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FOREWORD

This feasibility study presents ihe recommended plan for the
upgrading and expansion of the water supply system of the Cotabato
Water Distriot (COT-WD)s This study waa made by the Looal Water
Ttilities Administration (LWUA), with the technical sssistance of
Camp Dresser and McKee Internmational Ino. ‘fhie study is the result
of many months of work in Cotabato City in Maguindanmo Provines,
and is supported hy extensive experience with other water distriots
in the Philippines during the First Ten Provinoial Urban Areas
PFeasibility Studies,

This study was prepared in two volumess Volurwe I, the main
report, which oontains the recommended plan and the methodology memo-
randa; and Volume II, which contains detailed background information
relating to speocifio seetions of Volume I. A complete understanding
of the two volumes would require reading the previously published
Water Supply Peasibility Studies Methodology Manual (Volumes I and II),
& compilation of the handoute used in the six-month long treining
seninar oonducted in 1975 by CDM during the First Ten-Area Feasibility
Studies,

The recommended plan is a technically and ecocnuvmiocally feasible
program for providing tae COT-WD adequate water supply up to the year
2000, The plan should not be vie.sd as a rigid plan; every attempt
wvas made to develop & plan compatible with the needs and desires of
the water district and of the peoplsa. However, during the final
engineering design of the recommended facilities, ohanges could still
be made. Design ohanges would be based on more recent field data,
changing priorities of the water distriet and more eccnomioal methods
of providing the recommended facilities, Any changes oonsidered in
the final design should help to further reduce the expected financial
impact of the project. ’

While the main objective of the Second Ten Provinocial Urban Areas
Feagibility Studies was the preparation of feasibility reports another
important objective was the training of Filipino counterpart enginesrs
in water supply projeoct planning. The training program which included
lectures and on=tho~job training aimed to develop local planning
oapability for water supply projects. The Filipine engineers learned
by aoctually doing the work, with the CDN consultants providing the
neoegsary expertise and guidanoce.

The following have oontributed significantly to the development
of the water supply feasibility studies for COT-WD:

Wilfredo Sevilleja, Counterpart Chief Engineer
@erardo Sullano, Group Lecder



Eduardo Santos, Profe¢ssional Engineer
Reynaldo Tabac, Professional Engineer
Jean Casten, Eoonomist

Celso Razal, Jr., Economist

Lourdes Gutierres, Technical Writer
Federico Uluan, COT=WD (General Nanager

The following project staff members have also contributed to
the tecinical/non-technical work of the studiess

Mario Bermejo, Professional Engineer
Rommel Liamco, Professional Engineer
Pedrito Camilet, Jre., Field Technician
Angel Angeles, Draftsman

Arlene Raymundo, Secretary/Typist
Diosdado Burca, Printing Assistant

The following consultants have provided the guidance during
the studies:

James Arbuthnot, Chief Engineer
Eugene Rumph, Hydrogeologist

James de Young, Water Supply Engineer
Bruce Conklin, SystemsEngineer
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CHAPTER I SUMMARY AND RECOMMENDATIONS
A. SUMMARY OF STUDIES

Description

The Cotabato City Water District (COT-WD) was formed on March 9,
1976 by virtue of Resolution No. 35 passed by the Sangguniang Bayan
of Cotabato City. The COT-WD includes all the barrioe of Cotabato
Citye Following its formation, the COT-WD aoquired the ownership and
management of the entire water system from the oity government,

The City of Cotabato is situated in the northern coast portion
of the Maguindanao Province on the island of Nindanao, The city conw
sists of a poblacion and 4 barrios (Rosary Héighta, Bagua, Tamontaca
and Kalanganan), with a total land area of 17,600 hectaress

Cotabato City is generally low, ranging from 2 to 10 meters above
mean sea level (MSL), Hills range in elevation Zrom 50 to 100 meters
above MSL. ‘

The population of the city in 1970 was 61,184, 83 percent of which
were olassified as urban and 17 percent, rural,

Existing Water System

The water system of COT-HD was originally construoted in 1939 and
had its major reinforcement in 1955« The sources of water from COT-WD
Wwere Dimapatoy River and 4 deep wells drilled within the city. Water
from Dimapstoy River passes through the settling basin from which water
flows by gravity to the ground reservoir atop Colina Hill,

A 9¢5 km, 250-mm transmission line carries the water from the
settling basin to the repervoir,

The storage facilities for COT-WD consist of one T50=cum concrete
ground storage tank located on Colina Hill at the cenier of the Poblacion.
The tank is not used at presente

The distribution system, first comstructed in 1939, congists mostly
of 100-mm lines, It was expanded in 1955 and 1972, The distribution
pipes have a total length of 27 km.

Projections

The present service area of COT-WD covers only the poblacion,
Barrios Rosary Heights, Tamontaca and Baguae The service area through
the year 2000 will extend to Barrio Kalanganan,

I-1



The popwlatice in the OTWD in 9975 was 50,300 snd is projected
to increass ito 135,650 by 2000, at an average growth rate of 4.05 per-
cent per year. During this same peried, the population served by the

R s O . e - r- " N A AT
COT-ND im expacted to incrasse from 13,048 fo 105,550,

The per eapits comsweprion is expected to be 198 lpad iv 1980
vith 8 total daily average usage ot 44,370 cum, The per oapita usagse
is projected to decresse tc 193 lped in 1290 dus o lmprovesd water
socountebiIiiy e o foc to ioipod dn 2000, The averags
deily water wua
cund 1n 2000.

LA

Kater Hecourcos

Three poteatial sourcen of water, besides Dimapatoy River, were
idemtified for COT-WD, Two sources are aquif'ers that would require
wally to obtain ualer {deep wolls boencoib (OT-WD and induced infilt-
ration walls wlong Stwy Diver) snd Lthe thivd sourcs is Tawvuel
Sprixge

I
£

Deep welln ir the alluviel plains of Cotabato are not suitable
as a gource of waisr supply because of sxcessive salinitva

Induoed infiltration wella drillsd along the Simuay River are
the only mesnn of tapping the Cotabatc groundwater suitable for water
supply. It iz cypected ikat the aguifer womld praovide sdoquate
mantity of suter to wells and thsi the aquifer hae adecaabs rechargs
from the Simuay River. Such wells will produce good quslity water
and will raquire only cklorination for treatment.

Taetel Spriug emseges from o limess at the foot of
the Linangen Mountaimas. Frow geslogio studies of the aresd, the spriay
appears to be & result of molution feed chanpels in a large limestone
formation. The formetion wonléd requirs massive amounts of racharge io
maintain the spring flow; the dry and setl saagon flnctuntions in flow
would be aignificant. Pharvs je apperently sufficient flow st the pre-
sent time tc supply the 1985 woter requiramenis of COT-WD:; however,
careful monitoring of the spring digoherge will be required 1o deterw
mine more accurately tho minimus flow that pay be eaxvscted,

Adterpative Stuiden
Studics on alternetive sourcos of water supply for COT-WD indie
eate that th: Fevalopment of Tarmel Soring supplemented with water

Trom Simaay Piver and aupply from groundwstsy aAlons were found not
cosl eff'active for COT.ED.

I=2
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The requirements for the disirivution system were analyzed with
the aid of a computer, The resulting distributior system is described
in deteil in Chapter IX.  Based on the analysim of the pressure ro—
quirementy o»f the aysteng & single proosure sops ares ahovld bhe o N
vided for COT-{D.

B. RECOMMENDATIONS

General

A water supply system utilizing firat Tanusl Spriag and later
induced infiltration wells nsar the Simusy River as the sources
of water through the year 2000 is recommendsd for COT-MD, The spring
site will be developed and new transmission, distribution and adminig
trative faociliities will be constructed during the immediate improvee
ment program and a long-term construction program divided into four
phases. The main features of the recommended long=terw project for
COTWT are summarized in Table I~l and shown iz Pigure IX~l (eppended )

Source

Tanuel Spring will supply maximum=day demands of 125700 cumd to
COT-D in the year 1988; the remaining water requirement to the year
2000 will be obtained from Simuay River induced infiltration wellae

During the immediate improvement programg Tsnuel Spring will be
developed and the existing Dimapatoy River source faoilities will
Barve as stand=-by unite During Phase I-4 the Dimapatoy River faciliw
ties will be abandoned and the 4 exigting wslls will serve ag stands
by unite. The city wells will be ubandoned follewing 199G,

In 1983; when Tanuel Spring is fully utilized, induced infilirae
tion wells along the Simuay River will be developed to supply the
water requirement through the year 2000.

The COU-WD ghould apply with the National Water Remources Council
for water rights on Tanuel Spring and Simuay River,

Transmission/Distribution Facilities

A new 200-emn transmission line f£rom the Tanuel Spring to the
Junction at Tamontacs River will be constructed during the immediate
improvement program. A new 35C-mm transmission main will be conatructed
parallel to the 200-mm line during Fhame I~-Ae In Phage I-~B during
which Simuay River induced infiltration wells will be developad, a 250
mm transmission line will be constructed from the First 3imuay River
induced infiltration well to the Haguindsnac River Bridges. Another
250-mm pipeline will be construcled in Phose II-A and a third one in
Phage I1I-B,

I=3



Construction Period

Total Project Cost (P x 1000)
Foreign Exchange Component (® x 1000

Souvrce Development

Transmission

Distribution

Storage

Internal Yetivork

TABLE I-1

SUMMARY CF PROPOSED WATER SUPFLY IMPROVEMENTS
COTA3ATO CITY WATER DISTRICT

Construction Phase

Immediate

Improvement

Program 1=A
1978=1979 1980-1985
69345.5 21,83101
3,198 11,6864.2

Obtain legal water
rights, construct ing
new intake and chlo-
rination facilities

and pumping station

Leakage survey and lNew
repair (see Table 350
IX-2). New pipelines

200 mm—2.0 km

leakage survay and See

Expand pump-

station

pipeline

Table IX=3

repair (ses Table 350 mm=5+34 km
IX-1) 200 mn-2,02 km
250 mm— .39 km 150 mm=4.50 km
150 mm=1,05 km 10C mm=4.50 km
100 mm~— 805 km Valves

Valves

- Jew €75 cum
tank

Leakage survey and 202
repair

hectares

I-B

1986-1990
16,536.6
7439147

Construct one

well equipped
with disinfec-

tion facilities,

river crossing
and access road

Y¥ew pipelines
250 mn=5.83 km

See Table IX-H
250 mm— o30 km
200 mm=1.81 km
150 mm=8.49 km
Valves

Yew 675 cum
tank

159 hectares

II-A

1991-1995

14,498.7

7,462.2
Construct two
wells equipped
with disinfec=
tion facilities

New pipeline
250 mm=6.83km
200 mm— .50km

See Table IX=7
250 mm=-1.97 km
200 mm— .55 km
150 mm=~4¢58 km
Valves

New 675 cum
tank

203 hectares

I1I-B

1996=2000

15,854.2

8,310.2
Construct two
wells equipned
with disinfec=-
tion faciliiies

New pipelines
250 mm=T7¢83 knm
200 mm=0.50 km

See Table IX-9
250 nm— .81 km
150 mm=5.28 km

New 675 cum
tank

172 hectares

1/All foreign exchange figures used in this report were synthesized from data based on actual costs in U.S. dollars,
Zo be consistent with previous studies, these foreign exchange costs were convarted to RP pesos at a rate of U.S. 21,0 =
¥ PT,00., To ontain correct current foreisn exchange costs, multiply those presented in this report by tre ratio of tle

c..rrenit excaange rolc

<4

The actual local component of costs (in vesos; is as presented herein.



Zervice Connections

Fyrdrarnts

miscellaneous

e ’ L
24818 I-1 {Joniinued)

Immediate
Improvement

Program

Add 1,018
Convert 1,635
Repair 348

Repair/replace
existing hydrants
Administrative
building and equip-
ment, plumbing and
meter repair faci-
lities, vehicles

Construction Fhase

K

sdd 2,164
Repair 1,334

417 hectares
Plusting Shop
and laboratory
facilities

5

I8 II-4
Add 3,860 £3dd 3,821
239 hectares 253 hectares

225 hectares



The distribution system will be reinforoed and expanded bty ine
stalling 29.3 km of pipelines of sizes ranging from 100 ma to 350
m, by 1990, An additional 13 km of 150 to 250-mm pipelirs will
be installed by the year 2000 to extend water service to more ocone
BSUROX'S,.

By 2000, approximately 736 heotares within COTwWD will receive
internal network pipelines and 16,345 rew service ocnneotions will
be added, All existing and new service ocoameotions in the district
will be metered,

Storage

The existing 750-cum distribution storage tank will be adequate
for COT-.WD during the immediate improvement program only. An sddition~
al 2,700 cum of ctorage will be required before the yenr 2000. Four
675~cum storage tanks will be construocted, one each in Fhasos I=A, I-B
XI-A and II-B.

Qmjal Cogt Mgz

The capital costs for each phase of comstruction, inoluding
the immediate improvement program, are summarised in Table I-Z2,
A more detailed breakdown of costs for the immediate improvemenmt
progran and Phase I-A is given in Table I~3 (July 1978 price levels),

0 ation and Ma e (o

Annual operation and maintemance costs are expenses inourred
for personnel, power, chemicals, maintenance and miscellanecus
expenses, Estimates of the annual operation and maintenance oosts
of (based on July 1978 price levels) are given in Table I-4,

Financia) Foasibility

The financial feasibility analysis made for the study establishes

a detailed set of guidelines that the water district management may use
in making orucial deoisions during the next few years. A plan has been
developed to indicate the manner and time funds will be used to operate
and maintain the system; implement the program; establish reserve funds;
and retire the indebtedness. Water rates have been developed on the
basis that the system will be financially self-gupporting. These rates
appear to be within the ability-to-pay of the average COT-WD householder.

I-6



TABLE I-2
CAPITAL COST SUMMARY

Construction Construction Construction

Project Cost ()

Phase

Period __ _Cost (™) _ Loocal Foreign Total

Immediate
Improvement ' ’ : ' ' ’ : ‘
Progran 1978-19 499154800 3,147,500 3,198,000 6,345,500
1-A 198085 1743254400 10,1444900 11,686,200 21;831,4190
I-B 1986~90 1237043400 9,144,900 7,391,700 164536600
TI~A 199195 11,744,030 7,036,500 7;462;200 14,498;700
II-B 1996-2000 12,957,100 7,543,300 8,310,900 15,854,200
Total 59,646,700 37,017,100 38,049,000 75,066,100
TABIE I=3
COST SUMMARY OF IMMEDIATE IMPROVEMENT
PROGRAM AND CONSTRUCTION
STAGE I PHASE A
(P x 1000)

Item Local Foreign* Total
Immediate Improvement Program . . .
Source Developmany 218,100 216,900 435,000
Transmission Facilities and o o

Distribution Pacilities 1,143,600 1,208,800 2,352,400
Service Conneotions 526,600 914,600 1,441,200
Administrative and Miscellaneous : : ‘

Administrative Building & Equipment 400,600 55,800 456,400

Plumbing and Meter Repair Facilities 4,500 93,300 97,800

Vehicles 60,000 60,000 120,000

Miscellaneous 5,000 8,000 13,000
Total Construction Cost 2,358,400 2,557,400 4,915,800

#7581,00 = P7,00

I=7



TABLE I-3 (Contimmed)

Ttem

Contingencias
Engineering
Land Costs

Total Project Cost

Stsge I Phage A Construotion

Source Facilities
Pipelines and Valves
Storage Facilities
Internal Network
Fire Hydrants

Plumbing Shop and Laboratory

Facilities
Service Connactions

Total Construotion Cost

Contingencies

Engineering
Land Costs

Total Project Cost

Item

Administration and Personnel 130,740

Power and Fuel
Chemiocals
Maintenance
Miscellaneous

Total

local
3244200
164,800
.300,000

39147,500

'453,4300
4,128,000
404,800
1,218,400
376,700

"4304200
1,126,400
8,137,800

1,164,300
642,800
200,000

10,144,900

TABLE I-4
ANNUAL OPERATION AND MAINTENANCE COSTS

1976 1980
2673540
420,310 182,170
o 364900
63330 46,420
25,930 37,960
583,310 570,990

1-8

Foreizm

3344500
306,100

3,198,000

-364,300
54666;500
101,200
876,800
520,800

' 189,000
1,469,000
9,187,600

1,304,700
1,193,900

Total
658,700
470,900

.300,020

64345,500

817,600
9,794,500
‘5064000
2,095 4200
897,500

619,200
2,595,400
17,325,400

2,469,000
1,836,700
200,000

11,686,200 21,831,100

1990 2000
345,020 580,320
4553430 880,620
96,650 167,680
260,580 4854200
98,470 55,400
1,256,150 2,369,220



Rate/RU

1979-1980 P0.75
1981-1983 1420
19841986 1450
1987-1989 1470
1990-1992 2400
1993=1996 2,10
1997-2000 2,20

It is recommended that the implementation of these rates fol=
low a socialized prioing policy to make the financial burden on the
consumers proportionate to their ability-to-paye. A sample socialized
rate structure for 1978~1980 that would generate suffiocient revenue
is as follows:

Usage Cost
{per_mopth) {per _cum)
first 16 ocum P0.85
from 17 to 24 cum 1.85
greater than 24 cum 2,45

Borrowing requirements will include P7,602 million from 1978
to 1981 for the immediate improvement program; 29,143 million {rom
1980 to 1985 for Phame I-A improvements; and P29,026 million from
1985 to 199G for Phase I-B improvements,

omi eagibili

The recommended improvements to the COT-WD water supply smystem
will bring about numerous economic benefits to the study area, Eco-
nomic feapibility studies show that the benefits will exceed the
costs associated with the development and operation of the water system.

Two approaches were adopted to determine economioc feasibility:
the benefit—cost ratio and internal economioc rate of return (IERR).
In both approaches, four bemefits valued at 1978 prices were included
and discounted at 12 peroent. The benefits considered are increase
in land values, health, reduction in fire damage and beneficial walue
of water. Analysis shows a benafit~cost ratio of 1,8% 1 and an
IERR of 56.1 peroent,.
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B  SECOMN TEN PUQUITIOTAYL UREAN AREAS

On 10 August 1976, LWUA and CDM signed an amendment to the
original situdy contract, exts ndtn the rcznzlllm-v gtudiae to
include the Lecond Ten FProvinelied Urhaﬂ freas, Tnege are Urdenetia,
Gapan; Calawba, Bislig, Sziav P~ty; Banguety Baybay, Roxas City,
Cotabato City, San Fernande (3 gn), Olongapo City and Los
Bafios (see Fisure IT-i}. This revort includes the technical,
Tinancial and sconomic studies fer tho improvemant of the water
supply sysbem in Cofabate Oity.

P ]
vt
g
5
xﬂ}

The dollar componsnt of the sscond 10-area teasiblility studies
has been financed {rem oroceeds of 3 loan to the CGovernment of ths
Republic of the Fhilippines from the Unitod States of America through
the USAID, Loan No, 482-104001 dated 9 Seplomber 1976, The peso com—
ponent of ithe studies, appreximately 41 perCenc, has boen funded by
the Govermment of the Philippinos,

-

The s}?dy cantract for the second 10 areas includss the follow—
ing tasks:<

1. Training of counterpart LWUA eagineers through cn--the-job
aprignmenis on various aspescte of waier supply feasibility
studies;

2. Preparing water supply feasibility studies for 5 provine~
cial urban areus, using the expatriate and local consultant
rersonnel for conducting such studies;

3« Preparing wator supply foauibility studies for additional
5 urban areas, with th® LWUA cngineers taking a dominant
role in ihe condnct of zuch studies.

The studies began on 1 Septembar 19756 for a period of 18 months.
The projecl staff was composed of 6 U3 engineers and 26 #1lipino
peraonnel. The persenncl of the vaapeciive water districts also
assisted during the caurse of the giudies,

Co MNISTORICAL WACKOHROIID OF COPARATO CIYY WATER DISTRICT

Tha water supply syotem of Uotahai& City was constructed in 193G,
oparated and wanagsd by bhe provincisl covernment of Cotabato.  In
19545 the water ut:tity wuz turnsd over o the Naticnal Waterworks
and Sewerage swibority {cuer w Ratropoliltan Waterworks and
Sewerage Systam), In Sartemie \5A traneferrad the ownership
and management of the syctem 4o - gevarnment of Cotabato City,

e vt

ﬂ/A]bhﬂHHh e incineion of 10 nress is stisulatsd in the con—
tract, feaninvility studios Pov 12 avean have actunily bean made,
ﬁ/Refcr to Avpendix 4, Velume 17 Por complete Torms of Referance.
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Realizing the benefiis that would result from forming a water
district, the city government passed Resolution No. 35 on 9 March
1976 creating the COT-WD to include the entire Cotabato City.
Ownership and management of the water system were thereafter trans-
ferred to the COT-WD in accordance with Presidential Decree (PD)
No. 198 (The Provincial Water Utilities Act of 1973).

The formation of the COT-WD was prompted by the need for an
adequate water supply and an upgraded water system. Limited fund-
ing prevented improvement and expansion of the system. Moreover,
the local officials recognized the putential role of the water dis-
trict in providing sufficient, safe and potable water supply.

The COT-WD was thus formed for the purposes of acquiring,
instelling, improving, maintaining and operating the water arpply
system, as well as the wastewater collection, treatment and dis-
posal facilities. To perform these functions, the COT-WD can
obtain financial and technical assistauce from LWUA. FD No. 198
provides that the water district shall operate eventually on a
financially self-sufficient basis.

The COT-WD is a quasi-public corporation and is politically
independent from the local government. As congtituted, the water
district is subject to the provisions of PD No. 198 and the rules
and regulations of LWUA. The COT-WD can promulgate ites own operat-—
ing laws through its S-member board of directors who are appointed
by the city mayor. The district can only be dissolved through
the act of this board.

On 5 November 1976, LWUA awarded the Conditional Certificate of
Conformgnce to the COT~WD after it had complied with the minimum
requirements of LWUA's certification programe. This certificate
entitlgs the COT-WD to rights and privileges authorized under FD
NO- 19 .

II-3



CHAPTER 1III DESCRIPTION OF THE WATER DISTRICTL/

A. PHYSICAL DESCRIPTION

location

Cotabato City is located in the northern coast of the province
of Maguindanao§7 on the island of Mindanao. With a total 1 area
of 17,600 hectares, the oity is divided into the poblacio and

4 barrio o

The present service aread/ (367 hectares) of the COT-WD is sit-
vated in the central part of Cotabato City and covers the more densely

populated sections of the poblacion, and the barrios of Rosario Heights,

Bagua and Tamontaca. By the year 2000, the service area will -alsgo
include Barrio Kalanganen. (See Figures III-1 and VI-1,)

Physical Features

Cotabato City is generally flat with elevations ranging from 2 to
10 meters above mean sea level (MSL). Situated at the center of the
poblacion is the Colina Hill whioh is 60 meters above MSL.

The city is practically surrounded by water. It is bounded by
two large rivers, Rio Grande de Mindanao on the northeast and Tamon-
taoca River on the southwest, and Morc Gulf on the west. The rivers
flow westward and empty into the Foro Gulf. Several creeks draining
the city discharge into these rivors.

There are three types of g0il in Cotabato City — Faraon clay,
Tamontaca ¢lay and hydroool. Faraon clay, whioch is unsuitable for

l/&he COT-WD covers all landa within the geographic boundaries
of Cotabato City.

g/In 1973, Cotabato Province was divided into three provinces,
namely: North Cotabato, Maguindanao and Sultan Kudarate The former
Cotabato Provincey located in the southern part of Mindanao was the
largest province in the Philippines. Ito boundaries were Davao Pro-
vince on the east; Celebes Sea on the south and west; and Bukidnon
and Lanao del Sur on the north.

l/city proper

é/k barrio is a political division of a city or municipality.

i/The term "service area" refers to sections of the water distict whioch

are currently served or intended to be served by the water system,

1171



agriculture, is found in the vicinity of the Colina Hill. The greater
part of the city is overlain Wy the productive Tamontaca olay. The
waterlogged hydrosol covers the coastal parts of the oity.

Cotabato City is classified under the Type 4 oclimate, with even
rainfall throughout the year (see Figure III-2). The average annual
rainfall for the period 1960-1969 was 2,200 mme During the same
period, average temperature ranged from 2649 °C in January to 28,1%
in May, with the annual average of 27.4°C. The olimatological data are
listed in Table IIl-1,

TABLE III-1

CLIMATOLOGICAL DATAé/

(1960-69)
Average Monthly Average Month&y
Rainfall (mm) Temperature (°
January 85.9 26,9
February 11445 274
March 11663 27.7
May 270.9 2841
June 15046 27.6
July 250.4 2649
Auvgust 354.4 27.0
September 233.7 270
October 219.5 27.2
November 181.2 27.4
December 90,8 2742
2,200,9
Average 27 ¢4

B. POPULATION
The population of Cotabato City in 1970 was 61,184, an increase of
63 percent over the 1960 total of 37,499. The city had a total of 9,660
households, or an average of 6.3 members per houssholde The general
characteristios of the population are listed in Table III~2.
C. LIVING CONDITIONS
Physiocal indicators showing the standard of living in Cotabato

City are listed in Table III-3s These indicators include types of
dwelling units, household facilities and utilities,

5 Sourcet PAGASA station in Cotabato Citye.

I1I=2
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TABLE III-2

MUNICIPAL POPULATION cramAcTERISTIOSY (1970)

Total Population
Growth Rate (196G-+1270)
Density

Urban/Rural Composition
Sex Composition

Ago Composgition

Employment
(% of those 10 years and
over)

8. By class ¢f worker
(% of labor for:e)

be By industry
(7 of labor force)

Biucation (% of those
6 years and over)

a. By attainment
(¢ of those 25 years
and over)

be MNumber of Schools

Dialacts

Religion

Source?

61,184

5e0% per annum

3.48 persons per hectare
urban, 83%; rural, 17%
male, 49%; female, 51%

0-14 years, 43%; 15-54 years, 55%;

65 years and over,

10 years and over, 41,864
employed, 46%; unemployed, 54%

wage and salary, 57%; own business,
26%; unpaid family workers, 17%

agrioulture, forestry, fishing, 27%;
mamufacturing, 12%; commerce, 15%;
services, 24%; construotion, utilities,
minor industries, 22%

6 years and over, 49,048

literate, 724; illitevate, 287

25 years and over, 20,533

elsmentary grades, 33%; high school, 20%;
college, 17¢; no formal educatica, 30%
elementary, 23; high school, 4; college, Z;
vooational, 5§

Maguindanso, 36%; Cebuano, 26;
15%;

Catholic, 51%; Islam, 40%; Frotestant,
2%; others, 1%

Tegalog,
Hiligaynon, 11%; others, 12%

lj&his information applies to Cotahato City an & whols.

1970 Census of Population and Housing, National Cenmus
and Statistios Qffice (1icso).
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TABLE III-3

CLASSIFICATION OF HOUSPHOLDS
BY TYPE OF FACILITIESY (1570)

Total Households
Average Household Size

Water Facilities
(% of total households)

Toilet Facilities
(% of total households)

Lighting Facilities
(% of total househols)

Appliances
(% of total households)

Cocking Fuel
(% of total households)

Total Dwelling Units
a, Type of Dwelling Unit
(% of total unite)

be Roofing Material
(% of total wnits)

9,660
6.3 mamnors psr houcehold

piped water, 5i%; rainwater, 257%;
gurface water, 14%; other sourcos, 0%

flush/iwater sealed, 29%; closed pit,
37%; open pit, 17%; no facilities, 17%

electricity, 56%; kerosens, 427,
others, 2%

radio, 63%; TV, 1%; rofrigerator, 12%

electricity, 1%; kerocene, 12%; LPQ,
11%; wood, 75%: othors, 1%

9,182

ainglo type. 7543 duplex, 1073 apartme:,/
accesoria, 11%; borong-barong (mokeshift
houses), cormorcial, industrial, etce., 4%

durable materials (nluminum/galvanized
iron, asbes%os, tile/concrete), 66%; .
non-durable -2terials (eosron, nipa, others)

3

-8; This information applies to Cotabrto City =i & vhole.
Source: 1970 Census of Population and Houzing, 1IC50.
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-Health

Hater~borne diseases occur particularly in the more densely
populated sections of the citys Public health authorities recog-
nize the correlation between the lack of safe water supply and
sewerage faoilities and the incidence of water-~borne diseasese
Table II1I1-4 shows the reoorded morbidity and mortality rates per
100,000 population due to water-borne diseases in Cotabato City
from 1964 to 1974. During this period, the average morbidity of
19305.6 in this province was about twice the national average of
666.5; the average mortality of 61.5 was also higher than the nation-
al average of 48.1.

TABLE III-4

REPORTED MORBIDITY AND MQRTALITY
DUE TO WATER~BORNE DISEASESZ/ (1964-1974)
(per 100,000 population)

Cotabato Philippines
Year Morbiditx Mortalitx Morbiditz Mortalitx
1964 1,067.8 50.9 846.3 60.2
1965 1933643 T71.8 715.8 51.6
1966 2,110.9 80.2 71501 61.9
1967 15250,0 T1.4 57261 47.6
1968 1,19140 T1e1 564.8 46.5
1969 1,241.5 62.8 706.9 46,0
1970 1,000.7 39.0 612.8 39,0
1971 341.0 2145 422,.5 35.8
1972 1,067.7 M.b T43.4 49.4
1973 2,060,9 111.5 768.4 50.4
1974 1469347 6146 663,8 40.4
Total 14,361-5 67604 7,331 09 528.8
Average 1,305.6 61.5 | 666.5 48.1

Medical services are provided by 3 hospitals, clinics and rural
health units loocated throughout the city.

2/Souroe: Disease Intelligence Center, Department of Health , Manila,

The water-borne diseuses, of which records are available, in-
clude typhoid, cholera, dysentery, and gastro-enteritis.

I11-5



E
N 73
Ve  ECONOMYSZ/
e 11,7
Pamily Tocorme—

In 1975, the province of Cotabaio was estimated to have 714450
familiea; with a combined annual income of P265.2 million. The ave-
rame Famdly ane of $3,725 was lower ihan the couriryts average of
L840, About 63 percent of Tamilies consititvuted the helow~avarage
income (¥1,000-13,999) grovp. The average dncome (P4 ,000=-29,9499)

group included 3% percent of the families; the upper middle income
(F10,000-P15,999) sroun, 1.5 percent; and the high-~income (?20,000~
\

. : ™
LNd OVary STaLD, 9 DoTee it
G Tyoed

i

ar

ity Income

Basied on records of the city government, the income of Cotabato
ity progreossively dnoreased from 1,3 miliion in fiseal year 1964~
1965 to 4.0 million in 1973~1974. In fiszcal year 1974-1975, how-
ever, income decreased ny almost P800,000. The decrease in income
coincided with the decline in business activity resulting from the
deteriorating peace and order condition in the areae The largest
sourcea of incomsz wore oily licenases and receipts from the operation
of’ the waterworks and the public market. The largest expanditure
items during the same period were maintenance and operation of the
market wund slaughterhouse and police services. The following are the
city incomen for the period 1964~1975.

wr
it

Mscal Ysar income Increaso DPecrease

19641 (}Gi—t P1,?7’793‘-’¢12 - -
19651966 1,405 ,658,77 133723665 -~
1966~1967 1,633, 75868 228,099, 91 -
1967-1968 14743,667646 103,908,78 -
1906~1959 2,262,811,03 919, 14357 o=
1969-1570 1470, 66378 157,852.75 -

197C-1971 2,543,109.03 122,445 .05 -

19711972 3,075,983.68 532,874.05 - i
1972--1973 3,886,003, 14 810,919.46 -

1973-1974 44324 ,996,85 1,006,093.71 “

1741975 4,100,976.97 - $¥794,019,88

Mo

Agriculture

Agriculture is the most impertant activity in Colabate City, with
about 60 percent of its bolal land zrea used for farmings The major
LropE are riee, copl'a, corn and fruits. The city serves as an outlet
Tor farm protection and center of technical and credit facilities for
agricultural development in the Cotabato arsa,

Nttt 0 gt P bt

e v des . oy .

A0 he Philippine economy from 1946 to 1976 is discussed in
Appendix1Fg

=~ 0nly provincisl data ave available at the NG30.
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The city also serves as a major fishing port of Cotabato area,
About 2,800 hectares of swampy area has been developed into fishponds.
Another important fishing area is Illana Bay, west of Cotabato City.

Commerce and Industry

In 1975, Cotabato City had about 1,850 commercial establishments,
54 percent of which were engaged in the whclesale and retail trade,
Goodsbeing traded were largely agricultural products,e

In the same year, there were 116 manufacturing establishments,
mostly agrioulture~based, These are grein mills, sawmills and cot=
tage industries,

Traneggrtation and Communication

The oity can be reached hy sea, air and land transportation. It
has an airport located in Awang for local travel and a port in Rio
Grande, servicing light passenger and cargo vessels. The road system
has a total length of about 45 kilometers, of which 48 perocent is
concrete or asphalt pavement,

Communication facilities include 11 telegraph stations, a tele-
phone system, 4 radio stations, 4 postal and messengerial servioes,
and a local weekly newspaper. '

Electric power service is provided by the privately owned Cotabato
Light and Power Companye The following is the schedule of power rates:
(a) residential — P0,6718/kwhr for the first60' kwhr/mo; P0.6018/iwhr
for the next 40 kwhr/bo; and P0.4418 kwhr for consumption over 100 kwhr/ho;
(b) commercial ~ P0,6718/kuhr for the first 100 kwhr/mo; P0.5918/kuhr for
the next 300 kwhr/mo; P0.5218 for consumption over 400 kwhr moj (o) in=-
dustrial ~ P0.4818/kwhr for the first 30-hour use; P0.4318/kuhr for the
next 70-hour use; $0,3868/kwhr for the next 200~hour use; and P0.3668/
kwhr for consumption over 300-hour use in a month, The city government
and a number of households are charged flat rates,
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CHAPTER IV EXISTING WATER SUPPLY FACILITIES

A, QENERAL

The original water system of COT~WD was constructed in 1939 with
Dimapatoy River as its water source. A concrete dam was constructed
across the stream of Dimapatoy River about 15 km south of the poblacion.
From the dam, water flowed by gravity to a reservoir constructed on
top of Colina Hill at the center of the poblacion through a 125-mm
pipeline.

In 1955, a settling basin was constructed 5.5 km downstream from
the dam and conneoted to the existing 125-mm line. A 5.5 km of 200-mm
pipeline was constructed parallel to the existing 125-mm transmission
line from the dam to the settling basin., The same year, the existing
125-mm transmission line from the settling basin to the city was re~
placed with a 250-mm pipeline.

In 1962, the source facilities of the system were reinforced with
the construction of a pumping station about 300 meters downhill from
the settling basin. It pumped raw water directly from the river to the
settling basin or directly to the distribution system.

In 1974, four wells were drilled in the city but only two wells
were made operational - the General Luna well and the Santos well.

In August 1976, an earthquake severely damaged the transmission
line from the dam to the settling basin, putting the Dimapatoy bam out
of operation.

In December 1976, the other two wells drilled in 1974 were reacti-
vated and connected to the systeme They were made operational in March
1977. At present, COT-WD has a total of 1,742 service connections.
Schematic diagram of the water system is shown in Figure IV-1.

B. WATERWORKS FACILITIES

Source Facilities

The COT-WD obtains its water supply from the Dimapatoy River, via
the Dimapatoy pump station, and the four wells located in Barrio Rosary
Heights, Dimapatoy dam is not operational at present because of severe
damage to the transmission pipeline from the dam to the settling basin,
caused by the 1976 earthquake. The water from the River is pumped from
an intake box, built beside the Dimapatoy River, to the settling basin.
The present total water supply is 6,080 cumd, 40 percent (2,390 cumd)
of which is provided by the Dimapatoy pump station and the remaining
60 percent (3,690 cumd) provided by the four wells,

IV=1



Treatment Faoilities

There are two treatment facilities in the Cotabato City water
gystem ~ a 2,840~cum sedimentation basin und conorete solution feed
tank for hypochlorination whioh is not presently used.

The sedimentation basin (Figure IV-2) was designed for plain sedi-
mentation of water from the Dimapatoy River which is usually olear
and for meeting storage requirement of the system,

Since August 1976, when the supply from the Dimapatoy dam was dis-
continued, the basin is being supplied with water from Dimapatoy pumping
station, The basin cannot be filled becauee the capaocity of the pump
station is less than the capaocity of the transmission line to the city
when the basin level is high, Withdrawal is controlled hy throttling
the outflow valve. During night time, the outflow valve is olosed; it
is re~opened early in the morning.,

When water in the river is turbid, supply to the basin is discon-
tinued.

Storage Facilities

The existing system has ome storage faocility = a T50-cum reinforoced
conoreis, cylindrical ground-level reservoir oonstructed in 1939,
Located on top of Colina Hill, the reservoir has bottom and overflow
elevations of 46 and 52 meters above MSL, respectively. However, due
to the inability of the aystem to f£ill the reservoir because of low
system pressure, the military forces have utilized it for their water
supply using water from their own well,

Transmission Facilities

Since 1955, water has been conveyed from the dam to the settling
basin by 125 and 200-mm CCI transmission pipes, about 5.5 km in length,
and from the settling to the distribution system by a 9.5 kmy, 250-mm
CCI transmimsion line, 8ince August 1976, when an earthquake gseverely
damaged the pipelines from the dam to the settling basin, the settling
basin has been supplied with water taken directly from the river through
Dimapatoy pumping station. The 9.5 km pipeline from the settling basin
to the distribution system and 200 and 150-mm GCI pipelines (both 300
meters long) from the pumping station to the settling basin are presently
utilized, Transmission lines are described hy sige, material, length
and year of construction in Figure . -1,

Distribution System

With the establishment of the water system in 1939, about 5.7 km
km of 100-mm CCI distribution lines was construoted. In 1955, an
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TRANSMISSION LINES

DIAMETER TYPE -LENGTH (M) AND YEAR INSTALLED
(MM) 1939 1955 1962 TOTAL
250 ccl 9,500 9,500
200 ccl 5500 300 5800
150 ccl 300 300
129 CcCl 5500 5500

SUB-TOTAL 5500 15,000 600 21100

DISTRIBUTION SYSTEM

DIAMETER| ryoc LENGTH (M) AND YEAR INSTALLED
(MM) 1939 1955 1960 TOTAL
250 cel 2,800 2800
200 ccl 500 500
150 cCi 900 900
125 ccl 8,700 8,700
100 Cl & ACP 5,700 5,700
75 of! 1,400 1,400
50 - 6l 3,640 3,640
37 (]| 3520 3,520

SUB-TOTAL 5,700 17,940 3,520 27,160

APPURTENANCES , DECEMBER 1976

SIZE (MM) NUMBER REMARKS
2
VALVES 39 3 90 PERCENT .
100 10 OPERATIONAL
125 16 THOUGH SOME ARE
150 2 LEAKING.
200 3 .
- 250 |
300 |
3 DISCONNECTED
HYDRANTS 75 4 |_OPERATIONAL.
PUBLIC FAUCETS 12 3 DISCONNECTED

SERVICE CONNECTIONS , DECEMBER 1976

TYPE METERED | FLAT-RATE TOTAL
DOMESTIC 63 1614 1877
COMMERCIAL 20 36 56
INDUSTRI AL 4 5 9
INSTITUTIONAL
TCTAL 87 1655 1742
FEASIBILITY STUDY FOR WATER '
SUPPLY OF SECOND TEN URBAN AREAS LWUA" CDM
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I DIMAPATOY DAN (I939)—-—-—-———\

2] M WIDE, § M HIGH
CONCRETE DAM
ELEVATION 120 M ABOVE MSL

NOT PRESENTLY USED

DIMAPATOY PUMP STATION (l§62).—\

® R.C {NTAKE 80X,4.2x 145x 1.5 M.
o PUMPING UMIT |
® WESTINGHOUSE ELECTRIC MOTOR
. 125HP, 440V, 60 CYCLES, 1800 RPM
e AURORA CENTRIFUGAL PUMP
1910 CUMD , 350 M TODH.
® PUMPING UNIT 2 '
® ELECTRIC' MOTOR
128 HP, 3 PHASE , 440V (1800 RPM)
® AURORA CENTRIFUGAL PUMP
2730 CUMD, 350 M . TDH.
* PUMPING UMIT 3 ( UNDER REPAIR)

& AURORA .CENTRIFUGAL PUMP 3 v
1910 CUMD, 3850 M TDH.
i :
. ;..' .

I3
fe,

i
B il
f g

SETTLING BASIN (1965)—" ORTOUSTE WELL (1974)—

® 2840 CUM CAPACITY ® B.J.TURBINE PUMP

e ELEVATION 93 M ABOVE MSL @ 20 HP HIGES ELECTRIC MOTOR

° 3OMX4OM t} SM ¢ CASING DIAMETER = 200 MM

" ® WELL DEPTH = 19.8 M

® DISCHARGE = 907 CUMD

® CONNECTED TO SYSTEM MARCH 1977

i
TREATMENT

® NO TREAT&IT FACILITIES EXCEPT
ﬁ THE 2840 FUH SETTLING BASIN,

' !'

SYSTEM PRESSURES

* SATISFACTORY IN AREAS NEAR SOURCE BUT
LOW AT EXTREMITIES AND IN AREAS WITH
HIGHER ELEVATIONS.

i

v
[}

* ELECTRIC MOTOR, €60 HP, 3 PHASE (1800 RPH ) | o

REINFORCED CONCRETE GROUND RESEF

e 750 CUM CAPACITY

e DIAMETER:IL.75 M

e HEIGHT = 7.00M

ELEVATION 46 M ( BOTTOM)

BEING UTILIZED AT PRESENT BY
CENTRAL. MINDANAQO COMMAND FORCE

I

BOOSTER PUMP -

e ASEA CENTRIFUGAL PUMP
® SIZE = 50 MM x 50MM

/ /
y;
" ()
‘\\.. n.:ou
NN
. . ! ‘
| | |
| ' {
ILANG- ILANG WELL (1974) — —-- O
e B.J. TURBINE PUMP -
e 25 HP HIGGS ELECTRIC MOTOR
e CASING DIAMETER = 200 MM
e WELL DEPTH = 2494 M
® DISCHARGE = 1175 CUMD :
e DISCMARGE PRESSURE = 4.01 KG/sqc
® PUMPS TO DISTRIBUTION SYSTEM
® CONNECTED TO SYSTEM MARCH 1977

SERVICE AREA OPERATION

® WATER FROM THE WELLS IS PUM
DIRECTLY TO THE SYSTEM FOR 24

® WATER FROM DIMAPATOY PUMP STAT
PUMPED DIRECTLY TO THE SETTLIt
FOR 24 HOURS.

® WATER FROM SETTLING BASIN IS c¢
TO THE DISTRIBUTION SYSTEM BY

FOR 24 HOURS WITH OUTFLOW VA
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BUTION SYSTEM
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§A OPERATION
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JFHE WELLS

IS PUMRED

JHE SYSTEM FOR 24 HOURS
MAPATOY PUMP STATION 1S
FLY TO THE SETTLING BASIN

L

JertLiNG BASIN IS convevED
BUTION SYSTEM BY GRAVITY

WITH OUTFLOW VALVE THROTTLED.
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GENERAL LUNA WELL ( 1974 )

e GRUNDFOS SUBMERSIBLE PUMP

e CASING DIAMETER : 200 MM

® WELL DEPTH =335 M

® DISCHARGE = 890 CUMD :
e DISCHARGE PRESSURE= 288 KG/SQ CM
e PUMPS TO DISTRIBUTION - SYSTEM

L—samros'. WELL (1974) ,
e GRUNDFOS SUBMERSIBLE PUMP.
e CASING DIAMETER= 200 MM
® WELL DEPTH = 244 M
o DISCHARGE:= 726 CUMD

e DISCHARGE PRESSURE  |.97 KG/SQCM
e PUMPS TO DISTRIBUTION SYSTEM.

" FIGURE IV -I
EXISTING FACILITIES
COTABATO CITY WATER DISTRICT
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additional 17.9 km of CCI and GI pipelines, ranging from 50 to 250
mm in diameter, was constructed within the system. New pipelines,
with a total length of 3.5 km, were laid in 1960 (see Figure IV-3),

At present, the distribution system has some 27.1 km of piping
ranging in size from 37 to 250 mm. The pipes are classified hy
size, material, length and date of construction in Figure IV-1, Fifty
three percent of the piping is 100 mm in diameter and smaller. About
half of all installed piping is made of centrifugally cast iron.

_ Valves and Hydrants. As reported by water district staff, the
COT-WD has 38 valves, varying in size from 50 to 300 mm, and 4 hy-
drants. Only one hydrant, however, is operational and its usefulness

is limited by inadequate pressure in the system.

Service Connections. As of December 1976, the COT-WD had 1,742
registered service connections, of which only 87 (5 percent) were
metereds Figure IV-1 shows the number of service connections by con~
sumer category and basis of billing, Information on the number of
connections by size was not available. About 20 percent of the total
service connections reportedly need repair or replacement.

Operation and Maintenance

The COT-WD operates and maintains the water sources, pumping
stations and treatment, transmission and distribution systems The
operation and maintenance staff includes one engineering operations
chief, one construction and maintenance chief, one production chief,
two pump operators, one operator-mechanic, and two watershed attendants.

The operation program consists mainly of manipulating the valves
for scheduling water service and operating the pumps. The present
system is operated according to the following schedule (as of Feb-
ruary 1977). Refer to Figure IV-3 for location of pump stations.

1o Santos pump station serves the Gutierrez Subdivision (the
pilot area) and some portions in the north 24 hours dailv.

2. Ilang-Ilang and Gen. Luna wells serve the northeastern por~
tion of the system 24 hours daily,

3s The Dimapatoy River source supplies certain areas according
to the following schedule:

8s Monday, Tuesday and Friday -~ the downtown area is served
24 hours through the 200-mm distribution line connected
to the 250~mm main. All valves along Sinsuat Avenue
are closed, except those which direct the flow into the
200-mm line,
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be Wednesday and Saturday - All valves along Sinsuat Ave-
nue and at the junction of Quezon Avenue are closed.
When sufficient pressure has been built up along the
250~-mm line (usually by 1:00 p.m.), water supply is
distributed to concessionaires along PC Hill Road.

¢e Thursday and Sunday ~ All valves are closed, except
those along Sinsuat Avenue corner Sausa Street., The
flow is directed to the western portion of the system
along Sausa and San Vicente Streets.

The maintenance program consists of servicing the pumps, service
connections, settling basin, repairing leaks in pipelines and valves
and safeguarcing the watershed area against kaingineros and intruders.

C. WATER QUALITY

Two water samples were taken from the Dimapatoy River (Dimapatoy
dam and Dimapatoy pump station), and four from the operating COT-WD
wells. Results of analyses of the surface water show that, except
for manganese content, the chemical constituents are within the per-
missible limits set by the Philippine National Standards for Drinking
Water. The manganese concentration (0.2 mg/l) of the Dimapatoy pump
station sample is less than the excessive limit of 0.3 mg/l. The
samples taken from wells are generally above, or near, the permissible
limits with respect to total dissolved solids, total hardness, cal-
cium, magnesium, and manganese concentration. Although three of the
four well water samples analyzed contained manganese in excess of the
permissible limit, only the sample from the Ortouste Well exceeded
the excessive limit. In addition, the Ortouste Well sample was tur-—
bid beyond the permissible limit. The results of these analyses are
listed in Table IV-1,

D. WATER USE PROFILE
(eneral

The current water demands of COT-WD have been analyzed to project
future water requirements. Data on metered connections and revenue-
producing water were obtained from water district records. To sup-
plement these data, a pilot area survey was made. (See Annex IV-D
and Methodology Memoranda No. 1 and 2)e These data have been used to
establish the present water use profile,

Pilot Area Survey

The pilot area, about 13.8 hectares, is located in Gutierrez
Subdivision in Barrio Rosary leights. It is bounded by Sinsuat Avenue
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Calcium
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ZAISR TLLITY TEST RISULDS
COTIBATO CIFY WATER DIS
Dimapatoy
Pumping Ortouste Ilang-ilang
Zimapatoy Zam  Station dell well Santos well Gen, Luna sell
Bo. Cimapatoy, Ba Jimapatoy, 3o Rosary Bo. Rosary 3o. Rosary 30. losary
Permissible Jinaig Dinaig Heights Heights feights Zeights
Unit Limits 27 liov 76 27 Hov 76 21 Teb 77 _ 25 Zov 76 _25 Zov 76 21 “eb 77
APHA 15 5 5 10 5 5 5
FTU 5 3 3 15* 2 5 2
ng/1 500 195 218 1,328% 878 750+ 1,390+
micromhos/
cm - 300 335 1,540 1,350 1,200 1,600
7.5 7495 7.80 Te15 T+65 Te45 7420
mg/1
2ac03 - 180 195 380 430 420 365
me/1
$al03 - 0 0 0 0 0 0
mg/l
22203 400 177 181 554* 351 463 518
ms/1 75 6044 6444 86* 77* 132# 114*
mz/1 50 6424 4.8 81,3 38 32 56%
ng/1 0.3 .125 .10 3.68% nil nil 0.C8
me/1 1.5 «435 «435 .83 .620 485 0.7
mz/1 200 0 2.44 108 146 82 173
mg/1 200 nil nil 109 48 25 78
mg/1 100 10.2 10.2 9.9 81 12.0 4.16
mg/1 Oe1 Ou1 0,2% o T5% 0.3% 0.2% 0.05

*zxceecs the permissible limiis set by the Fhilippine
“*Calculzated as 657 of conductivity.
***Inferred from permissible limits for individual metals contrivuting to hardness.

Hational Standards for Drinking Water.



on the west, Rosal Street on the east, Gutierrez Road on the south,
and Sero Elementary School on the north., It has a total population
of" 1,470, consisting of 183 households with an average of 8 persons
per household. The overall density is 106 persons/hectare. Based
on interviewa, 154 households are registered concessionaires of the
water district, 21 houscholds are 'borrowers" from registered con-
cessionaires; 4 have their own hand pumps or private wells; 3 are
"borrowers" from private wells; and 1 household has an unregistered
connection,

Users of water from the COT-WD water system are classified as
primary users (registered concessionaires) and secondary users
(borrowers). Based on the pilot study data, the total number of
households dependent on the system is 1,988. Household borrowers
total 239, of whom 11 are borrowers from metered connections and 228
households arc borrowers from unmetered connections. Assuming 8
persons per houschold, total users of water from the COT-WD system
are estimuated to be 15,900, of whom 13,990 are primary users and
1,910 are secondary users.

The data on the estimated daily consumption of each household
and the number of persons per household, as given in the survey, have
been used io estimate unit water consumption. The per capita consump-
tion per day based on a record of 4 metered connections in the pilot
area was compvted to be 123 liters. Based on interviews with flat-
rate concessionuaires, borrowers and households with their own hand
pumps, their consumptions were estimated to be 37, 32 and 57 1lpcd,
respectively. However, these figures are probably understated either
brcause of the siriet rules of the water district or poor cstimates
of the respondents. The only reliable consumption rate is the per
capita consumption at the 4 metered connections, Available data are
not sufficient to estimate the different categories of consumption
(domestic, commercial, institutional and industrial).

Accounted-for-Water

Accounted-for-water is the sum of metered consumption and the
wvater consumption assumed at lat-rate connectionse. The accounted-—
for-water is revenme-producing water for the water district. Metered
consumption is estimated to be 4,071 cumd/mo, while estimated flat-
rale consumption, 45,844 cum/mo. The total of 49,915 cum/mo repre-
sents 30 percent of total water production of 164,672 cum/mo.

Inaccounted~for-Yater

Unitccounted-tor-water, or unbilled water, does not generate rcvenue
for the water district. It can be divided into several categories;
leakage, wastoge at flut-rate connections, usage of borrowers from
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flat-rate connections and other uses. The estimated total unaccounted-—
for-water is 114,758 cum/ho or 70 percent of total water production,

Underestimated Flat-Rate Use. Analysis of metered water con-
sumption and flat-rate billing indicates that underestimated flat-rate
use is 33,596 cum/mo or 20.4 percent of the total production. This
represents potential revenue if flat rates would be increased.

Borrowers! Usage from Flat-Rate Connections. This is the consump-
tion of households who obtain their water supply from their neighhors
with flat-rate service connections. The pilot area survey shows that
the consumption of these borrowers is 1,751 cum/ho whioh corresponds
to 1.1 percent of the total production. Borrowers' consumption would
be revenue~producing if all connections were metered,

Usage from Unregistered Connections. Based on pilot area survey
data, there are 11 unregistered connections in the COT-WD water g8y s~
tems Consumption at these connections is estimated to be 528 cum/mo
(less than 1 percent of total water production).

Wastage, Leakage and Other Uses. Water is lost due to leaks in
the transmission lines, distribution mains and service connections,
Leakage in the trunsmission lines and distribution mains exists due to
the prevalence of old corroded pipes, poor jointing techniques (e.g.
bell and spigot jointe are made of cold lead or cement, mortar),
high pressure (in some areas) and displacement of pipes due to earth-
qua-kGSO

Water for public use (fire-fighting, main flushing, and street
cleaning), meter under-registration and unauthorized use are grouped
together under the category of other uses. Leakage and other uses
are estimated to be 78,882 cum/ho or 48 percent of total production.

Summary of Water Accountability

A summary of water accountability is presented in Table IV-2,
The accounted-for-water, based on tha February 1976 billing record, is
about 30 percent of total production. The accounted~for-water ig the
sum ¢f the metered consumption and estimated congumption at unmetered
(flat-rate) connections. The unaccounted-for~water represents about
70 percent of production. A portion of the unaccountnd—-for-water can
be considered consumed water and potentinlly billable water which in-
cludes underestimated flat-rate use, borrowers! uszge from flat-rate con-
nections, and usage from unregistered connections, Wastage, lcakage
and other uses combined represent 48 percent of total production,
Pressure would probably rise if leaks and Tlat-rate connoctions were
eliminated. A program to reduce leakage and to install meters on
flat-rate connections would sigmificuntly increase water accountability
and the revenue of the district.
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TABLE IV-2

SUMMARY OF WATHER ACCOUNTABILITY
COTABATO CITY WATSR DISTRICT

Amount of Water Percentage of
Category ( cum/mo ) Production

1+ Accounted=for-water

a) Yetered consumption at

83 connections 4,07 2,54
b) Inferred flat-rate use
at 1,655 connections 45,844 27.8
Sub-total 49,915 30,3

2. Unaccounted-for-Water

a) Potentially billable water

= Underestimated flat-rate use 33,596 20.4
-~ Usage from illegal connections 528 o3
=~ Borrowers' usage from flat-rate
connections 1,751 1.1
b) iastage, Leakage and Other Uses 78,882 47.9
Sub-total 114,758 69.7
Total 164, 670% 100.0%

*This does not include production of Ortouste welle During the
survey, Ortiouste well was not yet operational.
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E. HYDHAULIC S\RVEY DATA

Field measurements to obtain hydraulic data on the COT-WD
facilities were conducted during the period 2-20 February 1977.
These included measurement of the volume of water being pumped from
the Dimapuatoy River and the four existing wells; an investigation
of the condition of Dimapatoy pumping station transmission mains;
water accountubility along these lines; determination of the pressure
distribution throughout the system; and a "water use" study on a
selected pilot area. The purpose of field studies was to provide
data for a computer model of the existing system and to isolate areas
with major operational problems,

Flow and Pressure Test Points

Test points for flow and pressure measurements were established
(see Figure IV-E-1) to determine the Dimupatoy pump station produo-
tion, the condition of pump discharge lines und the 250-mm transmission
main, and the water lost along these lines., Data ohtained for these
test points are shown in Annex Table IV-E-1.

Water Accountability Analyses

Test data show differences in flow of 8.9 1lps and 8.2 lps,
between TP~1 and TP-3 and beiween TP-2 and TP-4, respectively. This
flow discrepancy, however, is not due to leakage along the lines alone.
Part of it is attributed to water leaking through the "closed" bypass
valves as evidenced hy a flow greater at TP-6 than at TP-5. A por-
tion of the measured flow difference (about 5 1ps) leaks through the
bypass valves., Thus,the remainder, about 12 lps of water or 25 percent
of the total pump output (48.4 lpss, is lost in leaks along the parallel
pipelines between the pump station and settling basin,

The test data likewise indicate a difference of 17 lps in the
measured flow between TP-6 and TP-7, Since there are 42 connections
serving Barrio Timontaca, with 8 persons per connection, assuming 160
1pcd demand, about 0.6 lps goes to the distribution line gerving the
barrio. Thus, leakage along this 9~km transmission main is about 16
lpss Totul leazkage along the 250-mm mainline between the settling
basin and TP-7 accounts f'or ubout 58 percent of totel pump production,

HGL and C-~Vilue

The hydrauliec gradeline from the Dimipatoy station to Barrio

Rosary lieights (TP—?) is showr in Figure IV-E-2, Estimated C-values
of pipelinus, based on test date, are shown in Table IV-3.
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TABLE IV-3

PIPE C~VALUES
Pipe Location C-Values
200-mm CCI TP=-1 to TP=3 50
150=mm CCI TP-2 to TR=4 40
25C—mm CCI TP-5 to TP-6 100
250-min CCI TP=6 to TP-7 15
250~-mm CCI TP-7 to TP-8 67

Observed high hecdlosses along the parallel Dimapatoy discharge
lines result from low pipeline C-values, as evidenced by thick encrug-—
tation * on the inner surfaces of the 200-mm and 150-mm pipes. The low
calculated C~value of the 250~-mm pipe between TP~7 and TP-8 is the
result of the combined effects of leakage along the pipeline and the
high headloss induced by the poor internal condition of the pipeline.

Field data for C~value computation in the distribution mains were
not obtained due to very low pressures in the distribution system,

particularly in the poblacion area,

Well Pump Stations

Small wood/concrete structures with galvanized sheet roofs, ene
closing the main switch boxes and motor starters, were built beside
the Santos, Ilang-Ilang and Ortouste wells. The General Luna well
pump station is equipped with & structure which encloses the well,
pumpset motor and accessories.

A 24~hour pressure recorder installed at General Luna pump sta-
tion on 5-6 February 1977 showed the pump to have antomatically stopped
and started 21 times on that date and about 20 times on 8-9 February
1977. This pumpset is equipped with an automatic level cut-out device,
which is manually by-ni:ssed during periods of peak demand.

The pumpsets generally appear to be in good condition and operate
with little vibration. Pump tests were conducted at the Santos,
Ilang-Ilang, Gereral Luna and Ortouste pumping stations to determine
the head-cipacity curves for existing pumps (see Figures IV-E-3 through
IV—E~6)s Annex Tables IV-E-2 throvgh IV-E~5 show the reocorded pump
test data.
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System Prensures

Automstic pressure recorders were installed at the Santos,
Ilang-Ilans: and General Luna wells to determine system pressure
for a 24-hour period within Barrio Rosary Heights.

Pressures varied from 1.59 to 2.31 kg/sqcm during the test
period (7-8 February) at Santos pump station while pressures ranged
from 3.0 to 4.48 kg/sqem at 1lang-Tlarg pump station for the same
periods At General Luna pump station, pressures varied from 2¢4
to 3.27 kg/sqem (8-9 February), and at TP-7, from 1.04 to 1.76
kg/sqcm (10~-11 February). Figures IV-E-7 through IV-E-10 show the
24~hour pressure recordings,

Pressure in the northern part of the distribution system, parti-
cularly the poblacion area, is practically zero. Water is supplied
in this area 3} times a week by manipulation of valves located along
Sinsuat Avenue, Concessionaires, have to use hand pumps installed
on distribution pipes to get water from the system.

Pilot Area Flow Measurements

The selected pilot area is being served by Santos pump station.
Flow measurements were made at two test points, TP-Q and TP-10 (see
Figure IV-1-11}, to determine the volume of water entering the pilot
ared. The purpose of these field measurements was to provide data
which could serve as a basis for estimating water accountability in
the entire distribution systems Annex Table IV-E-6 shows flow data
obtained on 8 February 1977 and Figure IV~-E-11 illustrates flow data
as plotted and the "total water use", graphically. This curve
roughly indicates the day~time consumption pattern on an hourly
basis, assuming that leakage and wastage did not vary much during
the observation period.

F. COMPUTER STUDIES

The purpose of conducting computer studies on the existing system
is to duplicate, to the greutest extent practicable, the hydraulic
conditions observed in the fielde The impact of improvements could
be more accurately evaluated after a model of existing system has
been made,

However, computer studies on the existing system of COT-WD could
not be made for several reasons. t1eld data gathered indicate that
the existing system has generally low or negligible pressure., Water
is rationed to different areas by vulve manipulations, A major earth-
guake in the city damaged the trunsmission pipelines, causing major
leakage and loss of pressure. The distribution system must be free
from major leakage or otherwise be under reasonable pressure in order
to model the system on the computer,
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The portions of the existing system that could be utilized
for the future have been retained and included in the computer
studies for the future system. The data for these facilities have
been based on visual inspection of the existing facilities.

G. DEFICIENCIES OF THE EXISTING SYSTEM

The COT-WD has a low level of water service. Most of the con-
sumers reocive water only 3 to 4 days a week on a part-time basis,
Some of the consumers in the poblacion use pumps directly connected
to the service lines to increase water supply. Only 5 percernt of
the 1,742 service connections are metered,

The surface water supply coming from the Dimapatoy pumping
station is turbid following heavy rains in the catchment area. No
treaiment or disinfection chemicals are currently used in the system.
The water district has no water quality control laboratory facilities.
The wells within the city are shallow, ranging from 20 to 34 meters
in depth, and have low capacities. The water produced is highly
saline; conductivity ronges from 1,200 to 1,600 micromhos/cm.

The existing ground storage tank on Colina Hill i~ nnt rupe
rently used. Because of low pressure in the distribution mains,
the storage tank cannot be filled, even during off-peak hourse

Tranemission lines from the Dimapatoy dam to the settling basin
were severely damaged and have become useless after the Auguset 1976
earthquake., The transmission main from the settling basin to the
poblacion produces considerable head losses due to old age and en~
crustation,

Fire jprotection is virtually non-existent because of low water
pressure and the presence of only one operational hydrant.

Distribution mains in the poblacion are laid 2 to 3 meters un-
der concrete pavement, making tapping and maintenance work very
difficult and costly.

Preventive maintenance is severely lacking. Galvanized thin

wall pipe is used for service lines. Plumbing equipment for proper
operation and maintenance is inadequates,
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ANNEX TABLE IV~E-1

FLOYW AND FRESSURE DATA

1/ Pressure
Test Point-~' Flow (lps) sggZSgcm) Date of Test Remarks

TP~1 32.3 6.20 6 February 1977

30.9 6.12 T Fobruary 1977

TP-2 17.5 TeT74 T February 1977

TF.-3 22.0 0 7 February 1977 Ilow into the settling basin
through the 200-mm line,

TP-4 9.3 0 7 February 1977 Flow into the settling basin
through the 150-mm line.

TP~5 33.6 56 8 February 1977 Settling basin discharge
valve in normally throttled
position.

4247 53 10 February 1977 Settling basin valve fully
open.

PP=6 39.0 577 8 February 1977 Settling basin valve throttled.

477 598 10 February 1977 Settling basin valve fully
open,

39.2 542 10 February 1977 Settling basin valve fully
clubou and bypass valves
fully open.

TP-7 30.7 1.65 9 February 1977 Settling basin valve fully
npen.

30.5 1.62 10 February 1977 Settling basin valve fully
open.

TP-8 12.6 43 9 February 1977 Hydrant flow with the 250-mm
transmission main isolated;
that is, all valves to dis-
tribution mains oclosed.

1/

-’ See Figure IV-i~1 for proper identification.
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ANNEX TABLE IV-E-2

TEST DATA AT SANTO. PUMP STATION

Flow Pressure Pumping water Total Head
(1ps) (kg/sqom) Level (m) (m)
10.32 211 13.5 15.61
10.4 o704 10.36 17.40
9436 14408 8.74 22,82
8.80 2,112 8.23 29.35
8.25 1.816 7491 36.07
7.00 3.520 8.33 43.53
645 44224 8.74 50.98
Sedd 4.928 8.84 58412
4484 5632 T.77 64.10
4.29 6.336 8463 72.00
3.49 7.040 8.36 78.76
2.76 7.744 8.60 86.04
1436 8.449 15.24 99.72

ANNEX TABLY IV-E-3

TEST DATA AT GENEAAL LUN4 PUMP STATION

Flow Pregsure Pumping Water Total Head
(1ps) (kz/sqom) Level (m) (m)
11.99 0] 26.49 26,49
11.48 «704 26,49 33.53
11,10 1.408 26,26 40.34
10.85 2.112 26,06 47.18
10,22 2,887 25.89 54.72
9.97 3.520 25465 60.85
9.40 4365 25440 69.05
8.33 50632 24.79 81.11
795 6.336 24.66 88.02
Te51 6.900 24.43 93.43
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ANNEX TABLE IV-E-4

TEST DATA AT ILANG-ILANG PUMP STATION

Flow Pregssure Pumping vater Total Head
(1ps) (kg/sqom) Level (m) m
13.38 174 11.26 19.00
13.50 1.408 1.1 25.11
13.88 2.112 11.05 32,17
13.75 2,887 11405 39,92
14.07 3e520 11,06 46.26
13,88 4,224 11,01 53425
11,66 4.928 10,48 59.76
8.90 5.632 9.79 66411
8496 6.407 10441 74448
5405 6.900 8453 77453
Y 74252 8.05 80457

ANNZX TABLE IV-E-5

TEST WATA AT ORTOUSTE PUMP STATION

Flow Pressure Pumping Jater Total Head
{(1ps) (kg/sqom) Level (m) (m)
14.38 0 14.10 ©14.10
13.38 14408 13.96 28,04
13,06 2.816 13.88 42,04
12.62 3.520 13.69 48,89
11.86 44224 15633 55457
9.65 4.928 12.82 62.10

0 6.196 12,29 74425
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ANTEX PABLE IV-BE-6
PILOT 43A WFLOJ DATA
TP - 9 TP - 10

Pressure Irressure
Time #low (lps) (kg/sgem) Time "low (lps) (kﬁ/aqnm)

#3140 am 11.18 1.69 9:10 am 44,68 1,02
5230 wn 8441 1.55  10:20 am 4458 0.81
10:45 am 12.22 1,55 11:10 am 4,11 0.92
11:35 am 12.28 1,58  12:00 noon 3.98 0.92
2:15 pm 10459 1.83 2345 pm 509 151
3:15 pm 10,65 1.90 3:40 pm 4449 1.48
4:05 pm 10.93 1497 4:30 pm 4.1 1.41
4:55 pn 11422 1.83 5:15 pm 4.66 1,20
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CHAPTER V FEASIBILITY STUDY CRITERIA
A. GENERAL

The planning, design, eoonomic, and financial oriteria used in
the water supply feasibility studies have been derived from studies
of local conditions, aocepted practices, standards and methods de-
veloped in the First Temn Provinoial Urban Areas Feasibility studies,
These criteria, together with the developed basis of ocost estimetes
have been utilized to evaluate and cempare the various alternatives
identified in the course of the study.

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

B. PLANNING CRITERIA

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

l. Areawide Approach: Planning of facilities has been done
on a regional or areawide basis taking into acocount the
present district service boundaries and the logioal long-
term service areas beyond present distriot or political
boundaries.

2. Source of Water: Groundwater and surfaces water have been
given equal oonsideration as potential souroes of water.
However, based on the first 10 feasibility studies, dis-
infeoted groundwater derived from deep wells, when avail-
able, is expeoted generally to be more economioal than
conventionally treated surface water.

2. Self-Sufficiengy: The recommended plan has been developed
to provide the highest quality of water servioce within the
"ability-to-pay" of the consumers.

4. Conservation: In the selectian among alternative plans,
water, power, chemicals and foreign exchange are conasidered
valuable resources whioh must be conserved to the greatest
extent possible,

5. Stage Development: The recommended long—range oonstruction
program has been divided into several stages, each of which
satisfies the projeoted requirements for a speoific design

yoear.
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Start Construction Target

Stage by Calendar Year Design Year
Immediate Improvement 1978 1980
Phase I-A 1980 1985
Phagse I-B 1986 1990
Phase II~-A 1991 1995
Phase II-B 1996 ' 2000

6. Alternative Plen Soreoning and Selection: From an array
of identified plan alternatives, the re~ommended plan has
been seleoted on the basis of least (present worth) coset
and other non-economic parameters. The seleoted plan has
been tested for economio/financial feasibility.

To Skilled Manpower Shortase: The recommended plan has re-
cognized, in the short term, the apparent shortage in
skilled, ®ohnical and managerial expertise. Emphasie
has been given on the need for district personnel training
and certification.

8. Hater Quality: The feasibility study has identified present
and future water quality problems and includes reoommenda~
tions for providing a water supply that is safe, healthful
and wholesome.

9. Social Soundnnsss The sucoessful ocomplotiom of any projest
must take into acocount the sooial acoeptability of its
recommended programs (Appendix S, Volume II).

C. DESIGN CRITERIA

The basis of design for these feasibility studies is presented
in detail in Appendix F, Volume II of this Report. The design ori-
teria are basioally similar to those utilized in the First Ten
Provincial Urban Areas feasibility studies. Minor improvements/
modifications have been made as indioated in the Methodology Memo—
randa attached herein in Volurme I.

Hater Accountability

As much as pc3sible, water acocountability has bsen determined
through field testing and measurement procedures, augmented by data
gathered in the pilot area study surveys (sec Methodology Memoranda
No. 1 and 2). Where field data wero not available and the pilot
area study survey results were not conclusive, ths weighted average
of the water aoocountahbility results in the First Ten Provincial
Areas was used (see Figure V-1).
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The breakdown of the water accountability is as followa:

Percent of Water Production

Metered Billing 14.5
Flat-Rate Billing 16.8
Underestimated Flat-Rate Use 10.2
Wastage 27,1
Others 6.9

100.0

Water Demand Grouping

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

Group 1 261 - 273 lpod
Group 2 220 -~ 230 1pod
Group 3 193 - 199 1ped
Group 4 174 - 181 1lpod
Group 5 157 = 165 1lped

The above values include domestio water needs; allowanoes for nominal
ocommercial, iandustrial and inatitutional use; and a decreasing per—
centage of unaccounted-for-water in time.

For the analysis of existing conditions, actual metered (or
connected) customers and "borrowers" are considered aeparately
(see Methodology Memorandum No. 2). However, for short- and long=
range planning, it has been aassumed that ''borrowers' would even-
tually become metered consumers. Per capita domestic use has been
inoreased each year to acoount for economic growth within the com—
mmity. Institutional and oommercial water demands have been asti-
mated)as a percentage of domestic demand (see Methodology Memorandum
N003o

Demand. Variation

Maximum daily and peak hourly demands have been estimated from
field data and available records. For the basic analysis of the
water supply facilities, the following ratios have been useds
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maximun-day to average-day ratio = l.2:1
peak-hour to average-day ratio = 1.5:1 = 1,75:1

D. ECONOMIC AND FINANCIAL CRITERIA

Discount Rate

The opportunity cost of capital or discount rate used in this
feasibility study is 12 percent. The discount rate has been used
for eoonomic screening of the technically viable alternatives (see
Chapter §X, Methodology Manual on Water Supply Feasibility Studies,
Volume I).

Inflationary Trends

The national economy of the Philippines is discussed in Appen-
dix E, Volume II.

Projections made in this feasibility study assume a general
cost escalation rate of 10 percent for the period 1978 through 1980;
8 percent for the period 1981-1985; and 6 percent thereafter. The
oost of maintenance and operation is assumed to escalate at 8 per—
cent per annum.

Economic Justifiocation

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

Finanocial Criteria

The financial justification of this projeot is based on the
district customers' ability-to-pay (see Chapters XX and XXI,
Methodology Manual) and a suggested socialized prioing scheme,
based on increasing unit cost of water with increasing consumption
(see Chapter X).

E. BASIS OF COST ESTIMATES

Construotion cost curves have been developed for inplace costs
of pipelines, deep wells, water treatment plants, pump stations, and
storage reservoirs. These cost curves have been used for estimating
the relative rost magnitudes of alternative water supply plans. Esa-
calation factors wused in calculating the ocapital oost of recommended
improvements in July 1978 prices, as well as the above unit costs,
arc presented in Appendix G, Volume II,
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F. IMPLEMENTATION SCHEDULE

For purposes of feasibility study and eoonomic/finanoial

analyses, an implementation schedule has been assumed.
shows the probable time~table which covers the planning, design,
and implementation of the immediate improvement program and Phase

Figure V-2

It is assumed in these feasibility studies that the recom-

Final Report Submission
Seleot Final Design Engineer

mended immediate improvement program is to be fully implemented by
the LWUA Interim Demonstration Program by 1979.

Estimated Phase I-A Schedule

Start Final Design

Complete

Final Design

Start Construction

Complete
a

b
¢)

Construotion:
Souroce
Digtribution

Internal Network
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CHAPTER VI POPULATION AND WATER DEWAND PROJECTIONS
A. GENERAL

A necessary step in developing the preliminary design of a water
system is the projection of future population and water demand for
the delineated service area., These projections have a significant im-
paot on facility layouts and sizes, construction staging and cost of
the project. The population and water demand projections for the COT-=
WD are discussed in this chapter.

B. POPULATION PROJECTIONS

The population growth of Cotabato City for the period 1948-75
shows decreasing annual growth rates from 5,20 to 1.76 percent. From
1948 to 1970, the average annual growth rates of Cotabato were 2
percent higher than the national rates, For 1970~75, the growth
rates of Cotabato were lower than +the national growth rates. The
following table presents a comparison of these growth rates as well
as the population of Cotabato from 1948 to 1975.

Year Population Annual Growth Rate (%) National Growth Rate (5%)

1948 20,407

1960 37,499 5420 é1948-1960 31
1970 61,184 5.01 (1960-1970 3.0
1975 66,756 1,76 (1970-1975 2,6

The significant decrease in the growth rate of Cotabato City in
197075 was presumably caused by the deteriorating pence and order
condition in the area. During this period, people were evacuating to
other municipalities and provinces. In contrast, during the previous
years, people from different provinces were migrating to Cotabato City
in response to a vigorous resettlement campaign ol the government. At
present the government is taking all possible steps to normalize the
peace and order situation and the development of the city,

The primary factors that will affect the future growth in the COT-
dD service wrca are: the resumption of normal growth with the restora—
tion of peasce and order; the continuing development of the city as a
commercial cenler of Maguindanao province; the expected expansion of
the universities; the migration from other provinces, cities and muni-
cipalities to the city; the development of howsing facilities; and the
accessibility by air, water and land transportation.

Since the past average national growth rates varied from 3.0 to

2.6 percent annually, it is assumed that Cotabato will have a growth
rate of 2.5 vpercent for 1975-00, considering no abrupt change from
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the rate of 1.76 percent in 1970=75. It is also assumed that for 1980-
90, the growth rate of Cotabato Will further increase to 4.0 percent,
with greater migration to the city resulting from an improving peace
and order situation.

On the basis of field inspection, observation and discussion with
the water district and local officials, an¢ the city development plan,
Figure VI-1 has been developed to indicate present, immediate, pro-
jected 1990 and 2000 service areas of COT-WD, By the year 2000, the
COT~WD is expected to serve the entire poblaciony; Rosary Heights, and
the principal portions of barrios Bagua, Tamontaca, and Kalanganan.

The methodology used in projecting the population included apply-
ing the ratio method and the growth rates for the province, city,
poblacion and barrios in the service area derived through field obser-
vations and discussions with local officials/citizens. Growth rates
were determined and adjusted, based on engineering judgment and field
condition, NEDA~FOPCOM projections were not used because they were
much higher than the actual city population count (for example, the
actual 1975 oity population was lower by about 12,000 than the NEDA=
POPCOM medium assumption projection); however, the NEDA growth rates
were used to check IWUA-CDM projections for 1990-2000.

Service area population projections are shown in Table VI-1 and
are sumnarized below:

Overall
Density in

Overall Population Service

1 Annual in Service Service Area
Year Population~ Growth Rate(%) Area Area(ha) (person/ha)

1975§Present) 66,756 50,300 367 137
1980(Immediate) 75,530 2.5(1975-1980) 55,170 367 150
1990 111,320 4.0 1980-1990; 87,840 813 108
2000 157,560  3.5(1990-2000) 135,650 1,319 103

The analysis shows that the population in the service area (Figure
VI-2) will increase from 50,300 in 1975 to 135,650 in the year 2000,
Average densities in the service area will vary from 103 to 150 persons
per hectare. The total population of the poblacion and other barrios
will increase from 66,756 to 157,560 in the year 2000. Overall annual
growth rates in this area will average 3.5 percent for the period 1975-
2000,

1/Of poblacion and othier barrios
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Potlacion

Basua
Rosary Heights

Tamontaca

Kalargacan

Sub-Total

Fresant Zorrics Arcea

TABLE VI-1

PCPULATION FROJICTIONS

COTABATO CITY HUATER DISTRICY

mnCaigte Sarmuics Srag 1976 _Sooyics apag 2000 soawrisn dvan
Population Populatior Porulation Population
In - In In Density In
Pomulation Service Sarvicr. Tensily Service Servica Density Service Servica In Sarvice Sarriza tanzity
1975 Area ixeal 2} Eanonafhy) Area _Area(ha) (Persona/ha)_Area irea(ha)(Zersorafra) _ irea wreafhe{fersena/an
28,758 25,880 98 254 29,150 98 257 39,230 174 225 55,80 217 257
6,841 2,050 13.5 152 3,030 13.5 224 6,420 42 153 12,070 143 a4
21,256 21,260 236 90 21,760 236 92 39,450 507 78 61,260 782 78
5,547 1,110 19.5 57 1,230 1945 63 2,740 80 30 54300 145 38
4,354 0 0 - 0 ) - 0 0 - 1,220 32 38
66,756 50,300 367 137 55,170 367 150 87,840 813 108 135,650 1,319 103



C. PROJECTIONS OP SFRVED POPULATION

Served population in COT-WD has been projeoted to increase
significantly in the next two decades. The increase will be &
resvlt of: '

1) The desire of the residents in the COT-WD to partake of
the benefits of a modern piped water system;

2) The intense campaign of COT-WD to connect and reconnect
many customers;

3) ‘'Mhe increase in population and in geographical cdverage
of COT-WD.

Table VI-2 shows the detailed breakdown of the served popula-
tion projections for the poblacion and barrios in COT-WD service
area. These are summarized belows

Year Served. Population in
Population Service Area Percent Served
1975 (Present) 13,936 50,300 28
1980 (Immediate) 22,080 55,170 40
1990 61,490 87,840 70
2000 108,520 135,650 80

Table VI-3 shows the year-by-year projections of served popu—~
lation from 1975 to 2000,

D. WATER DEMAND FROJECTIONS

The water demand of COTD-WD has been projected to increase
significantly as a result of continued growth of the served popu—
lation., Per capita domestic use, commercial/industrial/institutional
use, as well as unaccounted-for-water (expressed as percent of pro-
duction), love been estimated for the years 1980, 1990 and 2000 for
the service area, Based on analyses, COT-WD has been classified under
Group ITI, with the following water use parameters (see Methodology
Memorandum Moe 3 ):
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TABLE VI2

- SERVED POPULATION PROJECTIONS

COTABATO CITY WATER DISTRICT

Poblacion

a, Population in Service Area

be Number of Service Connections
¢s Connected Population

de Percent Conneoted

Rosary Heights

a, Population in Service Area

be Number of Service Connections
ce Connected Population

de Percent Conneoted

Bagua

a, Population in Service Area

be Number of Service Connections
6e Connocted Population

de Percent Connected

Tamontaca

&, Population in Service Area

be Number of Service Connections
¢e Connected Population

de Percent Connected

Kalanganan

a, Population in Service Area

be Number of Service Connections
ce Connected Population

de Percent Connected

Total Number of Connections
Total Population

Total Population Served
Percent Served Population

VI=5

1980

Present Immediate 1990 2000
Service Service Servioe Service

Area Area Area Area
25,880 29,150 39,230 55,800
774 1,275 3,920 7,440
6,192 10,200 27,440 44,640
24 35 70 80
21,256 21,760 39,450 61,260
779 1,199 3,950 8,170
6,232 9,592 27,650 49,010
29 44 70 80
2,052 3,030 6,420 12,070
150 224 640 1,610
1,200 1,792 4,480 9,656
58 59 70 80
39 62 274 707
312 496 1,920 4,240
28 40 T0 80
- 0 0 1,220
- 160

- 974
- 80
1,742 2,760 8,784 18,087
13,936 22,080 61,490 108,520
28 40 T0 80



Domestic use (1pod) 105 120 135
Commercial/industrial/institutional,

1pcd 14 19 24
Accounted-for-water (1pod) 119 139 159
Percent unaccounted-for-water 40 28 20
Unaccounted—for-water (1pod) 79 54 40
Total uter Demand (1pod) 198 193 199

Using the above water demend parameters and the projeoted
served population, the water demands for the design years 1980,
1990 and 2000 are as follows (see Table VI-3 and Figure VI-3):

1980 1990 2000

Water demand (1pcd) 198 193 199
Served population 22,080 61,490 108,520
Average daily water demagj,(cumd) 4,370 11,870 21,600
Maximum-day water demand$/ (cumd) 5,240 14,240 25,920
Peak~hour demand=/(cumd) 7,650 20,770 37,800

E/ Based on 1.2 times average daily water demand

é/ Bused on 1.75 times averapge daily water demand
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TABLE VI-3

YEAR-3Y-Y1IAR SERVED POPULATION AND WATER DEMAND PROJECTIONS

Year Served Population
1978 18,788
1979 20,540
1980 22,080
1981 24,460
1982 27,100
1983 30,020
1984 33,260
1985 36,850
1986 40,820
1987 45,223
1988 50,100
1989 55,500
1990 61,490
1991 65,080
1992 68,890
1993 72,920
1994 77,180
1995 81,690
1996 86,460
1997 91,520
1998 96,870
1999 102,530
2000 108,520

Waterv Demand

Average Day Maximum-Day Peak-Hour
3,795 44555 6,640
4,110 4,930 74190
4,370 59240 7,650
4,830 5,800 8,450
51340 6,410 9,340
5,900 7,080 10,320
6,520 7,820 11,410
7,200 8,640 12,610
79960 94550 13,930
8,800 10,560 15,390
9,720 11,660 17,010
10,740 12,890 18,800
11,870 14,240 20,770
12,600 15,120 22,050
13,380 15,050 23,410
14,200 17,050 24,860
15,080 18,100 26,390
16,010 19,210 28,020
17,000 20,400 29,750
18,050 21,660 31,580
19,160 22,990 33,530

20,340 244410 35,600
21,600 25,920 37,800
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CBAPTER VII WATER RESOURCES
A, GENERAL

The COT-WD obtains water from four wells located within city
limits and from surface water pumped directly from the Dimapatoy
River into a settling basin located 8 km southwest of Cotabato City.
Prior to August 1976, the primary water source of Cotabato City was
surface water impounded hy a dam on the same river located further
upstream of the present intake facilities, This surface water source
was later abandoned due to severs damages to the transmission lines
caused by an earthquake in August 1976. The present water sources of
COT-WD supply approximately 6,000 cumd of water which is sufficient
to meet the maximum~day water demand of the COT-WD just beyond 1980,
COT-WD will need 25,920 cumd of water (see Chapter VI, Section C) to
supply the maximumeday water requirements of its consumers in the
year 2000, Additional water resources 1o supply the growing water
needs of the COT-WD must be identifiede.

The problem of deteriorating water supply for the COT-WD is com~
pounded hy the poor quality of the groundwater within the Cotabato
City area due to high salinity of subsurface water in the aquifer
underlying the city. The COT-WD is in immediate need of supplemental
water supply sources that will produce water of &good quality and
sufficient quantity.

Possible additional sources of water for COT-WD are springs,
wells in the floodplains of non-saline rivers (induced infiltration
wells) and surface water from rivers in the area, Rehabilitating the
Dimapatoy River dam and reservoir would also relieve the long-term
water supply problem of the COT-WD.

B. GROUNDYATER RESOURCES

Along the western shore of the oentral portion of Mindanao Island,
Cotabato City is located in the flat delta at the mouth of the vast
drainage basin of the Rio Grande de Mindanao and Tamontaca River, with
an area of about 19,000 sqkm. Annex Figure VII-B-33 is a relief map
of Mindanao showing general land elevations in the area and the Cotabato
drainage basin, A steep-fronted mountain mass, generally about 500 meters
high, lies about 7 km south and southwest and a low range of hills
with mountains beyond 1lies about 4 km northeast of the city. The
shore of Moro Gulf is 7 km west of the city. The topography of the
outwash plain where Cotabato City is located is very flat with ground
elevations ranging from O at the shoreline to 10 meters above mean
sea level approximately 4-5 km north and south of the core city and
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about 25 km to the east. Most of the city itself is located on a low
ridge about 10 meters above the surrounding valley floor with a small,
60-meter high limestone hill at the north end. This ridge is probably
the remnant of a coral island during a goelogic period when the sea
level was relatively higher. Perennial marshes, ponds and rivers
dominate the topography within the plain around Cotabato City and ex—
tending far to the east., The Mindanao (Rio Grande de Mindanao) and the
Tamontaca River drain this vast plain and water shed area and empty
into the lioro Gulf.

The topographic map shows that the slope of the Moro Gulf bottom
oft'shore of Cotabato City is very steep reaching 700 meters about T km
offshore in one place and 180 meters in most places within 1 or 2 km
ofshore (see 'igure VII-1),

Geology

The expansive outwash plain of the Mindanao River where Cotabato
City is located is made up of Recent alluvium, primarily composed of
beach deposits, sand, gravel and clay. Ocoasional hills of raised
coral re¢efs, basically limestone and probably remnants of coral islands
during -an earlier period when the sea level was relatively higher, are
located within this flat valley. In part, this indicates that the
area was once a waterway connected to the Moro Gulf which recently
receded and was filled by alluvium. This alluvial valley is surrounded
on three sides at varying distances by relatively high mountain ranges
chiefly composed of limestones and volcanic rocks. Marine clastics
and tuffaceous rocks form the lower hillse. The mountain mass about
7 km south of the poblacion is the exposed remnant of a large lime-
stone reef complex which probably developed around a volecanic island
cores Limestone rubble in fairly steeply dipping beds, typical of
the soaward side of a high reef, is exposed in a quarry on this mount-~
ain. luch of the limestone mass appears to be very permeable as a
result of s-lution by groundwater,

Springs

Springs occur whenever an aquifer is inlersected by the land
surface or whenever a natural conduit extends to the land surface from
an aquifer with enough hydraulic head to force the water out. Springs
are common in areas of high water table, either from a fully saturated
section or "perched" as & result of an underlying impervious bed,
where erosion incises the land surface. Thus, they tend to occur in
gulleys or canyons and at the foot of steep slopess
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In the Philippines, large springs are commonly found in areas of
limestone mountains for several reasons, The mountains frequent ly
tend to cause higher than average rainfall on their upper slopes and
flanks; the limestone rocks are frequently very porous and rermeable
becauge of solution effecte on fractures and original openings; and
consequently, infiltration rates are high, The high infiltration
rates result in the limestone aguifers being saturated to a high
elevation which, in combination with the large topographic relief of
the limestona areas, causes springs and seeps where the land surface
intersects the aquifers. The high permeability of some of the lime—
stone ajquifer zones and the prevalence of fractures and other natural
conduits enlarged by solution .result in many of these springs produ-
cing large flows,

Most large springs in the Cotabato area are in the mountains
south of Cotabato City. Iigure VII-1 shows approximate locations of
the springs. Almost all the springs located during various spring
exploration programs conducted along the slopes of Mt. Cabalalaan and
the Linangan Mountains produce from intrinsic rock fractures and
solution-affected channels in the limestones. The springs are located
at elevations of 3 to 420 moters with the largest springs located along
the foot of the mountains., If these large springs are ever used for
water supply of COT-WD, pumping will be required to deliver spring
water to Cotabato City due to their low elevation. Intake structures
will also be required to collect the water and protect it from exter—
nal pollution,

Tanuel Sprinse, This spring produces from a limestone formation
at the foot of a spur of the Linangan Mountains. It is located about
8 km south of Cotabato City on the south shoulder of the Cotabato
City — South Cotabato Highway at an elevation of about 5 meters above
'3Le Spring water flows from several limestone channel outlets to
collect in a 10-meter diameter circular groundsurface pool immediately
beside the outlets. EDxcopt when used for occasional washing and
laundering, the spring discharge goes to waste and flows through a
stream (eeding the Tamontaca River located 2 km north of Tamuel .ipringe
Spring capacity was measured on several occasions and average flow is
about 21,300 cumd (see Table VII~1),

Water from Tanuel S5pring will have to be pumped to raise water
to the reservoir elevation in Cotabato City and to offset transmission
losses. PFacilities to effectively collect the total production of the
spring and to proteot water againgt contamination will also be neces—

0arye

Marquez Springe This is one of the many springs originating from
the limeslone spurs of the Linangan Mountains. It fills a pond,
measuring about 13 meters in diameter and probably 5 meters deep, from
undervwater openings, The pond is a deep natural basin that is closed
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except for a narrow oxif stream flowing north into Tamontaca Rivere
Because of the blue coloration of the water, caused probably by the
presence of algae and/or other discoloring micro-organisms, the local
residanls eall the pond “Blue Lagoon." The total production of
Marquez Spring, measured ot 4,350 cwnd, flows as waste into Tamontaca
River, At present, Blue Lagoon serves as & swimming and bathing
resort for local residents,

Marqaesz Dpring is located about 11.5 km southeast of Cotabato City
a short diuztance off the left shenlder of the Cotabato City - South
Cotabato highway at an estimated elevation of about 3 meters. Use of
Marquez Springe for urban water supply is not particularly attractive
hecause eilher spring collection facilities would have to be installed
under the nurface of the pond to collect the water before it becomes
exposed and contaminated or the pond water would have io be used but
would rcquire extensive treatment to make it suitable for domestio
water supply. Also the spring is topographically low, thus, subject
to contamination from river floodings In addition, the low elevation
and great distance of the spring from the poblacion would make pumping
and transmission cogsts high,

Taviran Springe. This spring is located about 14 km southeast of
Cotabato City on thec same mountain front as Tanuel and Marquez Springs.
Situated at an elevation of 8 meters above MSL, Taviran Spring pro-
duces .vrom & limestone formation basically similar to that supplying
Marquez and Tanuel Springs. Taviran Spring co.sista of a number of
separate 1lows occurring from fissures and craoks at the base of a
gteep limestunz face low on the flank of a foothill of Linangan Mount-—
ain immediately below the north shoulder of the Cotabato City - South
Cotabato highway. The individual springs ‘discharge into s shallow
pool drained by a small stream into rice fields for irrigation purposes.
Total spring capacity was measured to be 4,300 cumd.

Taviran Spring will be relatively difficult to collect as a
water supply source without contamination because it is frequently
under high flood water from Tamontaca River on account of its very
low elevation, The low elevation and great distance from the poblacion
will also make pumping and transmission costs highe

Tambanon Sprines. This spring, which is the source of a minor
tributary of the Dimapatoy River, is located approximately 16 km south—
west of Cotabato City at an elevation of 250 meters abhove MSL. The
main spring complex consists of spring scepages appearing from fissures
and openings on the limestone slope at 2 foothill of Mt. Tobo. The
total capacity of the syring was measured as 6,040 cumd, which totally
goes to waste. Another group of springe is located approximately 10
meters downslream of tlhe main spring group and appears from similar
large limestone cracks and fissures in the hill face of Mt. Tobo,
obviously producing from the same wource bed as the main spring groupe
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Facilities to collectively tup the separate seepages making up
the Tambanon Spring complex will be required if the spring is to be
used for the city water supply. Although Tambanon Spring will not
require A pumping installation to deliver water io the service areas
because of' its high clevation, a long transmission pipeline passing
through fairly rugged terrain will be necessary.

Budacan Spring. This spring is located along the western slope
of the Dimapatoy River Valley in the Linangan Mountains at an eleva~
tion of 70 meters above MSL and about 12 km south-southwest of
Cotabato City. Similar to moet of the springs found within the area,
Budacan Spring produces from rock fractures and discharges directly
into Dimapatoy River. 'The Budacan Spring complex consists of several
fairly large seeps producing a total capacity of 2,580 cumds Budacan
Spring results from the Dimapatoy river channel outting throughthe
high water table of the mountains. The springs are just above the
vater surface of Dimapatoy River and are constantly submerged during
high river flows,

Several other springs located within the Linangan Mountains are
shown in Figure VII-1., Data on these springs are shown in Table VII-1,
Basically, all the springs identified and loczted along the flanks of
the Linangan Mountainc produc? from either solution channels in lime-
gtone or fractures in other rocks which compose the mountain mass.

The permeable rocks of these mountains colleot a large volume of direct
recharge from precipitation and runoff which is eventually discharged
in large quantities through aprings considered natural water outlets.
On this account, all of the springs in these mountains are expected

to be adversely affected by the seasonal change from wet to dry condi-
tions within the Cotabato area. Major, and perhaps, abrupt fluctuations
in apring production must be anticipated. HMonitoring of spring flows
is necessary, In the absence of extensive flow records of all springs
located in Cotabato, it is recommended that 70 percent of the measurad
apring capacity be used for purpeses of cost estimates.

Hells

Wells are common sources of water supply for domestic and
industrial supply in Cotabato City. The Bureau of Public Works (BPA)
drilled a large number of wells within the area. BPW records of depth,
static and pumping water level, casing diameter, test yield and speci~
fic capacity for 40 nf these wells are prosented in Table VII-2; only
31 wells have records of otratigrachic logse The locations of these
wells are plotted in Fipgure VII-1, and stratigraphic logs describing
the geologic formations penetrated by such wells are shown in Annex
IFigures VII-B=1 to VII-D~31. It should be noted that the terminology
used Ly oLhe DRV drillevs in identifying tha geologric formations
penetrated Hy these wolls is vague and too generalized to describe
clearly the formations underlying the Cotabato area. 'Terms such as
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9=ITA

iarme of Swrinz

Location

Teruel Soring

¥arcuez Spring
(Blue Lagoon)

Taviran Spring

Tambanor: Spring

Budacan Spring

Siawan Spring

Biasong Spring

Liong Srring

Siringaran
Soring

* Aporoximate spring capacityy

Dinaig,
Faguindznoo

Dinaig,
Faguindanao

Dinaig,
Maguindanao
Dinaig,
Haguindanao
Diraig,
Mzguindanao
Dinaig,
¥aguindanao
Dinaig,
Eaguindanao
Dineig,
Faguindaneo

PaBLS TII ~ 1
FRITT DATA
Elevation Spring
Above lean Capacity Date of
Sea lLevel (cumd ) Leazurement
5m 23,630 20 Y=y 1977
20, 550 28 Xy 1977
18,140 23 June 1977
3m 4, 350 17 Feb 1977
8m 4, 300 17 Fed 1277
250 m 6,400 20 ¥ay 1977
70 m 2,580% 13 April 1977
9C m 520% 14 April 1977
420 m 1,630% 15 April 1977
10 m 3, 100% 18 April 1977
50 m 2,200% 18 April 1977

not verified by the use of current meter,

Aprroximate
Jistance from

Cotz®=to City (km) Remarks

8 33E Untzazped

11.5 SE Blue coloreé wzier
possibly caused by
the presence of
algze or micro-
organisms. Serves
as a swimming resort.

14 Sz Being used for local
water surnly =nd
irrigation.

16 SW Untapped

12 SSW Untapped

10 SSW Untacped

12 SW Untapped

11.5 SW Tntapped

13 WSHW Untapped



CDM
Well
Number

VOO~ UId W

-
Q

11%
12
13

14
15
16%
17
18
19%
20
21%
22x
23
24

B
Well

Number

10513
6136
16221

475
15425

20310
20311
16230
15427
15425
195912

20351
196021

196022

Lecation

Macabiso, Sultan Xudarat

Crogsing, Sultan Kudarat

Pagalongan, Sultan
Xudarat

Pagalangan, Sultan XKudarat

Pigcalagan, Sultan
Xudarat

Bo. Mekaquiling

Bo. Gang, Sultan Xudarat

Kalanganan, Sulitan Kudarat

leprosarium, Hospital,
Sultan Xudarat

Almada, Sultan Kudarat

Matampay, Cotabato City

Bagua, Cotabato City

Cotabate City High School
Cotabate City

Lambayong Institute

Cetabato City High Scheocl

CEMCOM - Peblacion

TABLE VII-2

WATER WELL DATA SUMMARY
COTABATO CITY WATER DISTRICT

Depth from Ground Surface In Meters

Resales Subd., Cotabate City 200

Meter Pool-Circuit Road
Santos St., Cotabate City
Gen. Luna (Bu. of Telecom)
Ilang=ilang, Cotabato City
Ortouste~ Ilang-Ilang St.
Rosary Heights, Cotabate
Gutierrez~Sampaguita St

*iell logs are not available,

Rominal Static Pumping
Diameter Hater Hater
(mm) Total Cased Level  Level
150 39.0 3844 - = 34
150 2642 25,6 ~10,7 =11.3
112 610 53,5 ~47.3 48,8
150 1163 1061 =049 = 3.0
100 2996 1902 -12.2 -13.7
150 845 367 = 3.1 -
100 12.2 10.0 - 2.1 -
100 706 7-3 - 102 ha 204
150 30,5 22,0 =17,4 =185
100 17e1 1341 =104 12,2
100 13.7 1301 Lo 0.6 -
100 18,0 16,9 =~ 1,5 =~ 1,8
200 3065 3045 =13,7 Abando
150 25.9 25.9 - 1.5 o 2.4
200 27e4 265 =15.2 =19.5
200 2404 -~ - 400 -
30.5 28,0 11,3 -
200 22.9 17.7 - 409 bt
200 244 - - Te6 =16,8
200 38.7 3245 -1542 -22.9
200 1805 1502 - 6-1 bt 8.9
100 34e1 33,1 = T9 = 9.8
200 19.2 18,3 = 3.0 -

Test Specific
Yield Capacity Tear
(1ps) lps/m} Completed
0063 - 1956
158 2,63 1954
0e95 0063 1957
0.95 CodH 1956
0.63 C.42 1957
0.63 - -
0463 - -
0.63 0653 1957
0.94 0.63 1957
0«95 0.53 1657
- - 1960
0632 1.07 1559
ned 1973
0.94 1.05 1957
3.40 0.79 1560
38.2 - 1973
9.5 - 1974
- - 1574
15.8 2,0 1964
- - 1974
4441 2632 1660
]7.4 - 19?3



TABLE VII-2 (Contimued)

Deﬁh in Greund Surface in Maters

CDN BF Hominal Static Pumping Test Specific
Hell Hell Diameter Hater Hater Yield Capacit Year
Number  FNumbexr locAtion (mm ) Total Cased lLevel level (1ps) ‘lgs(n; Cogpletsd
25 - Ortouste-Rosal St,. 200 2044 1843 = 2,11 - 12.6 - 1973
26+ - Bubeng, Cotabate City 150 9.1 37T = 1e5 = 3,1 0,76 0.48 1957
27 12241  Palitay, Dinalg, Maguindanao 150 14.0 Ted = 18 = 2,1 0663 241 1956
28 16277 Tamontasa, Cotabate City 9.1 - 15 = 3,0 0.76 0e51 1954
2¢ 16228 Pagalamatan, Cotabate City 100 1067 65 = 148 = 3.1 0.76 0.63 1957
30+ - CENCOM, Awang Area (Airpert) 150 7602 - - - 3,78 - -
31 196091 Rite, Cetabate City 100 125 1245 - 0,6 - 0.9 0.9 3,17 1960
32 20881 Tiu@n' Cotabate City 100 805 6.7 - 1.5 - 3.1 0063 0.42 1957
33* - Kagamay, Cotabate 100 19.8 15.8 < 8.5 - - - 1669
34% - So. Linek, Polometec
Cotabato City 100 1542 1140 =107 =~13.7 0.32 0.1 1959
35 196063 Banga, Coiabato City 100 2041 20a.1 = 3.0 = 446 0.76 0.48 1960
36 5487  Harket Site, Midsayap,
Cotabate City 150 442 42,2 = 2,7 = 3.6 1.89 241 1956
37 7268 Bo. Gayonga, Tumbao,
Cotabato City 150 2949  Te6 = 2,1 = 3.7 1.3 0.84 1955
38 12245  Tabon, Pigocawagan, Cotabate 112 1347 1242 = 3.0 = 337 0.9 130 1956
39 16882 Bunawan Settlement, Baluan
Cotabate City 100 52.1 5201 '4207 "‘4700 0063 0015 1%8
40 196051 Malagapase, Cotabato City 100 25.9 195 = 4.6 = T.6 0.63 Ce21 1960

Rote: Welis No. 30 1o 40 are net shown in Figure VII-1.
‘ells Noe 19, 20, 21 and 25 are present groundwater sources of water for COT-WD.

#iell logs are not available,
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dead sand, hard white rock (limestone?), adobe, hard rook with gravel,
and stone with clay are exanples of general terminology used. Varia-
tions in torminology used Ly different drillers or geologists in
describing a geologic zecltion are & congtant problem that makes even
general correlations of geologic sactions and consequent predictions
of aquifer characterictics difficult and uncertain.

Data on the 40 wells drilled by the BRI and given in Table VII-2
chow that they generally range from 100 to 200 mm in nominal diameter.
Well depths range from 8 to 76 meters, and static water levels range
from 0.6 to 47 meters below ground level with the wells of deeper
static water level located on higher lande Pump test data are avail-
able on V) of the 40 BIW wells with specific capacities ranging from
0e11 to 3417 lps/m Without any observable relation to well depth or
casing diameter, Six of thense wells have specific capacity of more
than 2 1psﬁn which is fairly good, The generally poor performance of
the BPW wells is believed to e largely related to poor well design
and conglruction rather than to a uniformly poor aquifer, This
situation is common — many areas underlain by good aguifers (such as
in the Cotabato area) support poor wells unless good design and con-
struction procedures are followed.

At present, COT=ID is using four of these BPW wells for supple-
mental water supply in addition to surface water from Dimapatoy River,
All four wells are located within the boundaries of Cotabato City;
drilled in an elevated area in the wide, flat marshland surrounding
Cotabato City and are each cased with 200-mm diameter well casing,
Depth of these four wells ranges from a minimum of 18.5 meters to a
maximum of 38.7 meters, and static water level ranges from 2,1 meters
to 15.2 meters below ground surface., The formation from which these
wells produce appears to be fine to coarse sand underlain by a thick
clay bed, probably 30 mcters thiok in some areas, which is prominent
in the Cotabato alluvium. Conductivity measurements of water from
these four COT-WD wells were found to be excessively high, indicating
excessive dissolved salts, with a minimum of 950 micromhos/cm and a
maximum of 2,250 micromhos/cme This indicates that, because of the
low topographic gradient from the east, the groundwater gradient is
very small and consequently the groundwater flow is too slow to have
flushed out all the salt water remaining when the area was onge sub -~
merged under sea water. Other wells within Cotabato are evidently
experiencing the same water conditions. A conductivity survey of
shallow well waters around and within Cotabato City showed that the
best welle were shallow, 18 meters deep or less, and prorduced water
of about 700 micromhos/cm. Deeper wells produced waters with conduc—
tivities of as high as 2,800 micromhos/om. Condustivities of well
waters are shown in Table VIII-3 and their relative locations within
Cotabato City are plotted in Annex Figure VII~-B-34., Several local
well drillers report that wells drilled within the city limits
‘become anltier with increaging depth, and are extremely salty at
depths of 90 meters or more. It is concluded that good larpge-
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TABLE VII - 3

WELL VATER CONDUCTIVITY DATA
COTABATO CITY WATER DISTRICT

Well CDl Well Conductivity Date of
Number Number (micromhos/cin) Neasurement Remarks
1 - 1800 28 Oct. 77 Hotel Well
2 16 2100 28 Octe 77 Military (CEICOI)
Well
3 - 1500 28 Octe 77 Hospital Well
4 - 1250 28 Oct. 77 Private Well
5 - 1650 28 Oct. 77 Private Well
6 20 1600 28 Octe 77 COT-WD Well
1600 12 Jane 77
7 - 420 28 Octe 77 Atandoned
8 - 1600 28 Oct. 77 Abandoned
‘9 - 1900 28 Oct. 77 Subdivision Well
10 19 250 28 Oct. 77 COT-WD Well
1200 25 Nove. T6
1 23 1200 28 Oote 77 Abandoned
12 - 1800 28 Oote 77 Abandoned
13 21 1500 28 Octe 77 COT-WD Well
1350 25 Love. 76
14 25 2250 28 Octe 77 COT-WD Well
1700 29 Nove 77
15 - 600 28 Octs 77 Abandoned
16 - 750 26 Oct. 77 Private Well
17 - T00 28 Octe 77 NGA Well

Note: Locations of thesec wells ure shown in Annex Figure VII-B-34.
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production rate wells suitable for domestic water supply cannot be
conslrucled within the city limits or in the Tamontaca River-Mindanao
tiver Valley area because they will become saline under condilions

of continued pumping. ¥No free~flowing well could be found in Lhe
Cotabato Tity area, At depths of 90 meters or less, there is no
known artesian ayuifer pressurized sufficiently to support lowing
welle. The extremely flat, averapge, westward topographic gradient

of 1 moter to every 10 km limits the groundwater gradient in the
phreatic (witer table) aguifer, which, in turn, limits the ground=
water flow from the bagin to the west (Moro Gulf) to a very omali
quantity, insufficient to flush the cogmate saline water Trom the sedi-
mente completely. It is believed that the vast, flat valley area east
of Cotabato, about 10,000 uvykm or more, wus once a large embayment of
the sea which accounts for the presence of saline water in the sedi—
ments of the valley floor. The Linangan Mountains were probably a
great reef complex bnilt around the volcanic central core of Mount
Cabalalaan that formed the southern shore of the seaway.

It is very unlikely that a good artesian aquifer containing fresh
vwater could exist at great depths below Cotabato Citye On and offshore
topographic conditions make it likely that any deep aquifer would be
saline or subject to rapid salinization under condition of massive
groundwater pumping. The off'shore topography near Cotabato City shows
an abrupt drop in elevatior a short distance from the shore. The
steep slope truncates the agquifer a short distance from shore and sea
water will flow inland intn the deep aynifer zones if the plezometric
head in the aquifer is lowersd by large-scale pumping.

Wells at higher elevations olong the lower slopes of the hills
and mountains north and south of the city will produce water of good
quality but the aquifers will not support larpge—capacity welle except
possibly for the limestone aguifer of +the Linangan Mountain area
where it would be diffieult to find permeable zones in the subsurface,
Probably, productive wells could be drilled in this limestone located
about 10 to 15 km south of the poblacion. Another potential source
of groundwater is the sand and pgravel banks of the Simuay River about
5 to 10 s [rom the poblacions The river has a relatively large flow,
sufficient for the COT-HD beyond the year 2000, and the water quality
is zood upgtream of the reach of sea water intrusion [rom Moro Gulf.
The Bimuay River currently carries a sund and gravel load and the
llood plain indicates that Lhe river valley alluvium is deep enough
and contains cnough sand and gravel that good, large capacity wells
can be convtructed along the river banks if properly located. Thege
wells will induce additional infiltration from the river and so 10—
vide a suflicient source of recharge water of jrood quality. It ie
estimated thal indvced infiltration wells along the Simuay ier
buanks 1o an wreea nol allected by wea water intrusion, il c.uvdiy
degigned el conutructed, provided with good will geon and drilled
Lo aboirt ) meturs, would huve soccific capacities betweon 1 and
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5 lps/m and reoduce 30 1ps or more. Aspecific capacity of 3 1p3/h ig
suggeated for cosl estimation purposese The proposed well site, now—
ever, is lociated outsile of Cotabato City. Annex Figure VII-B-32 is

a swreerted peneral design for indoced infiltration production wells

in the Cotibato area. If wells are censtructed by COT-4D, this design
could be a guide for the fivst well {(which chonld be a test cum pro-
detion well). The design should be modified for succeeding wells to
reflect date derived from construction and test of the first wello,

The specificd screen and upper casing are suliable for 30 1lps productlion
although o music larger capacity punp could be installeds The screen
should be of the corrosion—resistant, continuous wire-wound tyne to
reduce well losses and make development and maintenance procedures more
effectives Gravel chrouding is recommonded because it is anticipated
that water will be produced from muserous horizons of varying grain
gine.

Rechu.pe to the agquifery in the Cotabato area ig believed to be
plentiful because of the adequate rainfall and the porous nature of the
limestone formations and alluvial depusitse Recharge is partioularly
high in the mountainous warcas as evidenced by large springs with rela—
tively small source araas. A tremendous quantity of potential recharge
is available to the alluvial aquifer in the huge valley east uf
Cotabato. However, the extremely flat topopgraphic gradient causes a
very Tlal pgroundwater gradient in this water table aquifer and conse—
quently ;roundwater flow toward the sea is very slow. This asituation
is confirmed by ithe very marshy and water-logged condition of the
Tamontaca River — lMindanao River Valley (resulting from groundwater
forced to the surface and surface water that cannot infiltrate because
of the totally saturated aquifer) and by the fact that proundwater flow
under Cotabato has been so slow that the cognate salt water has not
been flushed from the agquifer, Thus, despite the potential recharge,
actual recharge to this area is very low, groundwater flow and flushing
under Cotabato are very niow, and the groundwater underlying the pobla-
cion remuins saline and undesirable {or city water supply.

Monitoring

A monitoring program Lo gather and interpret water source duta is
necessary f{or proper operation and planning in any water district. In
Cotabato, production and overflow of proposed spring water souwrces of
the district must be monitored to cvaluate long—term, reliable flow
rates.

For the purposes of this study, Lhe overlilows from the springs
identifiecd ns probable water souvces of COT-HD were measured by the
use of a portable current mcter in discharge channels, Permanent weirs
with calibrated stalf gauges should bo installed in the discharge chan
nels at oiratesic locations to measure [lows more convoniently. 'Total
flow should bLe measured twice a month, water samples for bacterial
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analysis should bo collected once a month, and water samples for che~
mical and physical analysis should be collected once a year, 'The
collected data will give early warning of flow reduction or contamina~
tion so that remedial actioun can be tuken early.

Fach COT-D production well and any succeeding wells should have
facilities for measuring the total amount of production or rate of
production, times of operation and water levels. Routine monthly
obhservations of stutic and piwmping water levels should be recorded and
daily records of pumpinge kent, Hater samples Ffor bacterial analysis
should be collacled monthly and for chemical analysis, semi-annually,
The data from the well monitoring program will provide better aguifer
parameters, indicate the magnitude of recharge, give early warning to
the COT-D of deteriorating water quality (most eupecially saline
water intrusion) or pump performance so that remedial actlon can be
taken, and indicate any unforeseen decline in regional water level so
that individual well yields (which affect local punping levels) and
degign and location of future wells can be adjusted as necessarye. For
these purpeses, copies of all COT=AD well monitoring data should be
routinely analyzed by COT=ID personnel (if it has competent staff for
such analyses) or by some associated agenoy competent to perform much
analyses,

Sumnary of Groundwater Resources

Grounidwater wilthin the alluvial aquifer of the Tamontaca River =
Mindanao River Valley is undesirable for water supply because of a
salinity problem, This condition results from very poor flushing of
salt minerals (left from when the valley was once fully submerged
under sea water) by recharging water in the unindurated sediments in
the valley. iells within this low area nroduce saline water undesira~
ble for human consumption. Groundwater in the relatively higher areas
bounding the Cotabato outwash plain to the rorth and south of the oity
is of good quality on account of a higher flow rate of recharging water
effectively flushing out cognate salt minerals in the ayuifer. Good
wells probably can be constructed in the limestones 10 to 15 km south
of the poblacion. Also, wells can be constructed in the flood plain
of the Simuay River 5 to 10 km north of the poblaclion, These wells
will derive recharge from the river and so are capable of providing all
of Cotabato's water requirements paut the Year 2000, They would have
the advantaye of producing water of good quality requiring only chlori-—
nation for treatment, but would have the disadvantage (common to all
well supplies) of requiring multiple pumping stations with consequent
operating costs and mechanical and operaticnsl complexities, Also, a
transmission pipeline with a river crossing structure probably will be
necessary hecause the north side of the Simuey River appears more
suitable from preliminary studies,
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A large number of springs have been located along the slopes of
the mountain range souath of Cotabato City. All these springs produce
from fractured and soluticon-affected limestone fermaticns, MNost of
these aprings produce fairly large volwmeu of wuler and could supply
significunt parts of the waiter requirement of COT-ID up to the year
2000, The Jlarge-capacity seprings, however, are locatad at the lower
slanes of tie mountuin and will require puaping to deliver water to
the load centersa. The spring water is of excellent quality and will
require chlorination for treatment. TFacilitlies to effectively capture
the spring production must also be constructed and will serve not only
as an impoundings structure bhut alse prevenl the contamination of water
from wiernal sources.

Ca OSURPACE WATER RESOURCES

The COT=D water requirements up toand beyond the year 2000 could
be supplied by a aumber of surface waler sources in the areae. The
Dimapatoy River, which is already supplying part of the COT-D water
demund, ard the Simuay River, are potential suvurces. The Mindanao
and Tamcnlaca Rivers would have been excellent surface water sovrces
for COT-UD in terms of proximity to the demand cewter and volume of
water produced but salt contamination of river water from the Moro
Gulf which extends to more than 20 km upstrear eastward of the river
mouth does not make the rivers a favorable gource of water supply.
Several tributaries of the Mindanao/Tamontaca River network having
extensive rccords of {low viere used as the basis of approximating mini-
mum lovi flow in the nezrby rivers with no existing flow records.
Necesuary data on these tributaries are presented in Table VIl-4, Of
the Jive rivers considered, a maximum unit ainimum low flow of 992
cumd/sqkm was recorded for a river draining a watershed area of 12,999
sgkm while a minimum of 102 oumd/nqkm unit minimum low flow was
recorded for a river having a drainage area of 145 sgkm. It was
deemed that by using the mean unit minimum low flow of 540 oumd/sqkm
derived from these five rivers, a closer approximation of prohable
minimum low [lows for rivers having no existing flow records could be
derived,

Generalliy, a surface water source is not economlcally competitive
with springs or wells reasonably close to the demand center because
surfaco water usually reguires more extensive and more costly treat-
ment than groundwater,

Dimapatoy River

At pressnt, the COT-D is partly supplied by water from the
Dimapatoy Hiver., Water from an intake gystem at the bank of Dimapatoy
River is pumped directly into a neacrby settling basin before it flows
by gravity to the distribution system. The intake system and settling
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TABLE VII ~ 4

MINIMUM LOW RIVER FLO:i RECORDS
QF RIVERS* IV COTABATO

Minimum Low

Location of Gaging Period of Drainage Minismum Low Flow/Unit Area
jame of River Station Record (yr)  Area (sqkm) Flow (cumd) (cumd/sqian)

Rio Grzrde de Lat. 7° 03v09" B -
¥indanao (Pulangi) Lorng. 124942%27n 22 12,999 12.9 x 10 592
Kabacan River te T06734"

Long. 124952139+ 16 698 43.6 x 104 625
Allah River Lat, 6%31130"

Long. 134936105" 22 936 30.2 x 104 323
Allah River Lat. 6°40145" A

Long. 124932'50" 8 1495 95.0 x 10 635

. . o]

Malasila River A Lat. 6°50145" 20 145 14.7 x 103 102

Long. 124°36t05"

Kote: All of the abovementioned rivers are tributaries of the Kindanzo/Tamontaca River network
which drains the Cotabato watershed basin.
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basin are lecated appreoximately 9 km aouthwest of Cotabate City at
elevation of 40 and 93 meters, respectively, and serve the service
arsa by gravity flow with water of fairly goed guaiity. The water
requirement of COT-HWD fer the yoar 2040 rspresents roughly 17 percent
of the projected low flew in the Dimapatey River.

By rehabilitating the presant intaks facilities at Dimapatey
River, the COT-WD water requirements could bs supplled by this water
seuros even beyond the year 2000. Hewever, for oity water supply,
this source must have a complete surfaco water treatment plani (net
Just the existing basin) and a fully equipped pumping station to 1ift
water from Dimapetoy River inte the treatment plant. A permanent dam
impoundment will also be made an integral part of the prerosed
Dimapatey River intake facilities to coliect and divert water frem
the Dimapatey River ints the intake bexewa

Simuay River

The Simuay River passes 4 km north of Cotabate City at its near-
est point. The major length of the river ceurse has the advantage ef
running aleng generally elevatsd arsas before discharging into the
More Gulf whioch im not true of either the Tamontaca and Mindanas
Rivers. Thus, river water within appreximately 5 to 8 km ef Cetabate
City would generally be net affected hy salt water intrusion frem the
Noro (ulf and be suitable for human consumption after conventienal
water treatment. The Simuay River has a drainage area eof about 550
sqkm, By the use of the mean minimum lew flow ef the flow records
presented in Tabls VII-4, the projected minimum river flow in the
Simusy River, with a drainzge area of about 550 sgkm, is about 300,000
ounmd, more than 10 times the projected water demand of COTwWD in tha year
2000, Thus, the Simuay River is a techniocally feasible water source
fer COT-WD, but it would require extensive and costly t:‘eaiment fer
use ag source of domestio water supply. An excellent groundwater wup~
Ply which will require only minimum and inexvensive itreatment can be
derived frem induced infiltratien wells along the Simuay River,

The Simuay Hiver is located in the municipality of Sultan Kudarat,
north ¢ £ Cotabate City, If ever Simuny River is nolected as ene ef
the waier sources eof the COT-WD, it should coordinate with Sultan
Kudarat officials te get their full coeperation en the propesed pre~
Jeot.

A major disadvantage of the use ef Simuay River as a water supply
gource of the COT~WD is the ocurrent unrest prevailing in the Sultan
Kudarat area, Sultan Kudarat area is one ef areas in Mindanao with
an aotive rebel movement and the situatien is expected to centinme fer
an extended period of time. The implementatisn of the water supply
projeot is expected to be drastically hampered by this situation.
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Do WATEH QUALTTY OF POTHHTTAL SOURCES
Hater samples were taken frem four COT-MD we @ilz, thvee springs
gTanuel, Tavivan and Morguez 2ovines) and two surface water sources
the Dimapatoy and Sisnsy Nlvers). Physical and chemical malvseu
dere made on the samples collected to determine ihe water quality of
each potentinl sonrce with reapect to potability and treatment requirc-
ments, The resulis of these analvees are shown in Tables YVeq and VII-5

are briefly diccusscd bolovs
dell Water

dater samples were talen from the four woells rresently used by
the COP=-iD.  The remulbs of the mhysical and chemical analyscs show
that all four samples evcecded the permissible limits set by the
Vhiliprine tational Standards for Drinking Vater in total dissolved
solids and calcium content while three samples also exceeded the par~
misasible 1imita in total hardues: and manganese content. The peTmis~—
gible limits for color, turbidity, magnesium, iron and sulfate have
also been exceeded in some of the samplesa

The rasalts indleate that the grommdwater beneath Cotabato City
is heavily contuaminated with mineral salts, probably remaining in the
alluvium from an earlier period whem it wag saturated with seawater.
This is further shown by high conductivity readings in all well water
samples indicating that the dissolved galtsa content is higher than the
permissible limits. Total hardness,; which is high in all samples, is
another indication of excessive c&lcxvm and magneaium salts which
most likely result from ses water contamination and possibly also due
to the abundant limcstones in the area. Tt ig,; therefore, undersira-
ble to use the groundwater below the COT-WD area as a primary water
source because of its excessive salinity. Contiinued withdrawal of
large volumes of groundwater from wells near the poblacion will likely
deteriorate the gnality of the grouncwater since saltl water from the
nearby Horo Gulf will intrude further inland due in a lrwerad water
table. fTreating the saline sroundwater benonth CoteaLato City for
water supply purposes could be dono with the use of various desalini-—
zation processesn. However, these methods are +oo costly Ffor practical
conaiderations and are expected to become oven more expensive with the
rising price of energy. kExcept for deudllnluatlon, no other means of
conventional water treatnent currently in use is sufficient to eliminate
the salinily in the Cotabvato groundwater. Mixing the Cotabato ground-
water with the fresh water i'rom other sources could ponaibly reduce
the salinity of the rroundwatar to be acceptable {or water supply.

VII-17



TABLE VII-5

WAYER QUALTYY TEST RESTLTS OF FOTEFTILL SOURCER
COTABATO CITY WATER DISTRICY

Dimapatey River Simuay River Grisusts lsll Tlang-Alang Samxtes Well Gen. Luma
Dimapatey Dmm Callectien Bs. Paysng Be, Rasary Mell Pe. Do Resary ¥all Tazusl Hring

) Fermis— Bn. Dimapaicy, Gallery Bb. Sultan Esights Rosary Seights Helights Cotabsts DBe. Tarmel Xarques Syring Taviraa Spring
sidle Dimaig Dirmpatoy, Dinalg  Iudarst Cetsdate Ciy Cotadets City Ostabats City City Cotadate City De, Marquezr Be. Taviraa
Test Tndy _Limits 27 ¥ev 76 2] %v 16 27 Sep T1 .29 Few 76 25 Few 76 25 Fev 76 12 Jun T7 27 Sep 1T 27 Sep 1 2] Sep I1
Pxysical
Celer APEL 15 s 5 all 200+ 5 5 5 nil ail oil
Tnrbidity p 4Y) 5 3 3 Tee TS50« 2 S 2 nil ail ni}
fotal Dissolved
Selids* wg/l 500 195 218 104 1,105 BT8es 780%s 1,040 384 358 an
Ceadustivity miorem—
hes/ca 300 335 160 1,700 1,350 1,200 1,600 530 550 580
Chemical .
pE 7-845. T.% 7.8 7435 Sed5%® 7465 To45 Te2 6.5 Te15  Te35
Tetal Alxalimity sg/l
CaCO3 160 195 84 40 430 420 365 341 317 317
Fhenelpkibalein g/l
Alkalipity CaC03 0 0 o 0 [s) o 0 (1] 0 o
Tetal Hardness ag/l
CxC03 400w 177 181 63 864 351 4658 5204 34 329 314
Caloiwm ng/l ’
Ca rb) 5040 644 16 276.4%% 76,80 1328 1140 103 e 101»e &5
Eagnesiom x/l
%atal Irer ¥, !
Pe 03 0,12 O.1 . 0.015 4.25%0 i) a1l 0,09 0.01 0.01 0.01
Flexride /1 .
» 145 0.44 044 0.05 0,87 0.62 0.49 0.7 0.45 0.10 0,50
Chlerids ng/1
) Cl 200 [+} 2.44 3 81.74 1464 8 173 15 12 24
Snlfate - ng/t ’ :
- :z 136 =il ail 5 375 48.3 25 78 .4 1 23
Eitrate 1 ‘
2 50 10.2 102 8.3 1061 8.1 12 416 8.6 9e2 1
Rangunans 1
) - Ot 0.1 © Qe2es il 2,6%¢ Q.3 0,20 0.95 {55 0e25 %+ =il

sCospated as §5 pervent ef sendnctivity.
esBroesds the permissible limits eet tr the Philippinme Eatiemal Siardaris for Drinking Mater,
serisntta inferrsd frem limits ef individnal setals canging hardusss.
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Surface VWater

Yater samples were collected from the Dimzpatoy and Simuay Rivers
end the results of the phlysical and ohemical analyses of these water
sBumples sre shown in Table VII-,. %wo waier samples were collected
from the Dimapatoy river, the present gource, one from the abandoned
dam located 15 km southwest of Cotabato City and the other from the
collection gallery located 5.5 km downstream of tho dam. Analyses of
the samples show that the river water meets the permissible physical
and chemical limits set by the Failipgine National Standards for
Drirking Water, except for manganese content in the sample taken from
the collection gallery which is reported to be higher than the permis-
sible limit. However, this ig belioved 4o be a latoratory error because
high dissolved manganese content in aerated aurface waters is very
unusuale. The analysis shows that sample. from the Dimapatoy river are
generally faverable as a water sources Even solor, turbidity and sus=—
pended solids are unusually low considering that the samples were
collected during the rsiny season. This condition could be a result
of the basically limestone bed of the river and the general bank area
through which the river course passes. However, during heavy rainfall,
the Dimapatoy river water becomes turbid and thus will require complete
normal water treatment (coagulation, sedimentation, filtration and
disinfection). The physioal and chemical analysis of the Simuay River
water indicates that, except turbidity, all tested parameters meet
the requirements of the Philippine National Standards for Drinking
Water, Even go, this water would require complete normal treatment to
remove turbidity and suspended matter.

A conductivity survey of the Simmay River starting 8 km from its
mouth showed no sea water intrusion. Conductivity reasurements averaged
160 micromhos/crm.

The Simuay River is a favorable surface water source, not only as
a direct source but alsc as a water recharge source for induced infil—
tration wells drilled along the river's sand and gravel banks. If
surface water is used as 2 major source of recharge for aearby induced
infiltration wells, disinfection of the water, usually chlorination at
the point of discharge, will be sufficient as treatment since the ma jor
portion of the impurities will be filtered out of the recharging suface
water by the alluvium separating the river from the well.
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The Simuay River wuler is cliemically faverable for municipal
supply asz chown by the revultc of the analysis in Table VII~5 and
various LUULQC[L"]»V mu"ﬁ““fﬂ(ﬂ’ The tdmuay River is a poscible
aource &? ] rhzryu For dmdueed LJ";at"ca wells drilied on the river
banks. ‘These wells aould lhduup 1;1111 ation of the river water into
the anmuifer te replace the pumped water so that eventually the well
would he pumping recently infiltrated water wand praciisally produce
out of the Jimuay MHver inotead of the groundwate‘. The quality of
the resuliing vator will cssentially be similar to that of the river
water, cxcept Tor the physical quolity (sueh as turbidity and color)
which will be improved &g a resull of the sieving acstion of the
alluviws bLietween the river and the well, ‘the water praduced from
these wells will require only disinfecticn for trsatment,

Svring Uater

Physical and chemical malyses chow that samples collected from
Tanuel, Marquez and Taviran springs are of excellent quality, except
for bUhCnnbr]tJOH" of calecium in samples from the Tanuel and Marcues
springs which are hijpher than the permiusible limits of the Phiiippine
Hational Standards for Lrinking Water., High calcium concentration
canses the waler to be wlightly hard but the relatively low magnesium
content reducer the effect, making the sypving water acceptable for
cily supply. WBxcessive calcium concentration is to bLe expected Trom
springs rroducing from limcstone formations because the calcium
carbonate disselves recdily in waler containing carbon dioxide from
the atmosphere. If the hardness becomes objectionable, corrective
treatment [or calcium liardness could be achieved by simple water
softening orocesces,

Except for calcium conlent, wiater {rom the Cotabato springs is
of excellent quality and weuld require only dipinfection for treatment.
Prime concorn must be given te ponsibic contamination of proposed
sourcas since the springn are located at generally low elevations
(about & meters wbove ﬂSL) aleng the shonlders of the Cotabato City
southern highway. It is advisable that collection methods be improved
and the local areas immediately above the spring orenings be protected
from pocsibls contamination,

Spring woter could aluo be used in combination wiih the saline
Cotabato pgrouwndwaters Combining the spring water with the groundwater
could reduce the sverail walinity of the mixed water to wn Imceptuble
level fer municipal supply. The resulting wotcer will only require
minimal trecbment; usually chlorlnatlonvuu* will require large expense
for transmicsisn pipelinen, mixing tanks and similar appurtenances.
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ANNEX VII~B

GROUNDWATER RESOURCES



DESCRIPTIVE DATA

GRAPHIC LOGO

WELL NO.(coM) _ !

(OTHER) {0513

LOCATION BARR|O MACABISO NULING
CITY COTABATO

PROVINCE COTABATO

CONST. BY B.P.W.

DRILLER JOSE C. SAMSON
STARTED MAY 28, 1956
COMPLETED, JUNE 26,1956

OWNER B.P.W.

STATUS

CASING DIAMETER 120 MM

CASING LENGTH——238:4 M

DRILLER'S TEST DATA:
DATE

8TATIC WATER LEVEL

PUMPING WATER LEVEL _3-4M

TEST PUMP YIELD 0.63LPS

SPECIFIC CAPACITY

REMARKS:

WATER QUALITY DATA:

DEPTH
CASING ST RATIF! CATION
(M) | (FT)
I——GROUND SURFACE
:E::-; ORAY STICKY CLAY
5.5 18 ;:_-f_:'-é
(] LIGHT. BROWN CLAY
= =]
10.4 CPR
E:-:-__:_;"_j BROWN CLAY
13.1 PER X
SAND AND GRAVEL
15.2 50
LIGHT BLUE CLAY
38,1 Hs
_ COARSE SAND
39.0 128

QES,?{@'%}T&C&B"%N Er?alku XQEE?; LWUA"CDM

ANNEX FIGURE VII-B-|
WELL DATA SHEET
WELL CDM-!
COTABATO WATER DISTRICT
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DESCRIPTIVE DATA

GRAPHIC LOG

STRATIFICATION

~~-GRUUND SURFACE

YELLOW SANDY CLAY

ADOBE AND CLAY

FINE SAND

YELLOW CLAY

SAND AND GRAVEL

ANNEX FIGURE VIi-B-2
WELL DATA SHEET

WELL CDM-2

COTABATO - WATER DISTRICT

5 DEPTH CASING
WELL NO.(CDM) (M) ] (FT)
(OTHER)____ 6136
LOCATION KILADA CROSSING, I(ABACAN
CITY COTABATO sl s
PROVINCE COTABATO =4 [E=
CONST.BY B.PW. E_:::_E ;_._:.::_
DRILLER MAMERTO LAWAS _ = |==
STARTED = S
COMPLETED 1954 e s =73 [==3
OWNER B.P.W. : e %
STATUS S %
CASING DIAMETER _!50 MM E‘si
CASING LENGTH 25.6 M 7.8 25 Ry x
DRILLER'S TEST DATA:
10.7 33
DATE
STATIC WATER LEVEL —10-7 M 12,2 40
PUMPING WATER LEVEL ': 3 M
TEST PUMP YIELD .:e ‘-PS/
SPECIFIC CAPACITY 2.63 LPS/M
REMARKS:
2.3 70
26.2 86
WATER QUALITY DATA:
;53?;,'_?,"5',-"*55‘:03“5"19;" J:&RAN \X:EE: LWUA"CDM

o




sy

DESCRIPTIVE DATA gracinc Lnn
DEPTH CASING STRATIFICATION
WELL No.(cDM) __3 (M) | (FT)
{OTHER) 16221
LOCATION BARRIO PAGALONGAN 4 NULING K,/GROUND SURFACE
CITY COTABATO STICKY CLAY WITH STOKE
PROVINCE COTABATO 2, T
CONST. BY BOW SAND AND GRAVEL
DRILLER
STARTED 1957 7.6 23
COMPLETED 1957
OWNER B.P.W. SANDY CLAY
STATUS 12.2 40
CASING DIAMETER !5'32 5MM COARSE SAND
CASING LENGTH O M 16.2 53
:“"_;'i .';'*:_— YELLOW 8SANDY CLAY
DRILLER'S TEST DATA: ols R e R
DATE » } | GRAVEL
STATIC WATER LEVEL 473 M 234 2k J (@ LI
PUMPING WATER LEVEL —98.8M 268 0 %) VoLeAnic  Rock
TEST PUMP YIELD 8-2: '—PS/ :
.63 LPS/M =IS
SPECIFIC CAPACITY. BANDY CLAY
REMARKS: gg-_g ; :g : i’ OULDER
SANDY  CLAY
38.1 128 _
l S £DORE AND BLUE CLAY
E::" X
S ;':3.:‘
46.6 103 = IR¢
ER
E’—TE;___ 0AUDY CLAY
et
WATER QUALITY DATA! =) E
N ey
ooy SCR ey
:?:3 boe  bul. .t T FIIE_SAND WITH GRAVEL

FEASIBILITY sTuUoDY FOR WATER
SUPPLY OF SECOND TEN URBAN AREAS

LWUA-CDM

ARIEM FIGURE VII-B-3
WELL DATA  SHEET
WILL CDM-3
COTABATO WATER DISTRICT

AR e e s,




NESCRIPTIVE DATA

GRAPHIC

1.00

DEPTH

WELL No.(com) ___ 4
(OTHER)___ 7475

LOGATION DUNGOAN , PAGALUNGA

CITY COTABATO

PROVINCE COTABATO

CONST. BY BPW

DRILLER

STARTED

COMPLETED

OWNER B.P.W.

STATUS

CASING DIAMETER 30 MM
(0.1 M

CASING LENGTH

DRILLER'S TEST DATA:

DATE

STATIC WATER LEVEL

PUMPING WATER LEVEL
TEST PUMP YIELD
SPECIFIC CAPACITY.

REMARKS!

WATER QUALITY DATA:

FEASIBILITY STUDY

SUPPLY OF SECOND TEN URBAN AREAS

FOR WATER

CASING STRATIFICATION
(M} | (FT)
- H_,fGROUND SURFACE
== |E=
0.9 s === veitow cuay
I8 ¢ = ESS
== |ZZ3  sive smieny cuay
=
4.6 15 RS T::':
Wy s gored |
]
et
—
-,
ek
et
=
=
iy
= BLUE SANDY CLAY
— b’
=
— ]
9.2 30
to-0 3 FINE  SAND
s 37

LWUA-CDM

ANNEX FIGURE VII-B-4
WELL DATA SHEET
WELL CDM -4
COTABATO WATER DISTRICT




DESCRIPTIVE DATA GRAPMIT 1N
DEPTH CASING STRATIFICATION
WELL NO.(cDM) __5 (M) | (FT)
(OTHER) ___ 15425
LOCATION PIGCALAGAN NULING .--GROUND SURFACE
CITY COTABATO = =3
PROVINCE COTABATO - == =3
CONST. BY BPW. == =5
DRILLER - f;-:;': :f—_: RED STICKY CLAY
STARTED St I e
COMPLETED =[S
OWNER B.PW, = |==5
STATUS 6.1 20 ?:-——'-—'-: "':':—::—i
CASING DIAMETER _!00 MM oy &=
2 s I
CASING LENGTH 1.2 4 == [=7=X]  BLUE cLAY wiTH saAND
DRILLER'S TEST DATA! , ey R ety
DATE o »* \x \i\i ADOBE STONKE
2.2 40 \ .:!-x - . [
STATIC WATER LEVEL __12.2 M = HAND ROCK
PUMPING WATER LEVEL _I3.7 M 3. 42 e —
TEST PUMP YIELD 0.63LPS SAND AND ARAVEL
SPECIFIC CAPACITY. 0.421PS/M
15.9 52 e SE—
HARD 8S0LID ROCK .
i8.8 55 e e e ]
REMARKS: BLACK ADOBE
8- o HARD Rock
BLUE B8TICKY CLAY
26.32 86 e et e e+ s s ]
WATER QUALITY DATA: sako
29.8 o7
ANNEX FIGURE Vi-B-5
WELL DATA SHEET
COTAB WELL CDM-5
LS eeoks T $28u 1 LWUA-GDM OTABATO WATER DISTRICT
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DESCRIPTIVE DATA GRAPHIC LOG
T P BN AANIIN] AP SR TIRNTUNR N LN C '
3 DEPTH CASING STRATIFICATION
WELL NO. (CDOM) (M) | (FT)
(OTHER) 20310
LOCATION BARRIO MAKAGUILING, NULING — o~ GROUND SURFAGE
CITY COTABATO =
PROVINCE COTABATO =]
CONST. BY BPW. __—:____:;_-:
DRILLER JUAN M. ABULENCIA B
STARTED o |
COMPLETED == |==Z! sto STICKY cLAY
OWNER B.P.W. o= ==
STATUS =52
CASING DIAMETER .50 MM =
CASING LENSTH____3-7 M ==
3 o s -
DRILLER'S TEST DATA: =
3.7 12
DATE
STATIC WATER LEVEL . 3-' M
PUMPING WATER LEVEL .
TEST PUMP YIELD 0.63LPS SANOY GLAY
SPECIFIC CAPACITY _
REMARKS:
6.1 20
|
I
]
] SAND
I
[
{
|
|
8.8 28 Joi

WATER QUALITY DATA:

FEAJIBILITY STUDY

(3 1458 LWUA-CDM

SUPPLY OF SECOND TEN URBAN AREAS

ANNEX FIGURE VII-B-6
WELL DATA SHEET
WELL CDM- 6
COTABATO WATER DISTRICT




DESCRIPTIVE  DATA

GRAPIIC LOG

7 CASING STRATIFICATION
WELL N((). (CDM)) ST (M) [ (FT)
OTHER PW.
LOCATION BARRIO GANG, NULING - GROUND SURFACE
CITY COTABATO .
PROVINCE “COTABATO SaND
CONST.BY
DRILLER 2 .
STARTED
COMPLETED,
OWNER 2.1 7
STATUS
CASING DIAMETER__!00 MM
CASING LENGTH 10 M
DRILLER'S TEST DATA:
DATE
STATIC WATER LEVEL __2-1 M
PUMPING WATER LEVEL
TEST PUMP YIELD 0. 63 LPS SAND AND GRAVEL
SPE"IFIC CAPACITY
RE MARKS:
10.0 33
WATER QUALITY DATA:
12.2 40

sueLy of secons Ten uroan aness LWUA~CDM

ANNEX FIGURE ViI-B-7
WELL DATA SHEET
WELL CDM 7
COTABATO WATER DISTRICT
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DESCRIPTIVE DATA

GRAPIC LGOT

WELL NO. (COM) 8

DEPTH

(OTHER) 16230

(™) ] (FT)

LOCATION BARRIO KALANGANAN

CITY COTABATO

PROVINCE

CONST.BY B.RW.

DRILLER EMILIO CASTILLO

STARTED NOVEMBER 13,1957

COMPLETED NOVEMBER 23,1957

OWNER B.PW.

STATUS

CASING DIAMETER—20 Mh:”

CASING LENGTH

DRILLER'S TEST DATA!
DATE

STATIC WATER LEVEL

PUMPING WATER LEVEL

|
7
TEST PUMP YIELD 0.
SPECIFIC CAPACITY 0

REMARKS'

WATER QUALITY DATA:

CLEAR FOR DRINKING PURPOSES.

7.6 23

supeuy oF secono Tew unaan sneas LWUA-CDM

CASING STRATIFICATION
..— GROUND SURFACE
| = [~ ]
|— . Enplion)
=] E=
=221 ISl sRowN sanoy cuay
=3 1=
= =]
b Y el
=
e e
= ==
peuliont =
Bayrdtus 3.'"_71
—i e
== |~ =
Reryedos s
= Kyl
— la g
iy et
=t el
== P
——— ' ] s s
o] oty
(2 Saydepd
il gt
== it
e B
=33 o=
—== [ =]
feadnd fotont
=== poalgmiel
- = S sl
g = =
—=d k=3
poeeel Satagm
o ey BLUE SANDY GLAY
= -
e Pl
] =~ 3
Pty ==
== == o =
T =2
= =
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ANNEX FIGURE VII-B-8
WELL DATA SHEET
WELL CDM~-8
COTABATO WATER DISTRICT




DESCRIPTIVE DATA

GRAPHIC LOG

WATER QUALITY DATA!

DEPTH SASING STRATIFICATION
WELL NO. (COM) ?5427 (M) | (FT)
(OTHER)
' OCATION LEPROSARIUM HOSPITAL o —~GROUND SURFACE
NULING =
oITY COTABATO
PROVINGE COTABATO YELLOW STICKY CLAY
CONST. BY B-RW ==
JUAN M. ABULENCIA ==
DRILLER 4.6 5 o
STARTED SEPTEMBER 10,1957 SR
COMPLETED SEPTEMBER 27,1957 ==| [ Rreo cuar
OWNER o =5 B
STATUS o %0 == ?_;-:
CASING DIAMETER _| 50 MM = e
CASING LENGTH__ 22 M T T
s =
) SR I
DRILLER'S TEST DATA: - =
1J ]l I LIME STONE
DATE T T
y il 1
STATIC WATER LEVEL._17.4M ] P
PUMPING WATER LEVEL 8.9 M _— R L =
TEST PUMP YIELD 0. 94LPS e g
SPECIFIC GAPACITY 0.63LPS/M o3 o e P
REMAUKS ! 220 T2
RED SAND
]
I
1
]
I
[
|;"..
30.8 100 i

ANNEX FIGURE VIi-B-9
WELL DATA SHEET
WELL CDM-9

supeiy or Secons Ten unaan ‘ancas LWUA-CDM COTABATO WATER DISTRICT




DESCRIPTIVE DATA

GRAPHIC .06

DEPTH CASING STRATIF ICATION
WELL NO-(CDM} :;3426 (M} | (FT)
(OTHER
LOCATION BARRIO_ALMADA NULING . --GROUND SURFACE
GITY COTABATO =
PROVINCE COTABATO e
CONST. BY B.RW ==
ORILLER JUAN M. ABULENCIA = YELLOW STICKY CLAY
STARTED AUGUST 14, 1957 Sty
COMPLETED SEPTEMBER 6,1957 F=
OWNER B.P.W. < 8 :_:-_-—; (= 7]
STATUS
ADOBE ROCX
CASING DIAMETER 100 MM
CASING LENGTH 13.1 M s.! 20 HARD SOLID ROCK
6.7 22 .‘,.,:1.. T
SANDSTONE
DRILLER'S TEST DATA: 8.8 = WHTE SANDSTONE
¥ 30 e -
DATE ==
STATIC WATER LEVEL '2~4 M == BLUE STICKY CLAY
PUMPING WATER LEVEL-12: 2 M Sy
TEST PUMP YIELD 0.95LpPS =]
SPECIFIC CAPACITY 0.53LPS/M 12.2 s0 ==
18.4 43
RED SAND
REMARKS:
15.2 80 X
XK SANDY HARD
s SOLID STONE
GOOD FOR DRINKING AND DOMESTIC . e
17.

PURPOSES.

WATER QUALITY DATA:

SUPLr 6 sccono Ten urenn ‘waeas  LWUA-CDM

ANNEX FIGURE VIi-B-10
WELL DATA SHEET
WELL CDM-I0
COTABATO WATER DISTRICT




NESCRIPTIVE  DATA

GRAPHIC LOG

FEASIBILITY

STUOY

TEN URGAN "AREAS LWUA"CDM

SUPPLY OF SECONMD

WATER QUALITY DATA:

WATER IS CLEAR AND FRESH.

WATER

DEPT'(* —  CAsING STRATIFICATION
WELL NO. { cOM) :359'2 () | (FT
OTHER ]
LOGATION SAGUA - ~"GROUND SURFACE
CITY COTABATO =
PROVINCE
CONST. BY B.PW
DRILLER BRANDO P DIAZ
STARTED NOVEMBER 11, 1959
COMPLETED DECEMBER 9, 1959
B.P.W. =3 ==
g\::ﬁ?s === [== swe oty
CASING DIAMETER—IQO MM === ==
CASING LENGTH— 6.9 M == =S
DRILLER'S TEST DATA! == =
DATE 7.6 I I
STATIC WATER LEVEL 1.5 M v I s
PUMPING WATER LEVEL -8 M == BEE] swecuar wn swae
TEST PUMP YIELD 0.32LP8 == =3
SPECIFIC CAPACITY |07 LPS/M sy B =T
10.7 38 ._:____.:M :—:
REMARKS: - |==
== |=" swe cuav
—— - ==
=3 ES
14.0 w = 3:_3
= BES scoe sanov cuay
== B
16.4 VR ==
FINE  SAND
18,0 59

ANNEX FIGURE VII-B-li
WELL DATA SHEET
WELL CDM -12
COTABATO WATER DISTRICT




DESCRIPTIVE DATA GRAPHIC LOG

DEPTH
3 CASING STRATIFICATION
WELL NO. (CDM) (M) | (FT)
(OTHER)
LOCATION COTABATO CITY HIGR SCHOOL COMPOUND _-GROUND SURFACE
CITY COTABATO ==
PROVINGE MAGUINDANAO == SROWH LAY
CONST. BY 5.0 ) —T,Tr-
DRILLER T
STARTED MARCH 16, 1973 T
COMPLETED AFRIL 2,1973 ITT LIMESTONE
OWNER "
STATUS ABANDONED
CASING DIAMETER 200 MM B.I. PIPE 22 ”
CASING LENGTH __30.5 M
‘ YELLOW SAND
I . 1.0 88
DRILLER'S TEST DATA: FINE SAND
DATE 19.8 (1]
STATIC WATER LEVEL 13- 7 M
PUMPING WATER LEVEL COARSE BAND
TEST PUMP YIELD
SPECIFIC CAPACITY 24.4 8o
FINE SAND
. K | 1.] e
REMARKS: 9.0 woil YELLOw PiNg sAND
30.83 100 i

FORMERLY WITH SUBMERSIBLE PUMP.

WATER QUALITY DATA:

ANNEX FIGURE VII- B-12

WELL DATA SHEET
WELL CDM-I3

Sireis o secous ‘ren_vasan ncss -WUA-CDM COTABATO WATER DISTRICT




CASING DIAMETER_!50 MM
CASING LENGTH ___25.9 M

10.7
DRILLER’'S TEST DATA:
DATE
STATIC WATER LEVEL __!.5M 5
PUMPING WATER LEVEL..2. &M
TEST PUMP YIELD 0. 94LPS
SPECIFIC CAPACITY 1.05 LPS/M
REMARK St
21.3
28.9

WATER QUALITY DATA

FRESH CLEAR & POTABLE WATER.

sueriv or secono ven yaean aneas LWUA-CDM

38

4¢

70

I
I
1|!l
|ll|1|

!
it

It
1!

DESCRIPTIVE  DATA GRAPKHIC TG
DEPTH CASING STRATIFICATION
WELL No.(com) ___14 (M) | (FT)
(OTHER) __ 20351
LOGATION LAMBAYONG INSTITUTE o ...-GROUND SURFACE
CITY COTABATO 1
PROVINCE N
CmST. BY B.F?W. .." ° GANDY SOIL
DRILLER EVANGELISTA MACONOCIDO o -
STARTED NOVEMBER 15, 1957
COMPLETED DECEMBER 11, 1957 . o feed
OV.NER B.PW. E-::fa
STATUS ==

STICKY BLUE CLAY

B ITOTT

FINE S8AND AND
QUICK SAND

TYTUIT A
ll'l:lm ;
hhting

T
A

(HHRH
|lhil: 'i

STICKY BLUE CLAY

COARSE SAND

ANNEX

wet
Vi o b o

FIGURE VII-B-I3
DATA SHEET

WELL CDM -14

COTABATO

WATER DISTRICT




CETITY T & TP

DESCRIPTIVE DATA GRAPHIC 1.0G
DEPTH
5 CASING STRATIFICATION
WELL NO. (CDM) (M) | (FT)
(OTHER)___196021
LOCATION COTABATO HIGH SCHOOL _..--OROUND SURFACE
CITY COTABATO ==
PROVINCE COTABATO Z;':-{;::
CONST.BY B.PW. ===
DRILLER AMADO . CRUZ =
STARTED APRIL 25, 1960 =3
COMPLETED JUNE 7,1960 s
OWNER B.RW. -:-:-_-E—;-‘ YELLOW STICKY CLAY
STATUS = =55
CASING DIAMETER _200_MM = ==
CASING LENGTH __28.9 M == B
DRILLER'S TEST DATA = |==
DATE 12,2 40 ':g:‘\é’ "—:‘:g
STATIC WATER LEVEL_!5-2 M = B
PUMPING WATER LEVEL 125 M == [ZEE| vewcow sawov cuar
TEST PUMP YIELD 5 40LPS e EaE
SPECIFIC CAPACITY 0. 79 LPS/M o
8.0 83 == I'IHZ:':
—— | I =
= IIIH ==
REMARKS: = 'I‘l =
CASING PERFORATED FROM DEPTH =) | =]
I7.7M.(58 FT.) TO DEPTH 265M = | l”-_::_- RED SANOY CLAY
©7 F 1), =3
WATER BEARING STRATA FROM = ==z
DEPTH 19.5M.(64 FT.) TO DEPTH = ES
25 M, (B2 FT) ==l ==
|y ey
28.0 82 e llll =
'E___:__J_“LE-_:E BLUL  CLAY
27.4 o =3 ETS

WATER QUALITY DATA:

FEASIBILITY STUDY FOR WATER
SUPPLY OF JECOND TEN URBAN AREAS

LWUA-CDM

ANNEX FIGURE VII-B-14
\/JELL DATA SHEET
WELL CDM-15
COTABATO WATER DISTRICT

TR, iy




DESCRIPTIVE DATA GRAPHIC 108
DEPTH CASING STRATIFICATION
WELL No. (com) 17 (M) | (FT)
(OTHER)
LOCATION ROSALES_SUBDIVISION foemy . ~-BROUND SURFACE
ITY COTABATO =3 b
PROVINCE MAGUINDANAO =5 y ‘
CONST. BY _-3_7:_-’::-__: YELLOW SANDY CLAY
DRILLER =
STARTED JANUARY 31, 1973 o1 0 [
COMPLETED FEBRUARY 6, 1973 X
OWNER é}%
STATUS e
CASING DIAMETER_ 200 MM T
CASING LENGTH___28.0 M \\_\
B YELLOW ADOBE SANDY
e cLay
3.9 82 %\” I
DRILLER'S TEST DATA: ;;35_ ||;|
DATE -'."-:!lll
STATIC WATER LEVEL 1 -3 M 20.4 o R A
PUMPING WATER LEVEL ||
TEST PUMP YIELD 38.2 LPs i I
SPECIFIC CAPACITY 24.4 g0 50T
ECIFIC CAPACI 24.4 Y =5 B
:—‘E:iﬂhé?:-% BPLUE SANDY CLAY
28.0 2 EC T
30.8 roo === _L'E_‘:

FORMERLY WITH SUBMERSIBLE PUMP.

WATER QUALITY DATA:

FEASIBILITY

STUDY

thean s LWUA-CDM

SUPPLY OF SECOND TEN URBAN

ANNEX FIGURE VII-B-I5
WELL DATA SHEET
WELL CDM-17

COTABATQ

WATER DISTRICT

-

T



DESCRIPTIVE DATA GRAPHIL LOG

DEPTH CASING STRATIFICATION
WELL NO. (com) 18 (M) | (FT)
(OTHER) -
LOCATION MOTOR POOL- CIRCUIT ROAD — -~ GROUND SURFACE
CITY COTABATO == =3
s e ———— n
PROVINCE MAGUINDANAO == |23 YELLOW STICKY fLAY
CONST.BY 1.8 B _“:T_.:‘: 22 _._,';
DRILLER e ees
STARTED JANUARY 25, 1974 === E=s
COMPLETED FEBRUARY 4, 1974 _-;-T_:j'_: -_-___-:'3:;
OWNER :3_‘:.3:; _::_3.__-__-;
STATUS =3 ==
CASING DIAMETER__ 200 MM =5 =53
CASING LENGTH___!7 .7 M = 2= YRLLow sAwoy cuay
. e R 3
DRILLER'S TEST DATA: — = |Z==
- [
DATE — ==
STATIC WATER LEVEL__ 4.9 M 0.4 =5 RES
PUMPING WATER LEVEL RS B
TEST PUMP YIELD 9.45LPS
SPECIFIC CAPACITY X
REMARKS:
FORMERLY WITH SUBMERSIBLE PUMP YELLOW SANDY ROCK
:."
L
o
sl
|
{
]
1
2.3 T3 Ry X[
hﬁ NN\ 0LUE ApoBE ROCK
WATER QUALITY DATA: 22.9 78 b
ANNEX FIGURE VII-B-16
WELL DATA SHEET
WELL CDM-18
FEASIOILITY  STUD A .
SUPPLY OF 8 ECOND TEN AN W&Z LWUA"CDM COTABATO WATER DISTRICT




DESCRIPTIVE DATA SRAPHIC L0G

DEPTH CASING STRATIFICATION
WELL No.(coM) ___29 (M) | (FT)
(OTHER)
LOCATION GEN. LUNA( BU. OF TELECOM) ~~GROUND SURFACE
CITY COTABATO =
PROVINCE MAGUINDANAO ==
CONST, BY =]
DRILLER ==
STARTED SEPTEMBER 25, 1964 e I s
COMPLETED NOVEMBER 14, 1964 s I o
OWNER o[ |=  sRown cuay
STATUS == |=3
CASING DIAMETER <200MM == =7
CASING LENGTH___33.5 M === ==
DRILLER'S TEST DATA: 8.3 80 E_:f E:’.:
DATE SN I
STATIC WATER LEVEL !5 2 M ST I
PUMPING WATER LEVEL 22. 9 M wn ] frip PEAD mAwe
TEST PUMP YIELD 15.8 LPS
SPECIFIC CAPACITY 2 LPS/M i
26.8 a7 arkimees -
REMARKS!
SAND
FORMERLY WITH SUBMERSIBLE PUMP 33.8 o =_—..
\—-_:A_:I
".;.:::f.q PLUE SANDY CLAY
Splp]
Syt
38.7 127 Ee I = —
WATER QUALITY DATA:
ANNEX FIGURE VII-B-I7
WELL DATA SHEET i
FEASIBILITY STUOY FOR WATER COT, WELL‘ C‘DM?- 20' 7 )
SUPPLY UF SECOND TEN URBAN ARCAS LWUA"CDM OTABATO WATER DISTRICT




DESCRIPTIVE  DATA

T DEPTH CASING STRATIFICATION
WELL NO. (CDM) — 23 (M) T (FT)
(OTHER) 196022
LOCATION ROSARY HEIGHTS . _,.~"GROUND SURFACE
cITY COTABATO B E:E
PROVINCE '_:_—_'_ =] E:::E
CONST, BY B.PW. =3 3
DRILLER AMADO CRUZ i e
STARTED JUNE 8, 1960 %:5 ::-—:-_—E YELLOW BTICKY CLAY
COMPLETED JULY 11, 1960 = E=
OWNER B.EW. *:':.:—_f_ :'_;_-'-E
STATUS =] ==
CASING DIAMETER 100 MM Sal Aese
CASING LENGTH__ 34.1 M 0.1 20 =
= YILLOW  CLAY
. 1.3 37 ==
DRILLER'S TEST DATA:
DATE
STATIC WATER LEVEL__7-9 M
PUMPING WATER LEVEL _9-8 M
TEST PUMP YIELD 4.41LPS WHITE ROCK
SPECIFIC CAPAGITY 2.32LPS/M
REMARKS: o .
CASING PERFORATED FROM DEPTH
22 M- (72 FT.) TO DEPTH
34.1M (112 FT),
WATER BEARING STRATA FROM DEPTH
27.4 M.(90FT) TO DEPTH
34.1 M. (112 FT)).
RED SAND ANKD ROCK
20.6 97
WATER QUALITY DATA:
C.OARSI SAND
34.14 Ite

FEASIBILITY

STUOY

riwn 555 LWUA-CDM

SUPPLY OF SECOND TENMN URBAN AREAS

ANNEX FIGURE VII-B-18
WELL DATA SHEET
WELL CDM-23
COTABATO WATER DISTRICT




=

DESCRIPTIVE DATA GRAPHIC 1.00
-PT
04 ( Sr ': ; CASING STRATIFICATION
WELL NO.(COM) M) | (FT
(OTHER) _
LOCATION GUTIERREZ - SAMPAGUITA ST ] -~ GROUND SURFACE
CITY COTABAT) ==
PROVINCE MAGUINDANAO X
CONST. BY =
DRILLER
STARTED NOVEMBER 23, 1973 YELLOY S8TICKY CLAY
COMPLETED DECEMBER 5, 1973
OWNER
STATUS - o .
CASING DIAMETER _200 MM . 2 ADOBE CLAY
CASING LENGTH ig.3 M LOOSE ADOBE CLAY
1.6 28 . R
STICKY CLAY WITH LIMESTONE
] 8.8 28 e
DRILLER’'S TEST DATA:
DATE ___
STATI( WATER LEVEL 2.0 M oD ROCK
PUMPING WATER LEVEL
TEST PUMP YIELD 27.4 LPS
SPECGIFIC CAPACITY
13. 4 44
REMARKS: e
. COARSE  SAND
FORMERLY WITH ‘
SUBMFEERSIBLE PUMP :
19.2 es Ly gy
WATER QUALITY DATA:

ANNE X FIGURE VII-B-19
WELL DATA SHEET
WELL CDM- 24
FEASIBILITY STUDY FOR WATER LWUA_CDM COTABATO WATER DISTRIC

JUPPLY OF SECOND TEN URRAN AREAS

AT ST FRTET e A




DESCRIPTIVE DATA GRAPHIC LOG !

T .;;

25 DEPTH CASING STRATIFICATION

WELL NO. (CDM) (M | (FT o

(OTHER) 3

LOCATION ORTOUSTE -ROSAL ST. o -(—GROUND SURFACE

CITY COTABATO CITY : :;E:_._:: TS YELLOW STICKY CLAY '

PROVINCE MAGUINDANAQ I8 ¢ =4 B3 S

CONST. BY il B = |

DRILLER T ST sAWoY  cuay y
STARTED DECEMBER 18, 1973 cer e

COMPLETED DECEMBER 29, 1973 el
OWNER o.8 S e 8aND o
STATUS INAGTIVE 9.8 32 Sl .

CASING DIAMETER _200 MM SAND ROCKS

CASING LENGTH 8.3 M

NSRS

DRILLER'S TEST DATA: L connse sawo
DATE NI
> (ATIC WATER LEVEL 2.1 M 20.4 o7 e ! ]
PUMPING WATER LEVEL
TEST PUMP YIELD 2.6 LPS |
SPECIFIC CAPACITY E

REMARKS:

FORMERLY WITH TURBINE PUMP g

WATER QUALITY DATA!

ANNEX FIuURE VII-B-20
WELL DATA SHEEY
WELL CDM- 25
FEASIBILITY STUDY FOR  WATER LWUA..CDM COTABATO WATER DISTRICT

QUPPLY OF SECOND TEN URBAN AREAY

s T il

WP




DESCRIPTIVE DATA GRAPHIC LOG

. DEPTH ) CASING STRATIFICATION
WELL NO.(com) —2 (M) T (FT
(OTHER) B.PW. NO. 12241
LOCATION TALITAY, DINAIG ~~BROUND SURFACE
CITY
PROVINCE COTABATO
CONST.BY B.PW.
DRILLER JUAN ABULENCIA
STARTED 1956 e ]
COMPLETED 1956
OWNER
STATUS ) |
VICKY ' CLAY
CASING DIAMETER_150 MM == s
CASING LENGTH__ 7-3_M ==
ORILLER'S TEST DATA: == =
DATE = S
STATIC WATER LEVEL__! -8 M e I
PUMPING WATER LEVEL 2. | M =3 ==
TEST PUMP YIELD 0.63LPS =3 ==
SPECIFIC CAPACITY 2.1 LPS/M e I 5 gy S
REMARKS:
SAND
12.2 40
SAND AND GRAVEL
WATER QUALITY DATA: 14.0 a8

ANNEX FIGURE vil- B-2|
WELL DATA SHEET

} WELL CDM - 27
L o Secous Tow LR W LWUA-CDM COTABATO WATER DISTRICT




DESCRIPTIVE DATA

GRAPHIC LOG

WATER QUALITY DATA:

a.
Lrenomory sruny ron waen | WUA-CDM

IS

DEPTH CASING STRATIFICATION
WELL N(().(CDM)) ;2:227 (M) | (FT)
OTHER
LOCATION TAMONTACA — .~ GROUND SURFACE
CITY COTABATO =
PROVINCE COTABATO 5
CONST. BY B.PW. =
DRILLER EMILIO CASTILLO == 5
JULY 10,1964 = ==
STARTED == [EES
COMPLETED JULY 24, 1954 LB s === srown sricxy cray
OWNER B.PW. = Il
STATUS == [EE
CASING DIAMETER E =
CASING LENGTH = ==
3.0 10 ::—
=]
DRILLER'S TEST DATA! == .
[=—==] BLUE STICKY CLAY
DATE =
STATIC WATER LEVEL—! -5 M == -_.-_-_:_-EJ
PUMPING WATER LEVEL —o-OM . R e I e
TEST PUMP YIELD 0.76LPS By
SPECIFIC CAPACITY 0.5/ LPS/M
REMARKS:
- SAKD AND ORAVEL
| GOOD FOR WATER SUPPLY.
}
‘7.8 28
FINEZ SAND
9.2 30

AKNEX FIGURE Vil-B-22
WELL DATA SHEET
WELL CDM-28
CCTABATO WATER DISTRICT

ALY TR N

-y




DESCRIPTIVE DATA GRAPHIC LOG
DEPTH CASING STRATIFICATION
WELL NO. (CDM) |2:223 (M) | (FT)
(OTHER)

LOCATION BARRIO PAGALAMATAN ._.L_/GROUND SURFACE
CITY COTABATO ==
PROVINCE COTABATO =2
CONST. BY B.P.W. ’:-_’_ E
DRILLER ==
STARTED 1.8 6 ;:__::_—5'
COMPLETED S
OWNER B.RW. =
STATUS E;:—'i
CASING DIAMETER _100 MM E_ BROWN STICKY CLAY
CASING LENGTH__86:5 M &
DRILLER'S TEST DATA:

DATE == =

STATIC WATER LEVEL! -8 M =] =

PUMPING WATER LEVEL —2-1 M 6. 2128 = o

TEST PUMP YIELD 0.76LPS ;_'_-—:_-3 =

SPECIFIC CAPACITY. 0.63LPS/M == 1=

T.8 25 -
REMARKS
FINE SAND
10.7 35
WATER QUALITY DATA:
AN_NEX FIGURE ViII-B-23
WELL DATA SHEET
WELL CDM- 29

:S:l?ti.sndpgzcoi;u?gn D RBAN s LWUA"CDM COTABATO WATER DISTRICT




ST T KV E

DESCRIPTIVE  DATA GRAPHIS 1.00
DEPTH CASING STRATIFICATION
WELL No. (ooM) 3! M) ] (FT)
(OTHER) 19609
LOCATION BARRIO BITO DINANG N _,.:—:GROUND SURFACE
CITY COTABATO == |==T
PROVINCE COTABATO %‘5’%";—::;3
CONST. BY B.P.W. = =S
DRILLER RUBEN BERMUDEZ =—=| =3
STARTED APRIL 8, 1960 == =S| ovack cuay
COMPLETED APRIL 30,1960 ::-:__—-__- =
OWNER B.RW. == E-=
STATUS :3_‘::: ::::.'5
CASING DIAMETER_100 MM 5.7 e Ee ES
CASING LENGTH.__ 125 8 5| =2
DRILLER'S TEST DATA' | ==

!
}

DATE =
STATIC WATER LEVEL 0.6 M ==

PUMPING WATER LEVEL —0: 9 M =] [SS5] Youow oAy
TEST PUMP YIELD 0.85LPS === =22

SPECIFIC CAPACITY.—_ 3-17LPS /M = =3

|
]
i

I
h
lh

ithi]
¥
I

REMARKS: == =]
0.7 .5 | === =
) , i ot
5\' }')\l ]
XIS naro mock
» e
n.e zs e | DAY
. ’(i” e ',:/
3 i L_&K}Q HARD ROCK WiTH GRAVEL
12.8 o A 4ad

WATER QUALITY DATA

PTUTIGURE VI-B-24
feetad. WATA SHEET
oo MELL COM-3I
or S8 YAIER L\WUA-CDM WOTABATO WATER DISTRICT

FEASIBILITY

ST
SUPPLY OF SECOND TEN UNRELN AFKEA

L



DESCRIPTIVE DATA

GRAPHIC 100

FEASIBILITY
SUPPLY OF SEC

STU
OND

b
T

WATER QUALITY DATA.

Y

EN zg:AN VII\%TEEA'; LWUA'C D M

32 DEPTH CASING STRATIFICATION
WELL NO. (CDM) (M) | (FT)
(OTHER) ___2088I
LOCATION BARRIO TIUGON --BRNUND SURFACE
CITY COTABATOQ =]
PROVINCE COTABATO ==
CONST. BY, B.P.W. = [E=
DRILLER EMILIO CASTILLO :;_—Q Ex=
STARTED NOVEMBER 29,1957 s ==
COMPLETED DECEMBER Il, 1957 1.8 3 Em ==
OWNER B.PW. s BROWN STICKY CLAY
STATUS E.j‘_:—_g
cASING DIAMETER _'00 MM =5 E=
CASING LENGTH ___6-7 M == E=
2.0 L = ==
DRILLER'S TEST DATA: =55
DATE == |===
STATIC WATER LEVEL___| .5 M = ==
PUMPING WATER LEVEL 3.1 M E:—_:.E' :‘-_:.—T:—E‘: BLUE STICKY CLAY
TEST PUMP YIELD 0.63LPS = [=-5
SPECIFIC CAPACITY 0.42LPS /M =g ==
=1 E=F
== =3
REMARKS == 3
8.1 20 ¥
6.7 22
FINE SAND
8.8 20

ANNEX FIGURE ViI-B-25
WELL DATA SHEET
WELL CDM- 32
COTABATO WATER DISTRICT




1&“‘"“«4’

DESCRIPTIVE  DATA GRAPHIG 106
i : M‘;E’;T:'FT) CASING STRATIFICATION
WELL NO. (COM) :Pw ERTTIIE]
R) '

(OTHE v _--GROUND SURFACE
LOCATION £ |
CITY COTABATO .:“E_I:j BROWN SANDY CLAY
PROVINGE COTABATO o
CONST.8Y B.P.W.

DRILLER EMILIO CASTILLO 801 10
STARTED JUNE 1,1960
COMPLETED SEPTEMBER 7, 1960
OWNER FINE SAND
STATUS
GASING DIAMETER _100 MM
CASING LENGTH__ 20.1 M e .8
DRILLER'S TEST DATA:
DATE
STATIC WATER LEVEL 3.0M
PUMPING WATER LEVEL 4.6 M
Pe3T PUMP YiELD 0.76 LPS
SPECIFIC CAPACITY 0.48 LPS/M QUICK 8AND
REMARKS: !
t|
}
|
10.3 80 i
SAND AND OGRAVEL
20. ! 66

-

T —

PR o

WATER QUALITY DATA:

FEASIBILITY 3TUDY TFOR
OHNOD TE

SUPPLY OF nECON

N UNBAN ARLAS

ViATER

LWUA-CDM

AMIEX FIGURE VII-B-26

vy
nv‘u.:b—L

DATA  SHEET

WELL CDM- 35

COTABATO WATER DISTRICT

R N 1

s

L KT L



rum--mn-u

DESCRIPTIVE  DATA JRALD LG

36 DEPT',L CASING STRATIFICATION
WELL NO.(CDM) (M) | (=T) -
(OTHER) _ BPR.W 5487
LOGATION MARKET SITE =y .. -~ BROUND SURFACE
CiTY MIDSAYAP - ==
PROVINCE ac?:Tc.'BMO ZROWN CLAY
CONST. BY P,
DRILLER : 4.0 13
STARTED JUNE 12,1952
COMPLETED JULY 23,1952 BLACK cLAY
OWNER 8.7 22
STATUS
CASING DIAMETER_I50 MM DLUE STICKY CLAY
CASING LENGTH.__%2.4 M ==
12.2 40 e
’ .
DRILLER'S TEST DATA: YELLOW BTICKY CLAY
DATE
STATIC WATER LEVEL___2.7 M 15.8 8!
PUMPING WATER LEVEL__3.6 M : BLACK BTICKY CLAY
TEST PUMP YIELD (.9 LPS
SPECIFIC CAPACITY 2.1 LPS/M 18.3 a0
YELLOW STICKY CLAY
REMARKS:
23.8 Led -
) rL G CLAY
28.3 03 S
CTLLCY? OTICKY CLAY
30.8 {100
M.UE STICKY CLAY
344 "3
WATER QUALITY DATA!
ALACK CLAY
36.8 120
JLUY O CLAY
307 127 —
‘:‘"‘.‘L""I CLAY
42.7 o T ":-..‘A_
" s FHIE TAND

"4,2 1Y

R CIGURE VBT
Vet DATA SHEET
- VACLE CDM - 36
AT L% T30 %9EE LWUA-CDM G LRTER DISTRICT
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DESCRIPTIVE DATA ORARPYH!IS 1L0OG
DEPTH CASING STRATIFICATION
WELL NO. (com) __ 37 (M) [ FT)
(OTHER)  B.PW. 7268 ‘ OROUND SURFACE
LOCATION BARRIO GAYONGA Ny U5
CITY TUMBAO 2= E-:.-:" YELLOW CLAY
PROVINCE COTABATO ==
CONST.BY BPW 2.1 7 ==
DRILLER AMADO CRUZ _-:5-__;—:_:-
STARTED AUGUST 25, 1955 EX2 ==
COMPLETED SEPTEMBER 2l, 1966 =y EE
OWNER =I |E=
STATUS ._’_:'_.__'.'.._' '_.'_..:_E
CASING DIAMETER 150 MM ==, E_—::::_-: ALUE STICKY CLAY
CASING LENGTH.__7-6 M =E ==
==l =
Jnaiiguny ===
o
DRILLER'S TEST DATA: == o5
DATE 14.0 48 ;'——_: r"ij__:?
STATIC WATER LEVEL___2.! == ==
PUMPING WATER LEVEL. 3.7 . == I:E:'—:i
TEST PUMP YIELD 1.3 LPS S5 2] sk cuar
SPECIFIC CAPAGITY 0.84LPS/M == ==
==, ==
— |——
== ==
213 70— e
REMARKS! == EIZ
=oE X
== ==
== [E=] SLUE STICKY CLAY
== I==2
)
==l =T
= | Raauiipemct
e R i
29.9 TR .
WATER QUALITY DATA:
WATER IS FRESH AND CLEAR

FEASIBILITY STUDY

%l WATER
SUPPLY OF SECOND TEN URpAM

AREAS

LWUA-CDM

ANNEX FIGURE VII-B-28
WELL DATA SHEET
WELL CDM-37
COTABATO WATER DISTRICT
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bvmas

DESCRIPTIVE DATA

GRAPHIC LOG

CASING STRATIFICATION

- BROUND SURFACE

|

,ﬂj
!l
i

REMARKS:

FEAZIBILITY

WATER QUALITY DATA;

STUDY FOR
SUPPLY OF SECOND TEN URBAN AREAS

WATER

LWUA-CDM

DEPTH
WELL No. (coM) 38 W) T (FT)
(OTHER) __ BPW 12245
LOCATION BARRIO TOBON
cITY PIGCAWAYAN
PROVINCE COTABATO
CONST. BY BPW._
DRILLER JUAN ABULENCIA
STARTED AUGUST 28,1956
COMPLETED_
OWNER
STATUS 5.2 i
CASING DIAMETER __ |2 MM
CASING LENGTH—2:2 M
DRILLER S TEST DATA; o %0
DATE
STATIC WATER LEVEL 3.0 M
PUMPING WATER LEVEL_ 3.7 M
TEST PUMP YIELD 0.95LPS
SPECIFIC CAPACITY .3 LPS/M 12,1 40
13,7 43
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RED SBTICKY CLAY
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ANNEX FIGURE VII- B-29
ELL DATA SHEET
WELL CDM-38
COTABATO WATER DISTRICT
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DESCRIPTIVE DATA GRAPHIC (L0GO
40 DEPTH CASING STRATIFICATION
WELL NO.(CDM) TBE5E (M) | (FT)
{OTHER)
LOCATION MALAGAPAS -—GROUND SURFACE
CITY COTABATO :-__;:_ E—_—E
PROVINCE COTABATO =y B
CONST.BY B.P.W ==71 E=Z] smoww sTicky cuay
DRILLER ALFONSO SERENCIO _-_::.E_" :_'?__:
STARTED JANUARY 11,1960 == T
COMPLETED JANUARY 29, 1960 4.6 1.3 ;:_: —:':
OWNER B.PW Sy I S
STATUS = E=
CASING DIAMETER '°°5M’“ =5 B
CASING LENGTH SR E_::_—.-_'-' =] veLLow STICKY CLAY
DRILLER'S TEST DATA! == |55
DATE 12.2 40 JIJ : =
STATIC WATER LEVEL___4.6 M - I
PUMPING WATER LEVEL...7-6 M T LINESTONE
TEST PUMP YIELD 0.63 | PS rT -
SPECIFIC caPACITY ___ 0.2! LPS/M 1] b
8.0 1.3 : gt
ﬁ.g: —;_o
REMARKS = :5:‘;’-15 STONE WITH CLAY
KS: ’ 0 o0 o o5
19.8 (1] Jq E{_
':;_ LIMESTONE WITH CLAY
229 78 5
§3=§| |°ao’:;’
"%y [2%9  whirt emave
L lo0,0
cool k°°o
28.9 o5 leecol [ooo

WATER QUALITY DATA:

WATER IS CLEAR
PUMPING TEST.

FEASIBILITY STUDY

AND FRESH AFTER

vhean theas LWUA-CDM

SUPPLY OF SECOND TEN URBAN

ANNEX FIGURE Vil -B-3|
WELL DATA SHEET
WELL CDM- 40
COTABATO WATER DISTRICT




NOTE:

PROVIDE OPENING FOR WELL SOUNDING N
PUMP DISCHARGE HEAD OR SURFACE PLATE -7

be————HOLE AT LEAST I50MM LARGER THAN
UPPER CASING ( SURFACE CASING USED

IN DRILLING MUST BE WITHDRAWN AS
GROUT IS PLACED.)

GROUT SEAL

~¢ 15 M. MINIMUM DEPTH

————— STEEL UPPER CASING

(200 TO 400 MM IN DIAMETER
DEPENDING ON ANTICIPATED
PRODUCTION RATE.)

. - PACKER
=
DRIVE SHOE =J

29 M. APPROXIMATE DEPTH
+—————— STEEL LOWER CASING

———— CORROSION RESISTANT STEEL SCREEN
PLACED OPPOSITE PERMEABLE ZONES
(180 MM TO 250 MM IN DIAMETER
DEPENDING ON ANTICIPATED
PRODUCTION RATE )

STEEL BLANK CASING

(2 M MINIMUM LENBTH\ /——BA"-

45 M. APPROXIMATE oswu———wd ANNEX FIGURE YII-B-32
GENERAL DESIGN
INDUCED - INFILTRAT ION WELL

= PERCUSSION DRILLED
S o seconb ‘e uhete IS LWUA-CDM COTABATO CITY WATER DISTRICT




SUPPLIN 12T TO AVIEX FPIGURE VII-B-32
CITERAL CONSTRUCTION SUGGESTIONS
COTABATO CITY #ATER HISTRICT

General Deusiym — Induced infiltration VWells —~ Percussion Drilled

Te
24

3e

4o

5e
Ge

Drive and drill 450-mm casing to 15 m or more, -

Drive and drill 300-mm casing to 45 meters. Colleot
samnles carcfully and use no clay in drilling.

Izamine samples to locate suitable permeable zone at 20
to 45-m depth. Abandon site and pull caging if no suit-
able zone ic found,

Install 6 to 12 m of 250-mm screen of slot suited to
formation grain size within 300-mm casinge

ll beck 300-mm casing to expose screene

Grout ammlus between 450-mm casing and 300-mm casing
and withdraw 450~mm casing ao grout is placed,

Te Develop and test well,

8o Design pump.

9. Construct well hcad faciliticae

10, Set pump juost above top of 250-mm soreens
General Desiem - Inducnd Infiltration Wells — Rotary Drilled

1e Drill 150-mm pilot hole to 45 metors,

2. lun eclectric log.

3. Fxamine soamples and electric log to locate.suituble Jecha
meable zone at 20 m to 45-m dopthe Abandon site if no
suitable zone 15 founda

4e Drill 450-mm hole to 15 m or deecper,

5e¢ Drill 3CO-rmn hole to total depthe

6e Install 6 to 12 m of 250-mm soreen of slot suited to
formation gruin size within 300-mm casinge

T« Pull back 300~mm cuasing to cxposo screen,

8. Grout annulus betuemn 450-mm hole wnd 300~mm casinge.

9. Develop and lest well,

10. Douign pump.
11e Construct well head facilities.
12. Inctall pamp.
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CHAFTER VIIT AHALYSIS AND BEVALUATION OF ALTHRNATIVIS
A. UTNERAL

This chapter identifies and evaluates the alternatives available
for source development, trinsmission and treatment facilities and dis~
tribution systems. The analysis and evaluation presented-herein are
based lar.ely on economic present worth cost studies, However, select—
ion of recommended plan maybe influenced by non—economic parametera
especially if the "best" or second best alternatives fall within the
degree of cost estimating accuracy. Other water conservation and aug-
mentation alternatives are also included.

Be  WATER GUPPLY GOURCE ALTERNATIVES

Surface Water Sources

Since 1939, Cotabato City has beon supplied with piped water from
Dimapatoy River, 10 km southwesi of the poblacion. The chemical qua~-
lity of the Dimapatoy River waisr is satislactory, as shown in Table
VII-5. The minimum Clow of this river (as discussed in Chapter VIT)
is more than sufficient to supply the yoor 2000 maxirum-day demand of the
COT-D. Hence, the use of Dimapatoy River as a gource of water for
Cotabato City is technically feasible.

The use of Dimapatoy River wonld entail congtruction of a raw
water intake, surface water pump stations, water treatment plant and

treated water transmission lino,

Groundwater 'lells

An inupcction of the baaks of Simray River, 8 km north of the
poblacion, indicates that lield conditions are reasonably favorable for
the use of induced infiliration wells. A test vell pro:ram would be
necessary to determirs the precise depth and capacity of such wells.
Fending the results of the test wells, induced infiltration wells are
considered technically feasible wg an alternative source of water for
Cotabate City. The parameters wusrestod for cost analysis of infiltra-
tion wells are tabulated in Chapter Vil.

Wells in the coastal arca do nol seem to be a suitable source for
the future supply that Cotabato Cily requireu. 1In cases where the
aquifer is wood (frequently corraline Limestono), intrusion of saline
water ia a problem. Jood uater con be obtained from an upper zone in
ihe aquifer but production must be strictly limited to avoid intrusion
of underlying saline watere Me gand aquifer generally seems limited
in transmicsivity o Lirge drawdowms associated with high production

VIII-1



rates wonld oncourg v saling intivaion. Some cxisting wells within

the city have salinity problems. These wells are drilled on the

upper zene of the aquifer and are of limited capacity. Thus, the coastal
areas do not appear favorable for providing a large-scale greund watler
source.

Springs

There are several springs that exist within a 20 km radius from
Cotabato City proper. Two of tho springs {Budacan and Tambanon) are
found along Dimapatoy River in the southwestern portion of Cotabato
City. Budacan Spring with an estimated discharge of 30 lps is located
some 2.7 km upstrean of the existing Dimapatoy pumping station. Nine
km upstream of the same pumping station is Tambanon Spring with an
estimatcd discharge of 70 lpa.

In the southea~* yrn portion of Cotabate City, 12.3 km Yy road from
the city proper, is Tanuel Spring. Several f'low measurements were cone
ducted on this spring, the lowest measured being 210 1ps, Farther east
of Tanuel Spring are two other springs known as Marquez and Taviran,
4¢5 and 8 road km from Tanuel Spring, respectively, Estimated discharge
of Marquez Spring was 51 lps while thet of Taviran Spring was 50 1ps,

Assuming that the flow of Tanuel Spring does not drop below 70 per-
cent of the lowest flow measured, this spring will meet water require-
ments of Cotabato City up to year 1988, Dsvelopment of this spring
would require pumping. The measured flows of the four springs other
than Tanuel are small compared to the water requirements of Cotabato
City. Development of these springs would require construction of a long
transmission line. Water from Tambanon and Budacan Springs can flow
by gravity but the terrain is very rugged, indicating high construction
oosts. MWater supply from Marques and Taviran #prings can be obtained
by pumping. Development of the five gprings is considered technically
fe' sible but not all springs are probably economically feasible.

Comparison of Alternatives

Four major alternatives for the COT-WD were analyzed (see Figure
VIII-1). These alternatives include the following sourcess (1) induced
infiltration wells on the Simuay River; (2) Tanuel Spring supplemented
by induced infiltration wells along the Simuay River; (3) Dimapatoy
Riverj and (4) Tanuel Spring supplemented by Dimapatoy River. Compara
tive present worth costs of these alternative are summarized in Table
VIII~1; costs common t¢ all alternatives are omitted from the comparison,
Annex Tables VIII-B-~1 to VIII=B-4 show the detailed present worth costs
of each alternative.

VIIT-2
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2

3.
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TARLE VITT~9

COMPARATIVE TRE

Item

3

FHTOUORTH COLTPS
OF PO MAJOR ALTERHNATIVRS

Induced ni'iliration Wells along the

Simuay River

a) Source Development

b) fransmission Mainsg

¢) Distribution Mains

d) Operation and Naintenance

Tolal Cost

Tanuel Spring Supplemented by Induced
Infiltraziion Wells along the Simuay

River

a) Source Development

b) Transmission Mains

¢) Distribution Mains

d) Operation and Maintenance

Total Cost

Dimapatoy River

Source Development
Transmission Maing
Distribution Maine
Operation and Maintenance

Total Cost

po oo

Tanuel Spring Supplemented by
Dimapatoy River

Source Development
Transmission Mains
Distribution Mains
Operation and MHaintenance

=0 o

Total Cowst

1/These nlternatives are based on an estimated staging program. See

Conptruction

Fresent Worth

Cost Costa
A x 1000 ) (* x 1000}
7,647 P 3,162

12,550 4,140
9,335 3,814

- 2,015

P 29,832 *» 13,131
P 5,732 F 1,532
10,336 5,068

= 1,873

P 28,542 » 12,665
P 38,700 * 14,687
8'369 3'133
14,632 5,872

= —4:641

P 61,701 P 28,339
P 22,073 P 4,348
6,719 3,602
12,340 5,418

- 2,026

* 41,132 * 15,453

Annex Tables VITI~B~1 to VIII-B-4 for details.

2/

Leas vear 2000 salviyre valuos,
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The alternative using the Tanuel Spring and the induced infil-
tration wells along simuay River is the least cost alternative.
Tanuel Spring has capacity up to 1988, after which additional source
supply would be required. Simvay induced infiltration wells would
be used as additional source. The use of induced infiltration wells
alone i about 4 percent or 466,000 more than the selected alternative.
The peace and order gituation in Cotabato City is also a factor that
favors the selection of Tanuel Spring over that of induced infiltration
wells near Simay River. I such situation in Simuay River persists
in the future, surface waler from Nimapatoy Niver should be considered
as a supplemenlary source to Tanuel Spring (fourth alternative). This
alternative is P2,788 million und P2.322 million costlier than the
selocted alternative and the alternative using only induced infiltrat-
ion wells wlon; the SBimuay River, respectively.

The wge of Dimwatoy River requires lhe construction of a raw
water pumping station qeid complete water treatment plent. Also, the
existing scdimentation busin is assumed to he used up to 2000.

The utilization of existing city welle (which has total oapacity
of only 32.5 1ps) was not consicered in the source alternative studies.
If existing wells would be used, the development of induced infiltration
wells alen: the Simuay River would be postponed from 1988 %o 1991. The
postponemunt would decrease the present worth cost of the least cost
alternative by 383,000, Towever, additional transmission lines would
be necessary il these wells would be used. Decuuse of poor ground water
quality, water from these wells has to be diluied by spring water or
treated hefore it flows into the distribution systeme  TPresant worth
cost of the additional pipeline to be constructed in 1980 is P350,000.
Therclore the net difference in present worth cost is only ™33,000 and
is considered insignificant, thus,the use of existing city wells was
not conuidered further., These wells would only be used as stand-by
unite for emergency purposes until they have to be abandoned.

Developmeni of the four springs other than Tanuel was considered.
However, hecrwse of itheir low [lows and relative distances from the
service area, substantial capital investmentsnceded are all much higher
than those for alternztives considered eoonomically feasible,

C. TREATMENT ALTERNATIVES

Analysis of water from the Tanuel Spring and Simuay River (Table
VI1-2) shows that, except for total hardness, all chemical constituents
are within the acceptable limits of the Philippine National Standards for
Drinking Water. Hardness in domestic water supply is an economic prob-
lem since it results in waste of soap and encrustation of utensils. It
is ulso undesirable for certain industrial processes such as carbonated
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beverages, metal finishing, lood processing, textile industries and
pulp and paper process. However, hardness has no demonstrable harm—
ful effects on public healthe.

The analysis of water from wells (Table VII-2) shows the water
quality parameter to be within the acceptable limits of the Philippine
National Standards for Drinking Water.

Theref'ore, water from Tanuel Spring and induced infiltrations wells
along Simuay River (the least cost altcrnative) would not require any
treatmant. However, in order to preserve the good quality of water
throughout the distribution system, disinfection would be necessary at
these sources. Disinfeotion may be accomplivhed by various methods
which are discussed in Appendix Jy Volume II. For economic and prac~
tical rcason (availability of the equipment, supply and application,
ond lasting effectiveness), chlorination is the recommended process
of disinfection,

De  DISTRIBUTION ALTERNATIVES

General

This section presents the distribution alternatives considered for
the COT-WD. The recommended improvemeni program for the water system
is discussed in Chapter IX.

The components of a water distribution system and some of the
alternatives in planning a system are discussed in Appendix K. The
design criteria for the distribution system are given in Appendix F.
Appendices F and X were largely developed for the Firat Ten Provincial
Urban Areas and are applicable to moderate~size communities. The
Second Ten Provincia) Urban Areas are generally smaller and the para~
meters presented in Appendices F and K must be applied with discretion.

Particular attention has been given to the requirements of fire
flow in the COT~WD., 1In general, fire flow is applied at various lo-
cations in a system coincidentally with maximum—day demands, and the
pipelines are sized to convey the required llow at specified head
losses. In large communities, the total peak-hour flow is greater
than the maximum=day low plus fire flow and therefore relatively
minor adjustments are required in the pipe system to provide fire
flow. In the smaller commnities, especially small barrios some dig-
tance from the poblacion, the fire flow alone can be 3 or 4 times the
total penk—hour demand. '

Providing adequate fire flow Lo areas whero the fire low may be

far greater than the ultimate peak denand is rarely justified econo-
mically; bhut, as a roneral rule, some fire protection shonld be Pro=-
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vided. Included in this study is informatior on the available fire
flow at various locations where the system has been designed for con-
ditions olher than fire flow.

The flows used for the design of the various components of the
distribution system are as follows (see Water Demand Projections,
Chapter VI):

1980 1990 2000

Water demand (1ped) 198 193 199

Served porulution 22,080 61,490 108,520
Average daily water demand

(cumd) #4370 11,870 21,600

Haximum~duy water demand (cumd) 5,240 14,240 25,920

Peak~-hour water demand (cumd) 7,650 20,770 37,800

Pressure Zoneg

The ground olevations within the year 2000 service area for
Cotabato City range from a low of 2 meters in Barrio Tamontauca to a
high of 20 meters in Barrio Rosary Heights. The core city and
Barrio Rosary Heights, comprising the high~density service area, lie
at an average elevation of 3 meters and 10 meters, respectively.

The rest of the service area has an elevation of 3 meters. The sys—
tem can be operated adequately at an HGL of 53 meters from the over—
Tlow of the existing storege tank, therefore,only a single pressure
zone was considered for COT-HWD.

Storare IMcilities

Storuze facilities are provided in a distribution syustem to
meat hourly fluctuations in water demand over the day, as discussed
in Appendix P,

In Cotabato area, several locations for future storage facili=
ties are avuilablo. Mowever, only Colina Hill, the site of the
existing storage tank, was considered economical for two main reasong,
The hill, with top elevation of 60 meters, is centrally located in
the servios area and tho construction cost of ground storage tank is
more eoonomical than Lhat of elevated storage tank whioch has to be
desipned for hi:h coiumic loading.

The oxiusting storage tank at Colina Hill whioh has an overflow
olovation of 53 meters would be incorporated into the long~range water
gystem plan vinwd the entire sorvice area of COT-ID can be adequately

servad ol a NGL of 53 meteru.
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If the source of supply iz capable of supplying water at a rate
equal to the maximum—day demands, then a volume equal to 15 - 20 per-
cent of the maximum-doy demand is usually sufficient to moet the
hourly fluctuations in demand.

An alternative to supplying this volume of storage would be to
increase the capacity of the supply facilities in order to meet hkourly
demand fluctuations. The rationale for rroviding adequate supply to
respond to the hourly fluctuations is discuseed in Methodology Memo~
randum No. 5.

An alternative study between providing storage capacity or addi-
tional supply capacity would mean that the transmission mains from the

sources would be sized bused on the required supply rate which ranges
from 1,2 to 1.5 times the maximum-doy demend,

The prosent worth analysis comparing the alternative costs of
providing additional supply versus additional storage volume for Co=
tabato City is presented in Table VIII-2. The analysis shows that it
is more economical to provide additional storage capacity at a volume
equal to 13.3 percent of maximum~day demand.

The recommended storage tank sizes and source development prog=—
ram are described in detail in Chapter IX.

TABLE VIII-2
PAGSENT JORTH CO5TS
OF ALTERNATIVE STORAGE ,AND
ADDITIONAL SUPTLY:

Alternative 1 Alternative 2 Alternative 3

(Maximum {Intermediate  (Minimum
Storage ) Storage ) Storage)
Storage Required (Percent)i/ 1363 7.6 2.3
(Volume, cum) 3,450 1,970 590
Present Worth Cost (P 257000)
Stora: P 661 P 237 P -
Supply 51672 6,384 1,639
Patal 6,333 6,621 7,639

1/Analysis includes facilities up to year 2000.
5-/]f’erc:em“,r,tge of maximum—day demand
Cost includes only storase in addition to existing 750-~cum
storuge tank. It is asoumed that the existing tank would be adequate

in Alternative 3.
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Distribulion Svstem

The anadyuis of the distribution system for Cotabato City ;ene—
rally conforms te the criteria set in Appendices F and K. In the
First-Ten Avea Meavibility Studies, the computer analysen were cou-
ducted only an pipelines larcoer ihaa 200 mm, which were classified
as disiribution mnins an differentinled from the internal netlwork

pipelines.

n altersative study was conducted on two possible pipeline
confiurations for the distribution system.

Two posuible route locutione for the main distribution pipalines
were considerad. The main ripelincs could Lo located and installed
along the national hiphuay at the required size and capacity or
additional pipelinos could be constructed parallel to the main high-
way route but would be lecated in the subdivision roads to provide
the equivalent capacity. Both analyses meet the hydraulic require-
ments of the system. The pipeline layout is shown schematically in
Pigures VIiI-2a and VI1II-2b.

"resent worth anilysis of” both alternatives is presented in
Table VITI-3. The cosls inciude other distribution pipelines in the
syustem.

Table VIIT-3 shows that it is more economical to lay the distri-
bution mainline nlonyg the national hiihway. This also has the advantage
of conveying the water directly to the hizh density portion of the ser-
vice rrea since most of the present consumers are locatad along the
national hivhway. It is expected that develorment in Cotabato City
would start along the hishway and move towards the extremities of the
subdivisiocns.

A computer annlvsis on distribution system based on the most eco-
nomical pipeline confimuration wes conducted for all the four major
alternatives considersd in Section B of this chapter. The comparative
costs of lho distribution system lor all four altornatives and the
total lons—-rnnge comparalive cost of cach alternative are included in
Table VITI-1.

I'ire Protection

Presant five protection in COT-WD is inadequate. There are four
existing fire hydrants but only one is operational. Water pressures
in thoe gystem wre very low. Areas near tho pump stations and along
the trinsmission miins have some waler pressure whilo areas in the core
city have very low or nearly zero pregsure.
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Am etated in Appendilx K; there ore tus staatords of Tire proteot-
ion: one for the high~density residential, ceumercial areas and another
for the low-density, residential areas. In the high~density residen-
tial, commeroial and industrial arsas; an available fire flow of 20 1ps
at each of {wo adjacent fire bydyronts should be provided; and in the
low—density residential areas, 10 lps at each of two adjacent hydrants.
Figure VIII-3 shows the sutline cf the fire service areas in Cotabato
City.

TABLE VITI~3
DISTRTRITION SYSTEM ALTHRNATIVE COJTSQ/

A.  Alternmative 1: Distributior wain Line alonz the National Highway

Pine 3ize Pipe Length Construction Cost Present Worth Cost
) (m) {F x 1000) (** x_1000)
100 4,550 r 441 i 329
150 24,930 4,537 1,508
200 3,440 633 409
250 2,690 1,013 150
300 2,390 1,271 951
350 2340 2,18 1,631
Total 41,340 P 10,336 P 5,058

Be Alternative 2; Distribution Main Line alons; the National Highway
and Subdivision Reads

Pipe Size Pipe Length Conztruction Cost Present Worth Cost
(mm ) (m) (P x 1000) (r x 1000)
100 4,550 r @41 P-329
150 19,020 3,463 1,252
200 9,790 2,369 1,101
250 5,560 2,218 1,024
350 33,340 2,181 1,631
Total 42,260 » 10,672 ¥ 5,337
é/'rununt worth costs based on stnging‘thc different vipe sizes.
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In general, full fire pretecizon o the entire c¢ity hos not
been provided in the immediate improvement prosram because of' the
high cost of full fire protection.

The ceompletion of the immodi.lo improvement program by 1960
would provide 20 percent of full fire protection to the outlying
parts of the core city and Darrio Rosary Heights, while full Cire
protection would bs provided alony Sinsuat Avenue nd in most part
of the core city. 1In order to obluin fire proteciion by 1900,
existing hydrunts would be repaired or renlaced.

By the yvear 1090, all sexigling pipelines less than 125 mm would
be replaced. These are mozily the old and deterioraied distribution
ripelines in the core city. The installation of new 150-200 mm dis—
tribution pipelines und source facilities would greatly increase the
available fire flow in the source ares. By the year 1990, tho whole
1990 service area could be provided full fire jprotection.

In the year 2000, additional 150-200 mm pipelines would be
installed to serve the increasing population of Cotabato City. The
development of the Simuay River bank induced infiltration wellu for
the year 2000 would further enhance the pregsure distribution of the
gystem sinoce supply would be obtained from the south (Tanuel Spring)
and north (Simuay induced infiltration wells) of the service area:
By the year 2000, {ull fire protection could be provided for the en-~
tire service area of Cotabato City.

The preceding discussion of fire protection relates only to the
capacity provided in the distribution mains. In providing fire pro—
tection, sn adequate number of fire hydrants in the various service
areas have Lo boe considered. The primary criterion for providing fire
hydrinis would be the degree of development in a specific arca. In
Chapter IX, a schedule of fire hydront construction is included, based
on the projected development of the COM~YD. This schedule can be mo—
dified as developmeni requires, but the necessary distribution mains
have to be provided.

systom Operation

Several operational aspects of the alternative distribution
system e discussed in this gection.

The completion of the first ustare of Lhe long—-range prosram for
COT-WI would provide ndecuaie supply of water and pressure in the 8yg-
tem. some operutional aspects have to be considered +to meintain
a good standard of wiater service. The main scurce for 1990 service
area would Dbe the Tanuel Spring,. The existing city wells would
not be used Lo supply water during normal conditions bLmt would serve
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a3 stand-by units for ewergenoy murposes. 'fhe roasons for such ope~
ration are that the existing city wells have poor water guality, and
the system pressure could he adequately maintained by uaing only the
Tanuel 3pring as a source.

During the second stage of the lony—range program, the Simuay
induced infiltration wells would bhe develored as mupplamentary source
to Taunuel Spring while the existing city welis would be used as stand-
by units or abandoned depending on conditions (ualinization, rroducti—
vity, etc). The option of obtaining a large portion of demand from
ohe gource and a small portion Trom the remaining source under diffe~
rent coniwmplion conditions durins this periol was analyzed., The ana—
lysis showed that the 3ystem can meat the demands at adeouate nressuraes
under these conditions. Other operational aspects such us luck of water
‘supply in cither Tanuel spring or Simuay induced infiltration wells due
to pewer failure or muchanical probloms were analyzed with the aid of
computer. In cases of operationui problems such as the breakidown of
source facility, the hydraulic conditions in the system at peak<hour
could still be maintained since the storage tlank is located contrally
in the high~demand area, thusymaintaining the gystem pressurae. The
tank could supply the required amount of water i'or three hours agsuming
the tank is half-full vhen such condition occurs,

The system has been looped as much a& possible to maintain ade-—
quate pressures and reduce operational problems in case shutting of
valves is required to isolate pirelines during service installation or
pipe repair.

Internal Network

A general but complets discussion of the internal network for
distribution system is included in Appendix XK. The small size of
the COT-WD does not alfect +he application of the recommendations con—
tained in Appendix K since these are the minimum pipeline sizes re~
commended f'or any mmicipality. The cost data contained in Appendix X
have to be multiplied by a factor of 1.21 to obtain mid-1978 costs in
this report.,

L. OTHER ALTERNATIVES FOR WATER
CONSERVATION AND AUGHMENTATION

In areas where water is a scaroe resource, there are several al-
ternative measures of consorving water. These alternatives depend on
sophisticated technology in Lhe case of water rouse and degnltinr, or
on governmental policy in the case of land manaremenit.  Appendix M,
Volume II is a discussion of these aonservation and augmentation alter-

natives,
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AR TABLE VI X efend

COMPARATIVE PRESENT WORTH COST OF ADDITIONAL,SUPPLY
FROM SIMUAY INDUCED INFILTRATION WELL

1

Date Coustruotion Present
of Cost Worth Costp
Ttem Coantruciion (" x 1000} (rx 1000)4/
Two Induced Infiltration Nelké/ 1980 768 598
River Croseing 1980 1,500 1,121
Access Foad 1980 400 293
Transmission Main 1980 3,809 2,848
Connection Pipe i/ 1980 327 244
Disinfection Facilities 1980 50 39
Induced Infiltration well 1984 384 185
Connection Pipe 1984 266 120
Disinfection Facilitiex 1984 25 12
Induced Infiltration Well 1987 384 126
Connection Pipe 1987 121 36
Disinfeotion Facilities 2/ 1987 25 8
Induced Infiltration Well 1989 410 101
Transmission Main 1989 5,116 1,141
Disinfeotion Facilities 1989 25 1
Induced Infiltration Well 1992 410 63
Conneotlon Pipe 1992 327 44
Disinfection Facilities 1992 25 4
Induced Infiltration Well 1994 410 43
Connection Pipe 1994 266 24
Disinfeoction Facilities 1994 25 3
Two Pumps (Replacement ) 1995 320 29
Two Disinfection Equipment (Replace-
ment ) 1995 36 3
Induced Infiltration Well 1996 410 25
Connection Pipe 1996 121 7
Disinfection Facilities 1996 25 1
Induced Infiltration Well 1997 384 17
Tranemission Main 1997 3,925 151
Dininfection Facilities 1997 25 1
One Pump (Replacement) 1999 160 2
Diginfection Equipment (Replacement) 1999 18 -
Operation and Maintenance 1981=2000 2,015
Total 1978 Present Worth Cost 9,317
x 1000

l/for economlc service life for each item, refer to Appendix P,

Volume ,IT and Annex Table VIII-B~5,
-/Lesa year 2000 salvage value,

Itemized cost (P x 1000) for  70~hp
HWell 115
Structure 109

" Equipment 160

ynmnmowt@x1mm Equipment 18
2/ Struoture 7
For itemized cost, see feotnote 3 for BO-HP,
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ANNEX TABLE VIII~B-2

COMPARATIVE PRESENT WORTH COST OF ADDITIONAL ,SUPPLY

FROM LIMAPATOY RIVER {SURFACE WATER)

Date Coastruotion Pregant
of Cogt Worth Coyt
Ttem Construotien _(F x 1000) (. x 100025/
Raw Water Pumpd ", 1980 3,100 2,392
Water Treatment Planis/ 1580 5,000 6,927
Transmission Main 1980 2,950 2,206
Water Treatment Plant 1986 9,000 3,315
Trangmission Main 1986 160 55
Transmission Main 1688 2,750 723
Raw Water Pump 1990 3,100 649
Transmiseion Main 1992 196 26
Water Treatment Plant 1994 9,000 906
Raw Water Pump Pquipment (Heplaoementg 1995 1,500 136
Water Treatment Equipment{Replacement) 1995 4,000 362
Transmission Main 1986 2,273 123
Operation and Maintenance 19812000 4,641
Total 1978 Present Worth Cost ¥22,467
x 1000

1/For economic service life for esch item, refer to Appendix F, -

Vblumz II and Annex Table VIII~B-=5.
Less year 2000 salvage values
Itemized costs (® x 1000)t Struoturs
4 Equipmsant
4/ Ttemized Costa (® x 1000)1 Structure
Equipment
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ANNEX TABLE VIII-B-3

COMPARATIVE PRESENT WORYH (COSY OF ADDITIONAL SUPPLY

2/

FROM TANUEL SPRING AND SIMUAY INDUCED INFILTRATION WE 1

Date Conetrnotion Pregent

of Cost Worth

Item Construction _(® x 1000) (P x 1000)
Spring Intake Structyye 1980 50 37
Booster Pump Station= 1980 778 605
Transmission Main i/ 1980 4,293 3,209
Diginfeotion Facilities— 2/ 1980 25 19
Induced Infiltration Well 1988 429 122
River Crossing 1988 1,500 389
Transmisegion Hain 1988 2,328 603
Acoess Road 1988 400 104
Disinfection Pacilities 1988 25 7
Induced Infiltration Well 1991 429 17
Connection Pipe 1991 121 20
Disinfection Facilities 1991 25 5
Induced Infiltration Well 1993 429 54
Transmission Main 1993 2,727 304
Disinfection Facilties 1993 25 3
Booster Pump Fquipment (Replacement) 1995 467 42
Induoed Infiltration Well 1996 429 27
Conneoction Pipe 1996 121 7
Disinfection Facilities 1996 25 1
Induced Infiltration Well 1998 429 12
Tranemission Main 1998 3,126 16
Disinfection Facilities 1998 25 1
Operation and Maintenance 1981-2000 1,873
Total 1978 Prement Worth Coet *7,597
x 1000

l/kor economic service life for each item, refer to Appendix F,

Vblumg II and Ammex Table VIII-B~5,
-/Loss year 2000 salvage value,
Itemized costs (P x 1000): Struoture
i/ Equipment
Itemized costs (P x 1000): Structure
5 / Equipment
=" Itemized coste (P x 1000): Well — -
Structure

Equipment
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ANNEX TABLE VITIwD-}

COMPARATIVE PRESENT YWORTH COST OF ADDITIONAL SUPPLY 1/
FROM TANUEL SPRING ARD DIMAPATOY RIVER (SURFACE WATER)

Item

Spring Intake Strucziye
Booster Pump Statio
Transmission Hain i/
Disinfection FPagilities
Rew Water Pum é/
Hater Treatment FPlant
Trangmission Main

Raw Water Pump
Transmission Main

Water Treatment Plant
Tranemission Main

Raw Water Pump
Transmission Main
Operation and Maintenance

2/

Date Conetruotion Prasent
of Cont Worth
Construction  (® x 1000) (™ x 1000)
1980 50 37
1980 778 605
1980 4,293 3,209
1980 25 19
1988 1,900 538
1988 7,760 2,172
1988 1,153 299
1993 1,900 239
1993 120 14
1995 74760 620
1995 1,033 T4
1996 1,900 118
1996 120 6
1981-2000 2,026
Total 1978 Present Worth Cost P9,976
x 1000

Vol

l/for economic service life for each item, refer to Appendix F,
II and Annex Table VIII-B-5

d/LesB year 2000 salvage value.

Ttemized cost (® x 1000)
Q/Itemized coot (® x 1000)
Z/Itemized cost (* x 1000)

Q/Itomized cost (P x 1000)

Structure

Equipmont
Structure

Equipment
Struocture

Equipment
Struoture

Equipment
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A TABLL VIE i=B-K
GCONOI'IC SaRVICE LINE OF WATER SUFPLY FACILITIESL/

Heonomic Jervice

Ttem Lifo (Years)
o/
Fmbankment Dams™ ¢ Embankment hQ
Structore 50
Bquirment 50
Hater Treatment Plants: Structure 50
ouipment 15
Groundwater Wells: Well 25
: Siructure 50
Equipment 15
Irznsmission Facilities: Pipes 50
Valves 50
Digtribution Facilities: Pipes 50
Valves 50
Internal Network: Dipes 50
Valves 50
Hydrants 50
Service Connections: Service Pipes 50
Water Meter 15
Bisinfection Iaciliiies: Structure 50 {may depend on
Equipment 15  associated facility)
Storage Fucilities: Structure 50

Equipment (special-~ 15
ized, other than
pipes and valves)

Migcelloneous Structures 50
Miscellaneous Mechanical Equipment 15
Vohiclesg T

.

L/Thu economic service lives presented here have heen used through~
out this report whenever facility replacement or present worth analysis has
been required.

g/hlthough the physical lif'e expectancy of certain faeilities, such
as dam embankments, is greater than the economic service life indicated,
the latter more realistically reflacts the useful life of the facility.
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