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FOREWORD 

This feasibility study presents the recommended plan for the 
upgrading and expaosion of the water suppl system of the Cotabato 
Water District (COl'W). This study uws made ty the Local Water 
Utilities Administration (LWtk), with the technical assistance of 
Camp Dresser and McKee International Ino. 'hie study is the result 
of many months of work in Cotabato City in Yaguindanso Province, 
and is supported by extensive experienoe with other water districts 
in the Philippines during the First Ten Provincial Urban Areas 
Feasibility Studies. 

This study was prepared in two volumesz Volume I, the main 
report, which oonta!ns the recommended plan and the methodology memo
randa; and Volume II, which contains detailed background itformation 
relating to specific sections of Volume I. A complete understanding 
of the two volumes would require reading the previously published 
Water Supply Feasibility Studies Methodology Manual (Volumes I and II)t 
a compilation of the handouts used in the si-month long training 
seminar 'oonducted in 1975 by CDM during the First Ten-Area Feasibility 
Studies. 

The reoommended plan is a technically and economically feasible 
program for providing te COT-WD adequate water supply up to the year 
2000. The plan should not be vieded as a rigid plan; every attempt 
was made to develop a plan compatible with the needs and desires of 
the water district and of the people. However, during the final 
engineering design of the recommended faoilities, changes could still 
be made. Design ohanges would be based on more recent field data, 
changing priorities of the water district and more economical methods 
of providing the reoomended faoilities. Any changes considered in 
the final design should help to further reduce the expected financial 
impact of the projects 

While the main objective of the Second Ten Provincial Urban Areas 
Feasibility Studies was the preparation of feasibility reports another 
important objective was the training of Filipino counterpart engineers 
in water supply project planning. The training program which included 
lectures and on-the-job training aiped to develop local planning
oapabilityfor water supply projects. The Filipino engineers learned 
by actually doing the work, with the CDX consultants providing the 
neoessary expertise and guidance. 

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

Wilfredo Sevilleja, Counterpart Chief Nngineer 
Gerardo Sullano, group Leader 



Eduardo Santos, Professional Engineer 
Reynaldo Tabac, Professional Engineer
 
Jean Caetenj, Eoonomist 
Celao Razal, Jr., Economiet 
Lourdes Gutierresy Technical Writer 
Federico Uluan, CO?-WD General Managaer 

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

Marie Bermejo, Professional Engineer 
Rommel Liamoo, Professional Engineer 
Pedrito Camiletp Jr., Field Technician 
Angel Angeles, Draftsman 
Arlene Raymundo, Seretary/Tpist 
Dioudado 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, Systems~ngineer 
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CHAPTER I SU)WAWrT kND RECOMMENDATIONS 

A. SUMMARY OF STUDIES 

Description 

The Cotabato City Water District (COT-WD) was formed on Maroh 9,
1976 by virtue of Resolution No. 35 passed by the Saagguniang Bayan
of Cotabato City. The COT-WD includes all the barrios of Cotabato
City. Following its formation, the COT-WD acquired the ownership aM 
management of the entire water system from the city government. 

The City of Cotabato is situated in the northern coast portion
of the Maguindanao Province on the island of Kindana . The city consists of a poblacion and 4 barrios (Rosary HMights, Baguag Tamontaoa
and Kalanganan), with a total land area of 17,600 hectares* 

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

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

Existing ,ater 9ystem 

The water system of COT-WD was originally constructed in 1939 and
had its major r'einforoement in 1955. The sources of water from COT-WD 
were Dimapatoy River and 4 deep wells drilled within the city. Water
from Dimapatoy River passes through the settling basin fr6m which water
flows by gravity to the ground reservoir stop Colina Hill. 

A 9.5 ki, 2 50-,rm transmission line carries the water from the
settling basin to the reservoir. 

The storage facilities for COT-WD consist of one 750-cum concreteground storage tank located on Colina Hill at the center of the Poblacion. 
The tank is not used at present. 

The distribution system, first constructed in 
of l00-mm lines. It was expanded in 1955 and 1972. 

1939, 
The 

consists mostly 
distribution 

pipes have a total length of 27 km. 

Projections 

The present service area of COT-1WD covers only the poblacion,Barrios Rosary Heights, Tamontaca and Bagua. The service area through
the year 2000 will extend to Barrio Kalanganan. 

I-1
 



The pop.ia'io i-Ii T- in 1975 waa 5Ot300 and improjeoted 
to increase to 135,650 by 2000, at &-naverage growth rate of 4,05 per
cent per year.- During this sani Period the population served by the 

C0~-~Di~e~ evA -t~o e !~-3 

4, 1.: ' - 10
 

The per oapita oJoui r aipectod to be 198 Ipcd ixj 1980
 
with a total daily average usage of 4v370 ov,, The per capita usage
 
is projected to decrease to 193 lpcd it 1990 4ua to improved water
 

7- , - -2- ~- .T.h-- ~..~.-- averaze
 
daily water J .iic,-., t0't( be ilo70 curd in 1990 and 21; 6 00
 
clamd iLn 2000.
 

Water foc 

Three potential jouroen of wator, besiades Dimapatoy River, were 
ideautifid for COT-W]D Two sources are aquifers that would require 
uvells to obtain ' ),c ",'i-Wfol ba- T n induoed infilt
ration ",.Vl z2,':' 3i~zk3 U.;,ve) md I i:id oc~ce iv T
 
SprinC.
 

Deep we0.lr in the al.luvial plaidn of Cotabato are not suitable
 
as a source 
 WI 'wa~tr inply becautse Of exovsgive ialirit-

Induoed i'ne~lratio, weils drilled aon thet Simuay River are 
the only meann of tappinl- the Cotabatco 9roundwater suitable for water 
supply, t J,.:dexpect# th a the aquifer p Wo'ie aiquate 
quanti ty of tht iftr,utlr to welis adt lheha odec'lato reoharge
 
from the Siiuay River. 311oh eitl will px'o(L e Cood quality water
 
and will raquire only chlor.nation for treatment,
 

Tameu . e' s f:-con l.-,-.7t fo ait T:he foot of2rS r -4P tioz 
the Linen ,an ),o-nmtain . .Pn ogio ~ ~~d'.ti, the area, the sprin , 
appears to be a result of golutiv fed channels in a lar~e limestone
 
formation. The forMsntion 1o7Ild require .,,ssive amounts of recharge to 
maintain the sprint flow "he dry im ie- ,.ason f luouation3 in flow 
would be 8i~xnifiotugj fh'-8 .j a p r- :y ffioient flo,w at the pre
sent time to aspply the i9&: atn, requrenet o 0O-D; however 
careful monitoring of the spr'. disoha.-e will be rquiredh o eter

mine more ac~;ur~ve!y thu inimum flow.- that aNY be exosated, 

Studies on a.l ernativ, 8ouoo40 of Miter suoply for (X)T-WD inti
thath: of Thwmel0ee h .lopmnut Sprn uppl.ment4ed 5ith vator 

from Siniday Ri'e nd anppl' Troil r. niwalor .one were found8 lot 
Cost effeotive for (00al4ND1 
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The reqairements for the diatribution system were analyzed with 
the aid of a computer0 The resulting distribution system is described
 
in dt.,,il Chapter Based the of thein IX. on 7na]yeis pre'ssure re
quirerr~etL ij ol* t! 
 fl-in-L 1 cJsm ;:1;' ". -oTh I ,2reir
vided for COT-QD*,
 

Be RECOMTENlDATIONS 

General
 

A water supply system utilizing first Tanuel Spri:ig and later

induced infiltration wc-11s near the Simua River ao soutrcesthe 
of water through -the year 20C0 is recorniended for OT-1MD. Te spring
site will be developed and new transmissions distribiution and adminis
trative facilities will be constructed during the immediate improve
ment program and a lon-ater construction program divided into four
 
phases. The main features of the recommanded long4erm project for
 
COT-WD are summarized in Table 1-! and shown 
 in Figure IX- (appended). 

.Source 

Tanuel Spring will supply maximumd&y demauds of 12,700 cumd to 
COT-WD in the year 1988; the remaining water requirement to the year

2000 will be obtained from Simuay River induced infiltration wells.
 

During the immediate improvement proeram1 Tnuel Spring will be

developed 
 and the existing Dimapatoy Rive- source facilities will
 
serve as stand=-by unit,, During Phase I-4 the Dimapatoy River facili
ties will be abandoned and the 4 existing wells will serveas stand
by units. The city wells will be abandoned following 1990% 

In 1983t when Tanuel Spring is fully utilized, induced infiltra.

tion wells along the Simuay River will be developed to supply the 
water requirement through the year 2000o
 

The COT-WD should apply with the National Water Resources Council
 
for water rights on Tanuel Spring and Simuay River*
 

Transmission/Distribution FAlities 

A new 2004cm transmission line from the Tanuel Spring to the
Junction at Tamontaca River will be constructed during the immediate
improvement program. A new 3504m tran.mission main will be constructed 
parallel to the 200-mm line during Phase i-A. In Phase I-1B during
which Simuay River induced infiltration wells will be develoled, a 250 
mm transmission line will be constructed from the first Simuay River
induced infiltration well to the MYauinda:ao River Bridge. Another 
25C-fam pipeline will be construcLed in .iaseII-A and a third one in 
Phase II-B.
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TABLE I-I
 

SUMMARY Ore PROPOSED WATER SUP'LY IMPROVEMENTS
 
COTA3ATO CITY WATER DISTRICT
 

Immediate 

Improvement Construction Phase 
Program I-A I-B II-A II-B 

Construction Period 1978-1979 1980-1985 1986-1990 1991-1995 1996-2000 
Total Project Cost (P x 1000) 00/ 
Foreign Exchange Component (I-x iooV 

6,345.5 
3,198 

21,831.1 
11,686.2 

16,536.6 
7,391.7 

14,498.7 
7,462.2 

15,854.2 
8,310.9 

Sorce Development Obtain legal water Expand pump- Construct one Construct two Construct two 
rights, constr-act ing station well equipped wells equipped wells equipped 
new intake and chlo- with disinfec- with disinfec- with disinfec
rination facilities tion facilities, tion facilities tion facilities 
and pumping station river crossing 

and access road 
Transmission Leakage survey and New pipeline New pipelines New pipeline New pipelines 

repair (see Table 350 mm-6.57km 250 mm-5.83 km 250 mmn-6.83kkm 250 rrm-7-83 km 
IX-2). New pipelines 200 mm- .50km 200 mm-0.50 km 
200 mm-2.0 km 

Distribution Leakage survey and See Table IX-3 See Table IX-5 See Table IX-7 See Table IX-9 
repair (see Table 350 mm--5.34 kin 250 mm- .30 km 250 mm-1.97 km 250 ram- .81 kIn 
ix-i) 200 amn-2.02 km 200 mm-1.81 km 200 mm- .55 -i 150 mm-5.26 km 
250 mm- .39 km 150 mi-4-50 km 150 mm-8.49 km 150 mm-4.58 km 
150 mn-1.05 km 100 mi-4.50 km Valves Valves 
100 mm- .8C5 kmo Valves 
Valves 

Storage Tew 67675 cur New5 cu cm New 675 cure 

tank tank tank tank 
Internal et;.ork. Leakage survey and 202 hectares 159 hectares 203 hectares 172 hectares 

repair 

I/All foreign exchange figures used in this report were synthesized from data based on actual costs in U.S. dollars.
 
o be consistent with previous studies, these foreign exchange costs were converted to RP pesos at a rate of U.S. 1.0 = 
P P7.00. To obtain correct current foreign exchange costs, multiply those presented in this report by the ratio of tl:e 

c.r2'ent e:cn=arg-e re a, 7.0. 2he actual local component of costs (in pesos) is as presented herein. 
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TAL2 1-1 ( ontinued) 

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

Service Connectiors Add 1,013 Add 2,164 Add 3,"60 Add 3,821 Add 5,842 
Convert 1,655 Repair lt3Y4 
Repair 348 

:iydrants Repair/replace 
existing hydrants 417 hectares 239 hectares 253 hectares 225 hectares 

Miscellaneous Administrative Plu.<ring Shop 
building and equip- and laboratory 
ment, plumbing and facilities 

meter repair faci
lities, vehicles 
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The distribution system will be reinforced and expanded IV in-. 
stalling 29.3 km of pipelines of sizes ranging from 100 - to 350 
=, by 1990. An additional 13 km of 150 to 250-mm pipelirw will 

be installed by the year 2000 to extend water servioe to more oon.-
Sumerse 

By 20009 approximately 736 heotares within COT-WD will receive 
internal network pipelines and 16345 rew servioe oonneotions will 
be added* All existing and new servioe ooAneotions in the district 
will be metered. 

Stoami 
The existing 750-cum distribution storage tank will be adequate 

for OOT. D during the immediate improvement program only. An addition. 
al 2,700 cum of Etorage will be required before the yv'r 2000. Four 
675--cim storage tanks will be oonstrucoted, one each in Phasns 1-, I-D 
1I-A and li-B, 

Capital Cost SuMaMM 

The capital costs for each phase of construotion, including 
the immediate improvement program, are munised in Table 1-2 
A more detailed breakdown of costs for the immediate improvement 
program and Phase I-A is given in Table 1-3 (July 1978 price levels)* 

Annual Overation and Maintenance Costs 

Annual operation and maintenance costs are expenses incurred 
for personnel, power, ohemicalp maintenance and misoellaneous 
expenses. Estimates of the annual operation and maintenanoi osts 
of (based on July 1978 price levels) are given in Table 1-4. 

,ELMoill Feasibility 

The financial feasibility analysis made for the study establishes 
a detailed set of guidelines that the water district management may use 
in making oruoial decisions 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 rtes have been developed on the 
basis that the system will be financially self-supporting. These rates 
appear to be within the ability-to-pay of the average OOT-WD householder, 
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TABLE 1-2 

CAPITAL COST SUMMARY 

Construction Construction Construction - Phaseo , erio 

Immediate 
Improvement 
Program 1978-79 

1980-85 
I-B 1986-90 

II-A 1991-95 

lI-B 1996-2000 


Total 


_-Cost (P), Local 

4,915*800 3,147#500 
17,3254oo 1i44,900 
12i704400 9,144,900 
1i744,0)0 7,036,500 
l2t957l0O 7,543,300 


59,646,700 37,017,100 


TABLE 1-3
 

Project cost WE g ~ oa 

3,198,000 6,345,500 
1,686i200 21831,10o 
7,391,7o0 160536 i6o 
7,462,200 14t498700
 
8310,900 15,854,200
 

38,049,000 75,066,100
 

COST SUMMARY OF IMMEDIATE IMPROVE MT
 
PROGRAM AND COSTRUCTION 

STAGE I PHASE A 
Ix 1000) 

Item 


Immediate Improvement Program 

Source Developman% 
Transmiseion Facilities and 

Distribution Facilities 
Service Connections 
Administrative and Miscellaneous 

Administrative Building &Equipment
Plumbing and Meter Repair Facilities 
Vehicles 

Miscellaneous 


Total Construction Cost 

*USSl.00 a P7.00
 

Local 

218,100 


1,143,600 
526,600 

4001600 

4500 

60i000 

5,000 

2,358,400 

Foreign-* TO 

216,900 435,000
 

1,208,800 2,352,400 
914,600 1,441,200 

55,800 456,400 
93,300 97,800 
60,000 120,000 
8,000 13,000 

2,557,400 4,915,800 
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TABLE 1-3 (Continued)
 

Item L0 pga Za 

Contingencl s 324i200 334,00 658j700 
Engineering 164,800 306,100 470,900 
Land Costs 300tO00 " •300020 

Total Project Cost 39147,500 3,198,000 6,345,500 

Stage I Phase A Construction 

Source Facilities 453;300 '364,300 '817,600
 

Pipelines and Valves 4,128,000 5,666,500 9,794,500
 

Storage Facilities '404800 101,200 '506 000
 
Internal Network 1,218,400 876,800 2,095,200
 

Fire Hydrants 376,700 520,800 897,500
 
Plumbing Shop and Laboratory
 

Facilities '430i200 '189i000 619,200
 
Service Connections 1,126 400 1,469,000 2,595,400
 

Totl Construction Cost 8,137,800 9,187,600 17,325,400
 

Contingencies 1,l64,300 1,304,700 2,469,000 
Engineering 642,1800 1,193,900 1,836,700 
Land Costs .200,000 - 200,000 

Total Project Cost lO,144,gOO 11,686,200 21,831,100
 

TABLE 1-4
 

ANNUAL OPERATION AND MAINTENANCE COSTS
 

I eMIE 1980MO20 

Administration and Personnel 130,740 
Power and Fuel 420,310 
Chemicals 
Maintenance 6330 
Miscellaneous 25,930 

267,540 
182,170 
36i9OO 
46,420 
37,960 

345,020 
455430 
96i650 

260,580 
98,470 

580,320 
880,620 
167680 
485i200 
255,400 

T o t a 1 583,310 5700990 1,256,150 2,369,220 
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im 

1979-1980 F0.75 
1981-1983 1.20 
1984-1986 1.5o 
1987-1989 1,70 
1990-1992 2,00 
1993-1996 2 10 
1997-2000 2,20 

It isrecommended that the implementation of these rates fol-. 
low a socialized prioing policy to make the finanoial burden on the 
consumers proportionate to their ability-to-pay. A sample sooialised 
rate struoture for 1978-1980 that would generate sufficient revenue 
is as follows: 

Usage Cost
 

tohMMUSe ROAD 

first 16 otm 70.85 

from 17 to 24 cum 1.85
 

greater than 24 Cum 2.45
 

Borrowing requirements will include ?7.602 million from 1978 
to 1981 for the immediate improvement program; P29.143 million from 
1980 to 1985 for Phase I-A improvements; and P29.026 million from 
1985 to 1990 for Phase I-B improvements. 

Eoonomig Feasibility 

The recommended improvements to the O0T-WD water supply system 
will bring about numerous economic benefits to the study area. Eoo
nomic feasibility studies show that the benefits will exceed the 
costs associated with the development and operation of the water sytem. 

Two approaches were adopted to determine economic feasibility:
 
the benefit-cost ratio and internal economio rate of return (lIMR).
 
In both approaches, four benefits 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 value 
of water, Analysis shows a benefit-cost ratio of 1.8 : 1 and an 
IERR of 56.1 peroent, 
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GHJAPTIF? i YNTrqfl)U TIOil 

dyAh T 1TOVIVIAt URBAN~ AREAhe 

h0 ,.y contra, ,ignod b~y %the Local Water Utilities Adxministration-, (INU./i,) and Camp Dre'e , k Nokia Tternational Inc. (DM) 
,on.14 OlhIo i Pr'oyidd Or I 'r ii da--i'nd.efor thevirut mn 

-rir. igur/. -). The feai ibi-,lij.ty stud!er Orepart Of .,.-'4 orr to duvelop basio water supplyplane for provinial urba arer of t.he fhi.ippinee 

Vrtij.j;' the fir'.t )' .a-,',"r '*,'-'+ raining"uminaz'( p' for LWIJA -.e er w.ereVc Q 0e Q utafI'f. "The Methodology Manual
for Wai:r 1uryi ,,a uibijyl.....-- s" w.ax aloo developed and printed.
In 34,1 pr.,iv 'ecz-.a i ty atudi s wa,'i made for

( .a'. 

stu..dios6 W&..P, rowpl,,)et,.al anu ou]:mitt d to IM..P.,n, 

The ,udi.s r'or" f.'ve of ,he 'irat 10 areas -- Cebu, Zamboanga,
').t., ' . aid tua.n -- hw een aporais.ed by the Asian Developmen.t',. Dan ,,,..,!.-I the 
 lua.i K the inLo-rim rapevcr the ADB
e.vn.j a: MY"million io. to ,I, .1 Decomber 1975 to provide

deui3. a..r riru.ne[ srvion( to t ece
r.; 5 area and to implement Phase 
.-1 of ," recommended lon-.'..rr or, ,ctro tion progirm (except Cebu
 

WhO~e ,',. ,-
10oan 
 ld only - niinI:LOor Ser'.FioeS). In 
IS V : Agncy.. .. itenationa] vor Development.- t 176,(Tf:' ' ' q 2i• )" " . " wit h LjA to provide enineering 

cjq'.*r i:;; u:n% f'o , d'oof the intrim improve-Om. n: 03.1itye~d 03t=w v'-e'>v'.rd'b ths'. prefoasibility atudies,
 
.n -pri '
Y71le 
 STternati r .'rjank for Reconstru.otionIjo'men (! 3 .ll--' . and Deve

r:,.9 million towards he final design
wand isnit.i pa e iar,nmenta tion . ho is.aining five of the first

10 areas, Pamoly Lixa facena, Tar ac, Cabaratuani, and Sanl.Pr
nru.dO Ma Un. ). 

nac'run on YinQU s*iv in ITolim5Th 11, Appendix Dr.SR,'r to Appendix Rf wnry o Civet 1-area feasibility 

,tipoikr to A . r-.i.. (/Ufor sumT';nr'y of prefeasibhi ity studies 
on 131 a~~~~t~l' :Lia 

/I'!Prl).;:L.)O.l I j ¢;i!;:[. ,]r %.iei 
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On 10 Aiugist 1976 11,MUA anqd Cri14 signed an amendment to theor-ginal ii-tudy conredig the faatibi , udiec, to 
include th,3 :eo-.i 'i:.cin ..c , -'. rhn 1 ....,-:/ '(c, e are Urdneta,
 
Gapn , Cal;iba, Bisiig, [w-y CityJ-1o-I..ay, ay Rxas City,

Cotabato City, San I,ernando (Pampanga), Olongapo City and Los
 
Ba ios (see Figu.re f-I'.-1 Thia r nort includes the technical
 
inancial anl eConomic t Io for t o .',.ovmant of the water
 

supply systi!!r in Cot;abAto Cii;y..
 

The dollar- conponnnt of the secc iid 10-area feasibility studies 
has been fin, ood £ro; -n.-o-eeds o a loan to the Gcvernent of the 
Republic of the rhilip,l3n! from tho TnJ Lud Statez, of kinveric-a through
the USAID, Loal No. 492--).O)4001 dated 9 SeI orober ',9T1. The peso com
ponent of the studies, aproximately 41 percent, has been funded by
the Government of the Philippinos. 

The st.}dy contracot for the second 10 arean includes the follow
ing tasks:-' 

1. 	 Trainingi of cok.nterpa-rt LWUA engineers through on--the-job
afssif:6-ments onvvarious aspecte of water oupply feasibility 
saudies;
 

2. 	 Preparing water supply feasibility studies for 5 provin
cial urb-an a-ecs, acing th expatriate and local consultant 
personno for conduct ing such studies; 

3. 	 Preparing viator supply fo-tibility studies for additional 
5 urban areas, with the LWMUA ergineera takinfg a dominant 
role in the oondutct of such studies. 

The studies began on I Septembsr 3976 tor a period of 18 months, 
The project staff was composed of' 6 US eng:,ieers and 26 Pilipino
personnel. The .rr-:t.:YL of the ,ntive wewater districts also 
assisted durin, the cou.-se of the o[oud.as. 

C. II'POCTCAI 74A CKGROtI)D 0 .Ai ATO CITY WATRf? .DISTRICT 

The watiir sr.:pply " . :. (r:.Ly wan constructed in 1939, 
L;n o,'f Goperated and .. by the wu . C'i0a1ovnneabato. I]

1954, the wator utl!titL,; .!-.urnr.id over to the National iWterworks 
ard.d 	Sewege Aui;icrit, C." ,nit t.V.,,:..opoita, aterworks andc ]-V 

•Sewera .e Systfmi), .Ta 	 11[,'L.S' -the ownership;,",A .IWA "tran ferred 

and maLnagerert of the11r. tr t I-, City vw n fCotabasto Cit

tioi~th iJ 't io (fr~ i2 atJ Oiat.-d in thei Cof,
tract, fea i ')i-1 su, ', .1or. 12 area. ha eaot u-ri.l{ been made, 

A V'olume/.;"to dc A, II for complete Trni,, of "Reference, 
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Rea]izing the benefits 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 potential 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,

installing, improving, maintaining and operating the water s7,pply
system, as well as the wastewater collection, treatment and dis
posal facilities. To perform these functions, 
 the COT-WD can

obtain financial and technical assistwice from LWUA. PD 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 constituted, the water

district is subject to the provisions of PD JNo. 198 and the rules 
and regulations of LWUA. 
The COT-WD can promulgate its own operat
ing laws through its 5-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

Conformqnce to the COT-WD after it had complied with the minimum 
requirements of LWUA's certification program. This certificate 
entitles the COT-WD to rights and privileges authorized under PD 
No. 198.
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CHAPTER III DESCRIPTION OF THE WATER DISTRICT!/ 

A. PHYSICAL DESCRIPTION 

Location
 

Cotabato City is located in the northern coast of the province

of Maguindanao2 on island of Mindanao.
the With a total ispd area 
of 17,600 
 ectares, the city is divided into the poblaoiona and
 
4 barrios/.
 

The present service area/ (367 hectares) of the OOT-WD is situated 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 Tamontaoa. By the year 2000, the service area will also

include Barrio Kalanganan. (See Figures 111-1 and VI-1.)
 

Physical Features 

Cotabato City is generally flat with elevations ranging from 2 to

10 meters above mean sea leve.(I4SL). Situated at the center of the
 
poblacion is the Colina Hill which 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
taoa River on the southwest, and Moro Gulf on the west. 
 The rivers
flow westward and empty into the Voro Gulf. 
Several creeks draining

the city discharge into these rivers.
 

There are three types of soil in Cotabato City - Faraon clay,
 
Tamontaca clay and hydrosolo 
Faraon clay, which is unsuitable for
 

'/The COT-WD covers all lands within the geographic boundaries 
of Cotabato City.
 

?/In 1973, Cotabato Province was divided into three provinces,

namely: North Cotabato, Mag-aindanao and Sultan Kudarat. The former
Cotabato Province, located in the southern part of Mindanao was the
largest province in the Philippines. Its boundaries were Davao Pro
vince on the east; Celebes Sea on the south and west; and Bukidnon 
and Lanao del Sur on the north. 

I/city proper 

4/A barrio is a 
political division of a city or municipality.
 

/The term "service area" refers to sections of the water distict which 
are currently served or intended to be served by the water system. 
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agricultureq is found in the vicinity of the Colina Hill. The greater 
part of the city is overlain ty the productive Tamontaca olay. The 
waterlogged hydrosol covers the coastal parts of the city. 

Cotabato City is classified under the 1 pe 4 climate, with even 
rainfall throughout the year (see Figure 111-2). The average annual 
rainfall for the period 1960-1969 was 2,200 mm. During the same 
period, average temperature ranged from 26.90 C in January to 28.1 C 
in May, with the annual average of 27.400. The climatological data are 
listed in Table III-1. 

TABLE III-1 

CLIMATOLOGICAL DATA 
(1960-69) 

Average Monthly
Rainfall (mm) 

Average Month13 
Tomprature (C) 

Januaz7 85.9 26.9 
February 114.5 27.4 
March 116.3 27.7
 
April 132.7 28.0
 
May 270.9 28.1
 
June 150.6 27.6
 
July 250.4 26.9
 
August 354.4 27.0
 
September 233.7 27.0
 
October 219.5 27.2
 
November 181.2 27.4
 
December 90.8 27.2
 

2,200.9
 

Average 27.4
 

B. POPULATION
 

The population of otabato 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 household. The general 
characteristics of the population are listed in Table 111-2. 

C. LIVING CONDITIONS 

Physical indicators showing the standard of living in Cotabato 
City are listed in Table 111-3. These indicators include types of 
dwelling units, household facilities and utilities. 

6-Sorce|tPAGASA station in Cotabato City. 
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TABLE 111-2
 

MUNICIPAL POPULATION CHARACTISTICSI! (1970)
 

1. 	Total Population 


2. 	 Growth Rate (196c-1970) 

3. 	 Density 

4. 	 Urban/Rural Composition 

5-	 Sex Composition 


6. 	Ago Composition 


7. 	 Employment 
(% of those 10 years and 
over) 

a, 	By class of worker 
(%of labor foxze) 

b. 	By industry 
(%of labor force) 

8. Bluoation (%of those 
6 years and over) 

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

b* 	Number of Schools 


9. 	 Dialects 

10. Religion 


61,184
 

5-% per annum 

3.48 	persons per hectare 

urban, 83%; rural; 17% 

malet 4,%; female, 51% 

0-14 	years, 43%; 15-64 years, 55%;
 
65 yearn and over,
 

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

wage and salaiy, 57%: own business, 
26%; 	unpaid family workers, 17%
 
agriculture, forestry, fishing, 27%;
 
manufacturing, 122; cosineroe, 15%; 
services, 24%; construotion, utilities,
 
minor industries, 22%
 

6 years and over, 49,048 
literatev 72%; illiterate, 28%
 

25 years and over, 20,533
 
elementary grades, 33%; high school, 20%;
 
college, 17%; no formal educatioi, 30%
 

elementary, 23; high school, 4; college, 2; 
vocationalt 5 

Maguindanao, 36%; Cebuano, 26%; Tagalog,

15%; 1iligaynon, 11%; others, 12%
 

CatholicT 51%; Islam, 40%; Protestant,
 
2%; others, 1%
 

V/This iuforntion applies to Cotabato City an a whole. 
Source: 1970 Census of Population and. Housing., National Cenaua 

and Statistios Office (]'CzO). 
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TABLE 111-3
 

CLASSIFICATION OF HOU-q"-OLDS 
BY TYPE OF FACILITIESV/ (1970)
 

1. 	Total Households 


2. 	 Average Household Size 

3. 	 Water Facilities 
(% of total households) 

4. 	 Toilet Facilities 
(% of total.households) 

5. 	 Lighting Facilities 
(% of total househo1's) 

6. 	 Appliances 
(% of total households) 

7. 	 Cooking Fuel 

(% of total households) 


8. 	Total Dwelling Units 


a. Type of Dwelling Unit 
(% of total units) 


b. 	 Roofing Material 
(% of total units) 

information applies 

9,660
 

6.3 omlonors por houcehold 

piped water, 51%; rainwater, 25%;
 
surface tater, 14%; other sourcos, '0%
 

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

electricity, 56%; kerosene, 42%;
 
others, 2%
 

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

electricity, 1%; kerosene, 12%; LPO,
 

11%; 	woodi 75%! othors, 1%
 

9,182
 

singlo tyro, 75%; duple:r, 1Qj; apartment/ 
accesoria, 11%; b:rong-barong (mackeshift
 
houses), oormnoroial, industrial, etc., 4% 

durablo rater!.ls (alumin-up/galvenized 
iron, asbe&-os, tile/concrote), 66%; 
non-durable -%terials (co-on, nipal others) 
340/' 

to Cotabt.to City a iihole. 
Source: 1970 Census of Population and llouzing, 1C0SOo 
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Health
 

Water-borne diseases occur particularly in the more densely
populated sections of the city. 
Public health authorities recognize the correlation between the lack of safe water supply and
 
sewerage facilities and the incidence of water-borne diseases.

Table 111-4 shows the recorded morbidity and mortality rates per
100,000 population due to water-borne diseases in Crtabato City
from 1964 to 1974. 
During this period, the average morbidity of

1,305.6 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 111-4
 

REPORTED MORBIDITY AN4D M9RTALITY
 
DUE TO WATER-BORNE DISEASES2/ (1964-1974)


(per 100,000 population)
 

Cotabato Philippines 

year Morbidity Mortality Morbidity Mortality 

1964 1,067.8 50.9 846.3 60.2 
1965 
1966 
1967 
1968 
1969 

1,336.3 
2,110.9 
1,250.0 
1,191.0 
1,241.5 

71.8 
80.2 
71.4 
71.1 
62.8 

715.8 
715.1 
572.1 
564.8 
706.9 

51.6 
61.9 
47.6 
46.5 
46.0 

1970 
1971 
1972 
1973 
1974 

1,000.7 
341.0 

1,067.7 
2,060.9 
1,693.7 

39.0 
21.5 
i4.6 

111.5 
61.6 

612.8 
422.5 
743.4 
768.4 
663.8 

39.0 
35.8 
49.4 
50.4 
40.4 

Total 14,361.5 676.4 7,331.9 528.8 
Average 1,305.6 61.5 666.5 48.1 

Medical services are provided by 3 hospitals, clinics and rural

health units located throughout the city.
 

2/Source: Disease Intelligence Center, Department of Health, Manila.
 
The water-borne diseases, of which records are available, include typhoid, cholera, dysentery, and gastro-enteritis,
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In 1975: the province of Cotabato was estimated to have 71,450
f.anilies with a combined annual income of P266.2 million. The ave-

S. .. R. me of 0,725 was .owo than the counry's average of 
V5,8!40, A.out 63 perc~t o fmiieuconiiuted the below-avarage
incomoegroup. "4-00"9,999) The average incamn 
group included 35 percent of the families; the upper middle income 
0IO00O-Fi9,99)) g'ounl 1-5 percent; nnd the high-income (P20,00O

cityncome 

Base. on records of the cityr government. the income of Cotabato 
.. .. PICity Pruru. in creased from . million in fiscal year 1964

1965 to rJ.q million in 1973-1974. In fiscal year 1974-1975, how
ever, income dec:reased by almost 800N00O. The decrease in income 
coinoided with the dc.ane in business activity reualting from the 
deteriorat:inr 'aca and order condition in the auea. The largest 
sourceo of :income wUe tv licens and receipts from the operation
of the waterworku and thu pablic market, The largest expenditure 

tems during the sa-te pucriod were maintenance and operation of the 
market and .aup.hterhouse and police services. The following axe the 
city income2 for the period 1964-1975. 

Fi;cal Year Tihu:ome Increase Decrease 

1964-1965 P1,271,935.12 

1965-1966 1,405,658.77 133,723.65 
1966-1.967 126.33,753,.68 228099.91 
1967-1968 1,0,3,667.46 109,908.78 
1968-1)9 ,22,811,03 519 143.57 
1969-1970 2,;0,663.70 157,852.75 



1970-1971 2,543,109.63 IV N-,445o5 
1971-1972 3,75,983.68 5327874.-0 
1972-1973 386,,903.14 81O,919.46 
1973-1974 4 ,94 ,99 5 ,08,093.71 
1974-1975 4,1u0,976.97 - 17947019.88 

4iculture 

Agriculture is the most importan; activity in Coabato City, with 
*bout 60 percent of its total land area used for farming. The major 
crops are rice, copra, corn ;id fruits. The city norves as an outlet 
for farm protection nr~dcenter of technical and credit facilities for 
4tyricu].urn-l development in the Cotabato area, 

iG/"'ib-,, .. 1946 1976."i!. ,pine econoaq from to is discussed in 
Aoendix ?, 

IL Only pyrovincial data are available at the NW0 
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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 fiohponds.

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 wholesale and retail trade.
 
Goodabeing traded were largely agricultural products.
 

In the same year, there were 116 manufacturing establishments,

mostly agriculture-based. 
These are gr.ain mills, sawmills and oct
tage industries.
 

Transportation and Communication
 

The city can be reached IV 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 percent 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 Companyo The following is the schedule of power rates:
(a) residential - P0.6718/kwhr for the first6W kwhr/mo; PO.6018/kwhr.

for the next 40 kwhr/mo; and P0.4418 kwhr for consumption over 100 kwhr/mo;

(b) commercial - P0.6718/kwhr for the first 100 kwhr/mo; P0.5918/kwhi for
the next 300 kwhr/mo; P0.5218 for consumption over 400 kwhr/mo; (a)in
dustrial - POo4818/whz, for the first 30-hour use; tO4318kwbr for the 
next 70-hour use; PO.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. GMIERAL 

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 connected 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 severelj damaged the transmission
 
line from the dam to the settling basin, putting the Dimapatoy Dam out
 
of operation.
 

In December 1976, the other two wells drilled in 1974 were reacti
vated and connected to the system. 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.
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Treatment Facilities 

There are two treatment facilities in the Cotabato City water
 
system - a 2,840-cum sedimentation basin and concrete solution feed
 
tankfor hypochlorination which is not presently used.
 

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

Since August 1976, when the supply from the Pinapatoy dam was dis
continued, the basin is being supplied with water from Dimapatoy pumping

station. The basin cannot be filled because the capacity of the pump
 
station is less than the capacity of the transmission line to the city

when the basin level is high. Withdrawal is controlled Iy throttling
 
the outflow valve. During night time, the outflow valve is closed; it
 
is reopened early in the morning. 

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

Storage Facilities
 

The existing system has one storage facility - a 750-cum reinforced 
concrete, cylindrical ground-level reservoir constructed in 1939a 
Located on top of Colina Fill, the reservoir has bottom and overflow 
elevations of 46 and 53 meters above MSL, respectively. However t due 
to the inability of the aystem to fill 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 905 kmt 250-mm 
COI transmission line. Since August 1976, when an earthquake severely

dam,aged 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 CCI pipelines (both 300 
meters long) from the pumping station to the settling basinae presently
utilized. Transmission lines are de-oribed by size, 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 oonstruoted. In 19551 an
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TRANSMISSION LINES DIMAPATOY 

DIAMETER T LENGTH (M) AND YEAR INSTALLED 0 21 M WIDE
(MM) 1939 1955 1962 TOTAL o CONCRETE 
250 CCI 9,500 9,500 o ELEVATION 

a NOT PRESI 
200 CCI 5,500 300 5,800 

150 CCI 300 300 

12_, CCI 5,500 5o500 

SUB-TOTAL 5,500 15,000 600 21,100 I 

& R.C. INTAK 
DISTRIBUTION SYSTEM * PUMPIN UETER' *WESTIN( 
DIAMETER LENGTH (M) AND YEAR INSTALLED t25HPi

(MM) TYPE 1939 1955 1960 TOTAL * AURORA 
250 CCI 2800 2,800 1910 CtR 

" PUMPING200 CCI 500 500 * ELECTR 
150 CCi 900 900 125HPt 
125 CCI 8,?oo 8,700 2730 C 

100 CI 6 ACP 5,700 5,700 * PUMPINg t 

0 ELECTW'75 CI 1,400 1,400 AURRA* 
50 61 3,640 3,640 1910 CL 

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

APPURTENANCES , DECEMBER 1976 

SIZE(MM) NUMBER REMARKS
 
VALVES Art 2
 

VALVE ~ I 73 90 PERCENT SETTLING 
100 10 OPERATIONAL
125 16 THOUGH SOME ARE * 2840 CUM
150 2 LEAKING. 
200 3 * ELEVATION250 I300 I 30Mx40p

HYDRANTS 75 
 4 3 DISCONNECTED 
-_ _I OPERATIONAL
 

PUBLIC FAUCETS 12 3 DISCONNECTED
 

SERVICE CONNECTIONS I DECEMBER 1976 TREATMEr 
TYPE METERED FLAT-RATE TOTAL ONO TREAT, 

THE 2840 
DOMESTIC 63 1614 1877 
COMMERCIAL 20 36 56
 
INDUSTRIAL 
 4 5 9 SYSTEM F 
INSTITUTIONAL SATISFACT

[T A LT 87 1655 1742 LOW AT E 
HIGHER El 

FEA,SILITY STUoY FOR WATER 
SUPPLY OF SECOND TEN URAN AREAS LWUA-CDM 



DIMAPATOY DAM (1939) -\ 	 REINFORCED CONCRETE GROUND RESEF 

* 21 M WIDE, 5 M HIGH e 750 CUM CAPACITY 
e CONCRETE DAM o DIAMETER= 11.75 M 
a ELEVATION 120M ABOVE MSL e HEIGHT: 7.OOM 

* 	 NOT PRESENTLY USED * ELEVATION 46 M (BOTTOM) 
0 	 BEING UTILIZED AT PRESENT BY 

CENTRAL. MINDANAO COMMAND FORCE 

BOOSTER PUMP 
DIMAPATOY PUMP STATION ASEA PUMP01962-- CENTRIFUGAL 

0 	 SIZE- 50MMx 50MM* 	 R.C INTAKE BOX, 4.2 x 14.5 x 1.5 M. 
o 	 PUMPING UNIT I 

* 	 WESTINGHOUSE ELECTRIC MOTOR
 
t25HP, 440V, 60 CYCLESt 1800 RPM
 
AURORA CENTRIFUGAL PUMP
 
1910 CUMD 1350 M TDH.
 

* 	 PUMPING UNIT 2 
* 	 ELECTRIC MOTOR
 

125HPjlPHASE,440V (1800 RPM)
 
* 	AURORA CENTRIFUGAL PUMP 

2730 CUMD, 350 M TD4. 
9 PUMPING UNIT 3 (UNDER REPAIR) 

* 	 ELECTRIC MOTOR, 60 HP, 3 PHASE (1800 RPM) 
* 	 AURORA:.CENTRIFUGAL PUMP
 

1910 CUMD, 350M TDH. -0.
 

SETTLING '"SIN (195Y-"-ORTOUSTE WELL (1974)--- ILANG-ILANG WELL (1974) -

2040 GUM "CAPACITY * B.J.TURBINE PUMP B.J. TURBINE PUMP ' 

*ELEVATION,.93 M ABOVE MSL 0 20 HP HIGGS ELECTRIC MOTOR a 25 HP HIGGS ELECTRIC MOTOR 
303M x40M x.3 M 0 CASING DIAMETER:- 200 MM 0 CASING DIAMETER : 200 MM 

0 WELL DEPTH -- 19.8 M * WELL DEPTH =24.4 M 
SDISCHARGE =907 CUMD * DISCHARGE : 1175 CUMD 

S CONNECTED TO SYSTEM MARCH 1977 o DISCHARGE PRESSURE 4.01 KG/Soc 
0 PUMPS TO DISTRIBUTION SYSTEM 
0 CONNECTED TO SYSTEM MARCH 1977 

TREATMENT 	 SERVICE AREA OPERATION 

* 	NO TREATMINT FACILITIES EXCEPT . WATER FROM THE WELLS IS PUN 
THE 2840'O M SETTLING BASIN. DIRECTLY TO THE SYSTEM FOR 2.4 

' 	 WATER FROM DIMAPATOY PUMP STAT 
PUMPED DIRECTLY TO THE SETTLIf 
FOR 24 HOURS. 

SYSTEM PRESSURES 	 * WATER FROM SETTLING BASIN IS c( 
TO THE DISTRIBUTION SYSTEM BY 

* 	 SATISFACTORY IN AREAS NEAR SOURCE BUT FOR 24 HOURS WITH OUTFLOW VA 
LOW AT EXTREMITIES AND IN AREAS WITH 
HIGHER ELEVATIONS. 

http:ELEVATION,.93


RETE GROUND RESERVOIR(I939)~~ 

ITY 
M 

(BOTTOM) 
AT PRESENT BY 
NAO COMMAND FORCE \ 50 

" " ,..CREEK
 

GAL PUMP 
50MM 

WE200MM 	 *~tkM LLPH:3 

5ICJMO* 	 DSCHRGEPRSSUE: B8 G/STC 

00.. 

UTIOSYTMO 
1974) 	 ,7GENERAL LUNA WELL 1 1974) 

GRUNDFOS SUBMERSIBLE PUMP.
 
ETRICMOTOR *. CASING DIAMETER: 200 MM
 
HE200 MM * WELL DEPTH : 25.5 M
 
24.4 M T I 	 * DISCHARGE: 890CUMD 
5 CUMD * DISCHARGE PRESSURE: 2,8 KG/SO CM 
URE G.01 KG/S CM* PUMPS TO DISTRIBUTION -SYSTEM 
UTION SYSTEM I

STEM MARCH 1977 
".--'-SANTOS WELL (1974) 

A ONRUNOFOS 
SUBMERSIBLE PUMP.
 

HlE WELLS IS PUMIED 
 *CASING DIAMETER 200FMM
I 
SYSTEM FOR 2D4THOURS CHE 

MAPATOY PUMP STATION IS *DISCHARGE"= 726 CUMDWIT OURTFOW AV HRTLDPLY TO THE SETTLINO BASIN 	 o DISCHARGE PRESSURE 1.97 KG/SQCM 

o PUMPS TO DISTRIBUTION SYSTEM. 
ETTLING BASIN IS CONVEYED 
3UTION 	 SYSTEM BY GRAVITY 

WITH OUTFLOW VALVE THROTTLED. 

FIGURE IV-I
 
EXISTING FACILITIES
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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 by

size, material, length and date of construction in Figure IV-I. 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
 
metered. 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, pwumping
stations and treatment, transmission and distribution system. 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.
 

I. Santos pump statioi, serves the Gutierrez Subdivision (the
pilot area) and some portions in the north 24 hours dai'v.
 

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

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

a. 	Monday, Tuesday and Friday - the downtown area is served 
24 hours through the 200-mm diutribution 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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b. 	 Wednesday and Saturday - All valves along Sinsuat Ave
nue and at the junction of Qjezon 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.
 

co 	 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 	 safeguarding the watershed area against kainginerom 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/i) 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 

General
 

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). 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 Heights. It is bounded by Sinsuat Avenue
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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 intervieva, 154 households are registered concessionaires of the 
water district, 21 households are "borrowers" from registered con
cessionaires; 4 have their own hand pumps or private wells; 3 are
 
"borrowers" from private wells; and I 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 
hIu-eholds dependent on the system is 1,988. Household borrowers 
total 239, of whom 11 are borrowers from metered connections and 228 
households are borrowers from unmetered connections. Assuming 8
 
persons per household, total users of water from the COT-WD system 
are estimated 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 .r d the number of persons per household, as given in the surveyt have 
been used to estimate unit water consumption. The per capita consump
tion per day based on a record of 4 metered connections in the pilot 
area was computed to be 123 liters. Based on interviews with flat
rate concec;sionaires, borrowers and households with their own hand 
pumps, their consumptions were estimated to be 37, 32 and 57 lpcd, 
'respectively. However, these figures are probably understated either 
b-cause of' thre strPct rule,; of the watrer district or poor estimates 
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 
water consumption assumed at flat-rate connections. The accounted
for-water is revenue-producing water for the water district. Metered 
consumption is estimated to be 4,071 cumd/mo, while estimated flat
rate consumption, 45,844 cum/mo. The total of 49,915 cum/mo repre
oents 30 percent of total water production of 164,672 cure/mo. 

Unaccount ed-for-Witer 

naccounted-for-water, or unbilled water, does not generate rcvenue 
for the witter district. It can be divided into several categories; 
ileakage, :zita.gc at flat-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/mo 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 neighbors

with flat-rate service connections. The pilot area survey shows that
 
the consumption of these borrowers is 
1,751 cum/mo which 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 sys
tem. 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 transmission lines and distribution mains exists due to
 
the prevalence of old corroded pipes, poor jointing techniques (e.g.
 
bell and spigot joints are made of cold lead or cement, mortar),

high pressure (in some areas) aiid (Ii splacement of pipes due to earth
quakes.
 

Water for public use (fire-fighting, main flushing, and street
 
cleaning), meter under-registration anid unauthorized use are grouped

together under the category of other uses. Leakage 
 and other uses 
are estimated to be 78,882 cmun/mo 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 the Februaryon 1976 billing record, is 
about 30 percent of total production. The accounted-for-water is the 
sum cf the metered consumption and estimated consumption at unmetered 
(flat-rate) connections. The unaccounted-for-water represents about
 
70 percent of production. A portion of the unaccounted-for-water can
 
be considered consumed water and potentially billable water which in
cludes underestimated flat-rate use, borrowers' usage from flat-rate con
nections, and usage from unregistered connections. Wastage, leakage
and other uses combined represent 48 percent of total production. 
Pressure would probably rise if leak,s and flat-rate connections were 
eliminated. A program to reduce leakage and to install meters on 
flat-rate connections would siinificantily increase water accountability 
and the revenue of the district. 
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TABLE IV-2
 

SUM.M4ARY O1 ,JATER ACCOUNTABILITY
 
COTABATO CITY WATER DISTRICT
 

Amount of Water 
Cat egormZ (cum/mo 

1. Accounted-for-water 

a) 'Yetered consumption at 
83 connections 4,071 

b) Inferred flat-rate use 

at 1,655 connections 45,84 

Sub-total 49,915 

2. Unaccounted-for-Water 

a) Potentially billable water
 

- Underestimated flat-rate use 33,596 
- Usage from illegal connections 528 

- Borrowers' usage from flat-rate 
connections 1,751 

b) Wastage, Leakage and Other Uses 78,882 

Sub-total 114,589.7 

Total 164,670* 


*This does not include production of Ortouste well* 
survey, Ortouste well was not yet operational.
 

Percentage of
 
Production
 

2.5%
 

27.8 

30.3
 

20.4
 
.3
 

1.1
 

47.9 

100.0%
 

During the 
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E. JIYD'.AULIC S'V3VE 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 Dimapatoy River and the four existing wells; an investigation
of the condition of Dimapatoy punping station transmission mains; 
water accountability 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-i) to determine the Dimapatoy pump station produo
tion, the condition of pump discharge lines and the 250-mm transmission
 
main, and the water lost along these lines. Data obtained for these
 
test points are shown in Annex Table IV-E-1.
 

Water Accountability Analyses
 

Test data show differences in flow of 8.9 lps and 8.2 lps,

between TP-1 and TP-3 and between 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 by a flow greater at TP-6 than at TP-5. 
A por
tion of the measured flow difference (about 5 lps) leaks through the
 
bypass valves. Thus,the remainder about 12 lps of water or 25 percent

of the total pump output (48.4 lps3 , is lost in leaks along the parallel

pipelines between the pump station and settling basin.
 

The test data likewise indicate a difference of 17 ips in the
 
measured flow between TP-6 and TP-7. 
 Since there are 42 connections 
serving Barrio Tamontaca, with 8 persons per connection, assuming 160 
lpcd demand, about 0.6 Ips goes to the distribution line serving the 
barrio. Thus, leakage along this 9-km transmission main is about 16 
lps. Total leakage along the 25,-am mainline between the settling 
basin and TP-7 accounts for about 58 percent of toti.l pump production. 

JIGL and C-Value 

The hydraulic r;.Ldelinc from the Dimapatoy station to Barrio 
Rosary heights (TP-7) in. howy in Pigure IV-E-2. Estimated C-values 
of pipe)ini,;, based on test data, are shownf in Table IV-3. 
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TABLE IV-3 

PIPE C-VALUES 

Zipe Location C-Values 

200-mm CCI TP-1 to TP-3 50 

150-mm CCI TP-2 to TP-4 40 

250-m CCI TP-5 to TP-6 100 

250-min CCI TP-6 to TP-7 75 

250-mm CCI TP-7 to TP-8 67 

Observed high headlosses along the parallel Dimapatoy discharge
 
lines result from low pipeline C-values, as evidenced by thick encrus
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 th, combined effects of' leakage along the pipeline and the 
high headless induced by the poor internal condition of the pipeline.
 

Field dAa 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 -vtructures with galvanized sheet roofs, en
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 a 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 automatically stopped 
and started 21 times on that date and about 20 times on 8-9 February 
1977. This pumpset i:u equipped with an automatic level cut-out device,
 
which is manually by-!issed during periods of peak demand. 

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

Automitic pressure recorders were installed at the Santos,
Ilang-Ilan. 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 testperiod (7-8 February) at Santos pump station while pressures rangedfrom 3.0 to 4.48 kg/sqcm at Ilang-Ilang pump station for the same
period. 
At General Luna pump station, pressures varied from 2.4
to 3.27 kg/sqcm (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, particularly the poblacion area, is practically zero. 
 Water is suppliedin this area 3 times a week by manipulation of valves located alongSinsuat 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-9 and TP-10 (seeFigure IV-B-11), to determine the volume of water entering the pilotarea. The purpose of these field measurements was to provide data
which could serve as a basis for estimating water accountability in
the entire distribution system. 
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. CONPUTER STUDIES 

The purpose of conducting computer studies on the existing systemis to duplicate, to the greatest extent practicable, the hydraulic
conditions observed in the field. 
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. 
hleld data gathered indicate that
the existing system has generally low or negligible pressure. 
Water
is rationed to different areas by valve manipulations. A major earthquake in the city damaged the trouismission 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. DEFICINOIES OF THE EXISTIG SYSTEM 

The COT-WD has a low level of water service. Most of the con
sumers reoceive 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 percert 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
 
treatiit 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 ranges from 1,200 to 1,600 micromhos/cm.
 

The existing ground storage tank on Colina H77 i , :p.. 
rently used. Because of low pressure in the distribution mains,
 
the storage tank cannot be filled, even during off-peak hours.
 

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

Fire .rotection 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 inadeauate.
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ANNEX IV-E 

HYDRAULIC SURVE" DATA 



ANNEX TABUL IV-E-1 

FLOW AND PRESSURE DATA 

Ts Pressure
TPest Point- Flow (lps) (igLsq) Date of Test Remarks 

TP-1 32.3 6.20 
 6 February 1977
 
30.9 6.12 7 February 1977
 

TP-2 17.5 
 7.74 7 February 1977 
Tr'-3 22.0 0 7 February 1977 
Flow into the settling basin
 

through the 200-m line.
TP-4 9.3 
 0 7 February 1977 Flow into the settling bacin
 

through the 150-mm line.TP-5 33.6 .56 8 February 1977 Settling basin discharge 
valve in normally throttled 
position.42.7 .53 10 February 1977 Settling basin valve fully 

open.
TP-6 39.0 
 5.77 8 February 1977 
 Settling basin valve throttled.
 
47.7 
 5.98 10 February 1977 Settling basin valve fully
 

open.
39.2 5.42 10 February 1977 Settling basin valve fully
 

olu,b wLaU bypass valves 
fully open.


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

open.
30.5 1.62 10 February 1977 Settling basin valve fully 

open.TP-8 12.6 .43 9 February 1977 Hydrant flow with the 2 50-am 
transmission main isolated;
 
that is, all valves to dis
tribution mains closed.
 

!/See Figure IV-E-1 for proper identification. 
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AIRTEX TABIE IV-E-2 

TEST DATA AT :3AITOJ PMP STATION 

Plow Pressure Pumping dater Total Head 
UPS) Level (m) (M) 

10.32 .211 13.5 15.61 
10.4 .704 10.36 17.40 
9.36 1.408 8.74 22.82 
8.80 2.112 8.23 29.35 
8.25 1.816 7.91 36.07 
7.00 3.520 8.33 43.53 
6.45 4.224 8.74 50.98 
5.44 4.928 8.84 58.12 
4.84 5.632 7.77 64.10 
4.29 6.336 8.63 72.00 
3.49 7.040 8.36 78.76 
2.76 7.744 8.60 86.04 
1.36 8.449 15.24 99.72 

ANNEX TABLE IV-E-3 

TE3T DATA AT G NEILL LUNA PM%]P STATION 

Flow Pressure Pumping Water Total Head 
(lPs) ( Level (n) (M) 

11.99 0 26.49 26.49 
11.48 .704 26.49 33.53 
11.10 1.408 26.26 40.34 
1o.85 2.112 26.06 47.18 
10.22 2.887 25.85 54.72 
9.97 3.520 25.65 60.85 
9.40 4.365 25.40 69.05 
8.83 4.999 25.04 75.03 
8.33 5.632 24.79 81.11 
7.95 6.336 24.66 88.02 
7.51 6.900 24.43 93.43 
4.73 9.152 23.42 114.94 
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T&O3T DA2A 

Flow Pressure 

(1ps) (gscm 

14.26 .211 
13.38 0774 

13.50 1.408 
13.88 2.112 
13.75 2.887 
14.07 3.520 
13.88 4.224 
11.P6 4.928 
8.90 5.632 
8.96 6.407 
5.05 6.9oo 
0 7.252 

ANNhX 

TEST DATA AT 

Flow Pressure 

(lPs) J~~qm 

14.38 0 
13.94 .845 
13.38 1.408 
13.19 2.112 
13.06 2.816 
12.62 3.520 
11.86 4.224 
9.65 4.928 
5.68 5.632 
0 6.196 

ATITEX TABLB IV-E-4 

AP ILANG-ILANG PUM,,P STATION 

Pumping Water Total Head 
ee m
 

11.32 13.43
 
11.26 19.00
 
11.11 25.11
 
11.05 32.17
 
11.05 39.92
 
11.06 46.26
 
11.01 53.25
 
10.48 59.76
 
9.79 66.11
 
10.41 74.48
 
8.53 77.53
 
8.05 80.57
 

TABLE IV-E-5 

ORTOUS"3TE PU1MP STATION 

Pumping dater Total Hfead
 

Level (mn)(M 

14.10 14.10
 
13.98 22.43
 
13.96 28.04
 
13.88 42.04
 
13.88 42.04 
13.69 48.89
 
1..33 55.57
 
12.82 62.10
 
12.36 68.68
 
12.29 74.25
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9A-1TI]X TABUO' IV-E-6 

PILOT 1:,1ALO.J DATA 

TP -9 TP- 10 

Time w (Ips) 
Pressure 
(kgsq Time Flow (ips) 

iressure 
kllr )/ 

8:40 am 11.18 1.69 9:10 am 4.68 1.02 

9:30 w 
10:45 am 

8.41 
12.22 

1.55 
1.55 

10:20 am 
11:10 am 

4.58 
4.11 

o.81 
0.92 

11:35 an 12.28 1.58 12:00 noon 3.98 0.92 

2:15 pm 10.59 1.83 2445 pm 5.09 1.51 
3:15 pm 
4:05 pm 

10.65 
10.93 

1.90 
1.97 

3:40 pm 
4:30 pm 

4.49 
4.11 

1.48 
1.41 

4:55 pin 11.22 1.83 5:15 pm 4.66 1.20 
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CHAPTER V FEASIBILITY STUDY CRITERIA 

A. GENERAL 

Tke planning, design, economic, and financial criteria used in
the water supply feasibility studies have been derived from studies 
of local conditions, accepted practices, standards and methods de
veloped in the First Ten Provincial Urban Areas Feasibility studies.
 
These criteria, together with the developed basis of cost estimates
 
have been utilized to evaluate and compare the various alternatives
 
identified in the course of the study. 

In the analysis and evaluation of alternatives, feasibility
study criteria need not be as refined as those used in the detailed 
development of the recommended scheme. Consistency is, however,
essential. As long as each alternative to be analyzed is judged by
similar criteria (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):
 

1. 	Areawide Approach: Planning of facilities has been done
 
on a regional or areawide basis taking into account the
 
present district service boundaries and the logical long
term service areas beyond present district or political 
boundaries. 

2. Source of Water: Groundwater and surface water have been
 
given equal consideration as potential sources of water. 
However, based on the first 10 feasibility studies, dis
infected groundwater derived from deep wells, when avail
able, is expected generally to be more economical than
 
conventionally treated surface water. 

2. 	 Self-Sufficiency: The reoommended plan has been developed
to provide the highest quality of water service within the 
"ability-to-pay" of the consumers. 

4. Conservation: In the selection among alternative plans, 
water, power, chemicals and foreign exchange are considered 
valuable resoiLrces which must be conserved to the greatest 
extent possible.
 

5. 	 Stage Development: The recommended long-range construction 
program has been divided into several stages, each of which 
satisfies the projected requirements for a specific design 
year. 
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Staeby 
Start Construction 

Calendar Year 
Target 

Design Year 

Immediate Improvement 1978 1980 
Phase I-A 1980 1985 
Phase I-B 1986 1990 
Phase II-A 1991 1995 
Phase II-B 1996 2000 

6. 	 Alternative Plrn Soreoning and Selection: From an array
of identified plan alternatives, the remommended plan has 
been selected on the basis of least (present worth) cost 
and other non-economic parameters. The selected plan has 
been tested for eoonomio/finanoial feasibility. 

7. 	 Skilled Manpover Shortvee: The recommended plan has re
cognized, in the short term, the apparent shortage in 
skilled, ohnioal and managerial expertise. %mphasis 
has 	been given on the need for district personnel training
 
and 	 certification. 

8. 	Water 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 Soundness: The successful oompletiom of any project 
must take into account the social acceptability of its 
recommended prograns (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 basically similar to those utilized in the First Ten 
Provincial Urban Areas feasibility studies. Minor improvements/ 
modifications have been made as indicated in the Methodology Memo
randa attached herein in Volure I. 

Water Accountabilit! 

As much as p(,3sible, water accountability ham been determined 
through field testing and measurement procedures, augmented by data 
gathered in the pilot area study surveys (see Methodology Memoranda 
No. 1 and 2). Where field data iero not available and the pilot 
area study survey results were not conclusive, the weighted average 
of the water aooountability 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 follows:
 

Percent of Water Production
 

Metered Billing 14.5
 
Flat-Rate Billing 16.8
 
Underestimated Flat-Rate Use 
 10.2
 
Wastage 27.1
 
Leakage 24.5
 
Others 
 6.9
 

100.0
 

Water Demand Grouping
 

A procedure has been developed to classify communities in the
 
Philippines 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 capita through

the period 1980-2000 are as follows:
 

Group 1 261 - 273 ipod 
Group 2 220 - 230 lpod 
Group 3 193 - 199 ipod 
Group 4 174 - 181 Ipod 
Group 5 157 - 165 lpod 

The above values include domestic water needs; allowances for nominal
 
commercial, industrial and institutional use; and a decreasing per
oentage of unacoounted-for-water in time.
 

For the analysis of existing conditions, actual metered (or

connected) customers and "borrowers" are considered separately
 
(see Methodology Memorandum No. 2). However, for short- and long
range planning, it has been assumed that "borrowers" would even
tually become metered consumers. Per capita domestic use has been
 
increased each year to account for economic growth within the 
com
munity. Institutional and commercial water demands have been esti
mated as a percentage of domestic demand (see Methodology Memorandum
 
No. 3). 

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 used
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maximum-day to average-day ratio = 1.2:1 
peak-hour to average-day ratio = L.51 - 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 economic screening of the technically viable alternatives (see
Chapter IX, 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 this feasibility study assumein 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
 
cost of maintenance and operation is assumed to escalate 
at 8 per
cent per annum.
 

Economic Justification
 

The economic 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. 

Financial Criteria
 

The financial justification of this project is based on the
 
district customers' ability-to-pay (see Chapters XX and XXI,

Methodology Manual) and a suggested socialized pricing scheme, 
based on increasing unit cost of water with increasing consumption 
(see Chapter X). 

E. BASIS OF COST ESTIMATES
 

Construction cost curves have been developed for inplace costs
 
of pipelines, deep wells, water treatment plants, pump stations t and
 storage reservoirs. 
These cost curves have been used for estimating 
the relative nost magnitudes of alternative water supply plans. Es
calation factors used in calculating the capital cost of recommended 
improvements in July 1978 prices, as well as the above unit costs, 
are presented in Appendix G, Volume II. 
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F. IMPLEMTENTATION SCHEDULE 

For purposes of feasibility study and eoonomic/finanoial
 
analyses, an implementation schedule has been assumed. 
Figure V-2
 
shows the probable time-table which covers the planning, design,

and implementation of the immediate improvement program and Phase

I-A. It is assumed in these feasibility studies that the recom
mended immediate improvement program is to be fully implemented by
the LWUA Interim Demonstration Program by 1979.
 

Estimated Phase I-A Schedule 

Final Report Submission February 1978 
Select Final Design Engineer September 1978 
Start Final Design January 1979 
Complete Final Design January 1980 
Start Construction July 1980 
Complete Construction: 

a) Source Early 1981 
b) Distribution Early 1982 
c) Internal Network Late 1985 
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CHAPTER I FOPULATION A14D WATER DEIIA!TD PROJECTIONS 

A. GIERAL 

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
pact 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 Cotabto from 1948 to 1975.
 

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

1948 20,407
 
1960 37,499 5.20 (1948-1960) 3.1 
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
 
1970-75 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 of 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
'4D service atrca are: the restunption of normall growth with the restora
tion of pe3.ce and order; the continuing development of the city as a 
commercial center of Ma-uindanao province; the expected expansion of 
the universities; the migration from other provinces, cities and muni
cipalities to the city; the deveopmnent of housing 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 percent for 1975--30, 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 ill 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-ID. By the year 2000, the 
COT-4D is expected to serve the entire poblacion, Rosary Heights, and 
the principal portions of barrios Bagua, Tamontaca, and Kalanganan. 

The mothodology 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. ITEDA-POPCOOM projections were not used because they were
 
much higher than the actual city population count (for example, the
 
actual 1975 city population was lower by about 12,000 than the NEDA-
POPCOM medium assumption projection); however, the ITEDA growth rates 
were used to check LWUA-CDM projections for 1990-2000.
 

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

are sunnarized below: 

Overall 

Density in 

Overall Population Service 
Annual in Service Service Area 

Year PopulationYI Growth Rate() Area -Area(ha) (erson/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.
 

1YOf poblacion and other barrios 
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Tk= VI-1 

POtMLTIO MO0J"TI0.:S 
COL A M CITY "ATM DITIRCT 

Ft-ese-t %rea "= n a ea A. I-9-C.-. r-irL A&r-m- 2C00 ::. 

Population 

Population 
In 

Service Servic-. sity 

Pop!1ation 
In 

Service Serice Density 

Population 
In 

Service Servic-s 
Density 

In 

Population 
In 

Service "- -
19752Z..Area. Area~~ 4ab)Pron/a Area Araa(ha) (' rsorafi) krea Y 

Poblacio 28,758 25,880 98 264 29,150 98 297 39,230 174 225 55,800 217 257 

B-U, 6,841 2,050 13.5 152 3,030 13.5 224 6,420 42 153 12,070 143 U 

Rosary Heights 21,256 21,260 236 90 21,760 236 92 39,450 507 78 61,260 782 78 
amonaa 5,547 1,110 19.5 57 1,230 19.5 63 2,740 90 30 5,300 145 36 

Kal=,mr_ an 4,354 0 0 - 0 0 - 0 0 - 1,220 32 38 

Sub-Trtal 66,756. 50,300 367 137 55,170 367 150 87,840 813 108 135,650 1,319 103 
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C. PROJECTIOI13 OP SNRVED POPULATION
 

Served population in COT-WD has been projected to increase
 
significantly in the next two decades. The increase will be a
 
result of:
 

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

2) 	Tfe intense campaign of COTL-WD to connect and reconnect 
maijy customers; 

3) 	The increase in population and in geographical coverage
 
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 below:
 

Served Population in
Year 	 Poplation 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. WATF- DEMAND PROJECTIONS
 

The water demand of COT-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), have been estimated for the years 1980, 1990 and 2000 for 
the service area. Based on analyses, COT-WD has been classified under 
Group III, with the following water use parameters (see Methodology 
Memorandum No. 3): 
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TABLE VI.-2 

SEflVD POPULATION PROJECTIONS
 
COTABATO CITY WATER DISTRICT
 

1980 
Present Immediate 1990 2000 
Service Service Service Service 

Area Area Area Area 

I. Poblacion 
a. Population in Service Area 
b. Number of Service Connections 
c. Connected Population 
d. Percent Connected 

25,880 
774 

6,192 
24 

29,150 
1,275 

10,200 
35 

39,230 
3,920 
27,440 

70 

55,800 
7,440 

44,640 
80 

II. Rosary Heights 
a. Population in Service Area 
b. Number of Service Connections 
c. Connected Population 
d. Percent Connected 

21,256 
779 

6,232 
29 

21,760 
1,199 
9,592 

44 

39,450 
3,950 
27,650 

70 

61,260 
8,170 

49,010 
80 

III. Bagua 
a. Population in Service Area 
b. Number of Service Connections 
o. Connected Population 
d. Percent Connected 

2,052 
150 

1,200 
58 

3,030 
224 

1,792 
59 

6,420 
640 

4,480 
70 

12,070 
1,610 
9,656 

80 

IV* Tamontaca 
a. Population in Servioe Area 
b. Number of Service Connections 
c. Connected Population
do Percent Connected 

1,110 
39 

312 
28 

1,230 
62 
496 
40 

2,740 
274 

1,920 
70 

5,300 
707 

4,240 
80 

V. Kalanganan 
a, Population in Service Area 
b. Number of Service Connections 
o. Connected Population 
d. Percent Connected 

-
-
-

-

0 0 1,220 
160 
974 
80 

Total Number of Connections 
Total Population 
Total Population Served 
Percent Served Population 

1,742 
50,300 
13,936 

28 

2,760 
55,170 
22,080 

40 

8,784 
87,840 
61,490 

70 

18,087 
135,650 
108,520 

80 
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1980 1990 2000
 

Domestic use (ipod) 105 120 135 
Commercial/industrial/institut ional, 

ipad 14 19 24 
Account ed-for-water (ipod) 119 139 159 
Percent unaccounted-for-water 40 28 20 
Unaccounted-for-water (lpod) 79 54 40 
Total '.ater Demand .(Ipod) 198 193 199 

Using the above water demand parameters and the projected 
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 (lpcd) 198 193 199 
Served population 22,080 61,490 108,520 
Average daily water dema4 (cumd) 4,370 11,870 21,600 
Maxitmm-day wated emand-/ (cumd) 5,240 14,240 25,920 
Peak-hour demand-/(cured) 7,650 20,770 37,800 

Based on 1.2 times average daily water demand 

Baksed on 1.75 times average daily water demand 
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TABLE VI-3
 

YEAR3Y--,qAR SERV*D POPULATION AND 	 WATER DEMAND PROJECTIONS 

Water Demand 
Year Served Population Avere _ _ Peak-Hour 

1978 
1979 
1980 

18,788 
20,540 
22,080 

3,795 
4,110 
4,370 

4,555 
4,930 
5,240 

6,640 
7,190 
7,650 

1981 
1982 
1983 
1984 
1985 

24,460 
27,100 
30,020 
33,260 
36,850 

4,830 
5,340 
5,900 
6,520 
7,200 

5,800 
6,410 
7,080 
7,820 
8,640 

8,450 
9,340 
10,320 
11,410 
12,610 

1986 
1987 
1988 
1989 
1990 

40,820 
45,223 
50,100 
55,500 
61,490 

7,960 
8,800 
9,720 
10,740 
11,870 

9,550 
10,560 
11,660 
12,890 
14,240 

13,930 
15,390 
17,010 
18,800 
20,770 

1991 
1992 
1993 
1994 
1995 

65,080 
68,890 
72,920 
77,180 
81,690 

12,600 
13,380 
14,200 
15,080 
16,010 

15,120 
16,050 
17,050 
18,100 
19,210 

22,050 
23,410 
24,860 
26,390 
28,020 

1996 
1997 
1998 
1999 
2000 

86,460 
91,520 
96,870 
102,530 
108,520 

17,000 
18,050 
19,160 
20,340 
21,600 

20,400 
21,660 
22,990 
24,410 
25,920 

29,750 
31,580 
33,530 
35,600 
37,800 
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CHAPTER VII WATER RESOURCES
 

A, GEERAL 

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 by a dam on the same river located further
 
upstream of the present intake facilities* This surface water source
 
was later abandoned due to severe damages to the transmission lines
 
caused by an earthquake inAugust 1976. The present water sources of

COT-WD supply approximately 6,000 curd 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 maximum-day water requirements of its consumers in the 
year 2000. Additional water resources to supply the growing water
 
needs of the COT-WD must be identified. 

The problem of deteriorating water supply for the COT-WD is com
pounded 1Y 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-WI. 

B. GROUND'UATER RESOURCES 

Along the western shore of the central 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 Tamontaoa 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 lies 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 0 at the shoreline to 10 meters above mean 
sea level approximately 4-5 km north and south of the core city and 

VII-I
 



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 Moro Gulf. 

The topographic map shows that the slope of the Moro Gulf bottom 
offshore of Cotabato City is very steep reaching 700 meters about 7 km 
offshore in one place and 180 meters in most places within I or 2 km
 
ofshore (see I'igure VII-I). 

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. Occasional hills of raised 
coral rqefs, 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 wao 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 hills. 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 volcanic island 
core. Limestone rubble in fairly steeply dipping beds, typical of 
the seaward side of a high reef, is exposed in a quarry on this mount
ain. Much of the limestone mass appears to be very permeable as a 
result of s lution by groundwater. 

Springs 

Springs occur whenever an aquifer is intersected 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 a 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 slopes. 
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In the Philippines, large springs are commonly found in areas of 
limestone mountains for several reasons. The mountains frequentlytend to cause higher than average rainfall on their upper slopes and
flanks; the limestone rocks are frequently very porous and permeable
because of solution effects on fractures and original openings; andconsequently, infiltration rates high.are The high infiltration 
rates result in the limestone aquifers being saturated to a highelevation which, in combination with the large topographic relief of
the limestone areas, causes springs and seeps where the land surface
intersects the aquifers. The high permeability of some of the lime
stone aquifer 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. 
Figure 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 andthe 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 Springt. 
 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

', L. Spring water flows from 
several limestone channel outlets tocollect in a 10-meter diameter circular groundsurface pool immediately


beside the outlets. Except when used for occasional washing and

laundering, the spring discharge goes to waste and flows through astream feeding the Tamontaca River located 2 km north of Tanuel 2pring.Spring capacity was measured on several occasions and average flow is 
about 21,300 cumd (see Table VII-i). 

Water from Tanuel Spring will have to be pumped to raise water 
to the reservoir elevation in Cotabato City and to offset transmission
 
losses. 
Facilities to effectively collect the total production of the
spring and to protect water againrt contamination will also be neoes
nary. 

Ma_.uez Spri .. This is one of the many springs originating fromthe limerstrie spiiY of the Linangan Moultains. It fills a pond,
measuring about 13 meters in dipineter and probably 5 meters deep, from
underwater openings. The pond is a deep natural basin that is closed 

VII-3
 



except for a narrow exit trearm flowing north into Tamontaca River. 
Because of the blue coloration of the tater, caused probably by the 
prese~nce o" alaste and/or other discoloring micro-organisms, the local 
resideints call tho pond "Blue Lagoon."t The total production ofMarquez Sp"ing. Cea;urod :-tt 4,350 fid, flows as waste into Tamontaca 

River. At present, Blue Lagoon serves as a swimming and bathing 
resort for local residents.
 

Mar'qw;e. :IprinC is ]coated about 11.5 hil southeast of Cotabato City 
a short diktance off the left shoulder of the Cotabato City - South 
Cotabato highway at an esLimated elevation of about 3 meters. Use of 
Marqquez Sprlng,- for urban water supply is not particularly attractive 
because ei ter o;pring collection faceities would have to be installed 
under the :-:ii'ace of the Ixnkd to collect the water before it becomes 
exposed and corntaniinated or the pond water wotld have to be used but 
would require extensive treatment to make it suitable for domestic 
water supply. Also the spring is topographically low, thus, subject
 
to contamination from river flooding. In addition, the low elevation 
and great distance of the spring from the poblacion would make pumping
 
and transmission costs high.
 

Taviran Spring. This spring is located about 14 km southeast of 
Cotabato City on the same mountain front mi Tanuel and Marquez Springs. 
Situated at an elevation of 8 meters above MSL, Taviran Spring pro
duces :'rom a limestone formation basically similar to that supplying 
Marquez .vnd Tanuel Springs. Taviran Spring co..sists of a number of 
separate 1_ ows occurring from fissures and cracks at the base of a
 
steep limestune face low on the fl-mk 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 oumd.
 

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 high. 

Tambanon Sprin-2. 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 above MSL. The 
main spr-ng complex consists of spring seepages appearing from fissures 
and openings on the limestone slope at a foothill of 14t. Tobo. The 
total capacity of the spwing -.;as moaoured as 6,040 cumd, which totally 
goes to w:ite. Another t.,roup of springo is located approximately 10 
meters dwluitoreoa of the main spring group and appears from similar 
large limetne cracks and fissures in the hill face of Mt. Tobo, 
obviouoly producing from the same uource bed as the main spring group. 
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Facilities to collectively tap the separate seepages making up

the Tambanon Spring complex will required the to
be if spring is be

used for the city water supply. Although Tambanon Spring will not
 
require a pumpin-: installation to deliver water to 
the service areas 
because of its high elevation, a long transmission pipeline passing 
through fairly rugged terrain will be necessary. 

Buda.can 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 most of the springs found within the area,
Budacan Spring produces from rock fractures and discharges directly

into Dimapatoy River. The Bludacan Spring complex 
 consists of several 
fairly large seeps producing a total capacity of 2,580 ciund. Budacan
Spring results from the Dimapatoy river channel cutting throughthe

high water table of the mountains. The springs are just above the
 
water 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 located along the flanks of

the Linangan flountains 
 produc-3 from either solution channels in lime
stone or fractures in other 
rocks which compose the mountain mass.
The permeable rocks of these mountains collect a large volume of direct 
recharge from precipitation and runoff which is eventually discharged
in large quantities through springs 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 spring production must be anticipated. Monitoring 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 measured 
spring capacity be used for purposes of cost estiimates. 

Wells 

Wells are common sources of water supply for domestic and 
industrial supply in Cotabato City. The Bureau of Public Works (BP)
drilled a large number of wells within the area. BNW records of depth,
static and puvnping water level, casing diameter, test yield and speci
fic capacity for 40 of these wells are presented in Table VII-2; only
31 wells have records of otratigra hic logs. The locations of these 
wells cu'e plotted in Figure VII-1, and stratigraphic logs describing 
the geologic formations penetrated by such wells are shown in Annec
FiLrirc.s; VII-B-I to VII-B-31. It should be noted that the terminology 

Lihe BF.- drillers in identifying tho geolotgic formations 
penetreLLd .)y these wolls is vague tooand generalized to describe 
clearly the fV)rmations underlying tho Cotabato area. Terms such as 
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T5LE V7i - I 

S- -: DATA 

1.sme of Sn.ring Location 

Elevation 
Above i1ean 
Sea Level 

Spring 
Capacity 
(cumd) 

Date of 
Eeasurement 

Appro imate 
Distance from 
Cota-cato Cit Remarks 

TF.n.. el S-:ring Dinaig, 5 m 23,630 20 1,.a7 1977 8 SSE Untaped 

Iaguindanao 20,650 28 May 1977 
18,140 23 June 1977 

Yharcez Sprig 
(Blue Lagoon) 

Dinaig, 
flaguindanao 

3 m 4,350 17 Feb 1977 11.5 SE Blue colored water 
possibly caused by 

the presence of 
algae or micro
organisms. Serves 
as a swimzing resort* 

Taviran Spring Dinaig, 8 m 4,300 17 Feb 1977 14 S: Being used for local 
I1aguindanao waterirrigation.su-oly -d 

Tambanon Spring Dinaig, 250 m 6,400 20 .ay 1977 16 SW UntaoDed 
:.aguindanao 

Budacan Spring Dinaig, 70 m 2,580* 13 April 1977 12 SSW Untapped 
I,%guindanao 

Siawn Spring Dinaig, 90 M 520* 14 April 1977 10 SSW Untapped 
M~guindanao 

Biasong Spring Dinaig, 

1.aguindanao 

420 m 1,630* 15 April 1977 12 SW Untapped 

Liong Sring Dinaig, 10 m 3,100* 18April 1977 11.5 Si apped 

Maguind.anao 
Siringanan 
Spring 

Dinaig, 
iaguin danao 

50 m 2,200* 18 April 1977 13 WSW Untapped 

* Approximate spring capacity not verified by the use of current meter. 



TABLE VIi-2
 

WATER WELL DATA SUMMARY 
COTABATO CITY WATER DISTRICT 

Depth from Ground Surface In MetersCDM BPW
Well Nominal
Well Diameter Static Pumping Test SpecificWater Water
Number Number Loation Yield Capacity Year) 1talCased Level Level ips) (lsi Completed 
1 10513 Macabiso, Sultan Kudarat 150 39.0 38.4  -3-4 0.63
2 6136 Crossing, Sultan Iudarat - 1956150 26.2 25.6 -10.7 -11.3 1.58 2.63 19543 16221 Pagalonganp Sultan
 

Kudarat 
 112 61.0 53.5 -47.3 -48.8
4 7475 Pangalagan, Sultan Kudarat 0.95 0.63 1957150 11.3 10.1 - 0.9 - 3.0 
 0.95 0.45 1956
5 15425 Pigoalag-an, Sultan 
Kudarat 
 100 29.6 19.2 -12.2 -13.7 0.63 0.42
6 20310 B. Makaquiling 1957
150 8.5 3.7 - 3.1
7 - 0.63 20311 -Bo. Gang, Sultan Kudarat 
 100 12.2 10.0 - 2.1  0.63
8 16230 Kaianganan, Sultan Kudarat - 100 7,6 7.3 
 - 1.2  2.4 0.63 0.53 1957
9 15427 Leprosarium, Hospital,

Sultan Xudarat 
 150 30.5 22.0 -17,4 -18.9
10 15426 Almadat Sultan Kudarat 0.94 0.63 1957100 17,1 13.1 -10.4 -12.2
11* Matampay, Cotabato City 0.95 0.53 1957
100 13.7 13,1 - 0.6 
 - -12 195912 Bagua, Cotabato City - 1960100 18.0 16.9 - 1.5 - 1.8 
 0.32 1.07
13 Cotabato City High School 

1959
 
Cotabat. City 
 200 30.5 30.5 -13.7 A b & n l
14 20351 Lambayong Institute o a e d 1973
150 25.9 25.9 - 1.5
15 196021 Cetabato City High School 

- 2.4 0.94 1.0 1957
200 27.4 26.5 -15.2 -19.5 3.40 0.79
16* 1960
- CEMC01 - Peblacion 
 200 24.4 - - 4.0 17 - - - -Resales Subd., Cotabate City 200 
 30.5 28.0 -11.3  38.2
18 - Motor Pool-Circuit Road - 1973
200 22.9 17.7 - 4.9 19* - Santos St., G 9.5 - 1974
Cotabato City 
 200 24.4  - 7.6 -16.8 20 - Gen. Luna (Bu. of Telecom) 200 - 197438.7 32.5 -15.2 -02.9 15.8 
 2.0
21* - Ilang-ilangt Cotabato City 1964
200 24*4  - 6.0 -11.0 22* -Ortouste- Ilang-nang St. 200 
 18.5 15.2 - 6.1 - 8.9 
 -23 196022 - 1974
Rosary Heights, Cotabat, 100 34.1 33.1 - 7.9 - 9.8
24 4.41 2.32
- Gutierrez-Sampaguita St 1960200 19.2 18.3 - 3.0  17.4 
 - 1973
 

*7',ell logs are not available.
 



TABLE VII-2 (Continued) 

CDX 
Well 

Number 

BIN 
Well 

Number Loo~tio 

Nominal 
Diameter 
-(mm) 

Depth in around Surface in Mters 
Static Puampin 
Water Water 

T a e Level Level 

Test 
Yield 

Specific 
Capacity 
P/n 

Year 
CoMle 

25 
26-
27 

-

-
12241 

Ortouzte-aosal St. 200 
Buben , Cotabate City 150 
Talitay, Dinaig,yYguindanao 150 

20.4 
9.1 

14,0 

18.3 
3.7 
7.3 

- 2.11 
- 1.5 
- 1,8 

-
- 3.1. 
- 2.1 

12.6 
0.76 
0.63 

-

0-48 
2.1 

1973 
1957 
1956 

28 
29 
30" 
31 
32 
33* 
34* 

16277 
16228 
-

196091 
20881 
-
-

Tamoztaoa, Cotabato City
Pagalamatan, Cotabate City 100 
CEMCOM, Aang Area (Airport) 150 
Bit., Catabato City 100 
Tiugon, Cotabato City 100
Kagamay, Cotabate 100 
So. Linek, Polometoc 

9.1 
10.7 
76.2 
12.5 
8.5 

19.8 

6.5 
-

12.5 
6.7 

19.8 

- 1.5 
- 1.8 

-
- 0.6 
- 1.5 
- 8.5 

- 3.0 
- 3.1 

-

- 0.9 
- 3.1 

-

0.76 
0.76 
3.78 
0.95 
0.63 
-

0.51 
0.63 
-
3.17 
0.42 
-

1954 
1957 
-

1960 
1957 
1969 

35 196063 
Cotabato City

Banga, Cotabato City 
100 
100 

15.2 
20.1 

11.0 
20.1 

-10.7 
- 3.0 

-13.7 
- 4.6 

0.32 
0.76 

0.11 
0.48 

1959 
1960 

36 

37 

5487 

7268 

Market Site, idsyapt
Cotabate City 

B9. Gayonga, Tumbao, 
150 44.2 42.2 - 2.7 - 3.6 1.89 2.1 1956 

38 
39 

12245 
16882 

Cotabato City 
Tabon, Pigoawag'an, Cotabato 
Bumawai Settlement, Baluan 

150 
112 

29.9 
13.7 

7.6 
12.2 

- 2.1 
- 3.0 

- 3.7 
- 3;7 

1.3 
0.95 

0.84 
1.30 

1955 
1956 

40 196051 
Cotabato City 

Malagapaz, Cotabato City 
100 
100 

52.1 
25.9 

52.1 
19.5 

-42.7 
- 4.6 

-47.0 
- 7.6 

0.63 
0.63 

0.15 
0.21 

1958 
1960 

Note: Wells No, 30 to 40 are not shown in Pigure VII-1. 
;ells fNo. 10, 20, 21 and 25 are present groundwater sources of water for COT-WD. 

*Well logs are not available. 
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dead sand, hard white rock (limestone?), adobe, hard rook with gravel, 
and stone wi Ih clay are exmnples of general terminology used. Varia
tions in toi-iinoloy used by different drillers or geologists in 
describing a geolojic :-ection are a constant problem that makes even 
general correlations of geolofgic nectionI and consequent predictions 
of aquirer caracteriutics difficult and uncertain. 

Data on the i40 wells (Irilled by the B1J and given in Table VII-2 
show th;4t thjey 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 land. Pump test data are avail
able on 7' the 40 J31' wells with specific capacities ranging from 
0.11 to 3.17 lps/m without any observable relation to well depth or 
casing diawreter. Six of these wells have specific capacity of more 
than 2 lps/w which is fairly good. The generally poor performance of 
the BI wells is believed to 1be largely related to poor well design 
and construction rather than to a uniformly poor aquifer. This 
situation is common - many areas underlain by good aquifers (such as 
in the Cotabato area) support poor wells unless good design and con
struction procedures are followed.
 

At present, COT-41D is using four of these BAI 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-,nm 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 nmeters 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 meters thick in some areas, which is prominent
 
in the Cotabato alluvium. Conductivity meaSurements of water from
 
these four COT-JD 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/cm. 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 onoe 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 sho:sd that the
 
best well. were shallow, 18 meters deep or less, and produced water 
of about 700 micromhos/cm. Deeper wells produced waters with conduc
tivities of as high as 2,800, micromhos/om. Condutivities of well 
waters are shown in Table VIII-3 and their relative looations within 
Cotabato City are plotted in Annex FiguLre VII-B-34, Several local
 
well drillers report that wells drilled within the city limits
 
become saltier with increasing depth, and are extremely salty at 
depths of 90 meters or more. It is concluded that good large
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TADLE VII - 3 

WELL VULTiMI C01DUCTIVITY DATA
 
COTABATO CITY WATEM DISTRICT
 

Well 
Number 

CDM Well 
Number 

Conduct ivity 
(micrornhos/cin) 

Date of 
Ieasurement Remarks 

I - 1800 28 Oct. 77 Hotel Well 
2 16 2100 28 Oct. 77 Military (CEVCO:) 

Well 
3 - 1500 28 Oct. 77 Hospital Well 
4 - 1250 28 Oct. 77 Private Well 
5 - 1650 28 Oct. 77 Private Well 
6 20 1600 28 Oct. 77 COT-WD Well 

1600 12 Jan. 77 
7 - 420 28 Oct. 77 Abandoned 
8 1600 28 Oct. 77 Abandoned 
9 - 1900 28 Oct. 77 Subdivision Well 
10 19 950 28 Oct. 77 COT-WD Well 

1200 25 Nov. 76 
11 23 1200 28 Oct. 77 Abandoned 
12 - 1800 28 Oct. 77 Abandoned 
13 21 1500 28 Oct. 77 CO7L-WD Well 

1350 25 hov. 76 
14 25 2250 28 Oct. 77 Co,-.M Well 

1700 29 Nov. 77 
15 - 600 28 Oct. 77 Abandoned 
16 - 750 28 Oct. 77 Private Well 
17 - 700 28 Oct. 77 NGA Well 

Notes Locations of theso wells are shown in Annex Figure VII-B-34. 
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production rate wells siuitable for domestic water supply r.annot be
 
con', rucit.&,' 
 within the city liinits or in the Tamwontaca fiver-Mindanao 
River Valley area because, they will become !aline under condi Lions
 
of continited pumiping. No free-flowing well coulf' be found in the
 
Cotabato City area. At depths of 90 meteru 
 or less, there is no 
k.nown arte,:ian aquifer pressurized sufficiently to support flowing

wells. The extremely flat, avera ee, westward topographic Ladient
 
of I inoter to every 10 kin limits the groundwater Uradient in the
 
phreatic (water table) aquifer, which, in turn, limits 
the ground
water flow from the basin to the west (Moro Gulf) to a very smali
 
quantity, insufficient to flush the cognate saline water from the sedi
ments completely. It is believed that the vast, flat waley area east 
of Cotabato, about 10,000 uqkm or more, was once a large embayiment of
 
the sea wihich accounts for the presence of saline water in the sedi
ments 
 of the valley floor. The Linangan Mountains were probably a
 
great 
reef complex built around the volcanic central core of Mount
 
Cabalalaayi that formed the southern shore of the seaway.
 

It is very unlikely that a Lood artesian aquifer containing fresh 
water could exist at great depth:s below Cotabato City. On an6 offshore 
topographic conditions make it likely that any deep aquifer would be
 
saline or subject to rapid salinization under condition of massive
 
grounidwater pumping. The offshore topography 
 near Cotabato City shows 
an abrupt drop in elevation a short distance from the shore. The
 
steep slope truncates the aquifer a short distance from shore and sea
 
water will flow inland intn 
the deep aqiiifer zones if the piezometric

head in the aquifer is lowerd by large-scale pumping.
 

Iells at higher elevations along 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 :upport large-capacity wells except
possibly for the limestone aquifer of the Linangan Mountain area 
where it would be difficult 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 gravel banks of the Simuay River about 
5 to 10 kmn from the poblaoion. The river has a relatively large flow,
sufficient for the COT-4iD beyond the year 2000, and the water quality 
is good upstream of the reach of sea water intrusion from Moro Gulf. 
The RimurtyRiver currently carries a s.,nd and g-ravel load and the 
flood plain indicates that the river valley alluvium is deep enough
and contain; cnouh sand and gravel that good, large capacity wells 
can be coiu'tructed along the river banks if properly located. These 
wells will induce additional infiltration from the river and no pro
vide a -aFCricient source of rcmcarge ater of good qual.ity. It is 
estimalf-d th-at ilmmcod infiltration wello along the Simuay ?i.,.r
b.-nks .lo a'i mu'ea not af'*',ctel b,% a wateir intrusion, if' . ' y 
cdes ,ued ,,,.,v conotr ict,.d, proviied wih good. w,:]J s..., ad i dri lled 
Lo abo,'t 'J5 ,ieturof w,. lld h;ve :zr' cir1c Capaci ties h)etwirl I and 
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5 lps/ aud produce 30 lIp or more. A specific c pacity of 3 lp:;/'ln is 
itggested 1 r cost estirmation purrw):cs. The prol.vsed well :3ite, how

ever, is l.o .ted outniio oF ,Cotabato City. Annex Pi,!ure VII-B-32 is 

a suC-W-td :ynmeral des i " or Ln(Iicd in gIltrat ion ,roducton we Is 

in he CutiL.tto ar.ea. If a,!rc' c,n-L'AucLedby COT-'.1D thi, designare 
could be a i..le or the 'irt wuli (which [iiou:ld be a test cur pro

duotiorl %,ifl). The de.;ign should be modified for succeeding wells to 
r1.0flect datL,a derived fcoiw con-tructi.on and test of the first wells. 
The Spuci .ied r(:retn and uPp!or asing are -salttable for 30 lps production 
although mua larer capa.ncity I:,iuip could be inatalled, The screen 
should be ot" the corroion-resistant, co-ainuous wire-wound type to 
reduce well losses and ma]ce development and maintenance procedures more 
effective. Gravel ohroudint; is recomionided because it is anticipated 
that water will be produced from niuncrous horizons of varying grain 

Recha .C,, to the aluifers in the Cotabato area is believed to be 
plentifill becLuse of the adequate rainfall and the porous nature of the 
limestone frmations and alluvial dopoits-. iReoharge is particularly 
high in the mountainous areas ai evidenced by large springs with rela
tively small. source areas. A tremendous quantity of potential recharge 

is available to the alluvial aquifer in the huge valley east of 
Cotabato. Hfowever, the extremely flat topographic gradient causes a 
very flat gr'mundwate,? 1gradient in this water table aquifer and cont3e
quently iro ndwater flow toward the sea is very slow. This situation 
is confirmed by the very marshy wid water-logged condition of the 
Tamontaca River - Mindanao River Valley (resulting from Lroundwater 
forced to the surface and surface water that cannot infiltrate because 
of the totally saturated aquifer) and by the fact that eroundwater flow 
under Cotabato has been fo slow that the cognate salt water has not 
been flushed from the wrliifer. Thus, despite the potential recharge, 
actual recharge to this area is very low, groundwater flow and flushing 
under Cotabato are very nsow, and the groundwater underlying the pobla-
Cion remains s.aline and undesirable for city water oupply. 

Monitoring 

A monitoring prograi to gather and interpret water source data is 
necessary for proper operation and planning in any water district. In 
Cotabato, producLion and overflow of proposed spring water sources of 
the district must be monitored to evaluate long-term, reliable flow 
rates. 

For the purposes of tis study, Lhe overflow; from the springn 
identified us probable wrd;er sourco,; of COT-I1J were measured by the 
use of a portable current meter in discharc channels. Permanent weirs 
with calibrated staff gauges should be installed in tho discharge chan
nels at !trateg;ic location:i to measure flows more convoniently. Total 
flow 1houldimmeaosired a water for,e twice month, sumiples banterzial 
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analysis should be 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 jo that remedial action can, be taken early. 

Each COT-4JD production well and any succeeding wells should have
facilitier; for measuring the total wiount of production or rate of
production, times of operation and water levels. Routine monthly

observation2 of static and 
p~iping water levels should be recorded and

of A:,'p analysisdaily reordtb puxpiar' Water swnples for bacterial 

should be collocted monthly antd for chemical analysis, 
 semi-Mnually.
The data from the well monitoring p'ogrram will provide better aquifer
parcueters, indicate the mag!nitude of recharge, give early warning to
'the COT--4D of deteriorating water quality (most elpecially saline
 
water ititruuion) or pump performance so that remedial action 
can be
taken, and indicate any unforeseen decline in regional water level so 
that individual well yields (which affect local pumpin- levels) and
design uad louation of future wells can be adjusted as necessary. For
these purposes, copies wellof all COT-AD monitoring data should be
 
routinely analyzed by COT-"ID 
 personnel (if it has competent staff for
such analy.ses) or by some associated agency competent to perform much 
analyses.
 

Suimmary of Groundwater Resources 

Groundwater within the alluvial aquifer of the Tamontaca River 
lindanao 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 ater) by recharging water in the unindurated sediments in

the valley. Wells within this low area produce saline water undesira,
ble for human consumption. Groundwater in the relatively higher areas
bounding the Cotabato outwash plain to the north and south of the city
is of good quality on account of a higher flow rate of recharging water
effectively flushing out cognate salt minerals in the aquifer. Goodwells 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 poblacion. These wells
 
will derive recharge from the river and so are capable of providing all

of Cotabato's water requirements prut the year 2000. They would have
the advanta6e 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 operational complexities. Also, a
transmission pipeline with a river crossing structure probably will be
 
necessary because the north side of the Simuey River appears more 
suitable from preliminary litudies. 
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A large number o" springs have been located ;along the slopes of 
the mountain range b ath of Cotabato City. All these sprin(s produce 
from f'aoturoed aind rollt ion.-af ('et ed ].imer;,.tone fe lmations, Most of 
these alrings. produce fairly lax&(- vo]sft.eu of watei ar-d could supply 
signific:ui parts of i;he water requirement of COT-WZD up to the year 
2000. The large-capacity springs, however, axe located at the lower 
s]i es of tuhe mountain and will reqclitre pupnr-to deliver water to 
the load centere., The ,,prinL water is of excellent quality and will 
require chlorination for t ;,atment Facilities to effectively capture 
the spring production must also bE constructed and will serve not only 
as an upow-ndinty strutre but dlso prevent the contamination of water 
Prom e,nal sources. 

C. StBILACE dATEUiREi OiUICES 

The COT-illD water requiremeitts up to and beyond the year? 2000 could 
be supplied by a ,uxier of -urface water sources in the area, The 
Dimapatoy River, which is alrea(y supplying part of the COT-W4D water 
demand, arid the Simuay River, are potentiAl .juuces,. The Mindanao 
and Tnc.ntlaca Rivers would have been exrcei ant sluface water sources 
for COT--4D in -terms of 'roximity to the demond center and volume of 
water produced but salt contamination of river water from the Moro 
Gulf which extends to more than 20 kin upstream eastward of the river 
mouth does not make the rivers a favorable source of water supply. 
Several tributaries of' the Mindanao/'rtiontaca River network having 
extensive records of flow were used as the basis of approximating mini
mum lol; flow in the nearby rivers with no existing flow records. 
Necessary data on these tributaries are presented in Table VII-4. Of 
the .Cive rivers considered, a maximuam unit minimum, low flow of 992 
cumdi/sqkzn was recordect for a river draining a watershed area of 12,999 
sqkmn while a minimum of 102 cumd./rqkm unit minimum low flow was 
recorded for a river having a drai.nage area of 145 sqkn. It was 
deemed that by usinU the mean unit minimum lou flow of 540 oumd/sqhn 
derived from these five rivers, a closer approximation of probable 
minimum ?ow f'lowo for rivers having no existing flow records could be 
derived. 

Generally, a surface water soure3 is not economically competitive 
with spring:s or wells reasonably close to the demand center because 
surfaco water usually requires more extensive and more costly treat
ment than wroundwater. 

Dimapatoy River 

At present, the COT-44D is partly supplied by water from the
 
Dimapatoy River. Water from an intake system at the bank of Dimapatoy
 
River is pumped directly into a nearby settlig basin before it flows
 
by gravity to -the distribution system. The intakce system and settling
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TABLE VII - 4 

MfN ,DI.4 LOW RIVR FLOW RECORDS 
OF RIVES* IN COTABATO 

Iinrjumr LowLocation of Gaging Period of Drainage liinimmi Low Flow/Unit AreaLame of River 	 Station Record (yr) Area (sqk1m) Flow (cued) 

Rio Gr nde de Lat. 7 003 09t"

Mindanao (Pulangi) Long. 124042127" 22 12,999 12.9 x 106 992
 

Kabacan River 	 Lat. 7006'34" 
Long. 124052139t 16 4698 43.6 x 10	 625
 

Allah River 
 Lat. 631t'30"
 
Long. 124036105" 22 936 
 30.2 x 104 	 323
 

Allah River 	 Lat. 6040t45't
 
Long. 124032'50" 8 1496 95.0 x 104 
 635
 

Malasila River 	 Lat. 6050'4 5 " 
 3 
Long. 124036'05"92 20 	 145 14.7 10 	 102 

Notbe: 
 All of the abovementioned rivers are tributaries of the lclindanao/Tamontaca River network
 
which drains the Cotabato watershed basin.
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bazin are located approximately 9 km southwest of Cotabato City at 
elevation of 40 and 93 meters, respectively, and serve the service 
area by gravity flow with water of fairly good qu"ality. The water 
requirement of COT-WD for the year 2000 represents roughly 17 percent 
of the projected low flo in the imapatoy River. 

By rehabilitating the present intake facilities at Dimapatoy 
River, the COT-WD water requirements could be supplied by this water 
source even beyond the year 2000o However, for city water supply,
 
this source must have a complete ru'faco water treatment plant (net 
just the existing basin) and a fully equipped pumping station to lift 
water from Dimapatoy River into the treatment plant. A permanent dam 
impoundment will also be made an integral part of the prorsed 
Dimapatoy River intake faoilities to collect and divert water from 
the Dimapatey River into the intake boxes.
 

Simu" River 

The Simuay River passes 4 km north of Cotabato City at its near-s 
eat point. The major length of the river course has the advantage of 
running along generally elevated areas before discharging into the 
Mere Gulf which in not true of either the Tamontaoa and Mindanao 
Rivers. Thus, river water within approximately 5 to 8 km of Cetabate 
City would generally be not affected by salt water intrusion from the 
Mero Gulf and be suitable for human consumption after conventional 
water treatment. The Simuay River has a drainage area of about 550 
sqkm. By the use of the mean minimum low flow of the flew records 
presented in Table Vll-4, the projected minimum river flow in the 
Simuay River, with a dr-naAe area of about 550 sqkm, is about 300,000 
oumd, more than 10 times the projected water demand of COT-WD in tho year 
2000. Thus, the Simuay River is a technically feasible water sourco 
for COT-WD, but it would require extensive and costly t:.eatment for 
use as source of domestic water supply. An excellent groundwater aup
ply which will require only minimum and inexpensive treatment can be 
derived from induced infiltration wells along the Simuay River. 

The Simuwy River in located in the municipality of Sultan Kudarat. 
north f f Cotabato City. If ever Simnay River is selected as one of 
the waeter sources ef the COT-WD, it should coordinate with Sultan 
Kudarat officials to get their full cooperation en the proposed pro
ject. 

A major disadvantage of the use of Simuay River as a water supply 
source of the COT-WD is the current unrest prevailing in the Sultan 
Kudarat area. Sultan Kudarat area is one of areas in Mindanao with 
an active rebel movement and the situation is expected to continue for
 
an extended period of time, The implementatizn of the water supply
 
project is expected to be drastically hampered by this situation,
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* WAiR ,ii(&AJLTIY' 0,9 F{rT 1:'A1L SOUIiCES 

Watnr snpes were taken from four C(O2TYID -e £5i mee springsTanuel, T:avilu nnd e. and: au., 
 water sokrces 

and 

were made on the sa'npiec collectedl to determine the water quality of

each note, ~ia]. with to 


the anr.apdoy vi-'uyVf-:u). Physical nd chemical analyses 

f source re-pect potability ru' treamernt requirenents. ' re ..: of" tnhese na],n es axe shiown in Tribles .V-1 and V1I-5 
are brieflyd,:,ussod belo., 

Wlell Water 

Watcr sapnles- were t.-hoa from the four wells presently used by
the COT 0 The -xl the'T.) re s ' rh,.:lc-al and chemical analyses show

that all four samples srceeded the permissible limits set by the
 
Phili ',ine P:ationalinlard: 
 for Driukinp Water in total dissolvedsolids and calcium while ,i- alsocontent three ;sples exceeded the per
missible linit i in -total har (In-osu: cznd man,-anese content. The permis
sible limits for color, tuArbid.i1tY ma.eesium, iron and sulfate have
 
al.so been exceeded in some of the samples,
 

The ratt indic:itc that5 ths groundwater beneath Cotabato City

is heavily contaminated with miner:al salts, probably remaining in the

alluvium from an earlier period, when it was saturated with seawater.
This is further shoili by high conductivity readings in all well water
sample(s indicating that the dis.solved salts content is hitcher than the 
permissible limitn Total hardnes, which is high in all samples, isanother indication of excess.ive calcium ma-.nesiumand salts which 
most likely result from sea water contaiiiination and possibly also due
to the abunda ,t lim(-stonec in the area. It is, therefore t undersird
ble to use the groundwater below the CCT-4,D area as a priciary water 
source because of its excessive salin.-tyo. Contiinued withdrawal of
large volumes of groundwater from we1lls near the poblacion will likely
deteriorate the quality of the groundwater since sa'it water from the
nearby 'Poro Galf will intrude further inland due to a .Twerd watertable. Treating the saline 'roundwater beneath Cotp-ato City for 
water supply purposes cou).d be done with the of varioususe desalini
zation procenses. However, those methods are too costly for practical
considerations and are expected to become oven more expensive with the
rising price of enercyf. Flxcept for desalinization, no other means of
conventional water treatrm;ent currently in use is sufficient to. eliminate
the salinity in the Cotabato groundwater. Mixing the Cotabato ground
water with the fresh water from other sources could possibly reduce 
the salinity of the rroundwater to be acceptable for water supply. 
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TA.I TII-5 

ULTEl QULiTr MST U3"7LT 0? 10TFLLL wtU 

COTASh! CITY wVn mI-TRCT 

Slzuqwr Qrtemte Ul flaz ilzg Santes Well Geun L424,Thaapatey mr 

1. b.a 7 Well Tanuel 3pnir3 BDeO* WallDinapatay colectionC el ]I . g aRz7 B. 
SprIM Tayir-Frmis- Bu.D1.al7, Qloler7 1b. Sultan E6ights 200= Heiht ROWitS Ctabato Be. T-0i E trques SPriM9 

abs" CiV Cobau CtHy Cota. City City Cetabats City Be. Marquez Be. Tavirau 
t ludazatsaglo Dinaig D to7, aig c 

76 12 Jos, 77 27SyT 27 Soy 77 27LISep T7..
27 NW 76 27 Say TI 29 w 76 - 25 aw 76 2S ftw

Test m~t Lisits 27 ov 6 

Pasioal nil nil5 5 5 niln 2000Color AM 15 5 5 nil ail il
3 7" 750- 2 5 2 

Trbidity V 5 3 

Total DisoJled
 

218 104 1,105 87804 780- 1,00 384 358 377 
Solids* ad/ 500 195 


Comdutivity SiOreo- 580
1,700 1,350 1,200 1,600 590 550
I,8/ca 300 335 160 

Cbmioal 7.2 6.95 7.15 7.357.35 5-45*0 7.65 7.457-8.5 7.95 7.8 

Total hLkalifity aJ/i 317 317


84 40 430 420 365 341 
C&003 180 15 


R.,lpktalein A/l0 0 0
0 00 0 0 0 0 


Total sazdne- e 29/i " 314
 
Alkslizity 0003 

63 8640 351 465*0 520*4 343 329 
0.03 400*0 177 181 


Calatu MA 12 101*0 65
11l 6131* 114-0 103""276.4* 76.8* 2 18 36lSim~u Ca.MC/0* 75 60.40 64.4 16 3 

206 47.1 38.2 32 56*0 
e 50 6,24 4.8 

0.09 0.01 0.01 0.01 
0.015 4.2504 Ail ail

0.3 0.12 0.1
Fl r i ds Ft2./1 o , 0 4 5 O .1 0 0 .5 0 

F 1.5 0.44 0.44 0.05 0.87 0.62 0.49 0.5
 

Chg1ride m 12 24
 
ci 200 0 2.44 3 81.74 1464 82 173 15 

Sulfate 136 nil all 5 37564 48.3 25 78 8 7 23 

Nitrate Zgi 4.16 6.6 5.2 7
8.3 1001 8.1 1250 10.2 10.2 

0.2504 IL0.05 all 
In 0.1 0.1 0.2** nil 2.6"0 W* e* 0.2" 

&computed an 65 peroeni of conductivity. 
eat by e as wda.rda f cr Drinkg uater.oftoedp the perusible limits liF&Ll'piligalt.ew 

0*0Lsta Werr from limits of individual m e sing bardwasa. 
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Surface Water 

ater samples were collected from the Dirnapatoy and Simuay Rivers
 
m.nd the results of ths phlysical and ohemical analyses of these water
 

samuples are shown in Table IIII-s 
 Two water samples were collected
 
from the Diriapatoy river, 
 the present source, one from the abandoned 
dam located 15 km southwest of Cotabato City and the other from the
 
collection gallery located 5.5 km dow-mstream of the dam. Analyses of 
the samples show that the river sater meets the p.ormissible physical
and cherical limits set by the PhilippIne National Standards for 
Drinking Water, except for manganese content in the sarrple taken from 
the collection gallery which is reported to be higher than the permis
sible limit, However, this is believed to be a laboratory error because
 
high dissolved manganese content in aerated surface waters is very

unusual. 
The analysis shows that sample.; from the Dimapatoy river are
 
generally favorable as 
a water source. Even color, turbidity and sus
pended solids are unusually low considering that the samples were
 
collected during the rainy 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 physical 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 so, this water would require complete normal treatment to 
remove turbidity and suspended matter, . 

A conductivity survey of the Simuay River staxting 8 km from its 
mouth showed no sea water intrusion. Conductivity uteasurements averaged 
160 micromhos/cM. 

The Simuay River is a favorable surface water source, not only as
 
a direct source but also au a water recharge source for induced infil
tration wells drilled along the river's sand and gravel banks. 
 If
 
surface water is used as a major source of recharge for nearby induced
 
infiltration wells, disinfection of the water, usually chlorination at
 
the point of discharge, will be sufficient as treatment since the major

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 i.muy l-,ivcr vj!Acjr.- is c.cniically Iavorable for municipal 
supply as :hewn by the reults of the analysis in Table VII-5 and 
various co:iec ivity me2: 'iromen-st The .Jmuay River is a poiblc 
source of r -ch'R.r fo i hn. iur-, it;ation wellse drilled on the river 
banks ells wo{l inice i'.ltrati n of the river water into 
the aquifer to repiace the ofiipfled water so that eventually the well 
would be ,unpinr recently infitrataed water a).d ..ruaiccal. produce 
out of the Simuavy ,vdvc;r i.ntcad of the 'roundwater. The quality of 
the rcunniti.n, vaaetr wil o-ssnt i:, l.y he similar to that of the river 
water, e.eci,,, for the phy;ical qualit y (such a!s. turbidity and color) 
which will be improved as a resu.Li of he sievi ng action of the 
alluvium b t ween the river and the well. The water produc,.I from 
these welln will require only disinfection for traatment, 

Spring Water 

Plhyrricral ;:Jd cr;emi.Cai izt,::es chow that sample col]ected fromTanuel, Mar[uez and 'av:ir.n springs arc, o;. excellent quality, except 

for concentrati.ons:. of c..ciun in samcp .Len t'rom [cho- Tanuel and 1trquez 
springs w ich are igher tha- the permiuoible limits of the Philippine 
National btandards for Drinking Water. High calcium concentration 
cause8 the w.Ior to be si]ightly hard but the relatively low magnesium 
content reducen the e ffect, makina the ;icing; water acceptable for 
city supply. Excessive calcium cuncentration is to he expected from 
springs producing from limestone formations because the calcium 
carbonate dissolves readily in waLer containing carbon dioxide from 
the atmosphere. If the hardness becomes objectionable, corrective 
treatment Vor calcium hi,.rd ners caould be achiieved by Fimple water 
softenin, 1recesses. 

Fxcept for calcium content, wter from the Cotabato sprinrs i 
of excel.enl qulity and would require only disinfection for treatment. 
P'ime concern must be given to ponslKbic contomination of praposed 
sources since the pringc. are located at ,enerally low elevations 
(about 0 meters above lMZL) alcng the shoulders of the Cotabato City
southern higshway, It is advisable that collection methods be improved 
and the local areas immediately above the spring openings be protected. 
from perni)'o contaminattiin, 

SprinE water could alo he used in combination with the saline 
Cotabato grcundwater. Combining the spring water with the aroundwater 
could reduce the overall .elinity of the mixed water to an Yceptable 
level. for municipal oupl y . The reaulting water will only require 
minima] treatmentl usually chlorination but will require large expenses 
for tran-: :.i,n pipelinen, mixing tanks and similar appurtenancen. 
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ANNEX VII-B 

GROUNDWATER RESOURCES
 



DESCRIPTIVE DATA GRAPHIC LOG 

WELL NO. (CDM) ,I 
(OTHER) 

LOCATION 

CITY 
PROVINCE 
CONST. BY 

DRILLER 
STARTED 
COMPLETED 

OWNER 
STATUS 

CASING DIAMETER 

CASING LENGTH 

10513 
BARRIO MACABISO 
COTABATO 
COTABATO 
B.PW. 
JOSE C. SAMSON 
MAY 28, 1956 
JUNE 26, 1956 
B.P.W. 

150 MM 
38.4 M 

NULING 

DEPTH 
(M) FT) 

I. 

10.4 34 

__ 

CA I 

: 

-

-IGHlT. 

9TRT IO 

-- GROUND SURFACE 

GRAY STICKY CLAY 

SROWN LA 

BROWN CLAY 

DRILLER'S TEST DATA: j . 43 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACITY 

3.4 M 
0.63 LPS 

15.2 50 

SAND AND GRAVEL 

REMARKS: 

7-- LIGHT BLUE CLAY 

WATER QUALITY DATA: 35.1 115 

COARSE SAND 

39.0 12a 

ANNEX FIGURE VI-B-I 
WELL DATA SHEET 

WELL CDM- I 
FEASIBILITY STUDY FOR WATER LWUA-CDM COTABATO WATER DISTRICT 
SUPPLY OF SECOND TEN URBAN AREAS WATR 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO.(CDM) 
(OTHER) 

LOCATION 
CITY 

PROVINCE 
CONST. BY 

DRILLER 
STARTED 
COMPLETED 
OWNER 

STATUS 

CASING DIAMETER 

CASING LENGTH 

2(M) E(F) 

6136 
KILADA CROSSINGI(ABACAN 
COTABATO 
COTABATO 
B.P.W.
CONSTBY 6P.W.YELLOW 

MAMERTO LAWAS 

1954 
B. PW. 4.6 1 5 

150 MM 

25.6 M 7.6 25 

CASING STRATIFICATION 

_-_GR UND SURFACE 

SANDY CLAY 
OA 

ADOBE AND CLAY 

DRILLER S TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 

SPECIFIC CAPACITY 

lO.7 M 
11.3 M 
1.58 LPS 
2.63 LPS/M 

IO. 7 

12.2 

35 

40 

,,__ 

FINE SAND 

REMARKS: YELLOW CLAY 

21.3 70 

SAND AND ORAVEL 

26.2 86 

WATER QUALITY DATA: 

ANNEX FIGURE VII-B-2 

WELL DATA SHEET 
FEASBLITY SUDY 

SUPPLY OF SECOND TEN 
FOR WATR L W 

URBAN AREASFEASBILIYATERLWU 

WELL CDM- 2A CCOTABATO '-WATER DISTRICT
CATSUDY OR 



DESCRIPTIVE DATA , LY.: 

DEPTH 

()NFT)
WELL NO.(CDM) 3 
(OTH ER) 16221 

_______ _______.OOUND 
LOCATION BARRIO PAGALON6AN NULlNG 

CITY COTABATO 
COTABATOTICKY 

CONST. BY B.P.W. 
DRILLE R 1957 
STARTED 
COMPLETED 1957 
OWNER B.P.W. 

STATUS 


CASING DIAMETER 112 MM53.5 M 

CASING LENGTH 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 47.3 M 
PUMPING WATER LEVEL 48.8M 
TEST PUMP YIELD 0.94 LPS 
SPECIFIC CAPACITY 0.63 LPS/M 

REMARKS: 


WATER QUALITY DATA: 


CA S 0 


.-


C 
. r8 


Z: Z 
. 

\>-'~~J 

I
 

STRATIFICATION 

SURFACE
RUD.UFC 

CLAY WITH STONE
 

SAND AND GRAVEL 

SANDY CLAY
 

COARSE SAND
 

YELLOW SANDY CLAY 

GRAVEL 
UOULDER
 

VOLCANC ROCK 

SANDY CLAY
 

SANDY CLAY 

OOE~AND MLUE CLAY 

t',tvY CLAY 

FIrV SAND WITH GRAVEL 

7.6 

12.2 

16.2 

21.3 

24.4 
25.3 


26,8 


36.0 


38.1 

46.8 

0.4 

61.0 

25 

40
 

53 

70 

no 


08
 

1.4a6 

125 

153 

19__ 
200 

A,.:',' FIGURE VII-B-3
 
WELL DATA SHEET
 

W7LL CDM -3
 
FEASIBILITY STUDY FOR WATER LOACATO WATER DISTRICT 
SUPPLY OFSECOND TEN URBAN AREAS LWUA-CDM 



ESCRIPTIVE DATA GRAPHI III 0 
illli DEPTH II 

WELL NO. (CDM) 4 (M E(F)" CASING STRATIFICATION 

(OTHER) 7475 ' ' 
LOCATION DUNGOAN, PAGALUNGA -. GROUND SURFACE 
CITY COTABATO 

PROVINCE COTABATO 
CONST. BY B.P.W. 0.9 3 YELLOW CLAY 
DRILLER 
STARTED 
COMPLETED l. a 6 
OWNER B.P.W. 

STATUS 

CASING DIAMETER 150 MM 
CASING LENGTH 10.1 M BLUE STICKY CLAY 

DRILLER'S TEST DATA: 
4.6 15 

DAT E 
STATIC WATER LEVEL 0.9 M 
PUMPING WATER LEVEL 3.0 M 
TEST PUMP YIELD 0.95LPS 
SPECIFIC CAPACITY 4 LPS/M 

BLUE SANDY CLAY 

REMARKS: 

9.2 30 

I10.0 33 FINE 
SAND 

WATER QUALITY DATA: 
11.3 37 

:.,.:.i I,. .. 

ANNEX FIGURE VII-8-4
WELL DATA SHEET 

WELL CDM -4 
FEASIBILITY STUDY FOR WATEn LWUA-CDM
SUPPLY OF SECOND TEN URBAN AREAS COTABATO WATER DISTRICT 



DESCRIPTIVE DATA GR6Pt f , 

WELL NO. (CDM) 5 

(OTHER) 
15425 

LOCATION PIGCALAGAN 
CITY COTABATO 
PROVINCE COTABATO 
CONST. BY B.P.W. 
DRILLERDTRER-
STARTED ________________ 

COMPLETED________ 

OWNER B.P.W. 

STATUS 

CASING DIAMETER 100 MM 
CASING LENGTH I 9 ,2 M._--"-

NULING 

___ 

. 

.... 

(M) 

6.1 

(FT) 

20 

CDEPTHCASING STRATIFICATION 
____ ________ 

--GROUND SURFACE 

-- _ 
- RED STICKY CLAY 

-

- -.,----
CASINGLENGTH 19.2 BLUE CLAY WITH SAND 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 

SPECIFIC CAPA CIT Y 

12,2M 
13.7 M 
0. 63 LPS 
0 . 4 2 LPS / M 

10.7 

12.2 

2.2 

13.1 

15.9 

35 

40 
43 

52 

"..... 
'A 

S*,.:i! , 

.o.:o. 

.j 

ADOBE STONE 

HAN. RO.CK 

SAN'U.':AL 
N 06N 

HARD SOLID ROCK 

REMARKS: BLACK ADOBE 

I's I 

z-----i 

--'---I 

--

I -

I---

HARD ROCK 

--'- F BLUE STICKY CLAY 

- .I -Z 

26.2 6 

WATER QUALITY DATA: SAND 

29.8 97 

ANNEX FIGURE VII-B-5 
WELL DATA SHEET 

WELL CDM-5
WATER DISTRICT

FEASIBILITY STUDY FOR WATER WUACOTABATO 
LWUA-J DM CI.W R S 

SUPPLYOF SECOND TEN URBAN AREAS I 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO. (CDM) 
(OTHER) 

20310 

LOCATION BARRIO MAKAGUILING, NULING 
CITY COTABATO 
PROVINCE COTABATO 
CONST. BY B.RW. 
DRILLER JUAN M. ABULENCIA 
STARTED 
COMPLETED_________________ 

OWNER B.P.W. 
STAT US 

CASING DIAMETER 150 MM 

CASING LENGTH 3.7 M 

M) (FT) S _T 

. ,--GROUND SURFACE 

-
-

-

-
-ED STICKY CLAY 

"_---S--__------_ 

3. 1 0 

DRILLER'S TEST DATA: 

DATE _-_1 

STATIC WATER LEVEL 

PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACIT'-. 

3. I M 

0. 63 LPS 

3.7 12 
__

I 

-SANDY 

-J 

I -" 

CLAY 

REMARKS: 
6.1 20 

-. v~i:I 
II SAND 

6.5 25 

WATER QUALITY DATA: 

ANNEX FIGURE VII-B-6

WELL DATA SHEET
 

WELL CDM- 6

EA,. 181LIT Y STUDY FOR WATER COTABATO WATER DISTRICT 

SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM 



c:SCI'FFIlVE DATA GRA Pv'tiC L(', 

7 DEPTH CA ING STRATIFICATION 

WELL NO.(CDM) (F)(M) C 
(OTHER) B.P.W. 20311 

LOCATION BARRIO GANG, NULING .. ,-GROUND SURFACE 

CIT Y COTABATO SAND 
PROVINCE COTABATO 
CONST. BY___ ___ _ __ 
DRILLER 1.2 4 
STARTED _ _._ _._..._ ... 

p____________ .COMPLETED _ 
OWNER 2.1 7 A. J "i 

STATUS _._ "_.'__-


CASING DIAMETER 100 MM
 
CASING LENGTH ID M *..,
 

DRILLER'S TEST DATA: q3D" 

DATE
 
S.,
STATIC WATER LEVEL 2.1 M 

PUMPING WATER LEVEL :.',
TEST PUMP YIELD 0. 63LPS ... *... SAND AND ORAVEL 

SP E ' FIC CA PA CIT Y *9,. "..
' 

RE MARKS: 

:t=,,
.. 
 . .
 

o",
 

;i",
:0 

33 .0. 

•. ..I 

•:, I I i~ 
WATER QUALITY DATA: 

12.2 40 

ANNEX FIGURE VII-B-7 
WELL DATA SHEET 

FEASIBILITY STUDY FOR WATER COTABATOWATER DISTRICT 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM CWL CDMR 



DESCRIPTVE DATA G MApPlc LOf; 

WELL NO. (CDM) 8
(OTHER) 16230 

(OTH R) 1630
LOCATION BARRIO KALANGANAN 

CITY COTABATO 

PROVINCE ____.___._. __.._ 

CON ST. BY B . PW. 
DRILLER EMILIO CASTILLO 
STARTED NOVEMBER 13,1957 
COMPLETED NOVEMBER 23,1957 

OWNER B.P.W. 

STATUS 

CASING DIAMETER 100 MM 
CASING LENGTH 7 M 

DEPTH 

(M) (FT) 

__._,_.._GOUDSUFC 

.2 4 
1 4 

CASING STRATIFICATION 

I 

-GROUND SURFACE 

____-,,__.__ 
BROWN-- ND.CLA 

"ROWN SANDY CLAY 

--

DRILLER'S TEST DATA: 
DATESTATIC WATER LEVEL 1.2 M =f-,z -" 

PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACITY 

2. 4 M 
0. 63 LPS 
0. 53 LPS/M BLUE SANDY CLAY 

REMARKS: . 

-- *. -"---"
 

WATER QUALITY DATA: 7.6 25 

CLEAR FOR DRINKING PURPOSES. 

ANNEX FIGURE VII-B-8 
WELL DATA SHEET

WELL CDM-8 
EASISIL TY STUDY FOR WATER LWUA CDM COTABATO WATER DISTRICT 

SUPPLY OF SECOND TEN URBAN AREAS 



DESCRIPTIVE DATA GRAPHIC LOG 

DEPT'H-"7I -0= I 
WELL NO. CDM) 9 (M) (FT) A I -STRATIFICATION 

(OTH ER) 15427 
.OCATION LEPROSARIUM HOSPITAL _ ,-GROUND SURFACE 

NULING 
CITY COTABATO 

PROVINCE COTABATO YELLOW STICKY CLAY 

CONST BY B.pW 

DRILLER JUAN M.ABULENCIA 4.6 5s 
STARTED SEPTEMBER 101957 --

COMPLETED SEPTEMBER 27,1957 

OWNER B.P.W. -- - RED CLAY 

STATUS -___--__--_--

CASING DIAMETER 150 MM 30 
CASING LENGTH 22-M 

DRILLER'S TEST DATA. 

DATE __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

LIME STONE 

STATIC WATER LEVEL 17.4M 

PUMPING WATER LEVEL 18. 9 M 
TEST PUMP YIELD 0. 94LPS 
SPECIFIC CAPACITY 0 63LPS/M 18.3 60 

REMAI:KS: 22.0 72 

30.5 1010 

WATER QUALITY DATA: 

ANNEX FIGURE VII-B3-9 
WELL DATA SHEET 

FESPLYHESBLIT SODYTENORASODTNUFRA AREA LW
WAEASR U A-D WELL CDM-

COTABATO WATER DISTRICT 



DESCR[PTIVE DATA 	 GRAPHIC LOG 
DEPTH CASING STRATIF ICATION 

WELL NO.(CDM) 10 	 (M) (FT)j I 
(OTHER) 15426 

LOCATION BARRIO ALMADA NULING - .- U R 
GITY COTABATO - _--

PROVINCE COTABATO 
CONST BY B.PW 
DRILLER JUAN M. ABULENCIA -- - YELLOW STICKY CLAY 

STARTED AUGUST 14, 1957 
COMPLETED SEPTEMBER 6 ,1957 --- -

OWNER B.P.W. 
STATUS 	 46
 

AOOBE ROCK
CASING DIAMETER 100 MM 
CASING LENGTH 13.1 M 6.1 20 HARD SOLID ROCK 

6.7 22 ' 

., *~::. SANDSTONE 

DRILLER'S TEST DATA: 	 0.5 IT SANDSTONE 
92 s0 

DATE ________________
 

STATIC WATER LEVEL 10.4 M-- - -- =---- -- K Y CL A Y
- .m B L U E ST I IKYCA~C 
PUMPING WATER LEVEL I2. 2 M
 
TEST PUMP YIELD O. 95LPS -- --


SPECIFIC CAPACITY 0. 53 LPS/M 12.2 40 

13.1 45 

RED SAND
 

REMARKS: I..., 
5.2 50 

SANDY HARD

SOLID STONE 

GOOD FOR DRINKING AND DOMESTIC SOLI SO 
PURPOSES. 	 ,7.1 54
 

WATER QUALITY DATA: 

ANNEX FIGURE VIi-B-KOWELL DATA SHEET 
WELL CDM-IO

FEASIBILITY STUDY FOR WATER 	 COTABATO WATER DISTRICTSUPPLY OF SECOND TEN URBAN AREAS LWUA-DMC 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO.(CDM) 
(OTHER) 

LOCATION 
CITY 
PROVINCE 
CONST BY 
DRILLER 
STARTED 
COMPLETED 

OWNER 
STATUS 

CASING DIAMETER 
CASING LENGTH 

12 
195912 
BAGUA 
COTABATO 

_ _-_--_ 

B.P.W 
BRANDO P DIAZ 
NOVEMBER II, 1959 
DECEMBER 9, 1959--

B.P.W. 

I00 MM 
16.9 M 

DEPTH 
(M) (FT) I CASING 

-----

-BLUE 

STRATIFICATION 

GROUND SURFACE 

CL. 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACITY 

1.5 M 

I. 8 M 
0. 32 LPS 
1.07 LPS/M 

7.6 

10.7 

25 

35 

---- . 

-

BLUE CLAY WITH S1ALE 

REMARKS: 
BLUE CLAY 

14.6 46 

BLUE SANDY CLAY 

16.4 54 

FINE SAND 

16.0 59 

WATER QUALITY DATA: 

WATER IS CLEAR AND FRESH. 

ANNEX FIGURE VII-B-II 
WELL DATA SHEETWELL 0DM -12

WFEASIBILITY STUoY FOR WATER 
SUPPLY OF SECONO TEN UMAN AREAS LWUA-CDM CDA COTABATO WATER DISTRICT 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELL NO. (CDM) 13 
(OTHER) 

LOCATION COTABATO CITY HIGH SCHOOL COMPOUND 
CITY COTABATO 
PROVINCE MAGUINDANAO 
CONST.BY 

DRILLER__ _"__ _ _ 

STARTED MARCH 16, 1973 
COMPLETED AFRIL 2, 1973 
OWNER 

DEPTH 
(M) I (FT) 

5.0 I 

I 
. CASING 

I 
STRATIFICATION 

-GROUND SURFACE 

aROWN CLAY 

LIMESTONE 

STATUS ABANDONED 

CAqING DIAMETER 200 MM B.I. PIPE 
CASING LENGTH 30,5 M 12.2 40 

* YELLOW SAND 

DRILLER S TEST DATA: 

DATE 

STATIC WATER LEVEL 13. 7 M 
PUMPING WATER LEVEL __":___________.__._ 

TEST PUMP YIELD 
SPECIFIC CAPACITY _24.4 

16.0 

19.e 

56 

65 

s0o: 

7 

77 

FINE SA.D:..:.FINE SAND 

COARSE SAND 

. 

• FINE SAND 

REMARKS: 

FORMEIRLY WITH SUBMERSIBLE PUMP. 

29.0 

30.5 

95 

10 ,0., 0 - . , YELLOW FINE SAND 

WATER QUALITY DATA!
 

ANNEX FIGURE VII- B-12
WELL DATA SHEET 

WELL CDM-13 
EASILIY STUDY FOR WAT LWUA-CDM COTABATO WATER DISTRICT 

SUPPLY OF SECOND TEN URIBAN AREAS 



D C,kIP'I'IVE DATA GIRAPHIC L 0 
IllI- - -~q I - 7 I I I 

DEPTH CASING I STRATIFICATION 
WELL NO. (CDM) 14 (M) (FT) _ 

(OTHER) 20351 
LOCATION LAMBAYONG INSTITUTE _._-- GROUND SURFACE 

CITY COTABATO 
PROVINCE _ _",' 

CONST BY B.PW. • SANDY SOIL 
DRILLER EVANGELISTA MACONOCIDO 
STARTED NOVEMBER 15,1957 
COMPLETED DECEMBER II 1957 4.6 iS 

OVNER B.RW. 
STATUS 
CASING DIAMETER 150 MM STICKY BLUE CLAY 

CASING LENGTH 25.9 M 

10.7 35 
DRILLER'S TEST DATA: 

FINE SAND AND 
DATE QUICK SAND 
STATIC WATER LEVEL I.5 M2. 4 MLEVELPUMPING WATER 


TEST PUMP YIELD 0. 94-LPS
 
SPECIFIC CAPACITY I. 05 LPS/M
 

STICKY SLUE CLAY 

REMARK S! 

21.3 70 

COARSE SAND 

25.9 85 

WATER QUALITY DATA 

FRESH CLEAR 8 POTABLE WATER. 

ANNEX FIGURE VII-B-13,,L!. DATA SHEET 
WELL CDM - 14

FEASIBILITY STUDY FOR WATER LWUA-0DM COTABATO WATER DISTRICT 
SUPPLYOF SECOND TEN URBAN AREAS 



DESCRIPTIVE DATA GRAPHIC LOG 

WELL NO. (CDM) 15 
(OTHER) 196021 

LOCATION COTABATO HIGH SCHOOL 

CITY COTABATO 
PROVINCE COTABATO 
CONST. BY B.P.W. 
DRILLER AMADO 1.CRUZ 
STARTED APRIL 25, 1960 
COMPLETED JUNE 7,1960 
OWNER B.PW.O RTATUS 
STATUS._________________ 

DEPTH 
(M) I (FT) 

. 
CASING STRATIFICATION 

-GROUND SURFACE 

YELLOW STICKY CLAY 

CASING DIAMETER 

CASING LENGTH 

200 MM 

16A M 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD-
SPECIFIC CAPACITY 

15. 2 M 

19. 5 M 
3 .O LPS 
0. 79 LPS/M 

. 

16.0 

40 

9 

MRS 

YELLOW SANDY CLAY 

REMARKS: ilI 
CASING PERFORATED FROM DEPTH 
IT7 M.(58 FT.) 1'0 DEPTH 26.5 M 

(87 F T). 
WATER BEARING STRATA FROM 
DEPTH 19.5 M.(64 FT.) TO DEPTH 
25 M. (82 FT.) iI' 

i 
-

-

=.-. 

~-. 

RED SANDY CLAY 

25.0 82 ilIl 

7--=ill LUE CLAY 

27.4 90 
-

WATER QUALITY DATA: 

ANNEX FIGURE VII-B-14
 
WELL DATA SHEET
 

WELL CDM -15
rEASIBILITY S FoD ,,WTER COTABATO WATER DISTRICT 
SUPPLY OF SECOND TEN URBAN AREAS LC TR R 



DESCRIPTIVE DATA GRAPHIC L0G.
...... . .. 
 1.. ti n .. nd 
DEPTH 
DEPH7 CASING STRATIFI CATION
 

WELL NO. (CDM) (M) FT
 
(OTHER)
 

LOCATION ROSALES SUBDIVISION .._ -GROUND SURFACE 
CITY COTABATO
 
PROVINCE MAGUINDANAO
 
CONST BY - YELLOW SANDY CLAY
 

DRILLER _'_.. .-

STARTED JANUARY 31, 1973 6.1 20
 

COMPLETED FEBRUARY 6, 1973
 
OWNERNE _ ____
 

STATUS__ _ __ _ __ _
 
CASING DIAMETER 200MM
 

CASING LENGTH 28.0 M
 
' YELLOW UANDY.. ADOBE 
_____CLAY 

15.9 2 ,
 

DRILLER'S TEST DATA: MV, .W 

DATE 
 li 
STATIC WATER LEVEL II .3 M 20.4 7 

PUMPING WATER LEVEL
 
TEST PUMP YIELD 38.2 LPS
 
SPECIFIC CAPACITY 24.4 0
 

25.0 82--

2-.II BLUE SANDY CLAY 
REMARKS! 
 -E -,..
 

30.5 100 - I ,_-_ _ 

FORMERLY WITH SUBMERSIBLE PUMP.
 

WATER QUALITY DATA:
 

ANNEX FIGURE VII-B-15
WELL DATA SHEETWELL CDM-17 

FEASIBILITY STUDY 
SUPPLYOF SECOND TEN 

FOR 
URBAN 

WATER 
AREAS 

LWD-1A -LWUA-CDM COTABATO WATER DISTRfCF 
Iw;-I i III ... II I _1 I I I %T ._ 1 



- -

__________________________________ 

DESCRIP'rtIV:E DATA 6 RAP!Hki L LOG 
~DEPTH1__ 

E DPT CASING STRATIFICATION
WELL NO. (CDM) 18( (FT) 

(OTHER) -GROUNDSURFACE 
LOCATION MOTOR POOL- CIRCUIT ROAD- , - GROUND SURFACE 
CITY COTABATO 
PROVINCE MAGUINDANAO - -- YELLOW STICKY 'LAY 
CONST. BY i.5 a 1 _ 

DRIL L ER _-- . ....--- -

STARrED JANUARY 25, 1974 

COMPLETED FEBRUARY 4 1974 --

OWNER --

STATUS__________ __ 
CASING DIAMETER 200 MM -YELLOW S N--
CASING LENGTH 17.7 M _ Y W Y 

DRILLER'S TEST DATA: 

DATE 
 _ _-- -'-'---__ 

STATIC WATER LEVEL 4. 9 M 10.4 34
 

PUMPING WATER LEVEL ____"_""_
 

TEST PUMP YIELD 9. 45 LPS
 
SPECIFIC CAPACITY_
 

REMARKS:
 

FORMERLY WITH SUBMERSIBLE PUMP . YELLOW SANDY ROCK 

*1 I 

22.1 T3... 

WATER QUALITY DATA: 22.9 7 BE E 

ANNEX FIGURE VII-B-16WELL DATA SHEET 
FEASIBILITY STUDY FOR WATER WELL CDM-18 

OF SECONo TEN URBANMUPLY AREAS LWUA-CDM COTABATO WATER DISTRITCOAAO AE DSRC 



DESCRIPTIVE DATA GRAPfIC.1 LO) 

WELLNO.(CDM) 20 

DEPTH CAIDEPTH CASNG 
(M) I (FT) I 

I STRATIFICATION 

(OTHER) 
LOCATION GEN. LUNA( RU. OF TELECOM) _GROUND 

-GROUNDSURFACE 
SURFACE 

CITY CO'ABATO 
PROVINCE MAGUINDANAO 
CONST. BY 
DRILLER 

STARTED SEPTEMBER 2511964 
COMPLETED NOVEMBER 1491964 
OWNER 

BROWN CLAY 
STATUS 
CASING DIAMETER 200MM 
CASING LENGTH 33.5 M 

DRILLER'S TEST DATA: 18.3 60 

DATE 
STATIC WATER LEVEL 15. 2 M 
PUMPING WATER LEVEL 22. 9 M__ _AD SAND 

TEST PUMP YIELD 15.8 LPS 
SPECIFIC CAPACITY 2 LPS/M 

26.5 87 

REMARKS: 
$AND 

FORMERLY WITH SUBMERSIBLE PUMP 33.5 110 
-

PLUE SANDY CLAY 

38.7' 127 

WATER QUALITY DATA: 

ANNEX FIGURE VII-B-17WELL DATA SHEET 
WELL CDM - 20 

WATER WFEASIBILITYCDM

SUPPLYOF SECOND TEN UHNAN A* CAS LVUMCDM WELL 0DMSTUDY FOR WAE DI20

iAiiA .T.......CTADiiO.
..
 



Di.ESCRIF'TIVE DATA GR,-,P , . 5 1 


DEPTHCSIGISRTFCIO 
(FT) CASING STRATIFICATION
(M)WELL NO.(CDM) 23 

(OTHER) 196022
 
LOCATION ROSARY HEIGHTS -GROUND SURFACE 

CITY COTABATO _I --..- -'-" 

PROVINCE______-___-._-.._ 
CONST BY B.P.W. --_---__-_-_ 
DRILLER AMADO CRUZ _- ---

STARTED JUNE 8, 1960Y-LW-ICYCA 
YELLOW STICKY CLAY


COMPLETED JULY1 1960 

OWNER B.PW. 
STATUS
 
CASING DIAMETER 100 MM 

CASING LENGTH 34. I M _.___0____-'__ -

YrLLOW CLAY
 

II1.3 37
 

DRILLER'S TEST DATA: 

DATE _ _ _ _ _ _ _ 

STATIC WATER LEVEL 7.9 M 
PUMPING WATER LEVEL 9. 8 M 
TEST PUMP YIELD- 4. 41 LPS WHITE ROCK 

SPECIFIC CAPACITY 2.32 LPS /M 

REMARKS: g.8 65 

CASING PERFORATED FROM DEPTH 
22 M- (72 FT.) TO DEPTH 
34.IM (112 FT.). 
WATER BEARING STRATA FROM DEPTH 
27.4 M.(90 FT) TO DEPTH 
34.1 M. (112 FT.).1 

-. RDA O
I. REDSAND AND ROCK 

WATER QUALITY DATA: 

iI:.'.
.. :i..' COARSE SAND 

34.1 112 ....
 

ANNEX FIGURE VII-B-18 
WELL DATA SHEET 

WELL CDM-23 
SUPPLY OF SECOND TEN URBAN AflEA.S WAUA-CDM 



DESCRIPTIVE DATA GRAPHIC LO 

WELL NO.(CDM) 
(OTHER) 

LOCATION 

CITY 
PROVINCE 
CONST BY 
DRILLER 
STARTED -

COMPLETED 

OWNER 

STATUS-
CASING DIAMETER 
CASING LENGTH 

24DPHCASING
24 

GUTIERREZ- SAMPAGUITA ST 

COTABAT3 
MAGUINDANAO 

NOVEMBER 23, 1973 
DECEMBER 5, i973 

200 MM 
18.3 M 

T) 

20 

-

.--

- - -

STRATIFICATION 

GROLIND SURFACE 

YELLOW STICKY CLAY 

ADOBE 

LOOSE ADOBE CLAY 

DRILLER'S TEST DATA: 

T.6 

a.5 

25 

28 
STICKY CLAY WITH LIMESTONE 

DATE 
STATI C WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 

SPECIFIC CAPACITY 

3.0 M 

27.4 LPS 

SAND ROCK 

REMARKS: 

COARSE SAND 

FORMERLY WITH 
SUBMERSIBLE PUMP 

1•.2 63 

WATER QUALITY DATA: 

ANNEX FIGURE VII-B19 
WELL DATA SHEET 

WELL CDM -I24
FEASIBILITY STUDY FOR WATER 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM 



DESCRIPTIVE DATA GRAPHIC LOG
 

WELNO(CD)5 M) FT) 1CASING STRATI FICA TION 

(OTHER) 
LOCATION 
CITY 
PROVINCE 
CONST. BY _..._-_ 

DRILLER 

STARTED 

COMPLETED 
OWNER 

STATUS 
CASING DIAMETER 
CASING LENGTH 

ORTOUSTE-ROSAL ST. 

COTABATO CITY 
MAGUINDANAO 

_,, 

DECEMBER 1,, 31973I 
DECEMBER 29, 1973 

INACTIVE 

200MM 

18.3 M 

1.6 

9.0 

14.3 

32 

47 

:'; 

. 

*... 

-GROUND SURFACE 

YELLOW STICKY CLAY 

. 

SANDY CLAY 

SAND 

SAND R'OCKS 

, 

DRILLER'S TEST DATA: COARSE SAND 

DATE 
o CATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACITY __ 

_ _ 

2.1 M 

12. 6 LPS 

_._.I 

20.4 67 
.'.'.:'__ 

' 

: 

REMARKS: 

FORMERLY WITH TURBINE PUMP 

WATER QUALITY DATA. 

ANNEX FIURE VII-B-20
 
WELL DATA SHEET
 

WELL CDM 25
 
FEASIBILITY STUDY FOR WATER LWUA-CDM COTABATO WATER DISTRIC1 
qUPPLY OF SECOND TEN URBIAN AREAS W 



________ __ 

__ 

--

- -

DESCRIPTIVE DATA GRAPHIC LOG 

DEPTH 
WELLNO.(CDM) 27 (M) (FT) CASING STRATIFICATION 

(OTHER) B.PW NO. 12241
 
LOCATION TALITAY, DINAIG __,,_....-GROUND SURFACE
 
CIT Y _ _- _- =------ "_--_---

PROVINCE COTABATO 
OONST. BY B.RW. 
DRILLER JUAN ABULENCIA 
STARTED 1956 I. 6 
COMPLETED 1956 
OWNER ______ 

STATUS____________________- ~ mCYCA 
CASING DIAMETER 150 MM 

CASING LENGTH 7.3 M 

DRILLER'S TEST DATA: ---

DAT E _--- ----- ---

STATIC WATER LEVEL I . 8 M
 
PUMPING WATER LEVEL 2. I M
 
TEST PUMP YIELD O.63LPS - -


SPECIFIC CAPACITY 2.1 LPS/M 

7.6 25 

..................................
".... 

REMARKS: 
 .:;..: Ii ;:..:: 

SAND 

.;I:,..:. SAND AND GRAVEL 

WATER QUALITY DATA: 14.0 4I 

ANNEX FIGURE VII-B-21 

WELL DATA SHEET 
FEASIBILITY STUDY FOR WATER LWIWELL CDM- 27SUPPLY OF SECOND TEN URBAN AREAS LWU-CDM COIVI WATER DISTRCT 



DESCRIPTIVE DATA 

WELL NO.(CDM) 28 
(OTHER) 16227 

LOCATION TAMONTACA 

CITY COTABATO 

PROVINCE COTABATO 

CONST. BY B.P.W. 

DRILLER EMILIO CASTILLO 
STARTED JULY lO, 1964 

COMPLETED IJULY 24, 1954 
OWNER B.PW. 

DEPTH 
M) (FT) 

1.5 5 

GRAPHIC 

CASING 

LOG 

STRATIFICATION 

.-GROUND SURFACE 

BROWN STICKY CLAY 

STATUS 

CASING DIAMETER 
CASING LENGTH 

3.0 I0 

DRILLER'S rEST DATA; 

DATE -_u____nc_______ 

STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 

SPECIFIC CAPACITY 

I .5 M 

5.0 M 
0. 76LPS 
0. 51 LPS / M 

4.5 1 ; 

BLUE STICKY CLAY 

REMARKS: 

$lAND AND GRAVEL 

GOOD FOR WATER SUPPLY. 
.0 

"7.61 25 

FINE SAND 

WATER QUALITY DATA: 
5.2 50 

ANNEX FIGURE VII-B-22
 
WELL DATA SHEET
 

WELL CDM-28 
COTABATO WATER DISTRICTSL'r -X OF O R AR - DM --



GRAPHIC LOGDESCRIPTIVE DATA 

WELL NO. (CDM) 

(OTHER) 
LOCATION 

CITY 
PROVINCE 
CONST. BY 
DRILLER 

STARTED 
COMPLETED 
OWNER 

STATUS 
CASING DIAMETER 

CASING LENGTH 

29 

16228 
BARRIO PAGALAMATAN 

COTABATO 
COTABATO 
B.P.W. 

B.PW. 

100 MM 
6.5 M 

DEPTH
(M ! (FT)| 

__ROUND 

CASING 

j.e. 

STRATIFICATION 

SURFACE 

DRowN STICKY CLAY 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
TEST PUMP YIELD 

SPECIFIC CAPACITY. 

I .8 M 
3. I M 
O. 76LPS 

0.63 LPS/M 

6. 

7.6 

21.25, 

25 -

--

REMARKS: 
:..I:"", FINE SAND 

10.7 35 

WATER QUALITY DATA; 

ANNEX FIGVRE VII-B-23WELL DATA SHEET 
' WELL CDM- 29 

ELCM-2FOR WATERFEASIBILITY STUDY 
UPLY ,,,,0, LWUA-CDM COTABATO WATER DISTRICTOFOF SECOD TENTEN UR..AN A1EA 



I)ESCRIPTIVE DATA 

WELL NO.(ODM) 31 
(OTHER) 196091 

LOCATION BARRIO BITO DINANG 
CITY COTABATO 
PROVINCE COTABATO 

,CONST. BY B.P.W. 
DRILLER RUBEN BERMUDEZ 
STARTED APRIL 89 1960 
COMPLETED APRIL 301960 

OWNER B.RW. 

STATUS 
CASING DIAMETER 100MM 

CASING LENGTH 12.5 M 

(M) 

3?2.7 

DETH 

(FT) 

1 

ORA~Pt S 

CASING 
CF 

- r 

LOG 

ISTRATIFICATION 

G 

OLACK CLAY 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 

PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACITY 

0.6 M 

0. 9 M 
O.95LPS 
3. 17LPS /M 

YI'LLOW CLAY 

REMARKS: 

10.7 31s 
.ARD ROCK 

HARD ROCK WITH GRAVEL 

12.5 41 

WATER QUALITY DATA 

S..FIGURE VII-B-24 
,,i. t lA SHEET 

FEASI,,LITY STUDY FOR 
SUPPLY OF SECOND TEN ULEI.P 

WATC R 
AFEAS 

LH UA 
L UAE 

"DM 
WELl_ CDM-31 

. ,HAB,,OWATER DISTRICT 



DESCRIPTIVE DATA GRAPHIC LOn 

ICASING 'ISTRATIFICATION32DEPTH 
WELL NO. (CDM) 32 (M) (FT) j CASINGSTRTIFICATIO 

(OTHER) 20881 
LOCATION 
CITY 
PROVINCE 
CONST. BY. 
DRILLER 
STARTED 
COMPLETED 

OWNER 
STATUS 

CASING DIAMETER 

CASING LENGTH 

BARRIO TIUGON 
COTABATO 
COTABATO 
B.P.W. 
EMILIO CASTILLO 
NOVEMBER 29,1957 
DECEMBER I1, 1957 

B.PW. 

00 MM 

6.7 M 

1.8 

3.0 

0 

10 

,- -GROUND 

BROWN 

SURFACE 

ITICKY CLAY 

DRILLERS TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 

TEST PUMP YIELD 
SPECIFIC CAPACITY 

1.5 M 
3. I M 

0.63 LPS 
0. 42 LPS /M 

U I 

REMARKS: 
6.1 20 

22 

* 'iN lAND 

U.S 21 

WATER QUALITY DATA. 

ANNEX FIGURE VII-B-25 
WELL DATA SHEET 

FEAS13 IITY TUDYFOR CDM- .32ATERWEI-L 
Y OF SECOND TEN URBAN AREAS A-CDM COTABATO WATER DISTRICT 



DESCRIPTIVE 

WELL NO. (CDM) 35__ 

(OTHER) BPW NO. 

LOCATION BANGA 

DATA 

196063 

DEPTLH 
M) (FTT CA3I5 

-ROUND 

STRTIICAIOOTSTRATIFICATION 

SURFACE 

CITY 

PROVINCE 
CONST.BY 
DRILLER 
STARTED 
COMPLETED 
OWNER 

STATUS 
CASING DIAMETER 
CASING LENGTH 

COTABATO 

COTABATO 
B.P.W. 
EMILIO CASTILLO 
JUNE 1,1960 
SEPTEMBER 71 1960 

_ _ _ _..;.._FINE 

100 MM 
20.1 M.,.";25 

. 

.6 

I 

25 

",,"',__ 

', , 

- -

' 

BROWN SANDY 

SAND 

CLAY 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 
PUMPING WATER LEVEL 
"EST PUMP YIELD 
SPECIFIC CAPACITY 

__ _ _'_ 

3.0 M 
4.6 M 

0.76 LPS 
0.48 LPS/M 

_ ....... 

. .. 

"';; 

, 

: BSAND 

REMARKS: ,.'. 

19.3 s0 

.. ": AND AND GRAVEL 

WATER QUALITY DATA: 

* *-... . 

.,',, " ': II 
,:' DATA2"S'EET 

EATER8AL IT SUY rFAT IATA"A- DM-3 

Arl1, E-( FIGURE VII-B-26 

SUPPIBLY TEUDY LWJ-TEOR U93A AREA$' "COAA ATRDSRC 



DESCRIPTIVE DjQ'T'fi, :..DATA O 
DEPTH 

36 H CASINO STRATIFICATION 
(OTH ER) B.P.W 5467 

LOCATION MARKET SITE -- GROUND SURFACE 
CITY MIDSAYAP
 
PROVINCE COTAB ATO
 
CONST. BY B.W .
 

DRILLER 4,0 13
 
JUNE 12,1952
STARTED 


COMPLETED JULY 23, 1952 SLACK CLAY 

OWNER 6.7 22 
STATUS 

CASING DIAMETER 150 MM 
= LUE STICKY CLAYCASING LENGTH 4 2.4 M 

12.2 40 - [ 
DRILLER'S TEST DATA: 

YELLOW STICKY CLAY
DATE 

STATIC WATER LEVEL 2.7 M 1s.s 51 

PUMPING WATER LEVEL 3. 6 M 
TEST PUMP YIELD I . 9 LPS - SLACK STICKY CLAY 
SPECIFIC CAPACITY 2.1 LPS/M 16.3 - _.__. 

_ _ _ _ _ _ _ :_ _ 

YELLOW STICKY CLAY 
REMARKS:
 

23.5 777 i K.
.... . , CLAY 

25.3 0 __________ 

- .tCiI STICKY CLAY 

30.5 I00 

'I ----1 LE OTICKY CLAY 
-7 --. . 

34.4 II .,: ..... .... -3WATER QUALITY DATA: C:"CLA- ....----- Lf " :". S LACK CLAY 

36.6 120 _ _--

30.7 127 

"L LY-I CLAY 

42.7 140 

,04.2 

'GJK; VII-B27 
.ATASHEET 

FEASIBILITY STUDY WATER c -C~NFOR 'r MMAII36SUPPLY OF SECON.D TEN URBAN AREAS ".'Di ."1,"'i. R DISTRICT 



DEUCRIPTIVE DATA •n R-AP!.!!!e?, 0..Of1 

7DEPTH CASNSTRATIFICATION 
WELL NO. (CDM) 37 (M) (FT) F 

(OTHER) 8.P.W. 7268 
LOCATION 
CITY 
PROVINCE 
CONST. BY 
DRILLER 
STARTED 
COMPLETED 

OWNER 

STATUS 
CASING DIAMETER 
CASING LENGTH 

BARRIO GAYONGA 
TUMBAO 

COTABATO 

BPW 
AMADO CRUZ 
AUGUST 25, 1955-
SEPTEMBER 21t 1955 

150 MM 
7.6 M 

2.1 

-__GROUNSURFACE 

7 

-

I.._ 
-1 --

YELLOW CLAY 
YELLOW 

BLUE STICKY CLAY 

DRILLER'S TEST DATA: 

DATE 
STATIC WATER LEVEL 

PUMPING WATER LEVEL 
TEST PUMP YIELD 

SPECIFIC CAPACITY 

2.1 M 
3.7 M 

I.3 LPS 
0.84LPS/M 

14.6 48 
-----

IA 

--

C, 

REMARKS: 21.3 70 

-BLUESTICKY CLAY 

29.9 98 --- _.r. 

WATER QUALITY DATA: 

WATER IS FRESH AND CLEAR 

ANNEX 
WELL 

FIGURE 
DATA 

VII-B-28 
SHEET 

,,.,.SULTY STUYSUPPLY OF SECOND TEN BA.URSAH ATEAERAAREAS L U -D 
WELL CDM-37 

CO'FABATO WATER DISTRICT 



DESCRIPTIVE DATA GRAPHIC LOG 

WELL NO. (CDM) 
(OTHER) 

LOCATION 

CITY 
PROVINCE 

8PW 12245 
BARRIO TOBON 

PIGCAWAYAN 
COTABATO 

SPTH 
(8( FT) CASING 

STRATIFICATION 

-GROUND SURFACE 

CONST.BY B.R W. _"_-.--.. 

DRILLER JUAN ABULENCIA 

STARTED AUGUfST 28,1956 
COMPLETEQ 

OWNER _---_.__ _--_-_ 

STATUS _-'"-"". 

CASING DIAMETER 112 MM 
1_.2 17_ 

----

-_ 

-__ 

' 

RED STICKY CLAY 

CASING LENGTH 12.2 M 6 

"AND AND GRAVEL 

DRILLER'S TEST DATA:9,1 5o ' ___'_,___ 

DATE 
STATIC WATER LEVEL 3.0 M -

-__-----_ 
RED---CK'CLA__ RED STICKY CLAY 

PUMPING WATER LEVEL 
TEST PUMP YIELD 
SPECIFIC CAPACITY 

3.7 M 
0. 95 LPS 
I. 3 LPS/M 12.1 

3.7 

40 

45 

" 

. 

.....4i 

__. 

$AND 

i..._-,::. 

-'-

AND ORAVEL 

REMARKS: 

WATER QUALITY DATA:
 

AN~NEX FIGURE VII- B-29WELL DATA SHEET 
E ,SILIY STUDY FO WAT LWUAATE COTABATO WATERDIS 

SUPPLY OF SECOND TEN URBAN AREAS -0DM 



,*' , . l . . .... . . ".. 

WELL NO. (cam) 

CIT Y __ iti 
2 ~ 4CIT 

. 

" 

. -................. 

.M, 
OTAA o 

. 

.... 

- . . 

I _ 

J 

-

"-.... 

A' Y 

S:IFAT,,USC . .......) ;'irA . . MAT 10161. --.-T--- OU C,<. iL .E 3~i':........... ..58.'?? : i]?' u ,.g ,, t 

CASING ..L'AME ER 
C...G I F.NOTH 

. 0 M ..... 
5 .,,>...........................-............... IZ . .. . 

DRILLER'S ITST DTA. 

PMOPING WATFt LEVEI . 
T ST PUMP Y!EI.D ... 

SPECIFIC CAPA(*X!-,-

. .. 
1-.6 . 
O. iBLPS/M-

. 
. 

, 

Gr';AR] 
I' j'; 5IJ,<V 

./x 

;WATER QULITAY DATA: , Km.-. 

7., 
, 

:, 

;Edi t . I . .. .... .... . .. 

. 't+, .? ii+ ST U ,. &. , 'OP I 'i " 
:g!..!%ti.+ ,l ti~g3MO't~lil ,'hl .G,.!l+1 

t 
. .PA+"l 

'' 
l'l 

ANl tf".TN 
,+'L 

-

tl-ME: Vl1i-ii-. 
+... 9H- "$' 
. ) 

: 



DESCRIPTIVE DgfA GRAPHIC LDe 

WELL NO.(CDM) 
(OTHER) 

LOCATION 

CITY 
PROVINCE 
CONST.BY 
DRILLER 

STARTED 
COMPLETED 

OWNER 

STATUS 

CASING DIAMETER 
CASING LENGTH 

40 
196051 
MALAGAPAS 

COTABATO 
COTABATO 
B.P.W 
ALFONSO SERENCIO-
JANUARY 1191960 
JANUARY 291,1960 
B.P. W 

_ _-__ 

100 MM 
19.5 M 

_ _ 

DEPTH 
(M) (FT) 

4.64-

I 
CASING STRATIFICATION 

___,__-GROUND SURFACE 

- - OWN STICY CLAY 
-

-

---

---- Y-LW-ICYCA' " " -" YELLOW STI(3(y CLAY 

DRILLER'S TEST DATA: 

DATE __ _ _ _ _ _ 

STATIC WATER LEVEL-
PUMPING WATER LEVE'-
TEST PUMP YIELD 
SPECIFIC CAPACITY 

_ _ _ _ _ _ 

4.6 M 
7.6 M 
0.63 LPSI 
0.21 LPS/M 

_ _ 12.2 40-

LIMSTONE 

REMARKS: 
,,.,!p RoE.M RKS:STONE_aa- - WITH CLAY 

22) 75 0 0 

o° 

00 

LIMESTONE WITH CLArf 

25.9 a 0000 

0 0 
000 

o __ 

WHITEt GRAVEL 

WATER QUALITY DATA: 

WATER ISCLEAR AND FRESH AFTER 
PUMPING TEST. 

ANNEX FIGURE VII-B-31 
WELL DATA SHEET 

FEASIBILITY STUOY FOR WATER WELL CDM- 40

SUPPLY or SECONO TEN URBAN AREAS LWUA-CDM COTABATO WATER DISTRICT 



NOTE: 
PROVIDE OPENING FOR WELL SOUNDING IN 
PUMP DISCHARGE HEAD OR SURFACE PLATE -7 

~, CONCRETE PUMP BASE 

GROUT SEAL 

q 

HOLE AT LEAST 150MM LARGER THAN 
UPPER CASING ( SURFACE CASING USED
IN DRILLING MUST BE WITHDRAWN AS 
GROUT IS PLACED.) 

15 M. MINIMUM DEPTH 

STEEL UPPER CASING 
(200 TO 400'MM IN DIAMETER 
DEPENDING ON ANTICIPATED 
PRODUCTION RATE.) 

DRIVE SHOE 
PACKER 

29 M. APPROXIMATE DEPTH 

STEEL LOWER CASING 

- CORROSION RESISTANT STEEL SCREEN 
PLACED OPPOSITE PERMEABLE ZONES(150 MM TO 250 MM IN DIAMETER 
DEPENDING ON ANTICIPATED 
PRODUCTION RATE) 

STEEL BLANK CASING--I 
(2 M MINIMUM LENGTH) 

45 M. APPROXIMATE DEPTH-o- ANNEX FIGURE ME-B-32 
GENERAL DESIGN 

CA319 OF 
sumOF 

,,cono 
"DTNUA 

FOR ,ANl, 
R 

LWUA-CDM 

INDUCED-INFILTRAT ION WELL 
PERCUSSION DRILLED 

COTABATO CITY WATER DISTRICT 



SUPPI' .'PTO AI,1I]+1X FIGURE VII-B-32
 
GE f1 1AL CO],TRDCTIO. SUQ(ESTIOIDS
 

COTAILTO CITY IAT]Z? DISTRICT
 

General De;iin - Diduced hlniltraticn Wolls - Percatision Drilled 

1. 	 Drive and drill 450-11m casing to 15 m or more. 

2. 	 Drive and drill 300--mm cas:ng to 45 meters. Collect 
samoles carofully and use no clay in drilling. 

3. 	 Examine samiles to locate suitable permeable zone at 20 
to 45-m depth. Abandon site and pull casing if no suit
able zone is found. 

4. 	 Install 6 to "12 in of 250-m screen of slot suited to 

form-tion grain size within 300-rin casing. 

5. 	 Pull back 300-mm casing to expose screen. 

6. 	 Grout annulus between 450-am casiny and 300-mm casing 
and withdraw 450-rm casing as grout is placed. 

7. 	 Develop and test well. 

8. 	 Design pump. 

9. 	 Construct well head facilities. 

10. Set pump just above top of 250-m screen. 

General Desion - TIhduc,.d Infiltration Wells - Rotar Drilled 

I. 	Drill 150-1m pilot hole to 45 meters. 

2. 	 Run electric log. 

3. 	 Examine ;cuqple. and electric log to locate suitable per
meablo zone at 20 m to 45-m depth. Abandon site if no 
suitable zone is fouind, 

4. 	 Drill 450-1m hole to 15 m or deeper. 

5. 	Drill 300-rmi hole to total doth. 

6. 	Instal. 6 to 12 m of 250-mrm screen 
formation Cruin size within 300-mm 

7. 	 Pull back 300-mrmi casin- to expose 

8. 	 Grout -initluw betueen /j50-mm hole 

9. 	Dovelop and test well. 

10. D wijrI pUip°
 

11, Coj;.:3truwt iul] head facilitieso
 

12. ni:tall pump. 

of slot suited to 
casing. 

screen. 

and 	 300-mm casing. 
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FEASIBILITY STUDY FOR WATERSUPPLY OF SECOND TE. U',.,. AREAS LUA-CDM COTABATO CITY WATER DISTRICT 
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CITfTR VIII AIAIYjIj TD EVJALUATION OP ALTlIfATIV113 

A. "r.TTERAL 

This 	 chapter identifies and evaluates the alternatives available
forsource development, transmission and treatment facilities and diutribution systems. 11e1 analysis and evaluation presented-herein arebased lar.Jely on economic pres,_ent worth cost studies. However, selection of recommended plan 	maybe influenced by non-economic parametersespecially if the "best" or bestsecond alternatives fall 	within thedecree of cost estirnatin'v accuracy. OLher water conservation and augmentation alternatives are also included. 

B. UAJ1TNE JUPPLY i OIJRCE ALTEflATIVEs
 

Surface Wiater Sources
 

Since 1939, Cotabato City has 
 been 	supplied with piped water fromDimapatoy River, 10 km southwest of the poblacion. The chemical quality 	 of the Dimapatoy River water is oatisfactory, as shown in Table
VII-5. The minimum flow of 
 this 	river (as discussed in Chapter VII)is more than sufficient to supply the year 2000 	maxim.ur-day demand of theCOT-WD. Hence, the use of Dimapatoy River as a source of water for

Cotabato City is technically feasible.
 

The use of Dimapatoy River would 
 entail construction of a 	 ratwwater intake, surface water pump stations, water treatment plant and

treated water transmission line.
 

Groundwater 'Iells
 

An inspection of the 
 bzn!k- of 3imiiay River, 8 Ian north of thepoblacionindicates that field conditions are reasonably favorable for
the use of induced infiltration we11s. 
 A test well projr-tm would benecessary to det?rniro the 1,recinc depth and capacity of such wells.Pending the results of the test wells, induced infiltration wells areconsidered technically feasible anas 	 alternative source waterof for

Cotabato City. "Lle parujiet-er., uuv;jested 
 ror cost analysis of infiltration 	wells are tabulated in Chaptcr VI.1. 

Wlells in the coastal area (1o not seem to be a suitable source forthe future supply that Cotahato City requires. in cases where theaquifer is ,ocod (frequently coIrrilin l.ImumtonO), intrusion of salinewater is a problem. kood water c;,n be obtained from 	an upper zone inthe aquifer but production must bc strictly limited to avoid intrusionof underl,,ii(: saline water. 11e sai] aquifer generally seems limitedin transni:.;ivif,, mu d l:,rJe drnwrlowns associated with 	high production 

VIII-I
 



rates would encc!un'e : rs-intuiioti, 3ome . iyting wells within

the city have salinity problems. These wells are drilled on the
 
upper zone 
 of the aquifer and are of limited capacity. Thus, the coastal 
areas do not appear favorable for providing a lar a-scale gr-uud water 
source, 

There are several springs that exist within 20 km radiusa from
Cotabato City proper, Two of the springs (Budacan and Tambanon) are
found along Dimapatoy River in the southwestern portion of Cotabato
 
City. Budacan Spring with Lin estimated discharge of 30 Ips is located
 
some 
 2.7 km upstream of thc existing Dimapatoy ptunping station. Nine

km upstream of the swme pinpin station is Tambanon Spring with an
 
estimated discharge of 70 lps. 

In the southea- vrn portion ot' Cotabatc City, 12.3 km by road from
the city 
proper, is Tanuel Spring. Several flow measurements were con
ducted on this spring, the lowest measured being 210 lp8. 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 that of Taviran Spring was 50 lps.
 

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. Development 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
 
costs. 
 Water supply rrom 1,arquez and Taviran uprings can be obtained
 
by pumping. Development of the five springs is considered technically

fe ;ible but not all springs are probably economically feasible.
 

Comparison of Alternatives
 

Pour major alternatives for the COT-WD were analyzed (see Figure

VIII-I). These alternatives include the following sources# 
(i) induoed

infiltration wells on the Simuay River; (2) Tanuel Spring supplemented

by induced infiltration wells along the Simuay River; (3) Dimapatoy

River; 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.
 

VIII-2
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,onotruct ion Present Worth 
Cost? 

Item (1Y 1000) V,x 1000 

Induced :Diil'u'aIt.on We:lls aio]R the
 
Simuay Pliver
 

a 	 Source Dove]orrnent Y 7,647 P 3,162 
bT lSrisOi .,in 	 12,650 .1,140

C) 	 DiuLrI!,)ution Nain 9,335 3,814 
d) 	 Oper:tion an( laint;enance - 2,015 

Total Cost P 29,832 1 13,131 

2. 	 T-nuel Spr'in!T Supplemonted by Tn,.iuced 
Infiltri, ion Wells alouw the Simuay 
River 

a) Source Development 
b) Transmission Mains 
c Distribution Mains 
d Operation and Maintenance 

Total Cost 


3. 	 Dimapatoy River 

ai 	 Source Development 
Tranumission Mains 
Distribution Maina 
Operation and Maintenance 

Total Cost 


4. 	 Tanuel Spring Supplemented by 
Dimapatoy River
 

ai 	 Source Development 

Tranmission Mains 

Distribution Mains 

Operation and Maintenance 

Total Cost 


i/1I'hese alternatives are based on 
fAnex Tables VIII-B-1 to VIII-B-4 for 

Yea 2000 ua v.,-ie values. 

P 5,732 P 1,532 
12,474 4,192 
10,336 5,068 

..- 1,873_. 

P 28,542 P 12,665
 

? 38,700 P 14,687 
8,369 3,133 

14,632 5,872 
..-	 4,647 

P 61,701 P 28,339 

P 22,073 P 4,348 
6,719 3,602

12,340 5,478 
- , 2,026 

1*41,132 P 15,453
 

an estimated staging program. See 
details. 

VIII-3
 

http:Diil'u'aIt.on


The alternative usinC the Triuel Sprinc and the induced infil
tration wells along rimuay River is the least 
cost alternative. 
TVanue]. [ping has capacity up to 1988, after which additional source 
su.p -v10ouldbe required. Simuay induced infiltr;ttion wells would 
be used as additionttl source. The use of' iiiducod infiltration wells 
alone is about 4 percent or 1 466,O0 more than the selected alternative. 
The peace and order situation in Cotabato City is also a factor that 
favors the o3election of Tanuel Spring" over that of induced infiltration 
wells nuar .iiinuay River. If such situation in Siniuay River persists
in the future, Lurface waker from l)imapatoy River should be considered 
as a suyplemr ota.ry source to Tanuel Spring (fourth alternative). This 
alternative is P2.788 million aund P2.322 million costlier than the
 
selected alternative ard the alternative usinL, only induced infiltrat
ion wellis along the ;Jinmuay River, respectively. 

Thc: He of )im:atoy River requires the cons.truction of a raw

waLer ,umnin[ station ;aid (oiplete water treatment plamt. Also, the
 
existin: sedimentation basin is assumed to be used 
up to 2000. 

The utilization of existing city wells (which has total capacity
of only 32.5 ]ps) was not conuidered in the source alternative studies. 
If existin wells would be used, the development of induced infillration 
wells alcni: the Simuay River would be postponed from 1988 to 1991. The 
postponemunt would. decrease the present worth cost of the least cost 
alternative by r383,000. additionalHTowever, transmission lines would
 
be necessary these wells used. Bocue of
iC would be poor g-round water 
quality, water from these wells has to be diluted by spring water or 
treated before it flows into the distribution .ystem. 1'resent worth 
cost of the additional pipeline to be constructed in 1980 is P350,000.
Therefore the net difference in preent worth cost is only ?33,000 and 
is oonuidered insitnificant, thusitho use of existing city wells was 
not considered further. These wells would only be used as stund-by
units for emergency purposes until they have to be abandoned.
 

Development of the four springs other than Tanuel was 
 considered. 
However, becQILse of their low flows and relative distances from the 
service area, substantial capital investments needed are all much higher
than those for alternatives considered economically feasible. 

C. TREATMENT ALTERNATIVES 

Analysiu of water from the Tanuel Spring and Simuay River (Table

VII-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 also undesirable for certain industrial processes such as carbonated
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beverages, meutal Iinishing, food processin-, textile industries and
pulp and paper process. However, hardness has no demonstrable harm
ful effects on public health. 

The a;.aulsis of water from viells (Table VII-2) shows the water
quality paraimeter to be within the acceptable limits of the Philippine
National Standards for Drinking Water. 

Therefore, water from Tanuel Spring and induced infiltrations wells 
along Simuay River (the least cost alternative) would not require anytreatment. However, order preservein to the good quality of water
throughout the distribution system, disinfection would be necessary at

these sources. Disinfection may be accomplished by various methods
 
which are discussed in Appendix J, Volume II. 
 For economic and prac
tical reason (availability of the equipment, supply and application,

and lasting effectiveness), chlorination is the recommended process
 
of disinfection.
 

D. DT3TRTIBUTION ALTERNATIVES 

General. 

This section presents the distribution alternatives considered for
the COT-14D. 
 The recommended improvement 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. Thedesign criteria for the distribution system are given in Appendix F.
 
Appendices F and X were 
largely developed for the First Ten Provincial 
Urban Areas and are applicable to moderate-size communities. The
Second Ten Provincial 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. In general, fire flow is applied at various lo
oations in a system coincidentally with maximum-day demands, and the
pipelines are sized to convey the required flow at specified head 
losses. In large communities, the total peak-hou-r flow is greater
than the maximum-day flow plus fire flow and therefore relatively
minor adj,,tments are required in the pipe system to provide fireflow. In the smaller communities, especially small barrios some dis
tance from the poblacion, the fire flow alone 
can be 3 or 4 times the 
total perk-hour demand. 

Providing adequate fire flow Lo areas where the fire flow may be
fa.r creatur than the ultimate peak de,,,id is rarely justified economlically; but, as a .ynieral rule, some fire protection should be pro-
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vided. Included in this study is information on the available fire
 
flow at various locations where the system has been designed for con
ditions other than fire flow. 

The flows used for the desi&n of the various components of the 
distribution system are as follows (see Water Demand Projections, 
Chapter VT): 

1980 1990 2000 

Water demand (lpcd) 
Served population 

198 
22,080 

193 
61,490 

199 
108,520 

Average daily water demnd 
(cumd) 

Maximum-day water demand (cumd)
Peak-hour water demi1an (cumd) 

:',370 
5,240 
7,650 

11,870 
14,240 
20,770 

21,600 
25,920 
37,800 

Pressure Zones 

The round elevations within the yuar 2000 service area for 
Cotabato City ranrge from a low of 2 meters in Barrio Tamontaca to a 
high of 20 meters in Barmrio Rosary Heights. The core city and 
Barrio Rosary Heights, comprising the high-density service area1 lie
 
at 
an average elevation of 3 meters and 10 meters t 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
flow of' the existing storage tanc, therefore,only a single pressure 
zone was considered for COT-IJA.
 

Stor ac~*'iI it ies 

storae facilities are provided in a distribution system to
 
meet hourly fluctuations in water demand over the day, as discussed
 
in Appendix P.
 

In Cotabato area, several locations for future storage facili
ties are available. Uo.iever, only Colina Hill, the site of the

existing storage tank, was considered economical for two main reasons.
 
The hill, with top elevation of 60 meters, is centrally located in
 
the service area and tln construction cost of ground storage tank is 
more economical than t1hat of elevated storage tank which has to be 
designed for hi,12 soiurijic loading. 

The existing storage tank at Colina Hill which has an overflow 
olevation of 53 motors would be incorporated into the long-range water 
system plan bin.:. the entire sorvico area of COT-11D can be adequately 
aervod. ml, a IEGL of' 53 motors. 
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If the source of ;uppjy iZ capable of supplying water at a rate 
equal to the maximum-day demands, Lhen a volume equal to 15 - 20 per
cent of the mnaximumi-day demand is usually zufficient to meet the 
hourly fluctuations in demand. 

An alternative -to ;upplyin.,' this volume of storage would be to 
increase the capacity of the supply facilities in order to meet hourly
demand fluctuations. The rationale for providing adequate supply to 
respond to the hourly fluctuations is discussed in Methodology Memo
randum No. 5.
 

An alternative study between Droviding storage capacity or additional supply capacity would mean that the transmission nins from the
 
sources would be sized ba.sed on the required supply rate which ranges

from 1.2 to 1.5 times the maximum-day demrad.
 

The present 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
 

PZE6ENT '1ORTH COSTS 
OF ALTiRNATIVE STORAGE/AND 

AJ)D ITIONAL SUPrLYiI 

Alternative 1 Alternative 2 Alternative 3 
(Maximum 
Storage) 

(Intermediate 
Storage) 

(Minimum 
Storage) 

Storage Required (Percent)4/ 13.3 7.6 2.3 
(Volume, 011r) 3,450 1,970 590 

Present Worth Cost (I XO00) 
Storable2' P 661 F 237 F -
supply -5,612 6,384 63 

Total 6,333 6,621 7,639 

Voalysis includes facilities up to year 2000. 
'-/Percent e of maximum-day demand1 Cost includes only storage in addition to existing 750-cum 

storage tank. It is assumed that the existing tank would be adequate 
in Alternative 3.
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Dis'tribut on rStem 

00aaywis of th-diitribution system. for Cotabato City 'ene
rally on.formu to th criteria set in App ridicts F and K. In the
 
First-Ten Area Meauiblnity Studiee the computer analyses were con
ducted on.y on pipelines lar:;er tbLlcn 200 mm, which were clansified 
as distribution mains a differenti'Lted from the internal network 
pipelines.
 

An al ternative study was conducted on two possi b]o pipeline

conf'i..:uratir n:w for the distr.ibution 3;oystem, 

Two posible rou te locations for the main distribution pipelines
 
were considered. The main pipelinos could be located 
and installed
 
alon; the national hihway at the required size and capacity or
 
additional pipelines could be constructed parallel to the main high
way route but would be located in the subdivision roads to provide

the equivalent capacity. Both analyses the hydraulic requiremeet 

mento of the system. he pipeline layout is shown schematically in
 
Figures VII-2a and VIII-2b.
 

Yresiit worth an.ysis of" both alternatives is presented in
 
Table VITI-3. The costs incude other diutributlion pipelines in the
 
system.
 

Tablf,- VTII-3 shows that it is more economical to lay the distri
bution mainline the hihway. This also has the
alons national advantage
of conveying the water directly to the high density portion of the ser
vice rea since moot of the present consumers are located along the 
national hi,;hway. It is exr.pcted that development in Cotabato City 
would start aona the higFhway and move towards the extremities of the 
oubdivisions. 

A computer avilysis on distribution system based on the most eco
nomical pipeline conf'i. iration was conducted for all the four major
alternativej considered in Section 1 of thiu chapter. The comparative 
costs of Lh distribution system for all four alternatives and the 
total 1on..-r:.nge com,';traLive cost of each alternative included inare 
Table VTTI-I.
 

Fire Pro toction 

i'rewoRt ripe protection in COT-Mf]) is inadequate. There are four 
eoiotin,: fire hydr:ants but only one is operational. Water pressures
in the .yltasm 4re very low. Aeas near the pump stations and along
the tr:sn'mi.isioil m,:.;ns have some water pressure while areas in the core 
city have very io.; or nearly zero pressure. 
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An. stated in Aptndit Y9 thtlc ulr - tW4 ntxQs_, dv of firo protention: one for the high-density residential, commeroial] areas and anotherfor the low-density, residential areas. In the high-density residential, commeroial and industrial &rsa, an available fire flow of 20 lnat eaioh of two adjacent fir-._ }'hydonti lhonld be provided; and in thelow-density residential areas, 10 lps at each of two adjaoent hydrants.,Figure VIII-3 shows the outline of the fire service areas in Cotabato 
City. 

TABIE 1III-3 

.DII*'II TIIJTIOU JY3T II ALP'FTNAIVI COJTS6/ 

A. Alternative 1: DiiOtributioi i'&-in Line alon,r the National Highway 

Pine Jize Pipe Lonth Conotiuction Cost Present Worth Cost 

100 4,550 p. 441 
 1 329
150 24,930 
 4,537 
 1,588
200 3,440 833 

250 2,690 1,073 

409
 

300 2,390 1,271 
150
 
951 

350 A-.34 2.L1 8 
Total 41,340 
 r 10,336 
 r 5,058
 

13. Alternative 2: Distribution Main Line alorl7 the National f[ighway 
and Subdivision Roads 

3Pipe ze Pipe Length Construction Cost Present Worth Cost 
(11.m) ) - (i 0-- x 1000) ( P-x 1000) 

100 4,550 41 
 P 329150 19,020 3,463 
 1,252
200 9,790 2,369 
 11101
250 5,560 2,218 
 1,024
350 -40j,1 
 1,631
 
Total 42,260 r 10,672 
 7 5,337
 

6J "u;ni worth e.osts baued on strkrirg the different oipe sizes. 
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In (eneral, full Ci'i' rctocti:!,n to the entire city h,.n not
 
been p-ovided in the immudiate improvement pro;;ram because of the
 
hi,:h cost of full fire protection.
 

The completion uf tHre im, d.i. to improvement pogrln by 110
 
would provide 20 percent of full fire proLeotion to the outlying
 
parts of the core city and Barrio Rosary Tlei.g;hts, while full fire
 
protction would be provided alon,) ;.iTuat ?ivCu1o 'rnd in mo(-i)st part
 
of the core city. In orer to obtain fire protection by 11V,01
 
existing hydr.nts would be repaired or replaced.
 

B3y the yeoU i)90, -i1 existin'- pipelines ]eso than 125 mm would 
be rephaed. Theoe are mostly the old zand deteriorated dl:stribution 
pipelines in the core city. The installation of new 150-200 mm dis
tribution pipelines and source facilities would greatly increase theavailable f'ire f'low in the source a-:o. By the year 1990, the whole 

1990 service area could be providled. ful l f ire protection. 

In the year 2000, additional 150-200 mm pipelines would be
 
installed to serve the increasin population of Cotabato City. The
 
development of the 6imuay Piver b-ank inauced inf'iltration wells for
 
the year 2000 would further enhance the pressure distribution of the
 
system since supply would be obtained from the south (Tanuel Spring)
 
and north (Simuay induced infiltration wells) of the service area:
 
By the year 2000, full firs protection could be provided for the en
tire service area of Cotabato City.
 

The vrecedin,,, discussion of fire protection relatos only to the 
capacity provided in the distribution mains. In providing, fire pro
tection, an adequate number of' fire hydrants in the various service 
areas have to bo considered. The primary criterion for providing fire 
hydr;uItu would be the deg'ree of development in a specific area. In 
Chapter IX, a schedile of fire hydrmnt construction is included, based 
on the projectedldevelopment of* the COT-'4|). This ,';ohed..ile can be mo
dified as development requires, but the necessary distribution mains 
have to be provided. 

jystom Operation 

Several operational ispects of the alternative distribution 
syrstem ,,. i.- ssed in this section. 

qe completion of the first stc,,e of the iong-range prorin3C for 
COT-Il) wiOUld provide adeouate supply of water and pressure in the sys
torn. 6ome operational aspects have to be considered to maintain 
a good standard of water service. The main source for 1990 service 
area would be the Tanuel Spring. Thc-e existing city wells would 
not be u;eid to supply water during normal conditions but would serve 
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as stand-by unito for emerg-ency purposes. The roasons for 	such operation are that the existing city wells have poor water quality, andthe system pressure could be adeouately maintained by usiri only the 
Tanuel STn in,' ai a ource 

]uir wn, the second stage of' the long,-range program, the Simnay 

induced inf'iltration wells would be develop'ed as supplementary source
to Tanuel -prini:- while the eyisting city wells woiild be used as stand
by units or abandoned depending on conditions (salinization, produotivity, etc). The option of obtainin,:' a ]ar le portion of demand one 	 source and a small portion from the remainin,; source under 

from 
diffe

rent coniuirmption conditi(-otr durpn 'thios porio was analyzed. The analysis showed th-t the :..ysteni czn meet the demands at adeo-uate Tresuresunder these conditions. Other operational aspects Lssuch lack of watersupply in eithor Tanuel Spring or 3 imuay induced infiltrfation wells due
to power failure or mhanical problems were analyzed with the aid ofcomputer* In cases of oj:,.rationl problems uuch as the breakdo.m ofsource facility, the hydraulic coazlitions in the system at peak-hour
could still be maintained since the storage tank is located centrallyin the high demand area, thusmaintaining the system pressure. The
-tank could, supply the required amount of for three
water hours assuming
the 	 tank is half-full when such condition occurs. 

Mhe 	 system has been looped as much as possible to maintain adequate pressures and reduce operational problems in case shutting of
valves is required to isolate pi',elines during service installation or 
pipe repair.
 

Internal Network
 

A general but complete discussion of the internal network fordistribution system is included in Appendix K. The small size of
the COT-WD does not affect the application of the recommendations contained in Appendix K since these are the minimum pipeline sizes re
commended for any municipality. 
 The 	 cost data contained in Appendix Khave to be multiplied by a factor of 1.21 to obtain mid-197fl costs in 
this report.
 

E. 	OTIHER .LTEMVH'TcVE FOR WATER 
CON.]'JEVATION ANiD AUCMENTATION 

In areas wherc, water is a scarce resourco, there are several alternative measures of consorvintrwater. These alternatives depend onsophisticated tecmolo-y in the caso of' water reuse and desalting, or on governmental policy in the 	 case of land mana,-emernt. Appendix M, 
Volume II is a discussion of' these conservation and augmentation alter
natives,
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ANNEX VIII-B 

SCHEDULE OP PACILITM 
FOR ALTNATIVE ANALYSIS 



COMPARATIVE PRESENT WORTH COST OF ADDITIONAL1 UPPLY 
FROM SIUAY 1INDUCED INFILTRATION WELLS 

Date Construction Present 

Item 
of 

Coytuio~ 
Cost 

_(F X1ooo 
Worth Costo/ 
(1 X 1OO)2/ 

Two Induced Infiltration Weld3!/
River Crossing 
Access Road 
Transmission Main 

1980 
1980 
1980 
1980 

768 
1,500 

400 
3,809 

598 
1,121 

293 
2t848 

Connection Pipe 4 
Disinfection Failities-' 

1980 
1980 

327 
50 

244 
39 

Induced Infiltration well 1984 384 185 
Connection Pipe 1984 266 120 
Disinfection Facilities 
Induced Infiltration Well 

1984 
1987 

25 
384 

12 
126 

Connection Pipe 1987 121 36 
Disinfection Facilities 15 1987 25 8 
Induced Infiltration Well -/ 1989 410 101 
Transmission Main 
Disinfection Facilities 

1989 
1989 

5,116 
25 

1,141 
7 

Induced Infiltration Well 1992 410 63 
Connection Pipe 1992 327 44 
Disinfection Facilities 1992 25 4 
Induced Infiltration Well 1994 410 43 
Connection Pipe 1994 266 24 
Disinfection Facilities 1994 25 3 
Two Pumps (Replacement) 1995 320 29 
Two Disinfection Equipment (Replaoe-

Induced Infiltration Well 
ment) 1995 

1996 
36 
410 

3 
25 

Connection Pipe 1996 121 7 
Disinfection Facilities 1996 25 1 
Induced Infiltration Well 1997 384 17 
Transmission Main 1997 3,925 151 
Disinfection Facilities 1997 25 1 
One Pump (Replacement) 1999 160 2 
Disinfection Equipment (Replacement) 
Operation and Maintenance 

1999 
1981-.,000 

18 -
2,015 

Total 1978 Present Worth Cost 9,317 

x 1000 

2/For economic service life for each itemt refer to Appendix F, 
VolueII and Annex Table VIII-B-5. 

as year 2000 salvage value. 
K-Itemized cost (? x lowo) for 70-hp 80-hp 

Well 115 115 
Structure 109 11 
Equipment 160 17 

i/Itemized cost (r x 1000) Equipment 18 
Structure 7 

2/For itemized cost# see footnote 3 for 80-4iP, 
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.ANX TABLE VIII-B-2 

COPUIATMVE PRE.SENT WORTH COST OF ADDITIONA.L SUPPLT
 
FROM DIMAPATOY HIVER (SuF'ACE WATis)i/
 

Date Construction Prenert 
of Cost Worth Oo~ti 

Item Constrotion (7'x 1000) (? X iOWoA 

Raw Water Pumply 4// 1980 3,100 2092 
6,921
Water Treatment PlanV 1980 9,000 

Transmission Main 1980 2,950 2,206 
Water Treatment Plant 1986 9,000 3,315 
Transmission Main 1986 160 55 
Transmission Main 198S 2,790 723 
Raw Water Pump 199( 3,100 649 

196 26
Transmission Main 1992 
Water Treatment Plant 1994 9,000 906 
Raw Water Pump Bquipmont (Replacement) 199D5 1,500 136 
Water Treatment Equiprent(Replaoement) 1995 4,000 362 
Transmission Kain 1986 2,273 123 
Operation and M&aintenance 1981-2000 

Total 1978 Present Worth Cost P22,467 

x 1000
 

i/For economic service life for each item, refer to Appendix 
F.
 

Volum/II and Annex Table VIII-B-5.
 
Y/,Less year 2000 salvage value.
 
.lItemized costs (rx 1000): Struoture - 1,600 

Equipment - 1,500 
4JItemized Costs (7 x 1000)t Struoture - 5,000 

Equipment - 4,00 
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ANX TABLE VIII-B-3 

COMPARATIVE PHESf'Q . CO$ OP ADDITIONAL SUPPLY 1 -
FROM TANUEL SPRING AND SIXUAY INDUCED LVILTRATION WELLY 

Da.t, Conetraotion Preaent
 
of Cost Worth ^
 

Item Co.nstruction (r x 1000 ooo)( 

Sprilng Intake Structige 1980 50 37
Booster Pump StationZ/ 1980 778 605

Transmission Main 
 1980 4,293 3,209
Disinfection JFaclitiei/ 1980 25 19Induced Infiltration Well/ 1988 429 122 
River Crossing 
 1988 1,500 389

Transmission Main 
 1988 2,328 603

Access Road 1988 400 104

Disinfection Facilities 
 1988 25 
 7
Tnduoed.Infiltration Well 
 1991 429 77

Connection Pipe 
 1991 121 
 20
 
Disinfection Facilities 
 1991 25 
 5Induced Infiltration Well 
 1993 429 54
Transmission Main 
 1993 2,727 304

Disinfection Facilties 
 1993 25 
 3

Booster Pump Equipment (Replacement) 1995 467 42
Induced Infiltration Well 
 1996 429 
 27

Conneotion Pipe 1996 121 
 7Disinfection Facilities 
 1996 25 1
 
Induced Infiltration Well 
 1998 429 
 12
Transmission Main 
 1998 3,126 76

Disinfection Facilities 
 1998 25 1

Operation and Maintenance 1981-2000 
 1,873
 

Total 1978 Present Worth Cost ?7,597 
x 1000 

/For economic service life for each item, refer to Appendix F
 
Volum/II and Annex Table VIII-B-59 

V/Less year 2000 salvage value. 
-Itemized costs (P x 1000): Structure - - 311 

Equipment - - 467
 
4/Itemized costs (P x 1000): Structure 7
 

Equipment  - 18
 
-Itemized costs (? x 1000): Well -- - - 115
 

Structure - - 123 
Equipment -- - 191 
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ANNEX TABILE VIII-13,-

SUPPLY /COMPARATIVE PRESENT WORTH COST OF JDDITIONAL 
FROM TANUEL SPRING 2ZlI) DIIPATOY RIVER (SURFACE WATER) 1/ 

Date onstraction Present
 
of Cost Worth
 

Item. Construotion L_ 0L (P x 1000 

Spring Intake Stnuct e 1980 50 37 
Booster Pump Stationg/ 1980 778 605 
Transmission Main 1980 4,293 39209 
Disinfection F ilities4 1980 25 19 
Raw Water Pumi? 1988 1,900 538 
Water Treatment Planty 1988 7,760 2,172 
Transmission Main 1988 1,153 299 
Raw Water Pump 1993 1,900 239 
Transmission Main 1993 120 14 
Water Treatment Plant 1995 7,760 620 
Tranemission Main 1995 1,033 74 
Raw Water Pump 1996 1,900 118 
Transmission Main 1996 120 6 
Operation and Maintenance 1981-2000 2,026 

Total 1978 Present Worth Cost P9,976 

x 1000
 

Y/For economic service life for eaoh item, refer to Appendix F,

Vol I/I and Annex Table VIII-B-5. 

UT Les year 2000 salvage value. 

-/Itemized cost (P x 1000) Structure - - 311
 
Equipment - - 467
 

4./Itemized coot (P x 1000) Structure - - 18
Equipment - - 7 
VItemized cost (i x 1000) Structure - - 900
 

Equipment - - 1,000
 
ltemized cost (P x 1000) Struoture - - 4,290
 

Equipment - - 3,470
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t2[F TA,\ii: 'r 

GCO1NOVIC Si,.IVICE 1I,13 0f WATER LTPPLY FACILIT'IISI/ 

Economic oI'Vi cC 
Item If o Yars). 

Ehbanklment 1zjno : Iz/ I0
aibankent 

Structurf'e 
 50
 
Equipnent 
 50
 

Water Treatment Plnts: structure 
 50 
!'ouipment 15
 

Groundwater Wells: Well 25
 
Structure 
 50
 
Fquipment 15
 

Transmission Facilities: Pipes 
 50
 
Valves 
 50
 

Distribution Facilities: Pipes 50
 
Valves 50
 

Internal Network: Pipes 50
 
Va1 ves 
 50
 
JIlyrants 50
 

Service Connections: Service Pipes 50
 

Water Meter 
 15
 
Disinfection Facilities: 
 Structure 50 (may depend o,
 

Equipment 15 associated facility)
 
S.torgae Facilities: Structure 
 50
 

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

Miscelaneous Structures 
 50
 

Miscellaneous Mechanical Equ-ipment 
 15
 

Vehicles 
 7
 

Y-/h( economic service lives presented here have been used through
out 
this report whenever facility replacement or present worth analyeis hau 
been required. 

_/Althou-h the physical life expectamcy of certain facilities, such 
as dam embankments, is greater than the economic service life indicated,

the latter more realistically reflocts the useful life of the facility.
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