-1985)

Source Develonment

During Fhase 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
ripings. Production meters will be provided to measure total water
production and will be adequately sized to be used to the Yyear 2000,
The addition of neyw 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 Fipure
X-3). Existing city wells will then be used ‘only as stand-by units.

The chlorination stiructure at Tanuel Spring will also be expanded. -
Additional eguipment such as chlorinators, booster, pumps, scales
and appurtenances Will be installed,

Storagze Facilities -

The analysis of distribution storage in Chapter VIII indicates
that a total storage capacity equivalent to 13+3 percent of maximume
day demand (3,450 cum) should be rrovided by the year 2000; the required

IX-10
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volume has been stased in four construction phases. During Phase 1-A,
a 675-cum storage tank will be constructed to supplement the existing
7H0-cum storare tank and will be inst:lled at the gome site as the
existing tank at Colina Hill, with za overslow zizvaiion of 53 maters
above Mil. The total storace voluae of 1,425 cum would be adequate
to meet the peak-hour demand fluctuations to the year 1986.

Transmission imcilities

= 1

During Phase I-A, a 6,570-meter transmission pipeline, 350 mm in
diameter, will be installed parallel to the 200-m pipeline from
Tanuel dpring to Barrio Tamontaca and will bu connected to the 350-mm
distribution main extending up tc the propossd atorage tank. The
resulting parallel system of Z00-mm and 350-mm pipelines will be
adequate to transmit 12,700 cumd, the full capacity of the spring,

Distribution System Facilities

Improvements to the distribution system for Phase I-A will ine-
volve replacement Of existing 100-mun distribution pipelines which
hava poor hydraulic capacity and instaliation of pipeline in new
service areat, thereby increasing served population.

A total length of 16,440 meters of 100- to 350-mm distribution
pipelines will be installed. All pipelincs recommended for Phase—I-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
alony the existing storage tank line and Quezon Avenue will be phased
out tor technical reasons. Pipes recommended for.Phase I-4 would
extend water supply to additicanal consunierg, while reinforcement to
existing pipes in succeedingconstruotion phases would enhanoce hydraulic
capacity an tho Simuay induced infiltration wells are developed,

All noceseary valves and appurtsnances have been inoluded in
the cost eutimates of the distribution pipelines,

Detuils of pipalines for construotion during Phase I-A are
reflected in Table IX~3 and shown in Figures IX~1 (appended) and IX-4.

Tha rinal computer printouts for the Year 2000 peak-hour oonditions
and for minimum flow oonditions are shown in Annex IX-C.
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Pipe
Hunber

105
406
497
408
409
413
414
415
416
417
425
426
427
428
429
430
431
432
433
434
435
439
445
446

282
283
255
257
258
260
261
263
264
265
266

400
401
402
403

Adong
Rlong
Along
Along
Along
Along
Klong
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along
Along

Along
Along
Along
Along
Along
Along
Llong
Along
Along

Along
Along
Along
Aleng

TARLE 143

DISTRIBUTION PIPELIRES — PHASE I-A (1980~85)

. ~ ¢ 13
Deaorintion/Location

Bonifaoio
Bonifacio
Ronifsacio
Ponifaoio

Streot
Straat
Straet

Street

Quezen Avenus
Sinsuat Avenue

Villaercn
Villaercn
Villaeron
Villaeron
Magallanes
Magallanes
Magallanes
Magallanes
Magallanes
Magallanes

Street

Street

Street

Street
Street
Street
Street
Street
Street
Street

Almonte Street
Almonte Street
Almonte Street
Almonte Street
Almonte Street
Santos Stireet

Figueroa Straset
Pigueroa Street
Figueroa Streat
Near Notre Dame Girls Dept, Hoad

Near Notre Dame Girls Dept., MHoad

Mabini and Villaeron Streets

Benifacio
Aguinaldo
Magallanes
Magallanes
Villaeron
Supermarke

Street

Stroeet
Street
Street

Street

t Road

Supermarket Road
Supermarket Road

Mabini Str

eet

M bini Street
Mabini Street
Mabini Street
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Fipe Size

Pipe Length

() (m)
100 120
100 20
100 110
100 70
100 60
100 90
100 130
100 120
100 70
100 160
100 80
100 130
100 60
100 200
100 260
100 120
100 80
100 130
100 120
100 60
100 60
100 100
100 90
100 100
100 90
100 280
100 180
100 140
100 160
100 80
100 70
100 60
100 220
100 100
100 210
100 200

4,500
150 100
150 80
150 120
150 90



{ e ey oL, T L WUA-CDM







- |
- _z

NOT TO SCALE : ‘

LEGEND:
EXISTING PIPELINE

messscscsscen [MMEDIATE IMPROVEMENT PROGRAM
—-—-— CONSTRUCTION PHASE I-A |

———— CONSTRUCTICN PHASE 1-B

—-=—--— CONSTRUCTION PHASE I1-A

—~ee—ee— CONSTRUCTION PHASE (i-B

YEAR 2000 SERVICE AREA

l_‘[:j;7 PIPE NUMBER
NODE NUMBER—v £

) W ....@.Tﬂ....

FROM SIMUAY INOUCE
NPT

AMION WELLE ‘ _ ' /
. STORAGE TANK

/N

FIGURE IX- 4 |
SCHEMATIC PLAN OF DISTRIBUTIO# SYSTEM .
COTABATO CITY WATER DISTRIC|

» —




275
285

441
442
443
444
212
292
716
217

298

Tabla 1X-3 (Contirued)

Pipn Size

{mm)

deseriptingg/ Locstion

Pipa Lopath

(m)

Along Mahini Streel

Mong Makalan Stvaen

Alow Falekua Sirace
Along kabalue Street
Along Sre Strest

Along Jose Liw 3y, ®yeot

Along Jowe Lim Br. Slreot

Aleng Jose Lim 3r. Strest

Alcng Jose Lim Sr. Street

Digtritotior Fipaline to Bo. Tamontacs

Along Zinnuat Avente near Cathedral

Sinsuat Avenue - Gutierrez St, to Qutierres -
Resal Sireetln

Reszies - Nogal Streets to Rosal-Santos Streets

Sinsuat Avenue-Colatato Civait Foad to
Provincial Motor Pool

Along Cotabato Circuit Road from Provincial
Motour Fool to Don Cern 3treect

Aleng Cotebats Circuit Hoad f{rom Peovincial
Motor Pool to Don Cero Street

Along Cotabato Circuit Read from Provinoiel
Motor Fool +n Don Cern Streat

Sun Vicernts-Souse Streetu to San Vicente -
Tulingan Stroeeins

San Vicente-Tulingan Stireets to San Vicente =
Matini GStreetn

Gutierrez-Rosal Streete to Rosal-Ortouste Sts.

Santos-Rosal Streets to Rosal-Martinez Streets

Mertinez~Hosal Streeis to Cotabate Road Junotion

Along Makakua Street

Quegon Avenue-Almonte Street to Quezon Avenue—
Magallanes Siraet

@uezon Avenue~Magallanes Strect to Quezon Avenue-
Joge Lim Sr. Street

Quezon Avenue-Jose Lim Sr. Street to Queszon
Avenue -~ Suan Street

Mmezon Avenuve — Juan Street to Quezon Avenue -
Datv Siang Street

Along FC Hill Road

Along IC Hill Road

Along (uezon Avenue near Cathedral,

Along Quegzon Avenue near Cathedrsl

Along Quezon Avenue to Queson Avenue ~ Hotra
DName Avenue

1%~13

150
155
150
150
150
150
150
150
150
150
150

150
159

150

150

‘150

200
200
200
200
200
200
200
200

200

110
190

90
110

90
130
120

60
150
500
420

220
170

340
230

70

70
280
320
180
150

180
10

4,580

90
100
180
140
160

20
340
200



Pipe

Kumber
LLLDEL

201
202
203

204
205

206
207
208
209
210

276

277
278

Tabl: Ji~3 (CGeondinued)

s

Desciption/Location

Notre Dame~Quezon Avenue to Quezon Avenue -
Almonte Street

Quezon Avenue — Almonte Street to Super-
markel Road

Along Almonte Street near Supermarket

Mabini Street to Palme Street along Quezon
Avenue

Falms Street to Sinsuat Avenue along
Quezon Avenue

Along Cotabato Allah Makar | .tional Road
near Bo, Tamontaca

Along Cotabato Allah Makar I +tional Road
near Bo., Tamontaca

Along Cotabato Allah Makar National Rosd
near Alfredo Ortouste Subdivision

dlong Sinsuvat Avenue near Notre Dame Hospital

Along Sinsuat Avenue from Notre Dame Hospital
to Gov. Gutierrez Street

Gov. Gutierrez St. to Gutierrez Street
along Sinsuat Avenue

Ortouste Street to Pansacala Street along
Sinsuat Avenue

Rosales Street to Cotabato Cirouit Road
along Sinsuat Avenue

Cotabato Circuit Road to Don Sero Street
along Sinsuat Avenue

Sousa Street to Cotabato Light and Power Plant
along Sinsuat Avenue

Gutierrez Street to Ortouste Street along
Sinsuat Avenue

Pansacala Street to Rosales Street along
Sinsuat Avenue

Don Sero Street to Sousa Street slong
3insuat Avenue

Total
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Fipe Size Pipe Longth
{ma} {m]
200 140
200 120
200 100
200 90
200 240

2,020

350 400
350 700
350 1,460
350 406
350 380
350 280
350 80
350 480
350 350
350 290
350 180
5,000

350 110
350 20
5,340

16,440



Internal Network

The existing distribution system and internal piping network,
together with the pipelines installed during the immediate improve-
ment program, will serve approximately 202 hectareg of the
COT=-WD arca by 1980. The remaining service area will be provided
with the internal piping network by 1985.

Iuring Phase I-A, an additional area of approximately 202
hectarss will be served by internal network system. This will
bring the total area served by equivalent internal network system
to 417 hectares by 1985. This consists of 202 hectares served by
the existing system and immediate improvements; 13 hectares covered
oy distribution pipelines instolled during 'hase 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 K,
Volume II and details of internal netwo-k system piping installation
for the COT-UD are rresented in Annex IX-C.

Service Connections

During Phase I-A, approximately 2,164 service connections will
be ingtalled in Cotabato Poblacion and the barrios of Rosary
Heights, Barua and Tamontaca. The total number of connections ing-
talled by 1965 will be about 4,924 broken down into 1,742 existing
connections and the 1,018 connections installed during the imme=
diate improvement program. The rate of installation of service
connections during this phase will be approximately 433 conneotions
per year.

In addition to the new service connections proposed for this
phase, 80 percent (1,394) of the exigting connections will be re-~ .
paired or replaced because of their age and poor-installation and
materials,

Details of service connection installation are presented in
Annex IX~C.

Fire Protection

Fire protection will be provided for Cotabato Poblacion, barrios
Rosary Heishts, Bagua and Tamontaca. During Phase I-A, a total of
417 hectares, or about 37 percent of the total area to be served by
2000, will receive fire protection service by fire hydrant instal-
lation. Of this total, 172 hectares will bhe provided with higher
level of fire protection. DPortions of the Poblacion and barrios
Rosary iieirhts, and Barua will be provided with hixher level of
hydrant service beciuse of tho high-value property associated with
commercial arsas. Normal residential-type service will be pro-
vided for the rest of the area.
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Thar wosl sl Do soomowad sonohouniton wgrigg hawe T4 ia
pvanert d in Table i¥%ed. Dased cn 1978 price levels, the total project
cest for this phkse is P271.83 million with 2 foreign exchange component
(PRC) of #11.69 mrilion, whieh includes direot and indirsct impopt itome.
Tabiz IN«1 a2lan n“—ur“ﬁ' sogont braakdown sapad o mRYsrials and squipe
ment procoremsnt and caquived wivil and structural worke ¥Matarials and
equipment considered in thies breakdown include pipes, valves, pumping
squipment, water motars, hydrants, chlorinators and laboratory facilitis

CONSTRUCTIVY FHAUL D { 1986~1950)

e

Source Facilitiss

As discussed in Chapier VIIT, the Tanuel Spring souros will be sup-
plemented with induced infiltration wells to be drilled in the Simuay
River area. For ihe consiruotion of thene wells, the following parameters
have been ssrumed hasad on limitad e;istumgwnl) dsta availables (1) mi-
nimum vell spacing of 500 meters, (2) well depth, 45 meters, (3) size
of caping, 250 mm snd (4) capacity of ‘3,70(_‘ curd,

The construction of cne induced infiltration well in 1988 will
increase ithe source cuyecity from 12,700 cumd to 15,400 cumd, suffi-
cient to meat the maximum-day demand until 1991.

Chlorinstion facilitiies wili te installed ad jacent to the wall te
disinfect the water supply as it is pumped into the transmission main.
These facilities inolude a chlorinator, hoostar pume, scale; piping
and metering equipment,

Storage rFacilities

During Fhase I.B, additional storage capacity of 675 cumd will be
constructed to incresse the storage capacity availabls in FPhase I-d.
The total storage capacity of 2,100 cum will be adequste to meet the
storage requirement up to year 1991.

Transmission Facilities

The developiment of induced infiltxr:s.ion wells in the Simuay River
area during Fhase I-B, will require comstruction of & new 5,830 m,
250 mm tranemission pipsline from Simuay source to Quirino Bridge in
the poblacion. These will be oconnected to the mein disiribution pipea~
line along (uezon Avenua. The 250 mm transmission pipeline will be ade—
quate to carry the reguired additional supply up tc¢ year 1993.

Digtribuvtion System

In thage I-B, an additional length of approximately 10.6 km of
100 te ¢ mm pipelines will be installed to extend ssrvice to pre-
vieurly unserved aresu, to provide lcope for bstter pressure distribu~
tlon 1o seme 2rens snd e ceinforce exioting pipoo.

Xele
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TABLE IX~4

CONSTRUCTYON CCST SUMMAR
PHASE I-A

Ttem
Source Facilitiesé/
Expansion of Booster Pump
Station and Chlorination
Facilities at Tanuel
Materials and Equipment
Civil and Structural

Pipelinesé/(Transmission and

Distribution

(11,910 m x 350 mm)
Haterials and Equipment
Civil and Structural

(2,020 m x 200 mm)
laterials and Equipment
Civil and Structural

(4,580 m x 150 mm)
Materials and Equipment
Civil an”? Structural

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

Valves;/

Materials and Equipment
Civil and Structural

Storage icilitiesé/
Materinls and Equipment
Civil and Struotural

%/1978 Prices

Cost (P)
Total Fbreiggg/ Total
137,300 364,300
316,000 -
453,300 364,300 817,600
662,900 4,669,200
2,449,800 =
63,500 254,200
171,100
99,800 . 399,000
3329500 -
16,300 179,700
239,600 -
41,100 . 164,400
1,400 .-
4,128,000 5,666,500  .9,794,500
283,400 20,200
1214400 81,000
404,800 101,200 506,000

é/Exchange rate @ US §1.00 = P7,00

Contingencies and engineerin

for these items,

IX-17
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TABLE IX~4 (Continued)

Item

Internal Networkﬂ/
Materials and Equipment
Civil and Structural

I'ire Hydrantsﬁ/
Materinls and Equipment
Civil and Structural

Plumbings Shop and ﬂ/

Laboratory Facilities
Materinls and Bquipment
Civil and Structural

Sub~tota1£/
Materials and Equipment
Civil and Structural

Service Connectionsé/
Materials and Equipment
inil and Structural

Sub—totalé/
Materials and Equipment
Civil and Structural

Total Construction Cost
Materials and Equipment
Civi]l and Structural

-/Con tingencies and engineering are 15 and 10 peroent

for these items.

5/Engineering and contingencies are 5 and 10 percent ,

for these items,

Cost (P)

Local Foreign Total

112,000 876,800
1,106,400 -

1,218,400 876,800 2,095,200

152,500 520,800

224,200 -

376,700 520,800 897,500

21,000 189,000

409,200 -

430,200 189,000 619,200
1,589,700 74637,600 9,227,300
55421,700 81,000 5,502,700
7,011,400 7,718,600 14,730,000

86,100 1,469,000
1,040,300 -
14126,400 1,469,000 2,595,400
86,100 1,469,000 14555, 100
1,040, 300 - 1,040,300
1,126,400 1,469,000 2,595,400
1,675,800 9,106,600 10,782,400
6,462,000 81,000 6,543,000
8,137,800 9,187,600 17,325,400
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TABLE IX-4 (Continued)

Titem

Contingencies
@ 15 percent
® 10 percent

Sub-total

IEngineering

10 percent

@ 10
@ 5 percent

Sub~total

Land

TOTAL PROJECT COST

Cost (P)

Local Foreign Tatald
1,051,700 1,157,800 24203,500
_ 112,600 146,900 259,500
1,164,300 1,304,700 2,469,000
9,302,100 10,492,300 19,794,400

592,900 1,101,100 1,694,000

49,900 92,800 142,700

642,800 1,193,900 1,836,700
94944,900 11,686,200 21,631,100

200,000 200,000
10,144,900 11,686,200 21,831,100
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Details of thece proposed pipziines are ligtsd in Table IX-5
and shown in Figures I¥-4 and IJ:-1 (append-d).

Internal Netwoik

pree

New internal network for approximately 159 hectarzs within the 1990
service area will be provided during Phase I-B. The total iniernal net-
work area of 656 hecterss sarved hy 1990 consists of 417 heotares : a1 ra:
in Phagse I-4; €0 haciares for ar:a served by distribution pirelines
coustrusted ia Phose I-B3 ard 159 hectares for area served ty internsi
network construcied during Phase I-B. Details of internal network systeus
are presented in drnex IXeC.

Service Connections

During Phasc I~-B, a acditional 3,860 servico comnections will by
installed within the 1990 cervice areae The total number of service
connecticns within tha sorvir: area of COT-YWD by the year 1990 will
be about 8,784 The rate of sexrvire connnction installation during
this phase will be 772 por year (see Annex I%C),

Fire Protection

&n additicrnrl avea of 239 hact-res covering the poblacion and
btarrios of Rosary Heights, Dajua and Temontacd will be provided with
fire protection service hy the installetion of fire hydrants. This
Wil provid: approrimately 57 rareoni coverage of the total arees to
be covzred by the year 2000 ior GU&ET.  Apprerimataly 75 hectares
of the 170 hectar:s to ta providad with fir2 protection for Berrio
Rosary Heighalii will recsive a hichzy levsl of fire hydrant sarvics.
Normel reside:tial—twr: soriizs w111 bo pecvided for the rest of *is
area, totallin- asprouimataly 174 bectare: (sce Amnex IX-C for dstails
of hydrant installation).

Gost Surmary = Ien: 1=

-

The nest sumrary for pro--snd corotruciion during Fhase I-E is
precented in Trhle I¥-6. IPe2d cn 1978 price lavels, the total project
ocost for this rtars is P16.51 million, with Coreign exuinon;s nomponent
of PT7.39 milliicne
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Pipe
Number

272
29

230

232

234
236
237
238
241
243
245
246
247
249
270
271
273
280 -
281

286

211
214
233
235

248

290

TABLE IX~H

DISTRIBUTION PIPELINES = FHASE I-B (1986~1990)

I%-21

Pipe Size Pipe Length
Location/Description (e (m)
Along Notre Dame Avenue 150 60
Don Sero St., Cotabato Cirouit Road to
Radio Station along Don Sero Ste 150 370
Along Don Sero Ste near Sero Elementary
School Extension 150 300
Along Cotabato Circuit Road noar Notre
Dame University Campus 150 620
Along Cotabato Cirouit Road near Jose
Vilo Subdivision 150 660
Along Notre Dame Avenue near Uy Kala
Moreno Subdivision 150 220
Along Sousa Ste ® 150 170
Along Sousa Ste. 150 160
Along Souea St,. 150 200
Along Cipriano Yap Subdivision Road 150 540
Along Julian Pasoual Subdivision Road 150 260
Along Pansacala St. , 150 690
Along San Vicente St. near Casimiro
Bafias Subdivision 150 640
Cotabato Circuit Road, S Vicente to
Cotabato Circuit Road, Sinmmat Avenue 150 T00
Cotabato Circuit Road, Sm Vicente St.
to San Vicente-Sousa Ste¢. 150 500
‘Along National Road near Kwong Cheong
Fat Subdivision 150 500
Along Rosales St. near lLuis Sero ‘
Subdivision 150 300 -
Along Notre Dame Avenue 150 320
Along Qutierrez St, 150 300
Along Don Sero St. 150 100
Sineast Avenue to Cotabato Circuit Road
along Don Sero Ste. 150 380
4dlong Sergrotooao - Cipriano Yap Sub-
division Road 150 500
8,490
Reinforcement along FC Hill Road 200 190
Reinforcement on Storage Tank Line 200 200
Along Almonte St. near Marquez Sub-
division . 200 280
Along Uy Kala Moreno Subdivision Road 203 280
Along Governor Cutierres Road 200 400
Along Tulingan St. 200 g60
1,810
Datu Siang St., Quezon Averme to '
Quirino Bridge 250 300
Total 10,600



TABLE Y46

CONSTRUCTION COST SUMMARYl/

PHASE I-B
o Gomt (P)
Item Local Foreigg‘ Total

Source Faci]itiesé/
(1~well, pump station, rroduction
meter mid chlorinatioa facili-
ties)

Materials and Equipment 99,400 193,300

Civil und Structural 170,800 3,000

270,200 196,300 466,500
Riveg/Crossing and Access

Road=
Materials and Bqu ipment 840,000 60,000
Civil and Struciural 760,000 240,000

1,600,000 300,000 1,900,000
Transmissi_y and Distribution
Facilities
(250 mm x 6,130 m)

Materials and Equipment 355,000 1,350,000
Civil and 3tructural 741,700 -
(200 mm x 1,810 m)
faterinls and Equipment 564900 227,800
Civil and Structural 153,300
(150 mm x £,490 m)
Materiala and Dquipment 184,900 739,600
Civil and Structural 616,400 -
(Valves)
Materials and Equipment 24,300 17,300
Civil and Structural 25,400

2,157,900 2,394,700 4,552,600
Internal HNetwork

(159 ha)
Materials and Equipment 86,400 675,800
Civil and Structural . 853,000

3/ 939,400 675,800 1,615,200
-Storage Facilities

- Materials and Equipment 283,400 20,200
Civil and Structural 121,400 81,000
404,%00 101,200 506,000

%/1978 Frices :
Exchange rate @ 1S §1.00 = P7.00
Continzencies and engineering are 15 and 10 percent, respectively,
for these items.
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TABLE IX~6 (Continued)

Cost (P)
Item Local Foreign Total
Fire Hydrantsg/
Materials and Equipment 75,000 256,100
Civil and Structural 110,300 -
. 4/ 185,300 256,100 441,400
Sub-~total
Materials and-Equipment 2,005,300 3,600,100 5,605,400
Civil and Structural },552,%00 324,000 },8;6,}00
5/ 5,5574600 3,624,100 9,481,700
Service Connections
(3,860 new connections)
Materials and Equipment 93,400 1,868,200
Civil and Structural 1,261,100 -
1,354,500 1,868,200 3,222,700
Total Construction Cost
Materials and Equipment 2,098,700 5,468,300 7,567,000
Civil and Structural 813,400 324,000 1 00
2,912,100 5,792,300 12,704,400
Contingencies
@ 15 percent 833,600 588,600 1,422,200
@ 10 percent 1;5,500 186,800 322,300
969,100 775,400 1,744,500
Engineering
@ 10 percent 381,600 708,800 1,090,400
@ 5 percent 62,100 115,200 1 00
443,700 824,000 1 ,2%7 ,700
Land 820,000 - 820,000
9,144,900 7,391,700 16,536,600

TOTAL PROJECT COST

A/Contingencies and engineering are 15 and 10 percent,respectivekn
for these items. :

Q/Contingencies and en:ineering are 10 and § percent, respectivaly;
For theae itemg.

IX~23



Do SRAJOED WAL U TR RBOORS I
LONG-TERY CONSTRUCTION FROGRAM

The second stase of ithe recommendend nrocram includes provision
of additional source, storage, transmission and distribution facie
lities and expansion of internal network system, service connection
and fire nrolection facilities. These works will be implemented
in two construction phases. The first phase of the second stage
program will be implemented from 1991 to 1995 and the second phase,
from 1995 1o 2000,

CONSTRUCTION PHASE IT~4 (1991-1995)

Source Facilities

As previously stated, wells installed during Phase I-B will
provide sufficient volume of water to meet the maximum-day water
demand until 1991. To provide adequate source ocapacity to meet
1995 maximum—day demend, two wells will be constructed during
Fhase IT-A. These wells will each produce an estimated 2,700 cumd,
and will bYe constructed in 1991 and 1993, respectively. The add-
itional 5,400 cumd source capacity provided during this construct~
ion phase will increase the total capacity to 20,800 oumd for COTHD
which will be sufficient to meet maximum—day demand witil 1996 (see
Figure Ii-3).

Storare PPacilities

An additional storage tank with a capacity of 675 cum will be
constructed during Fhase II—-A. ‘This will supplement the existing
capucity 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 cum 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 Quirino 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 Thase II-A will consist of the construction of additional
pipelines to provide additional service to Burrio Kalanganan and to
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the outlying areas previously unserved :md to reinforce existing
pipelines for better flow and pressure distribution. Table -7 15
a list of the improvements recommsnded for construction during
Phase II-A and Figures IX-4 and IX~1 (appended) show the pipelines
included in Phase II-A,

Internal Network

An additional area of 203 hectares of internal network system
and an equivalent area served by distribution pipelines of 50 hec—
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,

3ervice Connections

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

Fire Protection

A totul 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 proteclion
service. MNcrmal residential-type hydrant service will be provided
for all areas during this phase,

Cost Summary — Phase II-A

A cost swmmary for construction during Phase II-A is presented
in Table IX—8, based 1978 price levels. The total proj2ct cost for
Phase II-A is P14.50 million, with a foreign exchange component of
}'704(‘ million,
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Pipe
Number

300
303

306
3
313
315
316
317
318 °

441

442

443

TABLE Ti-7

DISTHIBUTION PIPELINES — PHASE IT-A (1991-1995)

Pipe Size Pipe length
Looation/Deseription (rn ) {r)
Near Ortouste Subdivision 150 560
Along Laureano Sebastian Sub-
division Road 150 470
lovernor Gutierrez - liaria Gutierrez
St . to Maria Gutierrez — Durian
St . 150 660
Along Lius Sero Jubdivision Road 150 500
¥rom Tulingan 5t. to YSalik Panda
Subdivision 150 530
Along the road to Lugay-lugay
Elementary School 150 400
Digtribution pipeline to Bar:io
Kalanganan 150 600
Along Gutierrez St. near Proposed
City Hall Site 150 560
Near Proposed City Hall Site 150 300
4,560
Pipe Reinforcement from Quezon
4dvenue ~ Almonte St. to Quezon
Avenue - Magallanes St. 200 90
Pipe Heinforcement from Quezon
Avenue -~ Magallanes Ste. 10 Quezon
Avenue -~ Jose Lim Sr. St. 200 100
Along Governor Gutierrez St, 200 60
550
Pipe Reinforcement from Quezon
Avenue -~ Jose Lim Sr. St. to
Quezon Avenue - Suan St 250 180
Pipe Reinforcement from Quezon
Avenue -~ Suan S5t. to Quezon
Avenue — Datu Siang St. 250 140
Pipe Reinforcement along PC I{ill Road 250 190
Pipe Reinforcement along PC Hill Road 250 100
Pipe Reinforcement along FC Hill Road 250 160
Jtorage tank line reinforcement 250 200
Pipe Reinforoement along Quezon
Avenue near cathedral 250 20
Pipe Reinforcement along juezon
Avenue near cathedral 250 340
Iipe Reinforcement along Quezon
Avenue to Wuezon = Noire Dame
Avenue 250 200



TABLE IX~7 (Continued)

Pipe Pipe Size Pipe length
Number Location/Desoription (mm ) ' (m)
219 Pipe Reinforcement from Notre -
Dame = Quezon Avenue to Quezon
Avenue « Almonte St. 250 140
290 Pipe Reinforcement from Datu
Siang Ste. - Quezon Avenue to
Quirino Bridge 250 300
1,970
Total 7,100
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TABLE IX-8

CONSTRUCTION COST SUMMARYE/

PHASE II-A
Cost ()
-
Item Local Foreign Total
Source icilitiesé/
2-wells, pump stations, production
meters and disinfection equipment)
Materials and Equipment 195,900 344,800
Civil and Structural 336,800 6,000

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

Facilities
250 mm 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)
Naterials and Equipment 15,100 50,100
Civil and Structural 16,400 -
é/ 2,161,6& 2,519,1% 4'680’700
Fire ants
1253 ha;
Materials and Equipment 55,600 189,800
Civil and Structural 81,700 -

Y, 137,500 189,800 327,300
Internal Network:

203 ha
Materials and Equipment 112,100 877,300
Civil and Structural 19107,200

1,219,300 877,300 2,098,600

;—;1978 Prices
é/Exchange rate @ US $1.00 = P7.00
Contingencies and engineering are 15 and 10 percent, respectively,
for these items.
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TANLE IX-8 {Continued)

Stor Qeﬂ/

(675 cum)
Materials and Equipment
Civil and Structural

Sub—totalﬂ/
Materials and Equipment
Civil and Structural

p)

Service Connectiona—/

(3,821 new service conneotions)

Materials and Equipment
Civil and Structural

eh’cleé/

V
(1 vehicle)

Materials and Equipment
Civil and Structural

Sub—totalz/
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 FROJECT COST

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

for these items.

5/Contingencies and engineering are 10 and 5 percent, respectively,

for these itemse.

Cost (P)
Local Poreign Total
283,400 20,200
121,400 81,000
404,800 101,200 506,000
1,306,000 3,951,200 5,257,200
3,149,700 87,000 3,236,700
4,455,700 4,038,200 8,493,900
92,500 1,849,300
1,248,300 = _
1,340,800 1,849,300 3,190,100
30,000 30,000
30,000 30,000 60,000
122,500 1,879,300 2,001,800
1,248,300 = 1,248,300
1,370,800 1,879,300 3,250,100
1,428,500 5,830,500 7,259,000
000 87,000 4,485,000
5,826,500 5,917,500 11,744,000
668,400 605,700 1,274,100
13745100 1874900 25,000
- 805,500 793,600 1,599,100
341,900, 634,900 976,800
62,600 116,200 178,800
404,500 751,100 1,155,600
7,036,500 7,462,200 14,498,700
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CONSTRUCTION -PHASE 1I~B {1996-2000)

Source Facilities

During this final phase of the recommended censtruction program,
two additional wells will be required in 1996 and 1998, respectively,
Each of the wells will have a eapacity of 2,700 cumd, and will be
provided with structures, pumping, metering, piping and disinfection
facilities as required. The additional 5,400 cuwd capacity provided
during Fhase II-B will increase the total source capacity to 26,200
oumd sufficient to satisfy system demand until the year 2000,

Jtoraze Facilities

To meet the siorage requirement for year 2000, an additional 675
cum storagecapacity will be constructed during Phase IJ-B, Ry then, a
total of 2,700 oum of storage capacity will have been constructed, in
addition to the existing storage tank capaaity. The total volume of
31540 ocunm is adequate to meet the storage requirement of COT-WD to year
2000,

Transmission Pacilities

With the development of additional source oapacity in the induced
infiltration wells in the Simuay River area, a new 7,850-meters long,
250 mm transmission pipeline will be constructed, reinforcing the trans-
mission pipelines installed in PhasesIl-B and II-A. 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 capaocity,

Table I1X-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 YWy distribution pipelines of 53
bectares will be provided. This will provide servioe to 100 percent
of the year 2000 served area by the end of the construoction period in
2000,
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Pipe

Number

301
302
304
307
308
309
310
312
314
319

441

442

443

290

TABLE T¥-9

DISTRIBUTION PIPELINES ~ PHASE I1I-B (1996-2000)

Pipe Size Pipe Length
Description/Location {mm) (m)
Located in Laureanc Sebastian Subdivision 150 360
Located in Laureano Scbaslien Subdivision 150 480
Located in Sergioc Tocao Subdivigion 150 520
Along Durian Street 150 440
Located in Sanguan Kemal Subdivision 150 660
Located in Sanguan Kamal Subdivision 150 200
Along Kakar Creek 150 600
Along Kakar Creek 150 780
Near Lugay-lugay Elementary School 150 460
From Sinsuat Avenue to Maria Gutierrez =
Durian Streets 150 760
51260
Pipe Reinforcement from Quezon Avenue —
Almonte St. to Quezon Avenue -
Magallanes Streets 250 90
Pipe Reinforcement from Quezon Avenue =
Magallanes Strett to Quezon Avenue -
Jose Lim Sr., Street 250 100
Pipe Reinforcement from Quezon Avenue =
Jose Lim Sr., Street to Quezon Avenue -
Suan Street 250 180
Pipe Reinforcement from Quezon Avenuve =
Suan Street, to Quezon Avenue ~ Datu
Siang Street 250 140
Pipe Reinforcement from Datu Siang Street
Quezon Avenue to Quirino Bridge 250 300
810
Total 6,070
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Service Connectiona

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 comnections during the period 1996-2000, Ry 2000, the total
number of service connections within the area served Yy COTwWD will
be 18,087,

Fire Protection

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

Cost Summaxyy — Phase 1I-B

The ocost summary for construction during Phase II-B is presented
in Table IX~10, Based on 1978 price levels, the total project ocost
of this phase is ?15.85 million, with a foreign exchange component of
#8431 millione

E. CAPITAL COST SUMMARY

The capital oosts for each phase of the recommended comstruction
program, including the immediate improvement program, are summarigzed
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 583,310 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
#0.57 million, P1.26 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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TADRLE 1X~10

CONSTRUCTION COST SUMMARYl/

Itom

Source lacilities

(2-wells, pump stations, pro=
duction meter and disinfection

facilities)
Materials and Hquipment
Civil and Structural

Transmission and Distribution

FPacilities
(350 mm x 9,640 m)
Materials and Equipment
Civil and Structural
(200 mm x 500 m)
Materials and Equipment
Civil and Structural
(150 mm x 5,260 m)
Materials and Equipment
Civil and Structural
(Valves) 4
Materials and Equipment
Civil and Structural

Stor é/

(675 cum)
Materials and Egquipment
Civil and Structural

Internal Networké/

(172 ha)
Materials and Equipment
Civil and Structural

1/1978 prices.

FHAZE II-B

Cost in (®)
local FECR/ Total
135,900 344,800
336,800 6,000
532,700 350,800 883,500
501,800 1,902,500
1,045,400 ~
15,700 62,900
42,400 -
114,600 458,300
381,900 -
15,800 51,700
16,900 -
2y134,500 2,475,400 4,609,900
283,400 20,200
121,400 81,000
404,800 101,200 506,000
95,500 747,300
943,100 -
1,038,600 747,300 1,785,900

2/ixchange rate @ U.3. $1,00 = P7.00
}/Contingencies and engineering are 15 and 10 percent, respect-

ively, for these items.
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TABLE IX~10 {Continued)

Ttems

Fire Hydrants&/
faterials and Equipment
Civil and 3tructural

Sub-motalﬂ/
Materials
Civil and

and Squipment
Structural

service Connectionsé/

(5,452 new service connections)
Materials and Equipment
Civil and Structural

Total Construction Cost
Materials and Equipment
Civil and Struoctural

Contingencies
@ 15 Percent
@ 10 Percent

Engineering
@ 10 percent

@ 5 percent

TOTAL PROJECT COST

Cout in (®)

Local Foreien Total
50,000 170,800
135500 -

123,500 170,800 294,300
1,272,700 3,758,500 5,031,200
2,961,400 87,000 },058,400
4,234,100 3,845,500 8,079,600

141,400 2,827,500 2,968,200

1 ‘908.600 — 1 .908.600'
2,050,000 2,827,500 4,877,500
1,414,100 6,586,000 8,000,100
4,870,000 87,000 4,957,000
6,284,100 6,673,000 12,957,100
635,100 576,800 1,211,900
205,000 282,800 487,800
840,100 859,600 1,699,700
325,200 603,900 929,100
93,900 174,400 __ 268,300

419,100 778,300 14197.400
74543,300 8,310,900 15,854,200

é/Contingencies and engineering are 15 and 10 percent,

respeglively, for these items,
5

Contingencies and engineering are 10 and 5 percent,

respectively, for these items.
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TARLE 1X-i1

CAPITAL COST SUMMARY

Construction Construction Construction
Phase Yoar Cost (?)

Immediate

Improvement

Progran 167 8-1980 4,915,800

I-A 1981=1985 17,325,400

I-B 1986-1990 12,704,400

IT-A 1991=~1995 11,744,000

11-B 1996=2000 12,957,100
59,646,700

TABLE IX-~12

Project Cost (P)

Local

3,147,500
10,144,900
9,144,900
7,036,500
155434300

37,017,000

FEC

3, 198,000
11,686,200
7:391,700
7,462,200
8,310,900

38,049,000

OPERATION AND MAINTENANCE cosnY SUMMARY

Administrative waerg/

Total

64345400
21,831,100
16,536,600
14,498,700
15,854,200

754066 ,000

and and

Year _ Persr.anel Fuel chemicalaé/ Maintenancaﬂ/ niacellaneouaZ/ Total

1976 130,740 420,310 - 64330 25,930 583,310
1980 267,540 182,170 36,900 46,420 37,960 570,930
1985 290,940 298,480 57,560 161,980 61,140 870,100
1950 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

5;1

978 prices,
It is assumed that Wy 1980 ang for years to come, the National Power

Corporation will supply power to Cotabato City at the rate of ?.25/kwhr. At
present, power supply for Cotabato City is provided hy Cotabato Light Power

corpog

ion from a diesel-operated plant at a rate of PO.70/kuhr.
d/Includes chlorine costs at P10.00/kg and laboratory chemicalse

Includes mechanical equipment &t 2% per annum and other items at}:

per

aj .

75

Based on 1976 budget, incregsed at 10% per annum,
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(. SEWERAGE/LRAINAGE CONCEPTS

Exigting Drainage Sywutem

The exisling drsinage facilities of Coiabato City consist mainly
of a system of open canals and concrete pipes. Open canals are earth
and lined varying in width from 0.3 o 1.0 meter and from 0.3 to 1.2
meter desp., Concrete pipes along some of city sireets (Almonte,
Makakua and parts of Mabini and Joss Lim Streete) have diameters
ranging from 0.30 to 1.0 meter (see Figure IX-5), Nost of these street
drains are interconnected at street intersections by O«3 meter diameter
drainage oculverts,

The existing facilities transport storm water runoff to Manday
Creek on the west, Rio Grande de Mindanao on the north, Mindanao oreek
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 Orande de Mindanao which runs along the northern side
of the citys. Some storm water is disposed of into de=
weesed areas between Sinsuat Avenue and Cotabato Circuit
Road and in Don Sero Subdivision,

2, Domestic wastewater is discharged direoctly 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.
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Relationship with Infrastruclure and Other Biprineeringe and
Economic Mactors

The provision of sewerare and droacare faciliiies within the
COT~d has o significant impact on waler supply and other infra—
structure components. Economics (public's ability—to~pay) and the
status of public health also affect directly the feasibility of
providing sewerage and drainwmre facilities.

In view of the current relatively minor storm water drainape
problems being experienced in the COT-WD area, it appears that
drainage facilities do not warrant hish priority in Cotabato's list
of infrasiructure components. Before decisions can be made con—
cerning the implementation of sowerage and/or drainagze programs,
additionnl technical and economic data must be collected and evaluated.

Information from the Department of Health indicates that in
1975, 37 percent cof Cotabito City housesholds had water—sesled toilet
facilities; 33 percent had clow:ad~pit type toilets; and 30 percent
had no toilet facilities. Althoush statistics indicate that the
general level of occurrence of satisfactory toilet facilities
is higher in Cotabato City t)im in most other comparable urban com—
munities in the Philippines, il is unlikely that such a low percentiwze
of “modern" faucilities can economically justify & near-fuiure sewerage
Program.

The rationale for lhe provision of wastewaler fucilities has
traditionsldly been bised on aesbthetics and ublic henlth benefits.
At present, there is an obvious water surply problem in ihe COT-WD.
As the waier supply rroblem iz resolved, wastewater volwnnu will
increase. Relaled aestheiic and jublic health standiods will improve

in time, increasing the arjency lor solution of the vagtewater problem.

Frojeciei dastewater Volumes

Hastew ter fTows in COT=WD have beon vrojected for Lhe years 1590,
2000, 2005 und 2025. These estimoles are shown in Toble IX—13.

The service are: conuvidered lor Lhe wastewater rrojections is
the core nren bo roceive water supply by 1880.  This area is Lle nost
densely perulated :wes in the water districty, and is the area where
public heslib wnd nuisimee roblems associuted wilh wastewater
will be grelest.  Adthoush it ig reregected that the entire water
service arie: would reccive sewer serviea, only the poblacion and
Barrio Rousney Heihts will rocejive sewer gervice by the year 2025.
This deeision was bused on high annuinl sewer conneclion rale reauirod
to weer the poblacion, Roesary Meivhts, Bagun cnd Tamontaco.
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The wastewater volume which could be collected was determined
by estimating the percentage of water supply conneclions (domestic
and commevcial/industrial/institutional) receiving sewer connections
during the design period from 1990 to 2025. It was assumed that
all water supply comnections would have sewer comnections by 2025,
and that in 1990, 30 percent of domestic and 50 percenti of commercial/
industrial/institutional water supply connections would have sewer
connections. It was assumed that no unusually larze water-—coli—
suming connections would occur during the design period and that
90 percent of water consumed would therefore be returned to the
sewers. An allowance was made lor groundwater infiltration into
the sewers, based on rrojected percentage of physical area with
sewers and an infiltration rate of 0.15 1ps/hectare. The resultant
number of sewer conneotions required during the design period was
then checked to ensure that the annual rate of sewer connections was
realistically within the physical capabilities of the water district,

Alternatives Available

The cost of sewerase/drzinage facilities for the COT-WD area
is expected to be significant.

The provision of a Tinancially self-sufficient sewerage/ﬂrainage
system is seldom achieved even in developed countries. It is likely
that the COP-WD is no exception to this rule.

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

e individual (septic tanks) or unified publio collection
' system;

2. combined or separate sewerage/drainage systems;
3. various degrees of centralized community sewagze treatment;
4., disposal system (river or land disposal) for treated sewage.

The question of whether the COT~{D should construct a combined

or a separale sewerage/&rainage system depends on economic circumstances,

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

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

1« Screening of gross solids, hirh-rate lugoons and effluent
discharge into Rio Grande de lindanao.
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TABLE IX-13

AVERAGE DAILY WASTEWATER FLOWS
COTABATO CITY WATER DISTRICT

Wastewater Flows (cumd)

IX=39

Gommercial;/™
Served Desizn Industrial/ Infiltraticn

ATea, Jaar Domestic Institutional Allowanca Total
1990 14240 330 640 2,210
e 2000 3,400 660 830 5,000

[~ PR .3 o -
Tobiacien 2005 5,060 1,440 510 7,410
2025 18,340 4,580 1,270 24,150

1990 0 C 0 G
Rosary 2000 2,240 670 9%0 3,900
Heighis 2005 3,240 1,020 1,100 543£0
2025 10,060 3,770 1,530 15,3£C
Teial 1990 1,240 330 640 2,21C
2000 5,840 1,530 1,820 8,990
2005 8,300 2,460 2,010 12,770
2025 28,400 8,380 2,800 39,580



2s Some Cform of treatmenl such as convenlional primary or
high-rate secondary treatment may be applied. Treated
wastes may potentially be used for agricultural irrigation.

Recomnendations

As soon as the first phase of the water supply program is under—
w2y, a comprehensive Suuaraga/drainage feasibility study should be
undertaken. This study must address the izsue of combined versus
separate sewers. It should also update the population :nd water
demand projeotions of this water supply study.

Once tiie decision has been muade to use eilher the combined or
separate system, the water district must embark as promptly as pos—
gsible on a street sewering and house connection program.

A plumbing code should be developed by the COT-YD to coordinate
plumbin; requirements for water, wastewater and surface runoff faci-
litiea. This code becomes very important and meaningful particularly
if a senurate system of sewers is adopted.

In the meantime, a honse-to-house survey should be conducted
to inventory existing wastewater and toilet facilities. As-buill
drawings of storm drains and reripheral cimals must be compiled und
acourately recorded in preparation i'or the uewcrn;e/druinu:e Teagi-
bility study.

I'or residences :nd establishments that currently lack waste
disvosal iucilities :nd are f'inancially unable to,rrovide the modern
flush toilet with septic tanic, the Department of Health (Division
of Environtental Sanitation) has develoned an inexpensive water—
geal toilet.

PFermunent rights—of-wuy should be acquired for the main routes
that wil? Le used for drulnage/sewerage conluits,

The current practice of dumpin; solid wastes into waterways,
canals and manholes, should be sirictly prohibiteds. Solid wastes
not only rollute the water, Imit are also very unsightly and serve
as habitits for flies, rodents ind rurasites.  The rroper handling
of solid wastes should be studied and planned curefully.

e HANAGIL LN O AP SR TSONTRCES
In order to make the bhest use of wuter resources available [or

present g future use of COMYD, certain technical and management
steps must Le considered. ‘These consitderations are primarily related
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to the collection of dute concerning the chemicul quality and amouut
of water produced by Lhe district, and o data storage and retrieval
system which would provide easy access to those orranizations dealiny
with the uubject. These are discussed further in Aypendix P, Yolume
ITI ol thiz report.

I. UFDATIES ' WATER SUTPLY 1ASTSR PLAN

To be = meaninglful workin.: document, this water supply mas—
ter plan wmust be periodically updated. Changes related to techno-
logical ievelopments, social zouls, land use concepts, unforeseen
population growth or movement, etc., must be reviewed for possible
long=range impact on the prosrams recommended in this report. An
outline ol the steps reguired for such periodic updating is presented
in Appendix @, Volume II.

J. ENVILCONMENTAL CONSIDERATIONS

Anpendix R, Volume II discusses some of the ways the recom-
mended nrogsram may affect the environment of the study area. Some
of the natural resources affected by the prosram are irreplaceable,
requiring due consideration beiore actual construction.
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ANNEX IX-C
DISTRIBUTION SYSTEM ROVITH
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 oconnections, and fire hydrant requirements. The
projection of distribution system growth is based on 1) 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 t3) the anticipated total area of individnal served
sections within the service area. 'The details of these items are
discussed below.

Served Population

The projections of served population presented in Chapter VI
are presented in Annex Table IX~C—1% according to individual com-
munity 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 p. service connection within the water
district service area is slightly less. It has been assumed that
the effeots of future increased living standards and family plan~
ning will be offset by the effects of future inward migration, and
-that the resultant per—connecticn population will be approximately
T persons for the 1990 study peried and 6 persons for the 2000
study period. :

Total Served Ares for Individual Communities
M

The total served areas of the individual served commmnities have been
projected on the basis of field studies and locations with potential
consumers of the COT-WD water supply. These projections are presented
in Annex Table IX-C-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 were
reduced in proportion to the expected percentage of population
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served (as shown in innex Tuble IX~C-1). 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 therefors been assumed that &1 and 86 percent

of the total service area will actually receivs 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 1580 service area will
be served fully by the year 1985.

ANNEX TABLE IX~C-1

SERVED FOFULATION PROJECTIONS
COTABATO CITY WATER DISTRICT

Community per 1976 1980 1950 2000
Community Served Service Area 3Service Area Service Area Service Area
Poblacion 6,192 10,200 27,440 44,640
Rosary Heights 6,232 9,592 27,650 49,010
Bagua 1,200 1,792 4,480 9,656
Tamontaca 312 496 1,920 4,240
Kalanganan - . - 914
Total Served : :

Population 13,936 22,080 61,490 108,520
Total Service Area -

Population 50,300 55,170 87,840 135,650

Perocant Served 28 40 70 80

ANNEX TABLE IX-=C-~2

TGTAL SERVICE AREA (ha)
COTABATO CITY WATER DISTRICT

1976 1980 1990 2000
Compmunity Served Service Area Service Area Service Aree Service Area
Poblacion 98 98 174 217
Rosary Heightsa 236 236 507 782
Bagua 13.5 13.5 42 143
Tamontaca 19.5 19.5 90 145
Kalanganan = -~ —_ 32
Total Service Area 367 367 813 1,319

IX-C=2



- . The resultant areas ito reccive internal neiwork systom are
given in Annex Table IX-2-3, acoording in sarviss arem, and
Annex Table IX-C-4, sccording to construotion phase. It has also
been assumed that distribution system pipelines passing
through the service area will provide servioces to the areas within
50 meters on each side of the pipslinea. The ocorrasponding aroas
served by the distribution aysiem pipclines sre listed in Annex
Table IX-C-5, according to construotion phase. The net areag
gerved by internal network system are shown in Annex Table IX—-C~§.

ANNEX TABLE IX-C-}

TOTAL AREA SERVED BY INTERNAL NETWORK
‘ SYSTEM, BY SERVICE AREA (ba)

1980 1 1990 2000

Community Served Service Are Servios Area Servioe Area
Poblacion 0 98 148 206
Rosary Heights (95 236 406 665
Bagua 7 13.5 34 115
Tamontaca 10 19.5 68 : 123
Kalanganan — — —22
Total (202 )3/ 367 656 1,134

ANNEX TABLE IX~C~d

TOTAL AREA SERVED BY INTERNAL NETWORK
SYSTEM BY CONSTRUCTION PHASE (ha)

Phase I-A Thase I-B FPhase YI-A Fhase II-B
Community Served (1981-85) (1986-90)  (1991-~9%)

Poblacion 90 33 25 29 29
Rosary Heights (95 141 170 130 129
Bagua 7 1 20 41 40
Tamontaca 10 34 24 28 27
Kalanganan — -— 22 -

Total (202)Y 215 239 253 225
Cumulative

Total , 417 656 909 1,134

J/iauaindnr of the 1980 scivios area mot served by 1980 will be

served by 1985.
2/Area served by 1980, including the immediate improvement

program pipelines,
3/Area served by 1980,
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ANNEX TABLE IX~C-5
INTERNAL NETWORK ALLOWANCE FOR DISTRIBUTION PIPES (ha)

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

Poblacion - 15 -~ - 15
Rosary Heizhts 3 55 34 48 145
Bagua - 10 10 5 25
Tamontaca 5 - - - 5
Kalanganan = - ] = -5

Total 13 80 50 53 196

ANNEX TABLE IX~Cw6
AREA SERVED BY INTERNAL NETWORK SYSTEM (ha)

1 Phase I-A Phase I-B Phase II-A Phase I1-B
1980H/

Comminity Served {1981-85) (1986-90) (1991~95) (1996-2000)

Poblacion 90 33 10 29 29
Rosary Heights 95 133 115 96 81
Bagua 7 7 10 31 35
Tamontaca 10 29 24 28 27
Kalan;anan = —= - 12 -

Total 202 202 159 203 172

Area Served by Dis-
tribution Pipe-

lines (ha) A3 8 50 53
Cumilative 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-C-1) by the
averaZe number of persons per connection. The estimated number 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.

l/Includes area served by distribution pipeline.
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ANNEX TABLE IXeCme7

SCHEDULE FOR SERVICE CONNECTION INSTALLATION

1976 1980 1990 2000
Service Area Service Area Service Area Service Area

Pcblacion 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

ARNEX TABLE IX-C-8

SCHEDULE OF SERVICE CONNECTION INSTALLATION
3Y CONSTRUCTION PHASE

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

Community Served Program (1981-85) (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 14 151 265 382 588
Tamontaca 23 87 125 191 242
Kalanganan - - - 11 83

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 509 433 112 164 1,090

#Exieting service connections
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During the lezligy Furveay 2 ve condusted during the ilmmediate
improvement program, 1t 1s expected (hat some exisiing service oone
nections will be identified as major sources of leakage. It has
therefoers bearn enticipated that 20 percent of existing service con-
nections Will reguire MBJOY repsir or raplacament hy 1980, and that
the remaining 80 percent will be repaired or replaced during Phase
T4,

Areas Regeiving Fire Proiection

The total area to receive water supply hy 2000 will also receive
fire protection by the same year. A high level of fire protection
will be provided for areas where high propsrty values or high popue
lation densities are expecied. Henoce, 44 percent of the poblaocion
and 23 peroent of Barrio Rosary Heights served areas will receive
highk-level fire proteotion. The rest of the commnities served will
be provided with normal residential-type of firs hydrant service,

The schedule of fire hydrant installaticn is presented in Annex Table
IX~C-94

ANNEX TABLE IX~C-9

SCHEDULE FOR FIRE HYDRANT INSTALLATION BY
CONSTRUCTION PHASE

Arvas Reoeiv Fire Protection
Phase I-A Phase J-B Phase II-A Phase II-B

Community Servad (1981-85) (1986-90) ‘1221-22! ‘1226~2000! Total

Poblaoion 90) 123 25 29 29 206
Rosary Heights 753 236 (75) 170 130 129 665
Bagua 7 14 20 41 40 115
Tamontaoca 44 24 28 27 123
Kalanganan = -~ "] = .2
(171) 417 (715) 239 253 225 1,134
Curmlative Total 417 656 909 1,134

* Total area receiving fire protection includes both the high=-
value residsntial,commercial and industrial areas and the single~family
residential areas, Pigures in parentheses indicate areas to receive
higher level of hydrant servios. '
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Digtribution System Gempuier Printouta

The computer priwtovis (Avnex Tshlea IX~0=10, Tx-ﬂn11 and IX~(a12)
indicate the sstimuted hydronlis zonditions withir the J0T-KD digtiie
bution system in the year 2000. 4Yhe peak=hour and minisum-flow condi~
tions are included as representative of the design conditions at that
time. The critical conditions for some pipaiines may not have been
the peak or minimum ccnditions, but the majority of proposed pipelines
are carrying design flows during peak=hour conditions.

The format of Aunex Tabies IX~C-10, I¥~0-11 and 1X=C~12 is Adse
cussed in Chapier XII of tho Methodology Mamuals Pipeline numbers
from 1 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 bde replaced immediately are those numbered
from 400 to 447 as shown on the printouts. The *200" series pipelines
are pipes to o installed to satiefy 1990 ococnditions. The "30C"
series pipelines are to satisfy the 2000 deasign conditions,

Some of the pipelines in the recommended construction program
may appear to be in & consiruction phase not indicated Yy appropriate
pipe numbers, This may result from other conditions governing the
staging of recommended facilities.
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ARNEX TABLE I%-C-10

COMFUTER PRTETOI™  foarom)

T -
: AT i
Aabkgy sy o) aiuilin

Cerr = natd CITY WATFR PMISTRICT YEAR 2300 PFAK HNUR CONDITION

19207 AND JUTOUT IN LPS
NitOOY NONES i25
NG UF PIPES i d
MAX NN NF ITEPATIONS 20
Poakins FACTNR P.7500¢C

AL 7w R=DRNP FR/STATIC - PCT 30.0
STATIC HGL f0OR P-DPNP CALC 53.0

MaY UNBAL - LPS 2,70%300
MAX LLLNW VEL -MPS 34000
MDD LU VFL - MPS PR/
Mas AL LDW L - M/I10J00 M 1¢.00
Mine ALLNOW HL -~ M/1000 M G.30
MAX ALLOW PRESS - ATM 7.2JuUQ
MIt ALLOW PRESS ~ ATM U0.700
NIT OF HEADS T2 BE RFAD 1
NG OF UNKNDWN CONSUMPT TONS 1
SUM OF FIXED D=MANDS 137.67
BANNWINTH 18

IYEP 1L UNBAL 19.38 LPS

ITFe 2 UNBAL 39.86 LPS
IT=r 3 UNBAL 26425 LPS
I'.-& 4 UNBAL 12.02 LPS
P17 5 UUNBAL 508 LPS
e 6 UNBAL 2426 LPS
Ti5K 7 UNBAL N.82 LPS
I+5F 8 UNBAL Delé LPS
I"v 9 UNBAL J3.02 LPS

SULUTION N« L PEACHED IN S ITERATIONS
0.0208 LPS UNSALANCE
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CHAPTER X FINANCIAL FEASIBILITY ANALYSIS
A. GENERAL

The financial feasibility analysis herein establishes a detailed
set of guidelines that the water distrioct management may use in making
crucial decisions during the next years. The technical aspeots 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 boen developed on the basis that the system will
be financially self-supporting. Capital funds for the recommended
plan will be obtained by borrowing from international lending agencies
and LWUA. The water rates that have been developed appear to be within
the ability-to-pay of the average householder in the water district.

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

B. THE EXISTING SYSTEM
Peraonnel

As of Ootober 1976, the water distrioct 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 LWUA guidelinee in the area of personnel management.

Water Rates

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

A, Metered Comnections

1. Minimum oharge for metered services consuming betwsen 1 and
20 ocubi¢ meters per month:

a) Domestic Service #15.00/month
b) Commerciil Service 20.00/month
¢) Industrial Service 25.00/month

X1



2. For every cubioc meter in axoeass of 20 cubic meters per

monthi

a) Domestio Servioe ? 0.65, cum
b) Commercial Service 0470 oum
¢) Industrial Servioce 0.80 oum

B. Flat-Rate Connections

1« For the first fauocet:

a) Domestic Service $20,00/month
b) Commercial Servioce 50,00/mouth
o) Industrial Service 150,00/month

2. For additional fauoet:

a) Domestic Service ® 5.00/month
b) Commercial Service 7+00/month
¢) Industrial Service 8,00/month

Financial Statements

Baged on the Statement of Incoms and Expenses for the period
January 1 to Ootober 31, 1977, total revenue was #428,000 or an average
of P42,800 a month, On the other hand, average monthly expenses amounted
to P54,000, COT-NDy therefore, had an average monthly deficit of approxi-
mately P11,200. This deficit was reduced Yy +ho 15,000 monthly subsidy
it received from the city government from January to April, 1977. Howe
ever, the city government has not extended the subsidy- from May 1977
due to its owaz financial problems. In order to mee* its operational
oosts, the disiriot is proposing an increase in it/, water rates.

The district is now in the process of installing the Commercial
Prectices Manual which presoribes detailed acoounting procedures, Howe
sver, historioc financial records have not been based on organisged basio
acoounting syatems. Therefore, data on the past finances of the present
system are inadequate to form a sound basis fox future projections. It
is thereforeynecessary to make oertain assumptions. The finanoial
feasibility of those assumptions will be tested as the project is
implemented.

C. DEVELOPMENT COSTS

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



Project Costs

Project costs of facilities recommended for implementation in
Stage I are summarized on an annual basis in Annex Table X~C-l.
Engineering services for design and construction supecrvision 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 bhased 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 thereaftere, 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
periods 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 asys-
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 aret
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. FINANCING POLICIES COVERING LOCAL
WATER DISTRICT DEVELOPMENT

The following are the major potential sources of funds which can
be utilized by the COT-WD.

Operating Source

To the extent that revenues from the operations of the local wator
distriot excesd annual cash requirements for all other purposes, funds
can be devoted to financing development costs. As a practical matter,
it is highly desirable to finance a Bignificant 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
groupst

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, gource
of funds. LWUA borrows both foreign ocurrencies 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 musi meet. At present, LWUA's
terms includes

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 £ percent per computed monthly at § percent
month, Interest due on the per month from the year
local component is paid ' following the date of dis-
annually. Interest on bursement.

foreign exchange is capi-
talized during construction,

Total loan outstanding at
the end of construction

period earns another full
Yyear interest before re-

payment.,



Immediate Improvament Loan Phase I-4 and I-B Loan

Duration -~ 30 yeur loan, disbursement 30~year loan from the dats

assumed made at mid-year of initinl diebursement.,
thus will carn intesrest for
6 months.

Principal ~amcrtized equally for 30 Ko principal payments due
years to start one year during construction periods
af'ter construction. (Construction periodsg of

3.

Stage I-Phases A and B are
explained in Chaptor IX).
Prineipal repayment period ia
30 years less the duration

of the disbursement period.

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 conmections and water meters, but
currently do not include an assessment for distribution
system costs. For purposes of the analysis new customers were
assumed to be paying for the new conneotions and water meters
on a revolving fund basis, These sources are referred to as
"contributions in aid of construction" in accounting terw
minology and have the effect of reducing the amounts to be
borrowed. Since many rew customers will not be in a position
to pay connection feee (or benet'it assessment chargee) in cash,
it will be necessary to provide fiigunecing assistance. Present
practice is to allow such payments to be made at a flat monthly
rate of P5.00 over a period of 10 years.

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
berefit 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 ite
financial capacity. This is another TOT® of "gredit" as
referred to above. Later, as the revenue base expands and
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deveiopment exporditures deosiine, the local utility refunds
such advances as permitted by itg cash position. At the
prenent time, however, the local water district is expected
to vndertien te developaent procruams with no aouity pariici-
palien by governeer bour Gsambance other than She LWUA loans.

Heserve Raquirements

Since resorve requirements wre tied direetly tc obtaining develop-
ment loans from LWUA, they are considered as funds required to support
cupital development. After total revenuo requirements are determined,
LWUA guidelines suggest that 10 percent be set aside for reserve funds.
or purposes of this ctudy, a lower bercentage will be used, atarting
at 3 percent progressively increasing to 10 percente.

F. FUNDS FOR CAPITAL DEVSLOPMENT
Once the busic data requirsments are met and the financing policies
outlined; funds required to cover development costs are then determined,

The most important document in thia repard is the breakdown of costs as
oacalated and shown in Annex Table X=C—2.

Depreoiuble Assets/Depreciation Expenses

Capital assets acquired each year bvecome subject to depreciation
in their first full year of service. Thus a pipeline ccmpleted in 1978
becomen "depreciable" in 1979, If it has a 50-year lifs, depreciation
continues for 50 years and it is assumed to be retired in the 518t year.
The cost of large facilities that require several Yoars to conatruct is
carried as "work-in-process" until completed.

Arnox Table X-P-l phows the water district's assets and depreciable
vialue forecusts, the initial purpose of which is to show the approprinte
"depreciable" valuen for use iu calculating replacement costs and annual
depreciation expensea. At the same time, year-end book values of assetg
are shown a8 well as the value of Work—in~process.

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

ftevolving Fund for Connections

To assist new customers in financing nervice connections charg-s,
1t 18 necessary to provide working capital for a revolving fund. It
ia proposea that LWUA's present policy which provides for the coats to
be payable at P5.00/month over a 10-year period be increased to P6.83
by 1978 to cover the increased unit price of meters. Net flow funds
Will be required over a period of 10 years tc build sufficient income
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Family Incoine

In the Survey of Households Pulletin Series No. 34, published
July 1973 Yty the KCSC, Yanila, (page 3, Tabla 5), the following data

JGrE Sivesn:

Manila Other

Total Total and Urban
Families Urtan  Suburbs  Areas  Rural
Madian Family Annual
Income, Fesos P2,454 P3,972  P5,202 P3,650 P1,954
Size of 3ample,
Families 6,347 1,913 525 1,388 4,43

The above data are for the 12-month period ¥ay 1970 to April 1971,
more or lec.. The figure for "other urban areas", P3,650 median family
arnual income, may approximate, or may be a little less than the median
family ircome in the areas served with piped water. As the figures
cited above show, in general, people in urban areas tend to be financiaily
better cff than people in rural areas., The term ™urban areas" includes
all urban areae in the country., The inhatitants of the central urban
area of a city or municipulity are expected to be scmewhat wealthier
than the other areas of the city or municipality.

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

The report, "The Filipino Family, Community, and Nation" by Buma
Porio, Frank Lynch and Mary R. Hollensteiner published by ths Institute
of Fhilippine Culture of Ateneo de Manila University in April 1975,
cites 1in Tutle A9, pcge 99 the results of a survay in April 1974. The
‘amilies surv.,ed were distributed among 15 urban areas, and inocluded
373 families in Metro Manila, Excluding the families in Metro Kanila,
méan monthly income of the remaining 1,599 families was P572, or P6,864
por year. Escalating this income at an anrual rate of 10 parcent, hy
1 July 1976, it would be an income of about P8,510 per year. These 14
urban areas are among the mors urbanized in the couniry. They included,
for inotance, only 3 municipalities, tho other eleven being classified
as cities. The median population of the 14 urban areas in the 1970
census was e&bout 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 1 July 1976, somewhere between the
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by thas grovp was calcaizced av L4 sum ner uon:h-é/ For present pur-
poses, the study covers consumeri with a-inch comnectiocans inasmuch as
thay comprise the bulk of the domeatxo/ggvernment consumers, Working
back, the 1979 rate of PO.75 per revanue unit will yielc a montaly
minioum charge of P18.75, The commedily charge icr a 2d4-cunm ccnsumpt 1on
is P10.50 (P0.75 x 14). For newly connected customers who 2vail of thse
10-year installment plan, month'y sxpenditure for water will increase by
P6.83 to account for the mervica connection charge. 8ince both water
and household incomes increase each year, luae impaot of the inutallment
charge on the expenditurs pattern of the household will decline over the
10=year period of payment, The estimated impact of the increased ratea
and connection charges on household patterns ie shown below for the
mid-point of each rate tlock.

1979 1982 1985 1988 1991 1995 1999

Escalated income of
beusehsld earning
P700/mo in 1976
8% per year) 680 1,110 1,400 1,760 2,220 3,020 4,110

Expenditure for 24~cum
water consumption-

minimum charge
(ril‘ﬂt 10 cum) 18075 30.00 37.50 42050 50.00 52050 55.00

Commodity charge
(Rate/RU x 14 oum) 10,50 16,80 21.00 23.80 28.00 29.40 30,80

Income allocation to
water for exieting
ocansumers (%) 33 4.2 4.2 308 305 2.1 2.1

Connection charge for
new customeres
(P6.83/m0 in 1978) 7651 9463 12,13 14445 17.20 21,71 27.40

Inoome allooation
to water for new
cuastomers 402 5.1 5.0 4.6 4.3 3.4 2.8

}/Probable use of water YWy income groups:

Income Below Uppor Weighted
Grouping Average Average fGiddle High Maan
Probable Water

Use (cum/mo) 16 24 32 44 2347
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Since the wldepcint of 1ne pEr Lol wid3 30lected for conparison, it should
be noted that the praportions si.ow: would be slightly higher in the yoeuar
proceding the mid-po:nt w.d lower in the succeedin.s yYear of each rot:
bl'.!c}(.

In the example snow. ahove, the procortions of the household
income required for wuiter snryvices (excapt in 1982 and 1985 which are
the orucial Jears) e wetdidered within tne “ppesr rangze limit of the
ebility-to-piy studies dore in Lipa City wherc willingness to pay feen
for improved services were [ound to Le about 3.7 percent of the house—
hold incoma,

In the rinal WLiYSaay 1 any sigmificait improvement is to Ye
achieved i1 tha scope and quality of public water service and if the
requirement for commarcially viuble and financiully aelf—uupporting
water districts 18 to te riintained, all groups of watar customers will
have to puy substantially higher charges for water services than they
huve paid in the pact,

Socialized vater Ruteu

A policy guideline in the Jtructuring of water rate charges is
thut they must be reamonatle urd realiastic, Since water is a prime
commodity both for the poor and the rich, the sociit.ized rate may he
determined ouch that a greater financial burden is carried by those
who can afford it (but not tc the point that it beconea oppressive to them).

In the preceding sections, specific rates established meet the
oash requirements for an improved system, and at the same time, fall
within the aversge consumer's ability~to-pay, Under this scheme, the
cost for the tirat 10 ocum oonsumed is P18,75 and the subsequent oon-
sumption, PO.75/oum., Thus, the monthly rates for the following water
consumption will beg

Usage (cum/uo) Cost/month (?)ﬂ/
16 23425
18 24.75
20 26425
22 2775
24 29.25
30 33.75
32 35.25
44 44425

ﬂ/por #~inch connection, dumestic classification.
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The eatimated i1mpact on 'l - < Verage incoms nousehold (aseumed to
have a montkly 1976 income or $36D) and the below averags income housi--
hold (usmumed 4o have an :djusted menthly 1976 :inccme of ®300) iy wu
folicwul

Projected 1979 Mouthly Usage Coat of Percent of Inco.e

Income Lovel Monthly Income of Water Water/mo Allocated to Wuter
Below Averuwe #3180 16 cum P23.25 6e1
Averago 830 24 ounm 29.25 3.5

The preceding table shows that the finarcial burden to the bslow
average income group is heavy.

A socialized pricing alternative has bsen develozsi to relieve the
low 1ncome yroups of tle high finracial cost of water with the following

r*ate structures

first 16 cum/mo at P0. 85/ o
fron 17-24 ocum/mo at 1.85/cum
25 or more cum/mo at 2.45/cum

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

Usage (cum) Cost/month (P)
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 correeponding impact on the various income levels ia as follows:

Projacted 1979 Monthly Usage Cost of Peranent of Income

Inocome Lovel Monthly Incoms _ of Water Water/mo ‘llocated to Water
Below Average P 380 16 cum ?13.60 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 717.40 247

The preceding table shows that, aoross the income profile of the
community, tlie mouthly ccets range from 2.7 - 3.8 percent of houselold

income,
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Revernue roroco iy

Eotirated future leveis of .rcome from water sales are shown
in Annax Table X-G-1.

e PINAVCLAL SUlaapy

Several irials have been corducted in developing the forecasts of
finuncial statemerts of the COT-WD., These statements are tased on the
followirg aa;or asswroticne:

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

2. Uncollectipless ¢ pernernt of £ross revenue reguirements
for the first yvear cof n new rate application, and 1 percent
for the second and third years.

3. Accounts Recsivable: equivalent to ) months of sales.

4. Acccunts Payable: equivalent to 2 months of operating
expenses.,

External Ecrrowing Required

Annex Table X-H-1 shows & summary of the external borrowing
required and the annual debt servicing of the loans. fTwo separate
analyses were nade for the immadiate improvement loan and the Phase
I-A and I-B loans to comply with prevailing LWUA terms.

Borrowing will start in 197S and continue through 1990, The
immediate improvemert loan (1978-1980) will amount to P7.602 million.
The Phase 1-A loan will cover the S-year period 1979-85 inclusive and
will amount 0 P29.143 million. The Phase I-B loan will cover the S
Year period 1386~90 inclusive and wiil be about 29,026 millione

The immediate improvement loan of 7.602 million consists of
P6.511 millien in escalated capital expenditures (see Table X~C~2) and
P1.067 million capitalized interest., The Stage I loans of P29.143
nmillion in 1978 and ?29,026 million in 1986 inolude escalated capital
expenditures (see Table X~C—2) less revenues from the service oomneotion
revolving fund (see Teble X-RA-3),

Proiect:cr:s of Financial Statements

Annex Table X-~H-2 shows the net income (loss) on a yearly basis.
Net loss is rcrecasied in 19&1 through 1986, YXet income cumlative
would show po:itive values in sixteen of the 23-year otudy period.
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Otner related duta such as water preduction, water salen, un-
accounted-for-water and rate of returnm based on net fixed assets in
opsruation are aleo presented in tabls,

Caoh Flow Staleaents

The cash flow statement provides an indication of the adequacy of
workins capital. It 18 not generally sufficient to ocover cash out-
lays with revenues lecause of the tendency of cash receipts to lag
behind cash outlays. In genesal, an expanding organization with an
active capital development program and increasing level of aotivities
will require similarly increusing quantities of working capital,

Annex Table X-H-3 presents the annual "Projected Sources and
Applications of Funds," Potential net decreases are expected in 1978,
1982 and 1983. By 2000, pomitive nat ocumulative cash balance will be
P34.953 million even if "ocash at tne beginning of 1978" nas been assumed
aqual to zero,

Other Finanoial Statements

Appendix Table X-H-4 presents the "Projected Balance Sheet™ which
shovs the projected fixed and current assets, liabilities and equity
of the water district of the water district from 1978 to 2000,

Rate of Heturn

Discount rate of return on total investments (Annex Table X-B-5)
measures the true efficienqy of mobilizing investmente on the project
from a broader perspective. Taken from & different perspective, it
Bsasures the effective utilization of total investments employed in
the project. It shows what the compounded growth of investment within
the project aycle would be based on the interplay of oash outflows
and the resulting inflows from such investment.

Net asset salvage value of P6.451 million is added to net ocash
inflow in the year 2000. This is done based on the assumption that the
project will terainate in the last projection year. }enoe, aszets are
to be liquidzted and 211 liabilities are to be paid from the proceeds
of the assets.

Several triale were made in finding the rate of interest that
equated the present value of the cash inflows to the unrecovsred invest-
msents. In the COM-WD, the rate of return, with assumptions made,
is estimated to be 8.4 peroent.
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ANNEX X-C

DEVLLOMMNT C05TS



ACIFX TA3SLE X-C-t

FROJECT COST OF TECOMVENDED FR0TRANM
CCTAZADO CITY WATER JISTRICT
WITHCUT ESCALATICH

(® x 1,000)
1292 & 138 1988 F "3P7  1%83 1389 190 T:val
Pheses I-A and =3 178 1979 1980 198 < 1283 1284 38 1955 — 2 —_—
Source Facilities ;g Squipment 40 29 258 18 285 Rk
b) ¥Nelis 2 114 °i5
c) 3tructures 25 167 188 10 152 T2
Transmissian and Distributicn Facilities 788 5,801 95,301 JER 52~ 52T 1,5 1, E0F Pt *T 4
Storage Facilities 4 599 a1 536 L0
Internal Network 169 41) 413 413 414 414 544 18} 383 e k2 122 3
Service Cannections a) Pipes 8o - m 394 464 510 410 417 443 521 74 <50 Tyl
b; Meters 20 - 110 98 110 121 173 159 1€F 19F 218 242 1.723
Fire Hydran:s 72 177 177 177 177 177 214 104 104 104 e e 1,723
Flumbirs 3hop and i
Laboratcry Facilities a; Equipment 17 249 .5k
b) Structure 3 485 t18
River Cross:ng and Accesno Road 153 1,125 1,125 ,804
Immediate Improvemenmts 2) 3ouros Facilities 1; Equipment 319 :,gg
2) Structure 23 2
b) Transeission and Distribution
Facilities 2,976 2,776
¢) Administration Building
1§ Zquipmant 118 : 11¢
2) Structure 459 . o0
d) ?lumbing and Mater Repair o
Equipment 124 ‘24
e) 7ehicles 139 T3¢
f) MNiscellaneous liems 15 15
) 3arvice Crmnecti~ns 1) Pises 480 27 237 254
.y 2) Yeters 521 90 go 7'11
Feasibility Jtudie 3 384 —_— —
Sub-totLyu 5,455 1,612 B,919 7,358 1,082 1,165 1,220 2,158 2.;52 2,751 8,76% 3,1FC 1,51 21, .22
Land 300 200 20 e
Total Froject Co-t-3/ 5.755 1,512 9,119 7,358 1,082 1,165 1,222 2,16 3,009 2,751 4, 3 3,16 1,Gi¢ KEY-3

é¢Comruted at aprroximately 1% of the total project cost.

Includes dosign (first year of each major segment of development), supervision of construction and ccntingercies syread unif:smly 3urin
the period of ccastructicn.

3/Does not include interest during construction. For calculated interest see Table X-H=1.
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ANNEX X-F
FUNDS FOR CAPITAL DEVELOFMENT



ANNEX PABIR X-Pet
ASSE? AND IRPERCIANLEY VALUB PORBCAYS
COTABATO CITT MATER DISTRICT
(* x 1,000)

170 179 1900 1381 1962 196) 1984 1265 1266 1997 1908 1909 190 1991 19 1993 19M 199 1996 1997 1998 1999 2000

SORE-JN-PROGERSY
Seurwe Pacilitiee a) Squipment “ 0 R 3R R 32 5
b) Nells 13 13 16 104
0) Structure -2 234 500 1 1 1840
Total Verk—in-Progreas
72 &Y 1m &6 o6 66 1238
ASEET3 AIDKD BY TER TRAD-EWD
Tressxissioa and Distrilution Pasilitise 867 1019 P& 651 994 1053 4037 4281 1257
Morago Paoilities 45 15 73 130
Istorsal Betwork 86 S00 540 383 63y 681 968 T2 166 812 M8 910
Sarvioe Comnsetions a) Pipes 88 - 485 S56 T08 840 1192 186 886 1104 1289 1552
b) Neters 2 - M4 138 168 199 308 300 336 420 490 590
Pire Bydraate : 79 214 21 290 270 292 )81 196 208 220 236 2%0
Plosbing Shop and
Laboratory Fasilities a) Equipseat 19 300
b) Strusture 36 587
Ever Cressing and doness Road 272 22519 2384
Iamsdiate Iatroreaents a) Source Pasilitien
1. Iquipsent 319
2. Nrooture an
b) Transstssion and
Diatridutioa Pacilities 2976
o) Mainistrative Bullding
1, Ejuipment 118
2, dtructure 459
d) Plunbing and Netsr
Repalr Equipsent 124
e} Vshicles 139
rg Msocllaneous Items 15
&) Service Conmsctiors
1. Pipes 4%0 261 237
2, Veters 511 99 109
Peamidlity Studies 63 465
Replacesente a) Souroe Pacilities ~ Equipment 908 46 1006
b) Servios Cernoctions ~ Nelers 1509 271 287 371 351 411 28t %9)
¢) Plusbing Shop anl
Laboratory Pacilitiee— Pouipsent 193
d) adatnistration )
Butlding - Equipment 35
@) Pluasing and Veter
Repair = Squipsent 352 539
r; Vahirles 238 358
&) Wscellaneous Itezs 23
Total Assets by Year-ad S4G5 142 1RU7 8582 1327 1777 «Ole 435) 4128 5500 6917 TIS4 4559 358 344 2Tl 2026 1377 331 CAMT 1026 88y
ISPESCIAPLY VALTES
4. S50 Yaars Sarvioce Life _
Existing Pacilities 6851  €68) 652) 668) €528 6,13 6272 614) 6008 6008 S0O8 6008 10? 4024 4024 4028 4004 4024 4024 4024 4024 4024 44
Souroe Pacilitiss -~ Struoture - 231 231 231 I3 11 1 1 MY 731 131 1071 1071 1071 1671 157T 1071 1871 1GT1 1071 1071 107% 1071
Tranamission and Distridution Paoilities - 2976 384) 108€2 13442 18444 18424 18244 15095 20089 21142 25179 29460 JOT1T 3OTIT 30717 3077 X717 30717 30717 30717 o717 30717

XeoF=1



C.

De

Storage Pacilities

Internal Network

Service Connesotion - Pipes

Pire ilrdrants

Fiumbing Shop and

Laboratory Pacilitiea - Structure
River Cronaing and Aocems Road
Adainistration Building = Struoture

Total 50 Years Jervice Life

3O Tears Service Life
Peaoidility 3tudies

«0tal 3O Years Service Life

25 Years Sarvice Life

" Exjeting Facilities

Source Pacilitiec =~ VWells
Total 25 Tsars Servioce Life

15 Yoars Service Life

Exinting Paoilities

Journe Facilities - Equipment

Servios Connactions - Keters

Pluabirg Shop and Ladoratory
Faoilities - Equipmert

Administration Puilding -~ Equipeent
Fluabing 3hop and Meter Repair Equipment
Nisoellanvous Itens

Total 15 Teas Service Life
7 Years Servioce Life
Vehioles

Total 7 Years Bervice Life

TOTAL DETRECIABLZ VALUZS
BOOK VALUE OP ASSETS OTHER THAN LAND
LaND

TOTAL BOOK YALUE OP ALL CAPITAL ASSETS

ANSTX TABLE X-¥-1 (Contigued)

L78 1979 1380 1981 1982 198) 1984 198% 1986 1977 1988 1089 130 129\ 1R 1991 1934 199 1996 139] 1998 1999 2000
- - 45 770 770 370 770 770 843 1773 1773 9913 197y 1973 15T 1973 1973 1973 1973 1973 1913 1973 1gm
- - 186 685 1226 1809 2440 1129 408) 2911 5877 6339 747 81%= 8157 8157 8157 8197 8157 B157 8157 8197 8157
- 480 829 1116 160t 2157 2865 3705 &v3T 5€33 6563 1673 B962 10514 10514 10514 10514 10514 10514 10514 10514 10%:4 10514
- - 79233 %28 TTS 1048 1336 ITIT 131y 2121 2341 25771 2827 2821 2827 2827 2827 2B27 2827 2E;7 2807 2827
- - 36523 A7) 6Ty 62) e2) RY L2316y 61 62) 62 673 &3 623 &) €3 &Y 6Dy £33 e2)
- - STILT D03 4T 40T 43T 4ICT 40T 4WT 4XT 4707 4}T 4T 4¥. 4:T
- 459 459 499 493 459 459 283 39 22 493 439 459 453 459 437 459 429 402 452 499 455 453
6851 10829 12391 81723 30926 2180 33654 35332 33734 &25¢2 47726 56623 61303 65272 65272 55272 65272 €5272 65272 65272 65772 65270 65272
(3 6) 528 S?B_ ©28  $28 %528 €28 <28 <28 €25 wop 328 _$28 528 SR ¢sB 2B 528 %28 638 ©ag
- 6) 65 528 528 578 528 528 526 528 S2L  s28 528 528 528 528 328 528 528 528 S8 508 %28
6 8 85 8 8, 8 B85 8 B85 65 8 85 e by 85 B85 & By AL 8y &5 g _
- 434 304 3Jo4 304 304  yod  3of 304 204 364 3 A4
85 & 83 e5 8 8 8 & 85 85 85 389 189 . 389 389 389 389 389 389 )89 W9 195 g
306 306 1306 306 286 286 285 286 286 286 286 286 ) 3 3 ) ) b} 3 3 ) ) )
- 319 319 319 111t 1111 I 1Im T e 1 1705 1708 1708 9703 1705 2291 2291 2878 WP MU U%B MUPB
- 531 652 761 905 1043 1291 1410 1113 2018 2334 2774 3264 3854 3854 3834 4832 5008 5182 5409 SC02 ST 6159
- - 19 320 320 320 120 320 320 0 320 320 20 IO 320 0 320 20 793 7193 793 19l 19}
- M8 118 18 1B 118 18 118 118 118 118 118 118 118 118 118 335 335 335 315 335 335 338
- 128 124 124 124 t24 124 124 124 124 124 124 124 124 124 124 352 352 32 38?352 352 152
= 1S 15 19 1% 15 1% 159 15 1519 19 14 b 15 1% 43 43 43 41 43 4L 4
306 1413 1553 1963 2879 3017 3185 3384 36 192 4328 332 5549 6119 6139 6139 8176 B34B 9586 10430 10613 108K 11180
- 129 139 139 139 139 1319 139 218 238 238 238 238 238 238 168 368 158 1er %3 3%8 158 539
- 139 1% 13 19 139 139 139 238 238 238 238 238 238 238 358 358 158 338 388 398 38 539
T242 12529 14231 24438 359 37391 39468 43277 47405 52905 61120 GBOOT T2S66 12566 72686 74723 74895 76133 76977 77190 T7433 7782}

12697 1430} 25095

Mn2

yéohs

37726 39603 43617 47471 52971 63120

2089 2089 208

TRT4 T2566 T2566 TeR4 73830 7493 76921
2089 208 2089 2089 208

12997 14603 23617 33254 36636 38268 40245 44159 49560 35060 €5209 T2363 14655 4655 TSOT) T708)

O

TT510 77328 T7607 78465 78416
2089 2 2089 2083 2

TT083 79010 79599 TM1T 79696 80554 80805



ANNEX TABLE X-F-2

SCHEDULE OF DEPRECIATICH EXPENSES
COTABATO CITY WATER DISTRICT

(® x 1000)
Total Net
Annual Aocumulated Accumulated
Depreciation Depreciation Depreciation

Year 20 ¥r 30¥r 25 ¥r 15 Yr 1 Yr Expenses _Prior Year 50 ¥r Yr 15 Ir 1 Xr Total Year “nd
1978 137 - 3 20 - 160 3,704 - 3,864
1979 217 2 3 94 20 336 3,864 168 168 4,032
1980 248 2 3 104 20 377 4,032 4,409
1981 434 18 3 131 20 606 4,409 5,015
1982 619 18 3 192 20 852 5,015 135 20 159 5,712
1983 644 18 3 201 20 886 5,712 135 125 6,463
1984 673 18 3 212 20 326 6,463 135 135 74254
1985 707 18 3 226 20 974 79254 135 135 £,0M3
1386 775 18 3 246 34 1,076 8,093 135 139 274 8,895
1987 851 18 3 266 34 1,172 8,89 10,067
1988 © 18 3 285 34 1,299 10,067 11,3356
1989 1,132 18 16 356 34 1,556 11,366 12,522
1990 1,226 18 16 370 34 1,664 12,922 1,984 283 2,267 12,39
1991 1,304 18 16 409 34 1,782 12,319 . 14,101
1932 1,305 18 16 409 34 1,782 14,101 15,333
1993 1,305 18 3 409 3 1,799 15,883 237 238 17,444
1994 1,305 18 16 545 o1 1,935 17,444 1,107 1,107 18,27
1995 1,305 18 16 557 51 1,947 18,272 99 99 20,120
1996 1,305 18 16 639 51 2,029 20,120 788 788 21,361
1997 1,305 18 16 695 51 2,085 21,361 533 532 22,913
1998 1,305 18 16 710 51 2,100 22,913 138 138 24,875
1999 1,305 18 16 726 51 2,115 24,875 168 168 26,823
2000 1,305 18 12 745 117 2,157 25,823 85 199 358 642 28,338






AfZN UA3LT X-F-da

TAADITTANTINN 0T S PN
S ASSTINADITN £F RN DU O Rt

TR IILTATD

~estawa

-C.n..nA cId

Zcmestic/ Joverrrent

‘aap /2" /4" 1" Sub=tcral Sub=todinl Ta4al
1378 1,305 424 - 2,020 57 15 - 22 2,072
1780 1,723 582 %5 2,350 7 22 1 110 2,740
1585 1,074 1,182 473 45,725 135 3¢ 20 13 2,322
1239 5,483 2,120 2pa £,235 X 43 35 P B

AT TRl A-r=db
QLTZE CGIT Tonz Aa'.":/

Domestic/Covernment Comverotal/Industrial Mintqum Zstimated Censumption Termadity Charse
\

1/2" 3/4" 1 Sub= 3/4" 1 15’" Sub- drand. "-nr{s . (g /o) D lg/
Year (2.5) (¢.9) (3.0) Tesal (8.9) (15.0} (29.9) otal Totald  (3np)lY Jomestiz TComrercial Scoastio~~ Commeorzial
19728 3,755 1,675 - 5,71 536 S - 776 5,517 782,040 720,145 95,995 482,148 172,31C
1362 1,320 20548 2,120 5076 414 352 0 1,408 10,284 1,253,080 PL5,370 112,795 527,070 199,170
1985 7,485 4,728 3,7R: 14,137 1,0F6 424 Shls) 2,512 18,729  2,245,C20 1,513,650 215,350 932,160 3F3,000
1950 13,708 B,438 5,732 26,696 1,552 1,104 1,400 2,856 33,352 2,002,240  2.693.335 425,320 1,721,115 759,122

*£F<

Compztaticn of revenue units ssaed on L.JA Xidelines on structuring water ratas,
1 ‘r:.nd total of number of connsctiosna wTuitiplied by trair respective conversion facters for computiny revenud un.ta '('-’.‘_::).
h, Taltinly sTand total by 120 (derised :‘.-:n 0 cum/-cnsk, the minimum amount cacerod Ly thr minimum charse 12 ~znehsfraar) i T3,
_—,/ lcrestic r':.-.s..xntxcn - (120 x numzer of zcrestic connacticns) X use factar. Use faztor for ‘one:‘xc/‘.::.::;'.u‘.::.r.ul slagziiication i 1,
—/ Commercial consumption - (120 x aurter of ..o*rcrcinl connectisna) x use fictar. 'se Tactor for cemmerzial zlissiTicatisa 13 Y.
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ANNEX X-G

ANALYSIS OF WATER RATES



ANNEX TABLE X-G-1

REVENUZ FORECASTS
COTABATO CITY WATER DISTRICT

Estimated
Number
of r x 1,000
RUs Income Total
Rate/RU  (Yearly from  (Bad Other Net

Year P in 000s) Sales [Debt) Ircome E/ Incoma
1978 0.75 1,434 1,076 22 22 1,076
1979  0.75 1,710 1,283 13 26 1,296
1980 0.75 1,985 1,489 15 Jo 1,504
1981 1.20 2,237 2,684 54 54 2,684
1982 1.20 2,505 3,006 30 60 3,036
1983  1.20 2,820 3,385 34 68 3,418
1984 1.50 3,167 4,751 95 95 4,751
1985  1.50 3,561 54342 53 107 59396
1986 1.50 4,024 6,036 60 121 6,097
1987 1.70 4,515 7,676 154 154 7,676
1988  1.70 5,093 8,658 87 173 8,744
1989 1.70 5,729 9,739 97 195 9,837
1990  2.00 6,452 12,904 258 258 12,904
1991 2.00 12,904 129 258 13,033
1992  2.00 12,904 129 258 13,033
1993 2.10 13,549 274 271 13,549
1994 2.10 13,549 135 271 13,665
1995  2.10 13,549 135 21 13,685
1996  2.10 13,549 135 271 13,685
1997 2.20 14,194 284 284 14,194
1998  2.20 J 14,194 142 284 14,336
1999 2.20 14,194 142 284 14,336
2000  2.20 6,452 14,194 142 284 14,336

. S —— P—

w Other income (derived from meter replacement charges, contingency
fees of new connections, service fees, etc) is about 27 of sales.
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ANNEX X-H

FINANCIAL SUMMARY



ANNEX TABLE X-H-{

DEBT SERVICE SCHEDULE OF TOTAL FROJECT LOAN
COT'BLTC CITY WATER DISTRICT

(* x 1,000)
Total
Immediate Thase I-A Immediate Fhase I-A Immediate Phase I-4 Jebt

Year Improvement _and I-B  Total Improvement _and I-B  Total Improvement _and I-B Total Service
1978 5,883 - 5,883 - - 131 - 134 131
1979 6,521 1,294 7,815 - - 268 - 268 268
1980 7,240 11,783 19,023 - - 282 116 3g8 308
1961 7,602 21,222 28,824 - - 290 1,060 1,350 1,350
1982 74546 22,523 30,069 56 56 684 1,910 2,594 2,650
1983 74485 24,016 31,501 61 61 679 2,027 2,706 2,757
1984 7,419 25,673 33,092 66 66 674 2,151 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 3,066 3,720 4,025
1988 7,088 47,835 544923 94 219 313 646 3,482 4,128 4,441
1989 6,986 53,731 60,717 102 328 . 430 638 4,3C5 4,943 5,373
1990 6,875 56,856 63,731 111 328 439 629 4,826 5,465 5,904
1991 6,754 56,310 63,064 121 546 667 619 5,117 5,736 6,403
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 54995 6,504
1994 64321 53,688 60,009 157 1,092 1,249 583 4,930 5+513 6v7§2
1995 6,150 52,596 58,746 171 1,092 1,263 569 4,832 £,401 6,554
1996 5,984 51,287 574251 186 1,309 1,495 554 4,734 5,288 6,783
1997 5,761 49,759 554520 203 1,528 1,731 537 4,616 5,153 6,884
1998 54539 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 1,967 499 44341 4,840 6,827
2000 5,035 44,520 49,555 263 1,965 2,228 41 4,184 4,661 6,889

Z-H=1
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ANMEX TABLE X34
PROJECTED BALAMCE SHES?

COTABATO CITT WATER DISTRICY
(P x 1,000)

178 1973 1960 1981 1962 198) 1984 1995 1286 1987 1998 1989 120 1M1 19P 199y 194 1P 1996 1270 oM 197 2009

ACZETS
Pired Anasta:
Crosm Vaius of Pived Assets 13175 14937 25707 35053 ITTIT 33359 41236 <H1EL SOTP% GGGy 65047 TN THII6 THT4E TLIGK TN10 TEITS ACICY A WC 4050 A3TAT Refae 91ng
lasnt Accumulated Depreciation }364 4032 2407 20'n ST12 €463 1294 LOY MM 10T 113l 40970 A SR ERTALR IR VS IR DR R NAF Cd R VIR KUR BRI D) PACTC D60 JALT
Net Yalue of Pized Annets 9261 10005 21300 JO01Y 32005 3795 33FS 3701 41630 26C1T S10 10 enr 32 03427 6162 6Cra t PRy O B T RS R O LY RO HOr
¥ork in Progreus - 72 657 129> ° [Z3 X4 66 1010
“otal Plxed Assets 241 10977 21957 31330 12005 32835 33902 371157 41706 4600 SIM L0532 63427 61645 G221 61566 SO G5 H9\0 5158 4un1D LY o RS W)
Curmmat Azaets: )
Cank (B4) 396 718 RT 255 (315) (62) 155 1770 24T 4467 77 3373 14205 17620 1BGIO 21793 v 1560 26450 DRI 11020 33118 40 )
Acgourirs Racoivable 269 321 372 671 752 B46 1183 1336 VOO 1919 21(y 2435 206 1226 3226 337 E0 N L h AR TS A L L R D L e L S O
treet id {mite 6 3 4 13 1) 3 M 13 1, 38 22 24 €5 p& ) A3 3 ¥ L) R IS K
Irveniories 4R 138 1gn 227 24y LA b2 S ) S LA I S S S I £.a SO b D B T 17y
Total Current Assdis 52T 852 1293 1312 1260 B)9 14TT M2 3eh LAY TS 916 13329 17447 2009 214 2950 25108 Ea RS Y R S R O SR UYL
Tatal dncots 9768 11729 23250 3312”1126 33715 35450 A0VAD 44070 G105 (210) LIICO D677 5 T2 O1950 HITAD Pracl BIICQ B 2 LA L 118 5 A
RYVTIT AT LIANILTT NS
Surrent Ltatilttlaat
Accunte Payatle 12} 22 111 11 135 191 217 Dgd i fn 338 173 449 521 S6% 616 (Lo TN A ey TE WML 1133
Current Xaturitiem of long-Ters Ixbt - - - 6 61 (24 e 291 o] MM 410 439 647  BIT 03 1229 1003 14A 1741 ITG 1Ay 23] deiA
Tolal Curient Liatil.tioe 103 122 111 01 206 25T 289 846 L300 6h1 B1Y 833 1144 1466 1909 1913 1971 3270 2769 2054 4y WU veps

long=Tarm Debt (Lama1 Currest aturitles)380) 7815 19023 28768 30003 31435 33020 36170 41025 45551 52293 €78 €044 62167 61298 60007 58746 ST91 55520 $3770 4170 4wt 177

Fiulty:

Sorarnment Contribution 3538 3538 3538 3538 3538 3538 1538 3538 3538 3538 3538 3535 3538 3538 3S3E 358 3538 3538 3530 3538 3133 1530 yer8

Capital Contritmtion ¥ 215 36 542 768 1052 1407 1848 7385 3040 3A23 4753 SES9 &IP1 €959 T4(5 T3V 8171 B74> K5 MR el 9,17

Ranerves 32 70 115 196 286 3BB  $31 697 BT2 1R )LD 1654 2041 2815 3S39 402 S215 628 7383 BOGR 10001 116e- 13059

Unappropriated Retained Earnings 117 69 25 (103) (1561) ©935) (326) (1446) (3489) 2823) (126 (1221) 1C60 2725 4281 6200 7988 5651 105,78 11822 13027 14996 1e290
Total EqQuity 8@ 8% 4116 4173 )01 2043 2150 2631 3206 4BST 6197 B524 12498 15499 18367 21608 24682 27588 Y0244 13227 36189 3893} 41404

Total Byuity and Liabilities 9788 11829 23250 33142 33263 A3733 33459 19369 44321 51068 £2109 69700 16756 19132 81150 83330 85409 87109 8833) 39681 30535 T74 _22¢98
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ANNEX TABLE X-~H-5

RATE OF RETURN ON TOTAL I.VESTMENT
(DISCOUN TED CASH FLOW NETHOD)
COTABATC CITY WATIE DISTRICT

(® x 1000)
Not Total Net 18t Triul 2rd Trial
Debt Increase Cash Cash Precent Valte: 87 Present Value: 10¢

Year Service In Cash Inflow Investments Inflow Factor Velue Factor Valye
1978 131 ( 84) 47 5,883 ( 5,836) 1.000 5.836; 1.000 és.ass)
1979 268 480 748 2,052 1.304; «926 1,208 <909 (1,185)
1980 398 382 780 11,357 10,577 857  (9,064)  .B26 (8,737)
1981 1,350 149 1,499 9,979 8,480)  .794  (6,733)  .151 (6,3€8)
1982 2,650 §672) 1,978 1,527 451 «735 331 .683 308
1983 2,767 570) 2,197 1,177 420 «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 é 1,179)  .540 637 <467 551
1987 4,025 1,377 5,402 5,500 983 +500 49)  .424 42
1988 4,441 1,822 6,263 10,149 é 3,886 .46} 1,799§ <386 (1,500
1989 5,373 1,630 7,003 74154 151)  .429 65 150 53
1990 5,904 3,274 9,178 4,559 4,61 397 (1,834 <319 1,473
1991 6,403 4,832 11,235 - 11,235 .368 4,134 «230 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 3,750 «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 8,271 2,026 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 94453 <232 1,195 .164 1,550
1998 6,746 2,898 9,644 417 9,227 215 1,984 <149 1,375
1999 6,827 1,894 8,721 1,026 7,69514 <199 1,531 «135 1,039
2000 6,889 1,839 8,728 593 14,58 «184 2,684 «123 1,794

+1,008 ~4,672

RATE CF ARTRN = 8.4%

14/Includes net asset value of £6,451
Total assets * 92,098

Total Liabilities (50,694
Cash
Net Asset Value :gn.‘521_

X~H=5



CHAPTER XI ECONOMIC FEASIBILIT” ANALYSIS
A. WATER AND THE ECONOMY

Intrquction

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 Yy a country. In most ins-
tances, the availability of water alone will not spur economio growth
for there are other significant factors tnat influence development,
sBucuL as peace and order, political stability, rate of taxation and
availability of infrastructure facilities. Hence, a water supply pro-
Ject must e considered as only one part of a regional development
program. It must be viewed witliin the context of the overall governe
ment prc¢ ram,

Cons. "ering 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 avuailable to the consuming
public at very nominal rates. There is a tencancy for the consumers
to use water wastefully. As a consequence, the regard given to it is
far below its true importance.

To the water consumer, the value of water is measured hy 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. Mrom
the national viewpoint, the benefits to the water user, both householder
and businessman, are only & 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 he noted that the
willingness to pay is “igher than the price charged insofar as most
users are ccncerned,

Industrial Use. Water is used ty industry primarily as a factor
of production. In some instances, it goes into the production procees
as an input. This is the c\se for the soft drinks industry. One
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method of determining the value of water to irdustiry is to analyze the
cost of alternative industrial processes which produce the same pro=-
duct tut use less water, This is not, however, always possible and
may be unduly laboriocus,

Other Uses. Crop irrigation is one of the major uses of water,
The value of water used for irrigation purposes can be estimated hy
an elaborate calculation of "with" and "without" project conditionse
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 ie hydropower generation., Water used for
this purpose may be valued by comparison with the lowest-cost alter-
native of providing electric power., Lastly, bodies of water serve a
basic role in many recreational activitiese Ordinarily, water qua-
1ity 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 estab=
lishes the water priorities, in pursuance of the policies laid down
by its charter, Presidential Decree No. 424. In general, the system
of priorities for the development, conservation and 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. METHODOLOGY

Recommended and Next-Best System

One approach in determining the economic feasibility of a water
supply project involves a comparison of the benefite and costs of
the recommended system and those of the next best gystem, In this
method, the capital expenditure costs and the operating and mainte-
nace costa for both alternative systems are tranaformed to an equiva~
lent annual cost basis during the projection periods The comparison
will show which of the alternative aystems will generate the sams
level of benefits at less cost.
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Benot'it-Cost Ratio
A second approach in determining the economic feasibility of
water supply project involves the following steps:

1e The identification of the economic benefits and costs
that can be attributed to the establishment, operation
and maintenance of an improved water supply system;

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

3. The comparison of the present value of the benafits
likely to be generated and the present value of the
costs,

The results of the economic analysis are then expressed as a
single ratio called the benefit-cost ratio, The project is considered
feasible if the ratio is equal to or greater than 131,

Internal Rate of Return

Another method involves the odlculation of the internal economioc
rate of return of the proposed projecte The total amount of the bene=
fits as well as of the costs is determined throughcut the projection
period. Ry trial and error, the interest rate at which the present
worth of the benefits is equal to tho present worth of the costu is
then calculated, The project is considered desirable if its intermal
eoonomic rate of return is higher than the minimum rete generally
&coeptable in such projects, which is usually the opportunity cost of
oapital.

Rethod(s) Adopted

Both the second and third methods were employsd in determining
this project's eoonomic feagibility, These two were considered more
appropriate than the first method because,in this case, the recom-
mended plax: has already been selected from several alternatives on the
basis c):r present worth cost oomparisons (as disoussed in Chapters VIIT
and IX).

Calculation of Benefit and Cost dtreams
M———___

The economic studies cover only Stage I of the proposed water
supply program, which extends from 1978 to 1990. Benefits, however,
were projected up to 2000 except for land values which end at 1990,
This is because the benefits (except for land values) from the facili-
ties to be constructed up to 1990 would continue %o ascrue beyord their
oc .truction period.
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The construction costs included in the analjais are those which
will be incurred up to 1990, except replacement costs and the opere-
tion and maintenance costs which were projected up to 2000. This is
due to the fac*t that proper maintenance of the facilities will have
to be undertake: regularly for as long asc benefits are desired to be
realized from the system,

Estimates of benefits and costs were hased on 1978 prices. In
recognition of inflaticnary pressures, all benefits were escalated
by 10 percent from 1978 to 1980, hy 8 percent from 1981 to 1985 and
by 6 percent from 1986 to 1990. All project costs were also escalae
ted in the same manner, with the excaption of operation and mainte-
nance co3sts which were escalated uniformly by 8 percent all through-
out the study pericd. 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 unalysis;
hence, only partial inflation has been adopted.

C. QUANTIFIABLE BENEFITS

The economic benefits that will be derived from the proposed
water supply improvement program for the water district Ay 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 tut real, and are
extremely difficult to express in monetary terms.

Benefits resulting from the proposed project were evaluated on
an incremental basis, i.®., on a "with" or "without" principle.
Hence, the btenefit figures reflect cnly 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 watere

Increase in Land Values

The implementation of the water supply project will result in
an incre:se in the land values cf the service area. Howsver, it muet
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 series of market and public f'orces which exist whether or not
the water supply project is undertaken. Such forces include the
general pace of industrialization, construction activity, inflation,



land speculation, taxation, public land acquisition and sallinge

More particularly, such a difference could te the result of a genercl
estimation of productivity due to infrastructure investments which
include a water supply project.

The portion of land values attributable to the provision of an
improved public water supply system was estimated in the household
survey in Lipa City (May 1975) to be about 22.6 peroent of the market
value of a piece of lande 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 squ x P50 « P 20,000
Kith Water 400 aqm x P65 = P 26,000
Ratio = 1.3 or 30% increase

In this particular case, the incremental cost of P6,000 closely
represents the market value of a private well (oomplete 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 served Yy the water
distribution system could be attributed to the water supply project.

Agsumptions made for this analyeis are explained in Anner XJ-3,
Annex Table XI=C-1 shows the computations of this benefit, which
amounts to a present worth of £42,59 milliom,

Health Benefite

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

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

2+ A subsequent reduction in premature deaths due to the
lower incidence of water-borne dissases,
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3« A corresponding reduction in medical expenses for the
same reason.

Calculations for the health benefits and assooiated assumptions
uged 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 distriots in the gervice
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, Csal-
culations relative to this benefit are oexplained 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 inconvenienoce to the people
rendered homeless and the value of human lives lost due to firs.

Beneficial Value of Water

This benefit (sometimes caiisd "consumer satisfaction") is
quantified by the additional! revenue generated Ly the water district
a8 a result of an improved water supply project, In the ocase of a
community which previously did not have any piped water system, the
"eemsumer satisfaction” benefit may be measured by the full amount
of the economic value of the accounted-for-water.

For a community where ithe proposed projeot involves merely the
expansion and improvement of the existing system, this benefit may
be measured Ly the econonic ‘ralue of the incremental water produo-
tion directly resulting fiom the improvement of the systenm.

Por this berefit, the concept of consumers”surplus was adopted,
This odoncept takes intc account not only what households and commer-
cial establishments are actually paying for water but also how nmuch
more the consumers are willing to pay for this essential commodity,
Calculations fo- the beneficial value of water are shown in Annex
XI-C and Annex T.ble XI-C—4. The present value ~f this benefit amounts
to P22,35 million.

D. NON-QUANTIFIABLE BENEPITS
The non-quantifiable benefits arising from a water supply pro-
Ject are generally as important as the quantifiable benefits, How-

aver, they do not easily lend themselves to valuation. The approach
taken hercin is to acknowledge their existence and importanco. Ko
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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 supply system or relocate elsewhere,
The overall cost of providing scparate 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 income 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.

Costis havc been divided irto 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.

froject Coats

Project costs include the construction cost of the proposed
facilities such as pipes, meters and equipment, as well as, engineer-
ing servicee and contingencies and land cost. The coet of the feasi-
bility studies has also been included.
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fnnex Talle XI-Z-1 shews the construction costs of the proposed
water supply project for the water district. They are listed by
component ac tc type cf expenditure in 1978 prices. They are furiher
broken dowi: into forcisgn ané domestic components.

The cost of unskilled labor is shown cerarately from the do-
mestic comporent of the project.s From the balence of the domestic
cost, 5 percent was assumed to te irn the form of hidden taxes.

Adjustment of Project Costs

In the decerminatior cof *he project costs, adjustments were
made for those items which are not properly valued bty the price
mechanisme A price other than the market price (called the shadow
price) was imputed tc 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
ingtituticns and the Infrastructure Computer Center of the Departe
ment cf Public Works, Transportation and Communicatione ,

One of the items where 'shadow pricing! was applied is the
price of unskilled labor (otherwise known as common labor), Ina
perfectly competitive market, the price of labor is determined by
the margiral 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 ie 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 te paids 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 unucilled labor hy 50 percent, therehy 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 forcign 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 hy 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 rot included since thic is considered a finan—
cial instezd of an economic cost,

Annex Table XI-E~-1 shows the conversion of financial costs to
eccriomic costs through shadow pricing .nd other ajjustments, The
present value {see Tatle XI-E-4) of total economic project cost for
COT-WD amounts to P39.91 million,

Replacement Costs

Based on the criteria used ir the financial studies, vehicles
have a life expectuncy of 7 yearsa 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 tuilding,
miscellareous items, and plumbing and meter repair items included
in the immediate improvement program. The feasibility studies are
assumed tc apply for 30 years, while the well is expected to last
for 25 years. All other facilities in the sy.ten have a 1life expeo-
tangy of 50 yeurs.

Therefore, vehicles, meters, equirment, and the miscellaneous
items with a service life of 15 years will have to be replaced during
the 23-yeur 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-E-4) for Cotabato City amounts to P1.13 million.

Salvage Value

Anrex 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

Operuting and maintenance cocts refer to the costs associated
with the maintenance, operation and management of the projecte.
Otherwise krown as annual costs, they include personnol, power,
chemicals, and other miscellancous maintenance expenses such as fuel
and lubricztion, repairs, communicition needs and office rental.
Only the operating anl maintenance costs of the proposed project
(i.e., excluding those of the present system) were considered in
this study.

Annex Table XI-E-4 presents the incremental annual recurring
costs ancociated with rurning 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) nroject cost plus replacement cost plus operating/hainte-

nance cost less salvage value, Annex Table XI-E-4 shows the computa~
tion of total economic costs for COM-WD, amounting to P41.76 million.

F. BENEFIT-COST ANALYSIS

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

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

escalated,
SUMMARY OF BB"EE‘ITS AND COSTS
(# x 10°)
Benefits Costs
Increase in Land Values P42.593 Project Cost £39.911
Health 1.587 (+)
Reduction in Fire Damage 8,720 Replacement Cost 1.126
Beneficial Value 22.350 (+)
Operating and
P75.250 Maintenance Cost 5116
Sub-total P46.153
(<)
Salvage Value 4.393
P41.760

Benefit Cost Ratio - 1.80 1 1

The preceding table shows that the quantifiaile benefits exceed

the economic costs associat«d with the improvement or the water

supply syster in COT-WD. Under the rrinciple of benefit-cost ratio,
the project 1., therefore, considered economically feasible,

The actual benefits of the proposed project may really be greater
than what the benefit-cost ratio represents beocause the non—-quanti-

fiable benefits have not been incorporated

XI1-10
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G. INTERMAL ECCNOKIC RATE OF RITURN

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 than the prevailing opportunity
cost of capitale In this particular study, the opportunity cost
of capital is 12 percent.

For CCT-WD, the IERR is 56,08 percent as shown in Annex Table

XI-G—-1. On the basis of the above stated principle of IERR, the
proposed project appears to be economically feasible and justified.
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AINEY XI-C

QUANTIFIABLE BENEFITS

Portion of Land Valuas Atiributable to water Supply Project

Annex Tible XI-C-1 shows the rresent value of the portion of
land values attributable to the proposed water supply project, based
on the following assumptions:

1« In accordance with the staging progrum of the construc~
tion of fucilities, the 1580 service area of 367 heo-
tares was projected to increcse in the followirg manner:
by 30 hectares from 1980 to 1981; by 23 hectares from
1981 to 1982; vy 36 hectares from 1982 to 1983; hy 38
hectares from 1983 to 1984; by 42 hectares from 1984 to 1985;
by 45 hectares from 1985 to 1986; hy 49 hectares from 1986
to 1987; bty 53 hectares from 1987 to 1988; Wy 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 periode This classification was based
on the water demand projections in 1980 hy 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 i 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 lande This land
value benefit was escalated hy 8 percent from 1980 to
1985, and by 6 percent from 1985 to 1990,

S5« & 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,
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1TX TABLE Alw’=1

POPTICN OF LaNo VALUZ. ATTRINUTATLE T FRCJECT
COTLZATO KWATIT BISTRIOT

L J
-

[
-

Land Use (see) . v ef land (™ s 10000 29 Rercent

Comrercial/ Corercael/ Total Cost  SBenefit Iue fisiiltes  Dizciuni Prelont Yalie

Listsiational/ Irstituticnal/ cf Land tc Frcject Zecaiatiorn Rercf1t Facter «f erefl::
Year fezydertisl  Industrial Resjdential  Jnduntria)l {r x 1000) (* x 1C00) Pactor (® x 1003) &t 129 otz 1o
19¢0 3,192,900 4774100 * 85,787.0 P 19,084.0 P 114,871.0 P 22,974.2 1.210 P 27,74E.8 AT P 22,i55.2
159 261,000 39,000 7,830.0 1,560.0 9,390.0 1,878.0 1.307 2,454.5 Ny 14,7477
1982 250,200 29,900 £,003.0 1,196.0 74193.0 1,439.8 1.412 2,033.0 53 1,233.°
1683 313,200 45,800 9,396.0 1,872.0 11,26E.0 2,253.6 1.52% 3,836.7 «SE” 1,947, ¢
18 130,89C 43,400 $,21¢4 0 1,976.0 11,894.0 2,378.8 1,627 3,917.9 «507 1,954.4
16-2 375,400 54,600 10,962.0 2,184.0 13,146.0 2,629.2 1.775 4,67763 452 20112,
1974 34,502 5€,50C 11,745.C z,342,0 14,085.¢C 2,617.0 1,684 5.312.9 «4C4 2418404
1687 425,320 63,700 12,78%.0 2,54%.0 15,3370 3,057.4 1,939 6,131.7 0361 2,213.%
193 461,100 ££,920 13,833,0 2,75€.0 16,589.0 3,317.8 2.119 7,030.4 322 2,200,
16¢¢ 594, 50¢ 75,470 15,138.0 3,0146.C 12,154.0 3,630.8 2,247 £,154.8 $28% 2,340 .1
1972 516,400 £5,600 16,162.0 3,224.0 19,496.C 3,8:1.2 2.3%1 2211 257 2,37t

NS R

o
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Health Benerits

To determine the amount cf benefit arising from the reduction
of income lost of those afflicted with water—borne diseases, perti-
nent 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 populaticm in the province of Cotabato were afflicted with
primary water-borme 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 or Population and Housing of the National Census and Statig-
tice Office, 68 _percent of the municipality's population was econo-
mically active.l/ It was assumed, therefore, that only 68 percent of
1,305.6 per 100,000 who were afflicted with primary water-borne
diseases were economicelly active. Hence, this is the only segmen?
of the population who would suffer a reduction in income due to said
diseases. Purthermore, these afflicted wage—-earners were assumed
to be earning P8 a day and urable 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 therely
arrived at by multiplying the number of people afflicted with water~
borne diseases by 68 percent, hy P8 a day and then {y 15 days.

Another health benefit that could be associated with the estab-
lishment of a safe public water supply system is the reduction of
the econcmic cost of the premature death of those afflioted with
water-borne diseases ir the service area, Obviously, the reduction
of the life span of the population caused by said diseases is an
economic loss to the community,

This economic loss due to premature death was determined by
multirlying the number of people who die because of water-bormne
diseases (assuming that a water supply improvement program were
not undertaken) bty 68 percent and then by P11,629. The projected
number of suck deaths was based on the avera e of the 10~-year mor-
tality rate for primary water-borne diseases in the province of
Cotabato, as gathered from the Department of Health. These figures
indicated thit 61.5 persons died of the 1,305.6 per 100,000 who were
afflicted 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 11,629 represents the monetary value of each death,

1/;conomically active po,ulation includes those who are 10
years old and over, whethker 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 vage-carner over a period of rive yvears discounted at 12 per—
cent plus 20 percent associated economic costs {summation of P200

a month x 17 months x discount factor + 20 percent associated costs).

The third health berefit that can be derived from the improve-
ment of the water supply in the service area is the reduction of the
medical exjenscs of persons afflicted with water-borne diseage.
According to the Lipa City pilot survey on "Ability-to-Pay",8/ an
afflicted person spends $113.,00 annually on the average for medical
expenses, which include hospitalization, medicine and doctor's fee.
Based or. this finding, the total medical expenses incurred due to
water-borne diseases were arrived at by multiplying P113.00 by the
numter of people afflicted with such diseases in the service area.

The sum of all three economic costa 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 diseuses was tuken as the hcalth 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 causged
by a poor water system and may also be due to less than ideal per-
sonal hygicne or lack of sewerage facilities. Second, the 40 per-
cent health bernefit was escalated by 8 percent from 1980 to 1985,
by 6 percent from 1985 to 1990, after which the escalation factor
was held corstant up to 2000. Third, the escalated health benefit
was discounted to its present worth &t 12 percent. Annex Table XI-
C-2 shows the calculations associated with the health benefits for
COT-WD. The totzl present value of said benefits after the adjust-
ments amcunts to P1.59 million,

Reduction in Fire Damage

The prc:osed water supply improvement program will result in
ircreased water pressure and reliable supply for domestic as well
as for fire-fighting purposes. At present, 67 percent of the fire
hydrants in Cotabato are effectively operating. With the implementa~-
tion of the program whick will involve the instullation of new fire
hydrunts, the fire protection coverage will be provided to the ser-
vice area. Hence, a reduction in fire damage is expected in the ser-
vice area.

g/ Refer to Methodology Fanuel, Chapter 20 for "Ability to Pay"
studies.
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ANNEX TABLE XI-Cm2

HEALTH BENERITS
COTAZATO CITY WATZR DISTRICT

40 Percent Escalated
2235% of Tine Zeonseie Loas et of .,tax Reduction Due Reduction Diszount
Logs Iue %o e %0 Precie tladical Zczr:z:c Lcoses to Project Escalat:or Due to 2icter at sert Talua
Year Served fcpulaticn Illress (1)  ture Death (2) Ixpenges (3) M (Benerits) Sagstor Progact 12 Parcent c terei.t
13¢0 22,280 23,523 1.7, 351 32,575 163,479 €5, 192 1.210 19,124 «137 53,0€2
1931 23,460 26,059 118,955 36,087 181, 101 12,440 1. 307 94,479 712 67,412
1082 27,100 28,272 131,794 39,981 200,547 80,259 1.412 113,326 636 72.0,
198) 30,920 31,982 145,995 44,289 222,266 88,906 1.525 135,582 +567 76,575
1984 33,252 35,94 1€1,752 49,069 246,255 98,502 1.547 1€2,213 «597 82,2;2
1975 34,350 39,259 173,21 54,365 272,836 109,134 1.779 134,149 +452 ?7.735
1986 40,320 43,328 193.518 60,223 302,229 129,892 1,886 228,%02 «404 92,
1527 45,223 48,179 219,39 56,719 334,829 133,932 1.999 257,730 «181 VO,’ l
1653 50,150 53,379 243,£ ) 73,914 379,938 148,375 2.119 314,407 o322 121,219
1939 53,500 59,128 259,910 81,381 410,919 164,368 2,246 365,170 . 288 136.;21
1930 51,450 65,51C a§9.ca1 30,718 453,269 182,126 2.321 433,534 «257 111,834
19919 «229 99.2:3
1992 «205 88, 17
1993 +183 79..<8
1994 « 163 70,276
1935 « 146 53,325
1936 «130 56,387
1997 o116 50,297
1998 < « 104 45,054
2000 6 65,1 . 50,718 wassa 82,106 i;e 4;{,’52§ o8 33008
2000 1,490 9:510 299,041 ' T 455, 182, 1 24381 oGt EZ;2~
'727193 1.5 p?
To’al Populationt 61,184
Sronomically Activet 41,864
or 684

Yorbidity Rate: 1,305.6/100,500

Mortality Rate: 61.5/100,000

1) &8t x 1305.6 x S.Po xP8 x 15

100,000
2) 687 x 61.5 x S.Ps x P11,629
1

j) 1 C 06 X S.Pe x P1|3
IS%,GUO
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This reductior was assumed to e U.75 percent of the combined
assessed vualues of all structures in the service areg. For Cotabato,
the aves.:c acsessed vulue of ezch structure wes azsured to be
r18, + The number of structures was derived from the projected
population to be served Yy theéﬁystem, assuming that each household
has an averise of 6.3 members.

The fire protectior benefit was based on the assumed overall
reduction 1n fire damage, but correlated with the schedule of fire
hydrant installation in the service area. Percentage of fire pro-
tection starts at 55 percent in 1981, gradually increasing to 81
percent in 1930 in accordance with the extent of the gervice area
to be covered by the fire hydrants,

The net reduction in fire .nzge was escalated by 8 percent
from 1980 to 1985, Wy & percent from 1985 to 1990, after which the
escalation factor was held constant up to 2000. It was then dis~
counted at 12 percent. The present value of the fire protection
benefit, as shown in Annex Table XI-C-3 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 prorosed improvement of the system's facilities, the volume of
water pro.uction is expected to increass considerably to serve the
needs of the growing population., This will bring about additional
revenues tc 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
raflect the true value of water, Foreover, it is recognized that
households and commercial users are rcally willing to pay more than
vhat they are actually being charged for water consumed. PFrom the
economic viewpoint, thereforc, 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 has been estimated
to be 50 percent higher than domestic water rates and 25 peroan§
higher than the commercial/industrial/institutional water rateg? .

}/In the absence of assessed value records on Cotabato, the
figure on the municipality of Gapan in Nueva Ecija was used,

&/Based on the 1970 Census on Housing in Cotabato Province,

Refer to Revised Procedures f-r the Sconomic and Finaneial
Analysis of later Projects, LiCA, lay 1977,
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ANNEX TABLE XI-G=3

RIDUCTION D: FIRT DAMACE
COTABATO CITY AATER DISTRICT

Total Valus Overall Net Reduction

st P13,200 Reduction in Parcentage in Fir Danage Zacelated Vilue Jize-~uns Present Value

6 ea Fire Damage of Pire (Bererit) Tacalaticn of Yet Reduction Facier at of Net Penefit

Zsar  lualec of Structures¥ (P x 1000} 00 X 1000 protegtian (P x1000) = _macsopd/  _ (P x 1000) 12 percent 2x 120
1381 3,883 73,000.4 7.5 5%% . 301.1 1.307 393.5 o712 2852
1782 4,102 80,817.6 606.6 59 3579 1412 505.4 o636 321.4
1293 4,765 39,582.0 671.9 63 423.) 1.525 645.5 +3€7 36¢,0
1264 5,219 99,2452 744.3 67 498.7 1.647 821.4 « 507 16,4
1525 5,843 109,961,2 824.7 72 533.8 1.779 1,056.4 o 18T 4.5
12548 5|479 121.&5.2 913.5 76 694.2 10836 1'.509-3 PP :2)--;
1257 7,178 134,946,4 1,312,1 17 779.) 1.399 1,577.38 0o S€2.)
1ec8 7,352 149,297.6 1,121.1 78 57445 2,119 1,851,1 0322 564.7
1959 £,210 165,628.0 1,242,2 19 981.3 2,246 2,204,.0 W 288 £14.°
1932 9,760 183,488.0 1,376.2 81 1,114.7 2. 381 2,534.1 0257 R ]
1631 . 0229 5004
1392 ) $205 544,

1593 183 LI
1594 « 16} 432.6
1595 « 146 187.5
1536 «13C 3540
13737 . 116 307.5
1232 + 104 27°.
1532 ¥ v + o v Jy v «093 246,
E‘-‘.\: ;'..50 183'488.0 1'376.2 81 1'114.7 20381 2|6iﬁ.1 .'3&3 22-'.
39,541.5 =Ty PV
———

6—’1‘@:‘1?31 vrem the served population crojections in Chapter VI,
/
1/Zanei ¢ tne niaessed value records in Gapan, in the atsence 0. similar 431t in Cotabaso.

a '
~zccalatad wruelly ty 10 rerewnt frem €78 to 196G, by & percent from 1980 to 1955, and ty 6 perzert srom 1985 to 1550, after
whieh ‘'e escl.laticn factor waa held constant up to 2000,
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In the determination of this benefit, the following steps were

takens

1.

2.

3.

4.

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-fore
water projections in Chapter VI. The water demand pro-
Jections in Chapter VI, cxpressed in liters per capita
per day, were converted to cubic meters per year.

Classification of accounted-for-water into domestic and
others (commercial/institutional/industrial) was based
likewise on Chapter VI.

The price per cubic meter of water was obtained from the
unescalated rate per revenue unit in Chapter X, Annex
Table X-C-1. The rates were, however, adjusted upwarde
to reflect consumers' surplus: 50 percent higher for
domestic water and 25 percent higher for others,

The total economioc revenues were then escalated hy 10
percent from 1978 to 1980, bty 8 percent from 1980 to 1985,
by 4 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,¥million, as shown in Annex Table XI-C~4,

XI-C-8






ANNEX XI-E

ECONOMIC COSTS






Year

1978
1979
1980
1¢ 81
1932
1943
1984

1985
1986
1987
1988
1989

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

2000

TOTAL

]1-Year Items

Vehicles

129.5

129.5

129.5

38845

ANNEX TaBLE XI-E=2

REPLACEMMNT COST
COTABATO CITY WATER DISTRICT

1978 PRICES
P x 1000
15-Year Items
Plumbing/
Meters Equipment Misc, Items Meter Repair Tota’
12°
1253"
502.7 383.86 1443 113.3 1,011
10,0 51.0 i
8 .2 481.0 572.:
10 .5 2563.3 365..
9/ 0 9[. B
10. .9 ns
11, .4 240,
167, 1.4 _— —_— "
1,282, 1,2004%, 1443 113.3 2,¢

LIt 2




ANNEX TANSE XI-E-)

SALVAGE VAL IN 200%
OCOTARATO CITY NATER DISTRICT

(P = 1000)
50 Years 3O Years 25 Teare 15 Years 7 Yeare . Iafinite
Teaaining Taalning Reaalaing “Tesaining Tesalaiag B - e
Service Servioe Sarvioe Servioce Service Bervine
an :,;om Sal Seonculs xl':‘ 2001 sal Soensale al':' 2001 sad nents l'":cm 2N Heben
Economio im 2001 Salvage Boonoaio vage VAge vage Boe ia 1 Salvage Besmealo 4ia 2001 Salvage Salv
Yae . (Ia Percest) Yalue _Vaue  (iafwreet) Vele _Yalw  Uaferosad) Yalwe _Ium. Uafrosn) JIuw. Y . Galrees) Jum. Jaw . {a Perowi) Tus IneY
1978 3,359.8 568 1,881.5 6.5 2T 8.5 284.7 1008 M7 2,i84.7
1919  1,206.7 58 699.9 699.9
1380  6,512.4 & 3,907.4 417.6 ns 137.8 : 190.6 100 190.6 4.235.8
1981 <,830.7 & 3,615.0 ' 3,615.0
1932 a28.1 64 530.0 %30.0
1583 851.4 g gg-g 23.3
1584 932.0 . -
1935 1,659.8 70 1,161.9 6.9 405 2.4 1,164.%
1986  1,666.8 T2 1,300,1 133.3 ™ 107 8.7 1w 1181+, ¥89.9
1587 2,026.4 Y73 1,499.5 162.9 13 2149 1,820,7
1988 3,36).6 16 2,556.) 9.6 s 5%3 4252 20 8.0 2,(92.6
1589  2,506.4 78 1,953.0 209.8 a7 567 2,011.7
1990  1,413.9 80 1,1)149 2)9.6 3] 79.1 1,210.2
1991
1952 .
' 1,014.1 ) $37.3 237,
o 15,0 & 93.0 HAH
159 572.2 &7 3.4 V3.4
369.8 B z70.0 .0
1333 4.0 ot B2 ¥
1998 104.9 .1 9.3 9.3
1999 1174 el 1092 129.3 8l nid } /20,6
2000 183,0 100 183,0 A
-5 s &\ - n S oy T ; sy “ma tme =34

1
J/vaﬂ-om.ﬂncnmtbodn.vd-ofﬁ.u—u"m.
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ANNEX XI-G
IRTERNAL ECONOMIC RATE OF RETURN



Year

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

Escalated Values
Benefits Cnsts

124.9 5,567.1
272.4 1,946.%
28,4332.4 %1,526.6
34917.6 10,324.5
3,897.8 1,778.1
597817 2,122.7
7426942 2,457.4
8,813.2 4,735.1
10,217.8 6,332.6
129379.4 6,273.7
14,307.0 11,339.2
16,561.3 8,933.0
20,087.3 6,460.8
10,3271 1,694.5
9,740.2 2,002.8
9:544.5 4,109.1
9,085.4 2,063.6
84694.0 3.056.9
8,302.,6 2,575.0
8,106.8 1,918.3
T4715.6  1,944.3
7+392.3 2,282.4

[,000.9 2,130.2
217,871.4
103,974.8

Salvagze Value 244930.7

"79,044.7
2.76

ANNEX TABLE XI=G-9

INTERNAL RATE OF RETURN
COTAZATO CITY WATER DISTRICT

(® x 1000)
Discount Factor Present Values
at 55 Percent Benefits Costs
1.000 12409 5'967‘1
«645 1757 1,255.8
«416 11,786.3  4,795.1
0269 1,053.8 29777.3
173 67443 307.6
«112 647.6 2377
«072 523.4 176.9
«047 414.2 222.6
«030 306.5 190.0
«019 235.2 119.2
«012 1717 13641
0008 13205 71.5
«005 100.4 32.3
«003 131.0 5.1
0002 19.5 4.0
«001 9.5 4.1
+001 9.1 2.1
.001 8.7 3.1
16,424.3

16,307.6

0,0

13.307.3

1.00

Present Value at 55% = 116,7

Present Value at 604 = §§6‘§
[ ]

Discount Factor

Present Values

at 60 Rercent Bemefits Costs
1.000 124.9  5,967.1
«625 170.3  1,216.8
<391 11,078.0 4,506.9
0244 95569  2,519.2
«153 596.4 27240
.095 549.3 20%.7
« 060 436.2 147.4
0037 326.1 175'2
«023 235.0 145.6
«015 18547 94.1
«009 128.8 1024 1
<006 99.4 15346
«004 80.3 5.8
«002 20.7 3.4
«001 9.7 2,0
«001 9.5 4.1
+001 9.1 2.1

1590153

159439.1
0e0
159439.1

TERR = 55 + 505(116.7)

54045

- 055 +.0108
= 56,08
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CAMP DRESSER & MoKEE INTERNATIONAL

Nethodology Memorandua No. 1

To

¢ Lo 7. Gutierrez, Jr,

Prom t Ao do Vera

Date
Sub j

i1 4 Jamuary 1977
ect: Pilot Area Survey

A, Need

In astinating water acoountability, data on the ratic of
borrovers to primary users, avorage persons psr Lousehold, and
per capita consunption are nocessary. Inforwation on oapeoity
and willingness—to-pay would greatly aid finanoial analyeis.

In all cases, these data are not readily available in the
Philippives. The only way ‘o gei these data would be to sctually
perform a house-to~house su:vuy within the served areas of the
water distriot (WD). Considering time and financial oonstraints,
& piiot area survey would be the best approach, This is merely
surveying a representative area within the WD and prejecting the
data obtained for the ontire served area of the WD,

B. lethodolggz

le Chooss a pilot area within the WD, Desirable requirements
for the area are as followsi

a. adequate line preasures, preferably with 24=hour serviocej

b. metered connections;

C. presence of domestic as well as commeroial oonnections.
Ratio of commercial to domestio connectioms for the area
must not exceed that for the emtire WD}

d. repressntative income levels of the oonoessionaires.

2. Devise a one-page questionnaire so that it:

a. 1is easily understood by WD peraommel (whc will serve as
interviewers);

be provides relevant information;

Ce provides a means of cross-cheoking some answers glven
by respondents;

d. would aake tabular analysis oasy.

A sample queastionnaire is attached.

Mil-1
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C.

3. Get assistance rrom thz w3 personnél ir the house-to-bouse
zurvey. It is pugcested that they do the actual interview
tecause of their familiarity with local custona and dialeots.
Uowaver, bYefore ailowing the WD enumeratore to prosesd on
thair own; it is necewsary thai:

@, the enumarstore be ziven a thorough briefing on the
inportance of the survmy, as well ss the purpose of
esch item in the nuestiornaire,

b. the enumeraiors bHe socompanied to the first few
houses, and given ~dditisnal pointors or feedbaok
before they prooeac cn their cwn,

4. JTonduct & house-to~houne aurvoy of all households within
tha pilot srea. A map at this point irdicating the exist-
ing houses (with their code numbers) would pe necessary.
The following wWnuld ba helpful during the surveys

2. ULrief the respondents about the purpose of the survey
bafore askiry questions. It im very important that
they be receptive to the interviewars, Otherwise data
given couid bte misleading,

b in asking for astimates of consumption, avoid using
technical terms, i,s., liters, galicns, etsc. Uee
local containers like pails, drumes or whatever they
use., Note the capacity of the container in the
questionnaira,

Data
The following data may be obtained from the survey:

l. Pilot area density

2+ Average perscns/honsehold

3. Borrowers from connected households and perosntage of
households dependent on the WD

4. Potential concessionaires

5« Consumption estimates

6. Income levels aud the respective rates showing
willingness to pay for improved servics

7. HWater accountability

MH1=2



#ATER DISTRICT
PILOT AREA QUESTIONNAIRE

DATE
TIME
INT:RVIEAER ADDRESS
TYPE OF DWELLING CONSTRUCTION MATERIAL
- NON=#D
WD CONCESSICNAIRE CONCESSTONATRE FOR ALL HOUSEHOLDS

l. NO. OF OCCUPANTS:

2e CLASSIFICATION:

O Domestio

O Commeroial

O Institutional
O Industrial

-
3. SIZE OF CONN:CTION:
0O # o1 Oo2n

O P O 0O

1., NO. OP OCCUPANTS: le WD-WATER AVAILABLE$
Roe of hours

2, SOURCE OF SUPPLY: Time
(OJown private well 2. FAUCETS:
Olrainwater O1 03 as
Olspring g 2 a4 a

CIpublioc faucet -

[3JWD concessionairs 3¢ [;ngmé’z 03 O
HH Code No.

CIpublic well 4. FLUSH \ATER CLOSET:

Clothers' private well g1 2 03

- Se MANUAL WATER CLOSET:
01 02 O3 o_

4+ TYPE OF CONNECTION: 3. CONSUMPTION: 6. Diw/eeptio Ciwfo sept.c
Cimetered: meter functioning Cifree tank tank
Umetered: meter damaged (dpaying VERA ITHI
CIflat rate (unmetered) volume used per Te AConm(E Ki)f); BI;I NP
day .
S5e APPURTENANCES (Connected tn Paying P 2;1-:
System) for *| others:
Owith hand pump REMARKS §
Clwith eleotrio motor pump 8. USERs

ARS used/day
Pump rated HP
G

3 w/ borrovers

O w/o borrowers

Total no. of HR
borrowvers

6. OTHER SOUACE ASIDZ FROM WDs

Total nc, of EH borrowers'.
oooupants

Ovn Other HH 9. How much would you be
Owells Cwells willing to pay if
Olsprings O springs Water service were
(Orainwater O rainwater improved?
a O month.
(T0 BE PILLED UP AT THE WD OFFICE)
1. HOUSEROLD CODE NO. 3« WD CONCESSIUNAIRE: S
ENUMERATOR
(O registered
2, INCOME: CJ unregistered —
Clbelow average (P220 below FOSTTION
CJaverage P221 - 750 4. PAYMENTS:
Clupper middle (P751 - 1.500} (J up-to-date
Ohieh P1;500 above O delinquent




CAVIP DRFSSER & MAKEF INTERNATIONAL

Methodology Memorandum No. 2
To t L. Vo Gutierresz, Jr.
From 1 A. de Vera

Date : 31 January 1977

Subjects Eotimating Water Aocountability

A. Need

To be able to determine future water domand per capita,
need for leak detection and mirvey rrogram, and the lavel of
deveiopment possitle for reducing wastage and leakae, the
following information must first be available.

1. TNatio of acocuntedefor and unacoounted-
for—water.

2. Ratio of wastage and leakage in relatiom
to total production.

3. Domestio consumption per capita.

Aithough there are various methods for ostimating water
accountability, the selection of a method depends on the
purpose for which it is to be used and ithe level of aoouraqy
desired. Acoounted-for-water as used herein refera to the
revenue-producing water for the water distriot. It is the
sum of the billed metored consumption and inferred water oon-
susption at flat-rate connections.

B, Nethodolg‘z

1. Pilot Area Survey

8. Objective - To be able to sstimate total accounted-
for and unaccounted-for-water. Accuracy will depend
on the reliability of the con-unpti7n figures as
obtained in the pilot area survey.

b. Data Neoessary - Nonthly production; number of metored
and unmetered connections; water rate schedule; pilot
area data; and total monthljy metered ccnasumption.

l/Rofer to Methodology Memorandum No. 1,

MN2-1

InNC



Ce Ste EB

1) Obtain total number of households depuadent on
vater system. To do this, first obtain ratio
of households dependent on the system to total
households in the pilot area and arply ratio to
the whole service area. Compute for number of
primary and sacondary users.

2) Compute for inferred flat-rate uee per womth.

3) Compute total aocounted-for-suter by adding average

monthly metered oconsumptian and total inferred
flat-rate use per month.

4) Unaccounted-for-water is total production less
accounted-for-water. It is also the total of
potentially billable water plus wastage, loakage
and other uses.

5) Potentially billable water is the sum of3

o Usage of borrowers from flat-rate
primary usersj

o Unbilled flat-rate use

o Wastage of flat-rate users

2. Weighted Average of First 10-City Survey

be

Objective - In a water system with all functions billed

a8 flat-rate, computing for water accountability is
impossible without resorting to detailed surveys. How-
ever, this method impliea that the figures obtained
during the first 10-area survey (CDM - 1975) approximate
those of other water districts. aoocuracy, however, is
not deterwmined,

Data Beoessary - Total monthly rroduction and figures
obtained during the First 10-Area Survey of CDK.



Ce

Steps
Multiply manthly produciion ovi

«31 to g9t accountes—for—water

«ll to et underest:mated flat-rate use
+26 1o got wastnze

+25 to get leakuge

«07 for others

3. Pield Study Method

b,

Ce

Objective -~ To be able to determine within ¥ S rercent
acouracy water aocountability figures. This method,
however, is time-consuming and very expensive,

Data liacessary - All da‘a received shall be gonsrated
in the field. The number of concesgicnaires and the
water rats schsdule are basis requirsments.

Stoga

1) For each seotion of transmission and distribution
line in the water systom, appropriate measuring devioces
8hall be installed in order to determine the amount
of water flowing in and out, water used by the oon~
oessionairea, and water leakage.

2) Desk-top analysis is then neocessary to determine
water accountebility.

102-3
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CANMT ORESBERIR & MMoKeE IMYERINA CIONIAL

METHODCLO Y MIMORANDUM NO, 3

To
rom
Date

Sub j

A.

¢ L. V. Guiierrez, Jr.

: F, dal craria

8 Pebraury 1977

eot: Clageificaliorn «f wWate. Dislricts Acoording %o
Muture duter Rsquirements

Xaircductiop

The purpose of this methocology manual is to clansify water
districte (WD) so that futurc water requirements may La estimatsd.
The factors tv te consideres in clasgifying WD's are economio and
social dsvelopment 1in the dastrict's boundaries, probable sourcea
of additional wuter supply and the people's ability-to=pay for
improved water servics,

The group with the probable highest per capita consumption
ie labelied Group I; aad the group with the probadle lowest
water consumpticn, Group V, Affluent and highly urbanized
water districte may fall under Group I,while less developed
and small water distriocts, undsr Group Ve

Methodology

The initial service area of the #D will most lilkely inoluds
the central urban area or core oity [poblacion)s To olassify it
according to futurs water demands, the WD and its oentral urban
area are judged acoording to 5 grouping oriteria -~ 1975 urban
inoome, 1975 standard of 1living, 1975 business indax, 1980 cost
of water, and served population in 1980, Por each oriterion, a
number of points, from 0 to 20, are allotted to each water
district. The total numbér of points under the S ariteria
determines the classification of the WD.

Table MN 3-1 lists the 5 criteria by which the WD can be
olassified, and the points allotted to rankings in eaeh ori-
terion.

The grouping of the WD's based on the range of total
points under the 5 criteria is as follows:

MM3-1

i,






Group Total Points
b 70 and above
II 60 - 69
11X 50 =~ 59
Iv 40 -~ 49
v 39 and below

In allotting points under each criterion, readily available
data are taken fros the latest NCSO report (1970 or 1975 osnsus)e
These data are: total population in the eity or sunioipality;
total hcuseholde; number of urban bouseholds; number of commer—
cial establishzents; number of industrial establishments; number
of households with refrigerators; and numver of households using
flush water-sealed toilets. The data on total income tazes paid
in the oity/municipality in 1975 were cbtained from the BIR offiece.
Data on the probable sources of additional water supply were
taken from the recent preliminary kydro-survey oconduoted by INUA
and the WD,

The following is a procedure for assigning points to a WD
on the basis of the 5 oriteria.

1e 1975 Urban Inocome

Urban inoome is based on the total income taxes
paid by individuals and business entities and the per=
osntage of urban households with respect to total house-
holds in the city/munioipality. If the 1975 data are met
available, the peroentage of urban houssholds ias projected
to 1975 by applying an inorease of 0.1 to 0.4 peroent
per year, In prejecting the perocentage of urban house-
holds, growth characteristios and urban development
must be considered. The projeoted peroentage is mul-
tiplied by 1975 totsi income. Table MM 3-1shows the
breakdown of the annual income with points ranging
from 1 to 20,

24 1975 Standard of Living
The standard of living is measured by the nmumber
of households in the urban area with refrigerators and
those with flush water-sealed toilets,
The peroentage of urban households with refriger-

ators with respect to total urban households is projeeted
to 1975, if the 1975 census is not available. An inocrease

MM3-3






Ce

D,

5¢ Served Fopitlatien in 168D

The served popuiation in 1980 is pro jacted by
aelincuilng ithe future service areas of the WD and
projecting the population of the oi:y/ﬁunioipality
and of the service areas. The 1980 served population
is determined as a portion of the service area popula~
tion. In projecting the population servad and the
tuture service arecs, aeconomic growth and urban develop-
ment,; svallability of water surply and capability of
the water district to provids mervice sust be oonsidered,

Expeoted Nater Demand By Glasa of WD

The experience of the LiUA-CDN staff, eapecially during
the First Ten Urban Arcas Froject in the Fhili; pines, has been
used to aseigr. valaes cf expected water demand to the 5 classes
of water distriots. These sxpacted water demands are shown in
Table MW 3-2,

EBxample of Water District Classification

This method of claseifying a water district is illustrated,

with the Silay City Water District as an example, Available

data for Silay City are taken from the NCSO and BIR reprrts,

and from the preliminary hydro-survey by LWUA and the SIL-WD,

The following data were obtaineds
Total income taxes paid in the oity - 20,049,139 (1974-1975)
Total population in the city - 103,493 (1975)
Total number of households in the city - 10,915 (1970)
Total number of households in the urban ares - 3,693 (1970)
Total number of commercial establishments in the oity - 36 (1970)
Total number of industrial establishments in the oity - 1 (1970)
Total urban households with refrigerators - 266 (1970)
Total urban households using flush water-sealed toilets - 807 (1970)
Probable source of additional water supply - wells (1980)
Population in the service area - 21,280 {1980)

To determine the speoific weights of the above dats far each
grouping criterion, the methodology developed 1is applied as follows:

n3-5



TABLE MK 3-2

WATER DEMARD OF wATER DISTRICT GROUPINGS

Year
Clagsif:caticn 1980 1990 2000
Group 1
Domestic use, ipcd 140 155 175
Sommercial/Incdusirial/Institutional
% of domectic 17 21 25
Ejuivalaent, 1lped _%% __&% 33
Accounted~for-water, lpcd 1 1 210
Unaccounted-for-water
% of production 40 28 20
Zquivalent, lpcd 109 13 22
Total production required, lped 273 261 262
Group II
Domestic use, lpcd , 120 135 150
Commercial/Industrial/Institutional
% of domestic 15 17 20
Equivalent, 1lpcd 18 _2_& _‘3%
Accounted~-for-4ater, lpcd 138 15 1
Unaccounted~for-iater
% of production 40 28 20
Equivalent, lped 2 - 45
Total production required, lpcd 230 220 225
Sroup III
Domestic use, lpcd 105 120 135
Commercial/Industrial/Institutional
% of domestic 13 18 18
Equivalent, 1pcd 24 12 24
Accounted-for-water, lpcd 119 139 159
Unaccounted-for-water '
% of production 40 28 20
Equivalent, lpcd el 24 40
Total production required, lpecd 198 193 199

MH3-6



TARLE MK 3-2 (Continued)

AWATER LEMANT OF WATER BISTRICT GROUPINGS

Year
Classilication 1980 1390 2000
Group IV

Domestic use, lpcd % 110 125
Commercial/Induntrial/Institutional

% of dorestic 12 14 16

Equivalent, lpod A2 15 20
Aoccounted-for—water, lpcd 107 125 145
Unaccounted~for-water

*. of production 40 28 20

Equivalent, lpcd ey 49 36
Total production required, lpcd 178 174 181

Group V

Domestic use, lpcd 90 100 ‘10
Comqercial/Industrial/Institutional

% of domestic 10 1) 15

Equivalent, lpcd -9 A3 a1
Accounted-for-water, lpcd 99 113 127
Unaccounted-for-water

% of production 40 28 20

Equivalent, lpcd 66 4 32
Total production required, lpecd 165 157 159

MM3-T7



le 1975 Urban Income

In 1970, the urban hnuseholds accounted ror
33.8 percent of the total households in the city.
But due to recent dsvelopments in the local economy
and subdivision housing projecis in the urban smector
of iha city, ‘he number of urban nouseholds was pro-
Jeoted to increase to 3° vercent in 1975, The product
of the tctal 1974~1975 i. 'me taxes and the 1975 per=
centage of urban households represents the urban in-
come taxee which amount to about P7.017 million,
Table MM 3-1 zives thir a waight of 16 points,

24 1975 Standard of Living
This is measured by:
8. 1975 urban households using refrigerators

In 1970, 7.2 percent of the urban house-
holdy had refrigerators. Due to eoonomic and
housing developments, the percentage was esti-
mated ‘o inorease to about 12 percent in 1975.
Table MK 3-1 gives this a weight of 6 pointse

b. 1975 urban households using flush water-sealed
toilet faocilities

In 1970, the houseloclds with toil.t facili-
ties represented 21,9 perceat of urban households.
Due to the recent housing developments in the
urban area, the households with toilet facili-
ties were prejected te be about 32 percext in 1975,
Table NN 3-1 gives this a veight of 7 points,

3. 1975 } Business Index

It is assumed that one industrial cstablishment is
aquivalent to 10 commercial establishments, Based on
the 1970 census, the number of commercial establigkments
(equivalent industrisl establishments included) was
46 (36 + 10)s These establishments were expected to
have increased to 96 (at 10 ¢stablishments per year)
in 1975. Total urban households increased from 3,693
in 1970 to about 5,180 in 1975 (1975 pulation of
103,493 + average 7 persons/household). Hence, the
business index in 1975 was 1.9 percent (commercial estap~
lishments divided by the number of urban households in
1975)s Table MM 3-1 gives this a weight of 7 points.

1M 3-8



4o 1980 Cost of dater

3ased on the hydro-survey of LWwUA-CDN and SIL-wD,
deepwells arpear ito be the most probable economical
source of additional supply. Table MM 3-1 gives a
weight of 11 points for this source,

5¢ 1980 Served Fopulation

By 1980, the served population is expected to be
about 15,6301/&9 projected from the 1975 NCSO Census
of Population and Housinge Table MM 3-) gives thie¢ a
weight of 7 points,

Therefore, the SIL-WD has a total of 54 points under the
5 criteria, indicatirg that it belongs to Group III., The water

demands of this group from 1960 to year 2000 are listed in
Table MM 32,

Table MM 3-3 classifies 16 water districts in the
Philippines aocording to the 5 grouping criteria.

L]

l/SeeZC'napter VI, Table VI-3, of tbe Silay City Peasibility
Study Report.



TABLE XN 3-3

SWOWURY OF CITIES/MUNICIPALITIES SUBJECTED
T0 THE WATER DISTRICT GROUPING CRITERIA

Standard of Li
Urban Urban 1980 Cost

1978 Households Houselolds 1975 of Hater 1980

Urben with 23fri- with Plush Buciness Source of Served

Ineo:-.c ators Toilets Index Supply PFopulatiorn Total
Civy/ihmictoality (Points) ?m-g“! (Points) (Points) (Points)  /"iints} FPofute Group
Bislig, Surigao del Sur 14 6 7 11 14 7 59 3
Urdaneta, Pangasinan 6 7 9 11 11 5 50 3
Calamba, Lagum. bV 9 10 7 17 6 63 2
Gepan, lfueva Zoi ja 6 8 9 7 11 5 47 4
Silay City 16 & 7 7 11 7 54 3
Cebu City 20 10 10 "7 5 20 T2 1
Davao City 16 9 9 16 11 10 71 1
Bacolod City 20 9 9 7 11 18 "4 1
Zambeanga City 14 7 9 7 T 16 68 z
Digos, Davao del Sur 12 6 9 7 11 5 U 3
Bacaocay, Albay 1 5 9 11 20 ) o1 3
Bangued, Abra 1 4 8 7 20 6 48 4
Dalaguete, Cadu 1 5 8 4 11 9 4 5
Baybay, leyte 10 9 8 16 9 6 58 3
Roxas City 10 9 8 16 7 6 58 3
Cotabato City 12 9 8 11 11 7 S8 3
Olangapo City 18 9 10 20 11 1
Sabic é 5 6 16 1 5 47 4
San Peruando (Psmpang-) 14 6 7 20 11 7 65 2
Tarlao 1z 8 8 16 11 8 63 2
Cabanstusn City 12 8 10 11 11 9 61 2
Lipa Oty 8 8 10 16 11 7 50 e

1lao~Tayebas 14 6 8 7 17 12 64 2

Dast 10 5 4 4 20 10 53 3

MM3-10



CAMP DRESSER & McKEE INTERNATIONAL INC.

Methodology Nemorandum No. 4
To t L. V. Qutierres, Jr,

Fros t E. Jaoildo

Date. : 20 January 1977

3ubject: Probability Analysis of Stream Flows by Gumbel

In evaluating the surface water souroces for water suvply
vurposes, the analyst has to focus his interest on statistical
frequency of ertreme low flows. Sinoe the exaot sequence of
sireamflow for future years can not de predicted, he also has
to consider the prcbable variations im flows in order to
develop a deaign on the basis of caloulated risk,

In 1941, %. J. Gumbel devised a probability method by
whioch reourring flows can be computed for design requirements.
Under this method, the hydrologio data are analysed as an
"extreme value" distribution and the sets of hydrologio data
are plotted as straight lines. Gumbel's method has been fourd
advantageous to use.

B. Basio Data

The hydrologioc data aro found in ter Su
Bulletins published by the Water Resources Divisiom of the
Buregu of Public Works (BFW). Data are presented in the follow-

ing sequenoce:

e HName of river basin

2 Name of stiream

3¢ Looation of gaging station in latitude and longitude

4o Drainage area in square kilometers

5¢ Reoords available:s months and year

6o Gage olevation

Te Extremes; msgnitude and dates of maxisum and minimum
flows

80 Remarks

9. Revisions

10. Presentation of daily discharge for one year

M4~



It should be noted that Surface Wator Supply Bulletins
after 1547 rave nct hLeen rubliched; <hey are om file a* the 3rW
Water Resources :ivieion,

Methedology

Belew are the steps in Gumtel's rrobability analysis of
streamt'lows,

Table ¥M4~1

1. Tabulate the monthiy flows {moan, minimum or
maximun, whatever jo desired),

2. Taxe note cf any chenges in the yearly records as
giated under "Remarks" or "Revisions" of the
Bulletin, Write them under remerks in Table MM4-1,

Table MM4-2

1. Arrange all monthly flows in asconding order, i.e.,
from laweet to highest. Any flow that occurs
mor2 than once should be ligted.

2. Rank the arranged flows under "m",

3. Take the logarithm of Qe

4o Solve for the probability flew by the formu:la

- x 100
n+l
where, m is the rank of a particular flow
n is the tota! number of recorded r'lows.
5. Solve for the return period by the formula
n+l
et

Fi 1M4-1

l. Plot log Q a8 ordinate against rrobability as
abacissa. Figure MMi-1 is Cumbel's Bpecial proba~
bility paper.

2. Draw a straight line (sonth line passing through the
points marked in step C-1, If not all the points
fall on the line, adjust the line such that it
pasees 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 values of return
periods in monthas as projeoted on the log Q scale
(crdinate). 1The antilogs are the recurring flows in
cubic meters per day.


http:Rem;-.rs

Banin:
Station:
Location:
Drainage Area:
Year Jan
1965 -
1966 -
1967 4,922
1968 66
1969 141
1970 1,989
1971 3,123
1972 51992
1973 697
1974 1,405

Pampanga (San Vicente)

Pefiaranda River
lat. 15°18%46"; long. 120°56¢30"

575 oqkm
Bb  Nar  Apr
2,283 753 51
2,915 - -
857 1,189 5417
17 120 540
32 336 689
814 279 17
642 732 294
4,873 406 1,461
823 82 108
1,332 2,191 4M

May

372
8,941
873

664
17
1,499
767

621

TABLE MM4~1

MEAN-DAY DISCHARGE PER MONTH

Jun Jul
1'313 -
1,59 2,682

425 1,012
301 3,203
4,567 4,021
415 18,347
686 2,525

3,781 3,497

M:4=3

Aug

4,215
6,614

2,394
1,628
1,824
15,977
2,650
10,761

Sep

54425
4,415

2,248
94590
1,377
6,306
4,405
10,014

Gage Elevation: 11,050 »
Unitss cunsd x 1,000
Ninimun-Day
Discharga/
Oct Bov Dec Tear
3,239 5,156 4,353
1,413 9,801 3,380
5,707 5,896 )
- - Y
1,175 1,785 2,190
11,726 9,689 35,915
11,161 5,229 15,007
216 4,701 2,89€
14,582 4,149 2,124
12,567 16,317 13,693

Bsnarcks



MEANFLOW (PTNARANDA RIVER, SAn VICENTE)

m oumd I 103
9 17
2 17
3 32
4 66
5 11
6 82
7 95
8 96
9 108
10 117
11 120
12 125
13 141
14 216
15 2719
16 294
17 301
18 336
19 351
20 372
21 406
22 415
23 425
24 471
25 540
26 547
7 6214
28 642
29 664
30 686
K} 689
32 697
33 732
34 753
35 161
36 814
7 823
38 857

ey
ALl 1FULE-2

GAPAN WATSR DISTRICT

Log §

44230
40230
40505
4.820
4,886
4.914
4,978
44982
50033
50068
5079
5697
5¢149
5334
5¢446
50468
50478
50526
5¢545
50570
54608
50618
5628
50673
5732
5738
5793
54808
5822
54836
5.838
50843
50864
5877
5885
5.911
5915
5933

HF4~4

Probability

n+1

(=== z 100)

Ce93
1.85
2478
370
4¢63
556
6.48
Te41
8433
9426
10,18
1111
12.04
12.96
13.89
14,82
15.74
16467
1759
18.52
19.44
20037
21030 i
22622
23015 -
24,07
25,00
2593
26,85
27.78
28.70
29.63
30,56
31.48
32.41
33.33
34.26
35018."

Return Period
(Monthe)

(2s1)

108,00
54400
36,00
27400
21460
18,00
15.43
1350
12,00
10,80

9.82
9.00
8.31
TeT1
Te20
6.75
6035
6,00
568
5¢40
5¢14
4.91
4.70
4.50
432
4.15
4.00
3.86
3.72
3.60
3.48
3.38
327
3.18
3.08
3.00
2.92
2,84



TA7IT 184-? {continued)

MEINFLOW (FENARANDA RIVER, SAK VICENTE)
GAPAN WATEE DISTRICT

Return Period

Probatility (Months)
Q - nt}

n_ gumd x 10 Leg G nel ¥ 120) ( n )
19 873 5.941 36411 277
40 1,012 64005 37.04 2.70
41 1,175 6.070 37.96 2.63
42 1,185 6.075 33,6889 257
43 1,313 5.118 394815 2451
44 1,332 6.124 40.741 2445
45 1,377 64139 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 64165 44444 2.25
49 1,499 6.176 45.370 220
50 1,595 6.203 464296 : 2.16
51 1,628 6.212 47222 2.12
52 1,785 6.252 48,148 2.08
53 1,824 64261 49.074 2.04
54 1,989 6.299 504000 2,00
55 2,124 60327 50,926 1.96
56 2,190 6.340 514852 1.93
51 2,191 6.341 52.778 1.89
58 2,248 64352 53.704 1.86
59 2,283 64358 54.630 , 1.83
60 2,394 64379 550555 1.80
61 2,525 6,402 564481 1.T7
62 2,650 6.423 57.407 1.74
63 2,680 6.428 58.333 1.71
64 2,896 64462 594259 1.69
65 29915 64465 604 185 1466
66 2,928 64466 614111 1.64
67 T 3,123 6.494 62,037 1461
68 3,203 64506 62.963 1.59
69 3,209 6.510 63,889 1.56
70 3,497 6.544 64.815 1.54
(4] 3,561 64552 65.741 1052
T2 3,781 6.578 664667 150
3 4,021 64604 €7.592 1.48
14 4,143 6.618 68.518 1.46
16 4,358 6.639 70,370 1042
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TABLT EMA=D (cantinued)

MEANFLOW (PENARANDA RIVER, SAN VICENTRE)
GAPAY WATSH DISTRICT

Return Period
Probability (Menths)
Q -1 n+
onad x 103 Log @ (n+] x 100) (__El)
71 4,405 6e644 T1.296 1.40
78 4,415 €.645 724222 1.38
19 4,567 6.660 73.148 1,37
80 44701 6672 74,074 1.35
81 4,573 6.688 75.000 1033
82 4,922 64697 750926 1.32
83 5,156 66712 764852 1,30
84 5,229 6718 77.778 1.28
85 5,380 64731 78.704 1.27
86 5,425 6.734 79+630 1.26
88 5,896 6.770 81.481 1.23
89 5,992 6.778 82,407 1021
90 6,306 6.800 83,333 1.20
92 6,915 6.840 854185 1.17
93 8,941 6951 864111 1.16
94 9,590 6.982 87.037 §¢15
95 9,689 6.986 87.963 1.14
96 9,801 6.991 88.889 1.12
97 10,014 7.001 89.815 1e11
98 10,761 T.032 90.741 1.10
99 11,161 7.048 91.667 1.09
100 11,726 7.069 92,592 1.08
101 12,567 7.099 93.518 1,07
102 13,693 T.136 94.444 1.06
103 14,582 T.164 95.370 1.05
104 15,007 Te176 964296 1.04
105 15,977 7.203 97.222 1.03
106 16,317 T.213 £3.148 1.02
107 18,347 Te264 99.074 1401
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RETURN PERIOD (MONTHS) GUMBEL DISTRIBUTION
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AN TNESSER 3 Nl LTV ETIN S TICING N L

Nethodology Memorandium No. 5
To : L. V. Gutierrez, Jr,
From : J. E. Artu*knot/R. H. Canclin
Date : 1€ May 1977
Subject: Quantity of Storage Versus Pate of Supply
A. General

The “-and Tor water in & water sysiem is not uniform,

B,

therefore, the system must be dosigmed to supply water at
varying rates of dem:und.

Cne common rmethod of supplying water at varying rates
is to provide a specific amount of source pumping capacity
and suprly the difference batween demand and pumping cape-
city from a water storase facility.

The most economical amount of pumring capacity and
storage volume is selected based on cost studies of alter—
native combinetione of facilities that would meet a com-
munity's needs. Some of the faotors that shoi.d be considered
in these oomt studies and some basio guidelines for selecting
properly pized facilities are presented in this memorandum.

Discusesion

The amount of water a community needc at any particular
instant ie primarily dependent on the following factors:
l. The number of pecple within the community

2. The nunber of water-consuming faoilities within the
average home (faucets, toilets, showers, automatic
washing appliances, etc.) *

3. The habite of people (what times people eat, shower,
sleep, oto.)

MM5-1

NN









Ce

Storage requirements for the last two categories have been
largely neglected in these studies because of the axocessive cost
involved to provide the storage.

Methodology

The engineer must determine the amount of storage and souroce
capacity to meet the demands in a spaoific community. A set of
curves that relate the peak hourly usave to the numb? of people
in a community has been developed by TDM and others. Praotioe
has shown that a volume of adboui 15 to 20 percent of the maximum-
day usage is required as operational storage if souroce facilities
can supply maximum-day demande. Combining the "peaking curves" with
the operational storage requiremonti, a second set of curves relating
the quantity of storage to the number of people, at different rates
of source supply, has been developed (see Figure MMS=2).

Up to this point, the only optian that has been discussed is
to supply peak-hour demands from storage facilities. In many cases,
the cost of storage facilities is so high that it may be more eco-
nomical to provide additional source capacity and reduce the quan-
tity of storage. This is espeoially true where storage is provided
in elevated structures that are very costly, since they are built
to withstand earthquakes. The curves in Figure MM5-2 have been
used in this study to determine the requirements for storage at
various supply rates in order to prepare ocost comparisons of alter-
native supply and storage combinations.

£/ASCE Nanual of Practioe No. 37.

1245=3






AN DRIESSER & Meay o IWTERNATIONAL

Nethodology Memorandum No. 6

To

t L. V. Gutierres, Jr.

From : J. Arbuthnot; B. Conklin

Date : 22 March 1977

Subject: Economical Sizing of Pumpsd Waterlines

A,

Genaral

This memorandum develops an expression for the most eoo~
nomic sise of a pipeline for pumpad water systems based on two
cost faotora: cost of pipe-in-place and cost of pumping
(energy). The larger vhe pipe the greater the ooet of con
struction. Also, the larger the pipe the lesser the cost of
energy required to pump water through the pipe. The most eco-
nomic ripe sizes would be where the inoremental cost of pumping
is equul to the incremental cost of pipe construction.

In most situstions, the above cost factors are the most
important factors in determining the cconomioal sise of trans-
mission mairs. Iven when these are not the only important
factors, it is still advantageous to know what is the most
eoonomic sise of pipe with regard to these two factors.

General Relat ionﬂ' P

1" .

The total annual cost of a pipe line is equal to the =om of
its construotion ocomt (expressed on an amortised annual basis)
plus its mmnual pumping cost.

Y
Ct ™ Cc + Cp

To determine the most economic pipe diamster both the fao-
tors on the right hand side of the equation wers expressed in
‘erms of tke diameter of the pipe. The equatimn was then
differentiated with respect to the diameter, and solved for

the déroter for which the resulting expression was equal to
serc.

A\

l/ Total Annual Cost = Annual Camstruction Cost + Annual

h‘p Cost.

2 . .
d(ct) . a(cc) . d(cL) « 0, whore X = pipe diameter
dx - dx dx

11t6=1

inNC.
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Plow Pattern No. 2

Paroent of 2verage Bnexgy roent of Averuge Energj'—'
fay Depand Veristion Tay Denand Yariaiiny

32 0,035 48 s 123

3¢ Q.05 qe 012}

S 2,065 48 Ce123

33 0,342 100 1,000

4% 0.102 100 1,000

35 C.884 100 1,000

133 64522 120 1.682

206 74855 120 1.682

198 T:016 120 1,082

156 Je554 120 1.682

169 44466 120 1.682

129 2,087 120 16682

123 1,80% 120 1.682

95 0.864 120 1,682

99 0.972 120 1,682

96 0,890 120 1,682

107 1.212 120 1.682

133 24255 120 1.682

130 2.113 120 1.682

87 0.672 100 1.000

64 0.280 100 1.00C

54 0.172 100 1.,00C

42 0,084 48 0.123

38 0.063 48 0423
44.038 28,481

44.038 28,481
24.000 = 1.83 ETR 54,000 " 1,19

by 1S






K.

used for this study. Figure ‘.. -3 prcsents an ad justed graph of
diurnal flow using the chap2 of the Cebu curve but 1 maxiwun

peak of 1e75e The EVF for Lhlz wumve 48 equi: 4y 0,22 {2a9 Table
0 6—2) and when raissd to thz 0,1523 power, ecuals 0.0,

In prasiice, the EVF vaed for distribution gra-are in zhis
study is only significant when the pineline size is grerter +tan
300 = (sigpificant means that EVF changes the recommended pipe
size by a largs incremental size),

Exaaple

Problemt 3Select an eccnomical disiribution pips size to coh=
vey a peak-~hour flow of 20 XLD. The ccut of power i3 49 centavos
per kilowatt hour, the pump efficiency io 81 percent,end the
motor efficiency ia equal to QU percent,

Solution:

Peson/kwh - 49
Eff 061 X 09'0

- -672’ B&y 0575

From Pigurs MM 6-1 using the flow of 20 ML) »nd “seos/kwh/
Bff = ,675 selacl a pipe size of 500 me,

Por a flow variation in a distribution cain, the EVP 13 equal
to 0.32 and ihe EVP raised to the 0,1623 power is equal to 0.83,
The most economical pipe size for the actual flow “ariation is
equal to 0.83 x 500 m or 415 m} a0 choose 400 mm nipe size,

AT



TABLE MM -2

“"EVP* FOR DISTRIBITION SYSTEM

Perosnt of Average Peroent of Design Energy
Rour Day Demand Flo Variat 1051/

1 35 20 04010
2 40 23 0.015
3 39 22 0,013
4 37 21 0,012
5 73 42 0,084
[3 134 7 0475
7 164 94 0.838
8 175 100 1,000
S 174 99 0,972
10 163 . 93 0,813
1 162 93 0.813
12 134 i 04475
13 118 67 06317
1 94 54 06172
15 94 54 0,172
16 94 54 0,172
17 106 60 0.233
18 129 T4 0.424
19 123 70 04362
20 96 55 0,182
21 T2 41 0.079
22 58 33 0,042
73 47 27 0,024
24 40 23 0,015
T.T16

16 0.1623
EVF = F}:iz)'ﬁ- =32  EVP = 0,83

R R ——— Y ——

%//U-ing 175 pervent of average day as base fl=w for pipe design.

Equals Percent Design Plow raised to the 2,852 puver,
* Energy variation at oonstant flow

w6-8






