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CAATFITR I SUMIAhiY AND RJdO0;41.vr. ~Art()N2 

A, SiJI4.1,BY 0i 7' I ,: 

Desripion
 

Thm Syla , City :r Dicrtricl waoi L h 1 March 
1976 loy -,irtuel Rc; utiox No. 1,62, paed Oy the city caxziil of 
Silay. .Pollowing its formation, the SIL-,WD acquired the ownership 
and nmnacnement of the :,ntire water system from, the city glovernment. 

3ilar City is . t:t:ated :n t,.c tO-f N rros
 
Occ.i.ent, T'roince in the WV%terPisay.i region. With an area
 
of 18,510 hectares, 3ilay in divid.1 into the pohlacion aid 8
 
barrios. The terrain in Sil.y act'.iee area in predominantly flat,
 
with elevations rarinin:, frcn 2 to 5 metera above rnao sea
 
level. The aret is drained by several creeks and otreams dis­
ohar_,in ; westwari into (TimaraD Strait arid northward into Malogo
 
River.
 

The tot:A ,or L of Silay city in 1970 was 69,"200, 66 per­
cent of hom were vi asitied as r l aod 34 proantI urban. A major
 
source of income is agriculture, with sugar oane as the main crop.
 

The water syst m of SIL-D41) was originally constructed in 1931-32, 
with .,.a.,... as eorces. Threo ,-ther deepwel]ik were drilled in 
1947 , 19n0 "d i:65. At. pro;nt, ofnly tiroe deep ills located in 
the pobiacion (pump stltions no. 1, 2 -a-,i 4), are in use and had a 
measured to-Lal productior. of 3,420 .umd ii January 1977. 'rreatment 
consists of injeoting chlorine gas directly to the distribution mains 
of the three pump st-itions. 

Storal;e faoilitie.: include a :.1,-u~ir elevated storarge tank 
located nea pundir st,-t ian no 1 and a 1904-um stor, e tank located 
near pump station no. 4. 

The present distribution syatm covers almost twicu the area 
ooverd by the original 1931-32 system. The distribution pipes have 
a total length of' 15.5 kin of which 51 percent are galvanized steel 
and 49 pf'rcent, centrif-agally cast irone Pipes range in size from 
62 to 150 znrn. 

TJ;;,...£J.ooeutt servo area of' SI3l-LD covers the poblacion and the 
jaxrros o- Pnbula; nd The service cwa throut.h the year 

2000 will cxted to the barrios of' (ainhalaan nd Lantad,tI 

I- n 
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The total *opulation of the poblacioi, =nd the ba-rrios of
 
i zal L,4hibuli: Ouini. ia~ran !od i, rtad in .~7~i.L z c..
I.t 

:is K: .'.,-:c toe ,, s ~.::.u o 77,7, " "Y~y 2'_ :. ;pi~ -<er:oL: g .w ;h
 
" .: ;'" o .. 3 t .rco - y ai. During this rxar.e
 

l','iodt ihe pop at~c': serve., by the 311,4iD is expooted to increase 

from. 5,900 to 103,10. 

TPe re-. it a;. m,4i 'c , weti: io .x:cte 1 tobe 498 iped 

in ' -;ith a tot a.verag daily aoIu of 3,090 cumd. The per 
capita demzu-d is.. projected to deoreart) to 193 ipod in 1990 due to 
improved water account.tbility and then increase to 199 lpod in 2000. 
The ,ot;7! nvevrv' daiI, water usa iss estitated 0 be 10,590 cumd in 
199@ .: , :..; 0: in;: .in 2000, 

Water Reoource6 

h o c.w.,-ces of water -i-apply for tho 3IL--ID are deep­

we ui, iAdii",:ed infiltrItion ")ellu along the Malogo River, and surfaoe 
water from Imbantg River. Because of' the relatively small capacities 
of rrings, discovoredr their great distanco from L'ilay and the 
difh zu] Ly , coll(Ain;, )Mo. amal.urnatin.- variour aourc.0:,s, springs 
c-r~r y , e not c,).,.AIder(:4 a practioa] t,-ernative. 

3iia Pohl.c;ioi. i, lonriud ar the coaward ed,, of a flat gently 
.loyinw coa;utal plain fhat support, good w].l fo domestic, oomer­

cial, industrialnd aun' .,igation T'hia plain is an excellent 
widecpread arLzifer co.isti- of sends, .Tavels, silts and clays 
derived froi, vnl(oan>c :'sh boil;. and other volcanic rooks to the east. 
.echae' to thet a;qufer is rnainly from direct infiltration of pre­
cipitation Ud :i.nfi13tr-tion from flowing streams in the higher land 
to the edst. Well i:I,:r can supply the I31L-D requiremonts 'beyond 
the year 2000 but sa.i!:ization of coasta. uells may occar if well 
rrodnctica becoriies ico great or too concentrated. 

rmham~nj ad tfivers in mountains east of Silay2ai,.o oriZinate 
an d pass at a point :m and 7 kmn reopectively, northeast of the 
poblacion. Both rivet-i have minimum floNs large enough to meet the 

IL,-,4!) reoavirernorits of the ynar 2000. Une of surface water source 
for W1,:i' Z'pp],y wonld require extnnrive diversion, treatment and 
tranmvis nIA facililiu. Bc;ause of, these .f'actors, economic analysis 
indicates that surfaco qater would be more costly than groundwater. 

.:: he rotenti2 ourc for theSIL-91) is induced infiltration 
al]. the ialr,7o , aot& on studies,River. .or baod economic 

water from rin1iLrzat, we1.J would be more costly than water from 
local dee-;-.well.s Thio.n- alter-1-ative ;otlrce'3, inol'ading sprinze, 
shou l bo consdered " coastal well water -iuality deteriorates, 
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Alternative Studies 

Present worth sttudies on alternkttive sources of water for 
SIL-WD indicate that contir;,. d us- of groundwater rom deepwells 
is the most economical over the project plapnning .- riod. Surface 
water from the Thbani!, River and water from induced infiltration 
wells aiong the Malo-c River were fiund to be considerably more 
costly. 

The requirements for the distribution system were analyzed with 
the aid of' a computer and the resuting system ie described in detail 
in Chapter TX. Based on the analysis of the pressure requirements 
of the system, a single pressure zone has been considered since 
majority of the service area is situated at almost the same elevation. 

Economic analysis of the distribution storage requirements
 
indicates that intermediate quantity of storage and additional 
capacity of wells to meet the peak flows are the most economical. 
The existing 190 cu=n storage would be abandoned because of its low 
overflow elevation while the existing 380 cum storage would be re­
tained. An additional 1,200 cum storage would be needed to augment 
well capacities to meet the peak demands up to the year 2000.
 

B. RECOMME-DATIONS 

General
 

.Awater supply system utilizing wells, nstruoted in and near
 
the service area, as the source of supply is recommended for the
 
SIL-WD. Construction of wells, distribution and administrative fa­
cilities will be carried out during an immediate improvement program 
and a long-term construction program divided into four phases. The 
main features of the recommended long-term project for SIL-WD are 
summarized in Table I-I and shown in'Figure X-I (appended). 

Source 

A total of 12 wells will supply maximum-day demands of 24,640 camd 
to SIL-WD in the year 2000. The three existing sources, wells no. i, 
2 and 4, will be abandoned during Stage I. Chlorination will be the 
only treatment required, with facilities constructed in a program 
parallel to the well construct'.on program. 

Stor e 

Because the relatively low overflow elevation of the existing 
190-cum storage tank is hydraulically incompatible with recommended 
facilities, this tank will be abandoned early in the construction 
program. An additional 1,200 cum of storage capacity, will be
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TABLE I-1 

SURMRT OF POCSED WATER SUPPLY IM4PROVE,fS 
SITJf CITY WATER DISTRICT 

Imediate Improvement. Construction Construction Construction Construction 
Program Phase I-A Phase I-,B Phase r1-A _hase I1-B 

Construction Period 1978-79 1980-85 1986-90 1991-93 1996-2C0 
Total Project Cost (r) 5,182,300 11,491,500 9,688,200 13,521,500 10,27'5'00 
Foreign Exchange Component*(P) 2,648,700 5,288,700 4,806,500 6,1747300 5,2It270-
Source Development Construct one well pump Add 2 wells Abandon exist- Add 3 we'lls Md 2w-" i s cot, 

station complete with complete; img wells no.1 complete ;!e 
disinfection facilities Abandon exist- and 4,- add 4 

ing well no, 2 wells oomplet 
Distribution Facilities 100 100 =-1.3 1= km 100 ';.ka ,9=-4.2 1m 100 =r-1.4 i50 m-

150 mm-2.2 km 150 mm-2,9 ko 150 nm-1.7 km 150 mm- &3km 200 umm-3.5 km 
200 mm-3.0 km 200 4m-67 km 200 mm-4.2 km 200 m'-_--5.4km 250 mm- ,9 I= 
250 Mm-O.2 1m 250 mm- .35 km 250 re-0.05km 250 =,i- .7--1 

Storage 	 Abandon 190- Construct 2&0­
aum tank; con- cm Dail 500,­
struct 50O-cum cuM "znkm 
tank 

rnternal Network leakage survey and. 67.4 hectares 93.6 hectares 192.1 bectares 237.3 bectarec 
repair 

Service Connections Meter existing 908 Repair/replace Add 3,065 Add 3,900 Add 3, ;&> 
Repair/replace 318 318 
Add 1,532 Add 3,065 

Fire Hydrants 289 hectares 137 hectares 237 hectares 237 hsotares 
Miscellaneous Administrative building, Plumbing shop 

equipment and vehicle
 

All foreign exchange figure. used in this report were synthesized from data based on actual costs in U.3* 
dollars. To be consistent with previous studies, these foreign exchange costs were converted to R.P. pesos at & 
rate of US91<0 = RP ?7.0. To obtain correct current foreign exchange costs, multiply those prei.nted in tis 
report by the ratio of the current exchange rate and 7.0. The actual local component of costs (in pesos) iz as 
presented herein. 
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proviled for tie ,].-: 1 - a 500-cum ts- L. in 1902 aud a 200-and
 
500--cum kani' in 103 will lu cotl; ,-ted to meet the ,istribution
 
stora,:e renuirmunL Us to th: year ;OOO.
 

Distribution ':ci liLies3 

The ,i:tribut ion sys tem will] be rinf'orced :aid expnded by
 
the install ation or :4'. 2 km or pipeline with sizu fr.m 100 to 250 mm,
 
by 1990. An ahi,itional 12. kin of Iilines will be cofnStructed by
 
the year 200 to provide uorvi o Lo additional customers.
 

R.", 2000, -,pT.xijunae y29 he tbaes within TI,-'hI will receive 
internal network pi lp1ineu. oervice conneCtions will be in';talled 
in a rvor-ru'n parall( to inlernajl network contruction. There will be 
approximately 8,570 and 16,370 sarvice connections within the service 
area by 1990 zad -0), resixoctively. 

Ca2pita] Co(3t ;Jurnrnajry 

The c:&1I t:l co; I.; for each pthas, of' conutru(;L ion, inulud in; the 
immediate iml roveuienft vi,o,i.am, are uummarized in Table 1-2. A more 
detailed breakdown or costs for the imimediate iml-"ove~ument 1,ro:'ram 
and haue N-A is ivu in Table 1-3 (July 197 price levels). 

Annual OporaLion anid I'aintenance Costs 

Annual operation and w,,tinten:nce costs are ex.penses incurred for 
personnel, power, chemica ,i maintuiianco ard miscell;neous expenses.
Estimates of the annu;L operation aud rnijmLenaunce couts oI the water 
district (baMod on July 197F .rice levels) are ,iven in Table I-4. 

TAI,, 1-2 

CAPITAL CO.I' MUMA;iYJT 


Construction ConstrucLion Construction Projeot Cost () 
Phase ___Period Cost (7') Local Foreign* Total 

Immed iate 
Imnirovement 
Pro,-,ram 1978-79 4 12'1,200 2,533,600 2,648,700 5,182,300 

I-A 19PO-'A 9 43,8,00 6,202,800 5,288,700 11,491,500 
I-B 19V'5-90 7,985,700 4,881,700 4,806,5OO 9,688,200 

lI-A 1991-95 11,162,300 7,347,200 6,174,300 13,521,500 
TI-l 19Q;-2()0() ,6383005,064,800 9,213,700 10,278,.0O 

41,47,300 26,030,100 24,131,900 50,162,000 
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TABLE 1-3 

COST SUMMARY OF IMMEDIATE IMPROVEMENT 
PROGRAM AND CONSTRUCTION STAGE I PHASE A 

Item Local 
cost (r) 

Fore ign* Total 

A. Immediate Improvement Program 

Source Facilities 
Pump Station and 
Chlorination Facilities 81,000 161300 242,300 

Distribution Facilities 
Leaka&e, Detection a ; 
Distribution Pipelines 
Valves 

Repair 25,000 
824,800 
32,200 

96,000 
771,800 
44,200 

121,000 
1,596,600 

76,400 

Service Connecoions 
Installation, Conversion 
and Repair 670,500 1,009,900 1,680,400 

Administrative and Miscellaneous 
Administrative Building 
and Equipment 381,000 
Vehicle 30,000 
Misellaneous 6,500 

43,'000 
30,000 
17,000 

424,000 
60,000 
239500 

Total Construction Cost 2,051,000 2,173,200 4,224,200 

Contingncies 248,900 254t900 503,800 

Engineering 118,700 220,600 339,300 

Land 115,000 115,000 

Total Projeot Cost 2,533,600 2,648t700 5,182,300 

B. Stage I Phase A Construotion 

Souroe Faoilities 
2 wells complete with 
equipment and ohlkrin&­
tion faoilitis 807,000 537,600 1,344,600 

*US $1.00 ­ ?7.00 
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TAB.L3,E 


Rtem 

St orae Facilities 

Distribution !-',cilitJ.es 
Distribution Pipelines 

V2 ve, 


Internal Network 
Service Conpectiok 

Fire Hydrults 

Plumbix - .ho. and Too] a 

Total Coustvuction Cou't 

Contin,,oncies 


Land--! 

T-3 (continued) 

L cal 

1,0,16,500 

1,206,300 
25,200 


393,000 


1,176,000 

193,600 


365,000 


5,212,600 


675,600 


.)0, 000 

2i,600 

6,2u2,02 0 

Cost. (1)
,Fore iL Total 

261,600 1,308,100 

1,234,900 2,441,200
 
37,900 63,100
 

282,700 675,700
 
1,575,700 2,751,700 

267,800 461,400
 

26,000 391,000
 

4,224,200 9,436,800 

526,000 1,201,600
 

53S,0o 828,500 

24,600 

5,288,700 11,,491 ,,()0 

'-7
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Administration 
Ye.-r rand Personnel 

19r6 186,C00 
1"n 253,000 
1.8)B 389,100 
1990 512,400 
1995 673,600 
2000 757,600 

TATVJILE 1-4 
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Power uidt 
ic l Chemicalk, 

43,6 0 1,900 
128 ,50X 14,100 
272,2",0 27,800 
416,000 41,500 
(,05,000 59,600 
794,100 77,800 

Maiitenaico 

29,000 
67,900 
130,400 

205,300 
294,000 

370,900 


!zel ieou.al 

24f200 
35140 
57:,1-)0 
91,900 

14),000 
238,400 

'i85,300 
H19UIgo 

883,400 
1,268,100 
1,780,200 
2,238,800 

Fin ncial jauibility 

The financial feasibility -alysis made for the study eo!Lablishes 
a detailed cot of ,idelines that the water district management may use 
in makin.- crucial decxisions durinh the next few y,'ars. A plan has boen 
developed to indicate the ranner aLid time funds will b3 used to operate
and main tain the sy'ten; implmex t the pro,,ramIv; ,. ,tabliih reserve funds;
and retire indeltednens. W'ater ratcs have been dovolopcd on the basis 
that the System will be fin:tncially self'-upporting. These rates appear 
to be within the ability-to-pay of the avoraje IL-WD householder. 

The water rates by revenue unit. in three-year increflents are as 
follows : 

Rzite /Rt 

1978-1980 PO.8o 
1981-1983 1.20 
1984-1986 1.50 
1987-1991 1.70 

It is r.3coiimqrenc ( that the ivuiplrun tation of 
a socialized pricing; policy to make the finacial 
sumers proportionate to their ability-to-pay. A 
rate structure for 1)78-1980 that would tenerate 
is as follows:
 

these rate-. follo;w 
burden on the con-
Umrple socialized 

sufficient revenue 

I I s i, Cost 
p~r nth _(per ctm) 

first 16 c.. 1- 0.90 
from 17 to 24 cum 
 1.95
 
ipt'aLor than 24 curi 2.75
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Borrowingy requirements w'.11 include r6,B137 m ion -rc I ?8 

to 19l, f,.," "h i', .. 2 o ern. i ro . r 1 . 1 mil .,, i 'T 

1978"tohUkIqk -- f.,' . I a i ?1 5.",. i million 'r m 

1986 to 1991 for i-ha:3e 1-B improvemento. 

Economic Foa-ill"I ityv 

Th8 recom , ed irnpx'ovem nts t ihL :fl,- wauer supply systemn 

will bring about numercus economic benefits to the tucdy area. Eco­
vii exceed the costsnomic feasibility studies show that 	 the benfi-s 

.. ritic:-;, t' 6' ;.tertem.associated with the de.olopment and 

rWo approaches vere adopted to acterinme economic feasibility: 

rate of return (IKRf).the benefit-cost ratio &nd thc internal economic 

In both four benefits valued at 197 8 ryicea were includedfo-pproacie, 
and d.scounted rA 1i- peroent. The benefiit; coufi,.dcurad :re juorease 

in land. values, health, reduction in 'ire damage a-d beneficial value 

of water. Analyses shows a benefit-cost ratio of' 1.7 8v1 and an TERR 

of 80-5 percent.
 



CHiAPrER II INT!,:ODUCTION 

A. 1"Ir2J TEN PROVITCAL RMBAN AREPi.2 

The study contract si-nd by the Local Water Utilities Adnin­
istration-/ (LIIIA) Paci C;Lup 1jresw3r &-IcKee International Inc. (Ci)
on 14 October "974 provide /for the featibility studies for the FirstTen Provincial Urban Areas-' (see Fijure II-i). TPhe feasibi!ity
studies are part of LUJA's effort to develop basic water su-ply plazis
for provincial urb;;a areas off the Philippines. 

During the first 10-area projoci, trin in Ieminara for LWIIA
engieioers were condtwled by tne CM) staff. "The MethodoloaIy Manual

for Water Supply Peao:Ibility 
Studios" was also developed and printed.
In addiGion to the 1(lareas, pVfeasibility studies wore also made
for 131 cities/municipalities._ As of Auust 1976, the feasibility
studies were comtpieted and submitted to LUUA. 

The studios for five of the first 10 areas, Cebu, Zanboar.ga,
 
Daet, Ozwnis Butuan have been appraised by the Asian Develop­and ­
ment B.ank (A),). 
 On (,he basis of the interim reports, the ADD
extended a 16J3) million loan to J4UA in December 1975 to provide

design encineeving services to these 5 
 areas and to implement Phase
I-A oi" the recommended lonr--term construction program (except Cebu

whose shaoe of the lozui covered only engineerin services).
- In
August 1976, the Untied States Aiency for Internationai Deve loprment
(USAIDW sJned a million loan IdUA01O with to provide engineerinr
services and funds for the implementation of the interim improvements
of selected waterworks covered by the preieasibility studies. InApril 1977 the 
International Bank for Reconstruction and ])ev,-lopment
(IBRD) allocated $18.8 million towards the final deBign and initial
phase implementation of the remaining five of the first 10 areas,
namely: Lipa, Lucenai Tarlac, Cabanatuan and 6an Fernando (La Union). 

B. SECO! TEQN PROVINCIAL URBAN AREAS
 

On 10 Aujust 1976, LWTJA and CI)h signed an ainondment to the orig­
inal sturly contraot, extending te-.,easibility studies to include theSecond Thn Provincial Urban Ar3a.J-! These areas are: Urdaneta,

Gapan, Ca]himba, Rislig, Silay City, llangued, Baybay, Roxas City, 

buck-round on LTUA 
is given in Volume IT. Appendix 1).

-//Refer to A.pendix B for summary of first 1O-Area feasibi].iO-.
 studi YO
t Refer to App.wi .x C for sum.;iary of prefeasibility studies o,:
 

131 /
 
UAltho-(:
! inclusion of the 10 atreas 
 is stipulated in the
 

contract, feasibility rstudies for 12 areas have actually ben made.
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Cotabato City, San Fernando (Pampanga), Olongapo City and Los Bafios 
(see Figure 1I-1). This report includes the technical, financial and 
economic studies for the improvemont of the water supply system in 
Silay City. 

The dollar cormiponent of the second 10-area feasibility studies 
has 	been financed from proceeds of a loan to the Government of the 
Republic of the Philippines from tho United Jtates of' America through
the 	USAID, Loan No. 492-TO4001 dated 9 eptembar 1976. The peso com­
ponent of the studies, approximately 41 percent, has been funded by 
the 	Governmeit of the Philippines.
 

The s tgdy contract for the second 10 areas includes the follow­
-ing 	tasks: p

1. 	 Training of' counterpart LIMA engineers through on-the-job 
assignments on various aspects of water supply feasibility 
studies; 

2. 	 Preparing water supply feasibility studies for 5 provincial 
urban areas, using the expatriate and local consultant
 
personnel for conducting such studiesl 

3. Preparing water supply feasibility studies for additional 
5 urban areas, with the LWIA engineers taking a dominant 
role in the conduct of such studies. 

The studies be-Can on 1 ieptember 1976 for a period of 18 months. 
The project staff was composed of 6 U1J3engineers aud 26 Filipino per­
sonnel. The personnel of the respective water districts also assisted 
during the course of' the studies. 

C. 	 11I3TOIiICAL 1PACKGROMI OF},:TLAY CITY WATEt DISTRICT 

The water supply system of Silay City was constructed in 1931 
by the Bureau of Public Works. In 1956, the city government turned 
over the system to the National liatonorks and Setierage Authority 
(currently the Metropolitan Waterworks and Sewerage System) which was 
established to manage waterworks systems throughout the country. The 
system reverted to the city government in 1964. 

/hefer to Appendix A for complete Terms of Referonce. 
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The B7,i-WD was establiehed on 16 Maroh 1976 by Resolution No. 
162 of ";4 2guniang Puglunsncl (city council) to include the 
entire city of Silay. Subsequentl.y, the 31D.WD acquired the owner­
ship and management of the publio waterworks from the city govern­
ment in accordance with Prosideatial Deoree (PD) No. 198 (The Pro-. 
vinoial Water Utilities Act of 1973).
 

The formation of SIL-TD vau promptd by the neod for adequate 
water supply and an upgroled waterworke eystem. Limited fun-!ing 
prevented substa&tial improve:mnto te the system. Moreover, the 
local officials reoognieA the potential role of the water district
 
in providing suffioient, auf timl potable watex supply, 

Tho SIL-WD tine thutj eoctabliihcd for the purpouao of aoquiring,

installing# improvin, maitainit and operating the water supply

system, as Well 40 the wnnto :-tc& collootion, treatmont and dim.
 
posal faoilitien,0 To perform 'thcofThntione, the SIL.VD can obtain 
fimAnoial and tochnionil aogiutancl from L A PD No, 198 provides
tIn,; ' the wator dimtriot chall operate evontually on a financially 
self- uffioiont b 'in. 

The S-L-WD in a quaei-.,)ublio corpo ation and in politically

independent from thin local gVo0v"n0ont. As constitutod, the water
 
distriot is subJeot to tho pro,.?inionis of PD Noo 198 and the rules

and regulations of LWUA,. Tho SIL.WD onn promulgato its own operat­
ing laws through its 5--ombor bonr:d of direotors who ar'e appointed
1W the oity mayor. Wkdimtrltot Can only be diveolved through 
the act of this board.
 

On IL August 1976t L1UA Viarded the Conditional Certificate of
Conformaneo to the -LMA. Uifter it had Complied with the minimuam 
requiraments of LMLIA's oertiI'i ,tion program. This certificate 
entitl4s the SZL-W2 to .C.ht" aq privileges authorized under 
PD No. 198. 
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CHAPTER IIi DESCfIPTOI OF THE WATEf, DISTllIC1/ 

A. PHYSICAL i)SCUiTPTION 

Location
 

Silay City is locaLted in 1 he northwestern portion of the 
province of Vei-ros Occidental- in the Western Visayas region. ith 

5an area of 18,,)O hectares, .ilay i-i divided into the poloacion ­

and 6 barrios.-/ 

The present service area;-/ Of' SHl-WD lies along the western 
coast of Silay and covers the poblacion, and the barrios of Rlizal 
and Mambulac. The service area in the year 2000 will include the 
barrios of Guinhalarun aid Luitad. (See Figures III-1 and VI-i.) 

Physical Features 

The terrain in Silay is predominantly fNat and forms part of 
the western plains of |begres Occidental. Ground elevations in the 
service area vary from 2 to 5 meters above mean sea level. 

Surface runoff ori-inutin, froti the hills and mountains, 20 km 
southeast of the poblacion, drains into several creeks and streams 
discharging westward into Guimaras Strait. Several creeks from the 
eastern mosntains drain into Plalogo [iver, northeast of Silay. 

-The SIb-WD ccvers all lands within the geographic boundaries 
of Sila City. 

-/Negr'os 0cc ~n~tctI. forms the northern and western parts of 
Ilegros island in th(i 1Testern Visayas region, Its boundaries are the 
Visayan Sea on the north, 8ulu Sea on the south, Ietgros Oriental on 
the southeast; Tafion Strait on the east and northeast; and Guimaras 
Strait on the west. 

-T(inw proper 

1/Tho barrio ici a political djv.ision of a city or municipality. 
2/The service area represents sections of the water district 

which are cxurrently served or intended to he served b.y the water 
system. 
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Silay iu clasii.ied unrder the type I climate, i,.ith short dry 
season but no pronotiifed ma-ximum rain period. The climate is dis­
tinctly dry from ,ebruary to April; wet season occurs during the 
rest of the yeair (.eZ Fi,-ure II -,) -

The avera.e annual rainfall for the* period 1960-65 was 2,591 mm. 
During the same year.i, temperature r~ageo from 23.1 0 C in January to 
28.4 C in Nay, with the average at 27 C. The climatological data arelisted in Table 11-1.
 

TABLE 111-1
 

CLINATOLO'1CAL DATA/ 
(1960-65) 

Rainfall (Iflm) Temperature (0c 

January 126,4 2.5.7 
February 106.5 25.9 
March 91.3 27.1 
April 62.? 27.4 
May 172.7 28.4 
June 264.7 27.7 
July 270.8 27.1 
August 273.6 27.2 
September 249.7 27.1 
October 311.3 27.2 
November 381.1 27.0 
i)ecembor 280.5 26.6 

Total 2,591.3 
Average 27 0 

B . POPULATION 

Silay's popul:.rtion in 1970 was 6(),200, an increase o" 14.7 percent 
over the 1960 total " 60,324. The 1970 population was composed of 
10,915 households or an average of 6.3 members per household. The 
general Charaotoristics of the population are liuted in Table 111-2. 

C. LIVING ITIONSCONT 

Physical indicators showing the standard of living in the city 
are listed in Tab]e lIf-3. 'M1ese; indicators are type:j of dwelling 
units, houueho]d facilities iand utilities. 

Y/Source: PA(;A.;A 6-tation in :ilay City 
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TABLE 111-2
 

/POPULATION CIARACTERISTICS (1970) 

Total Population 


2. 	 Growth Rate (1960-70) 

3. 	Density 


4. 	 Urban/Rural Composition 

5. 	 Sex Composition 

6. 	Age Composition 


7. 	 Employment

(% of those 10 years 

and over)
 

a) By class of worker 
(% of labor force) 

b) 	By industry 

(% of labor force) 

8. 	 Education 
(',of those 6 years 

and over)
 

a) By attainment 
(% of those 25 years 
and ever) 

b) 	Number of Schools 


9. 	 Dialects 

10. Religion 


69,200 

1.4% per annum 

3.7 	persons per hectare
 

urban, 34%; rural, 66% 

male, 50 ; female, 50% 

0-14 years, 47%; 15-64 years, 51%; 
65 years and over, 2c 

10 years and over, 47,421 
employed, 54%; unemployed, 46% 

wage and salary, 86%; own business, 
10%; unpaid family workers, 4% 

agriculture, forestry and fishing,
 
59v; manufacturing, 14%; commerce, 6%; 
services, 18'; construction, utilities 
and other industries, 7% 

6 years and over, 54,359 
literate, 78%; illiterate, 22% 

25 years and over, 23,241
 
elementary grades, 60%; high school,
 
15%; college, 9%; no formal education
 
16%
 

public, 25; private, 2; vocational, I 

Hiligaynon, 98%; Cebuano, 1%
 
others, 1%
 

Catholic, 9%; others, 2/
 

1/Source: 1970 Census of Population and Housing, National Census 
and Statistics Office (NCSO). 

These data apply to Silay City as a whole.
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TABLE 111-3
 

CLASSIFICATION OF HOUSEHOLDS BY TYPE OF FACILITIES-8 (1970)
 

1. 	Total Households 


2. 	Average Household Size 


3. 	Water Facilities 

(% of total households) 


4. 	Toilet Facilities 

(Qof total households) 


5. 	Solid Waste Disposal 

Service 


6. 	Lighting Facilities 

(% of total households) 


7. Appliances 
(% of total households) 

8. 	Cooking Fuel 
(% of total households) 

9. 	Total Dwelling Units 


a) 	Type of dwelling 

unit (0 of total 

units)
 

b) 	Roofing material 
(% of total units) 

10,915
 

6.3 	persons pelr household
 

piped water, 26%; artesian well, 27%;
 
pump, 12%; open well, 23%; spring,
 
11%; others,
 

flush/water-sealed, 1.2j; closed pit,
 
22%; open pit, 17%; public toilet,

24; 	no facilities, 47%
 

About 14-18 metric tons of solid
 
wastes is collected daily by the
 
municipal government. These wastes
 
are 	hauled to a dump site located
 
in a low-lying area south of the
 

poblacion, near the Cabug Creek)
 
and then burned.
 

electricity, 24%; kerosene, 73%;
 
oil, 2%; others, 1%
 
radio, 59%; TV, 3%; refrigerator, 4%
 

electricity, 1%; kerosene, 6%; LPG
 
5%; wood, 84%; others, 4%
 

10,635
 

single type, 93%; duplex, 4%;
 
apartment, commercial, etc., 3%
 

durable materials (aluminum/
 
galvanized iron, asbestos, tile/
 
concrete), 38%; non-durable
 
materials (oogon, nipa, etc.), 62%
 

-/ource: 1970 Census of Population and Housing, NCSO
 

These data apply to Silay City as whole.
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Health
 

Water-borne diseases occur particularly in the more densely

populated sections o f t he c it y. 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 Silay City from
 
1964 to 1974. During this period, the average morbidity of 598.4
 
of Silay was lower than the national average of 666.5; its average
 
mortality of 93.2 was nearly twice the national average of 48.1.
 

TABLE 111-4
 

REPORTED MORBIDITY AND0YTALITY
 
DUE TO WATER-BORNE DISEASES / (1964-74) 

Year 
Silay City 

Morbidity Mortality 
Philippines . 

Morbidity Mortality 

1964 567.0 114.6 846.3 60.2 
1965 624.6 88.7 715.8 51.6 
1966 548.1 96.3 715.1 61.9 
1967 353.5 60.6 572.1 47.6 
1968 285.1 77.1 564.8 46.5 
1969 456.2 72.0 706.9 46.0 
1970 632.7 60.4 612.8 39.0 
1971 269.6 99.2 422.5 35.8 
1972 648.7 110.5 743.4 49.4 
1973 1,063.1 162.6 768.4 50.4 
1974 1,133.5 83.4 663.8 40-4 

Total 6,582.1 1,025.4 7,331.9 528.8 

Average 598.4 93.2 666.5 48.1 

Medical services are provided by 2 hospitals, 5 barrio health
 
centers, 135 rural health units and 70 clinics. Health manpower
 
includes over 250 public and private medical practitioners and
 
personnel.
 

29/source: Disease Intelligence Center, Department of Health
 

The water-borne diseases, of which records are available,
 
include typhoid, cholera, dysentery and gastro-enteritis. The data
 
represent rates per 100,000 population.
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D. EC010"I-a0Y/ 

Pamily Incomel- / 

In 1971, the province of Negros Occidinta! was estimated to have 
268,900 families, with a combined anni-al i.n-ore of 7l.2 billion. The 
average family income of P4,328 was higr t):n th.e country's average 
of ?3,736. About 57 percent of the fon.:",: rntituted the low­
income (below r5004-?2r999) bracket. Th ;' &;51 income (?3,000-?5,999) 
group included 29 percent. The r!mini ercznt received annual 
incomes of r6,000 and over. 

City Income 

The city income increased frai F2.1 rn.il1: on in fiscal year
 
1970-71 to P4.0 maillion in 1975. a-pendiroo totalled P1.8 million
 
in 1971 and P3.5 million in 1974-75, indicating surpluses of 4-16 per­
cent, except in 1972-73 when there was a deficit. The city 
income consisted of revenues from ta'iation (contributing 80 percent 
of total income), incidental revenues, and receipts from operations.
 

The following is a sum.mary of rovenuos and expenditures for
 
Silay City for fiscal years 1971-72 to 1975-76.
 

Year Revenues 2:pe~diuroo Surpjlue (Deficit) 

1970-71 P2,o65,284.24 71,808,589.83 r 256,795.41
 
1971-72 2,477,870.41 2,076,029.97 401,840.44
 
1972-73 1,194,111.24 2,080,275.84 (145,045.03)
 
1973-74 3,721,485.52 3,209,390.10 507,472.55
 
1974-75 4,025,107.59 3,857,964 •89 167,142.70
 
1975-76 4,142,892.07 3,472,303.77 670,588.30
 

Agriculture 

The soil and the climate in 5lilay are ideal for the growth of sugar 
cane. Located in the province known as the "Su-ar Bowl of the Philippines, 
Silay is one of the most productive nug-ar-,rc-ring areas of the country. 
Other commercial crops are rootcrops, v'ntables and coconut. 

Fishing is a mears of livelihood of p-gople along the coastal 
barrios.
 

lO/The Philippin3 econcrvv £rcrn 1946 to .976 is discussed in 
Appendix E, Volume II.
 

II/Only provincial data are available at the VCSO. 
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Commerce and Industry 

Sugar milling zond refining are- the major manufacturin , activities.
 
Other business activities are aoJsociate3d with sugar products.
 

Silay is one of the 3 ]argo com'nercinl center: in Negros Occidental. 
In 1976, over 900 business etabli;i>ets me ere registered with the 
city government. Of these establiLLr: ents, inanufacturing accoimted for
 
13 percent, and the wholesale ai-.O i trade, 48 percent.
 

There are 5 banks and fin nci nfj-,i'utions Eerving mostly the
 
sugar farmers.
 

Tranportat ion
 

The road network total r about n)( kf- classified into 8 percent
national roads and 92 'percent city ro-r, liatioma] roads are 
paved with concrete and asphalt. City roods are largely asphalted
 
(74 percent) and gravel-surfaced (2:6 ircent).
 

Power Supply 

The existinig power rates charL2d by the Central Negros Eleotrical 
Cooperative, Inc. (CENECO) to the consumers are as follows: 

First 14 khli - - f0,50 per kuh (13.50 minimum) 
Next 36 kwh .... 0,90 per kwh 
Next 50 kh - - - - 0.80 per kaI
 
Excess of 100 kwh - - 0.75 per kwh
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CHAPTi&' IV LISTIN WAT fEl2 331PTi,Y CIiT'i 

The watorwvrkj i.otem of Sil (ji . oonstruotedCity originally 
by h.e RTr-a c)f Pilic Workv in -6opwelaa 2 so roe2 a 
Throe othor dr-op ; , t 1:iilld j 1-- 4'3, 1960 an. 1965. Wo of thz 
wells, however, were ,bandc 4 wihe thefl atartil produoing turbid 
water. Other faoilities inelnde twa el~vvted storage tanks (380 and 
190 otum capaoity), pum:ping facilities, ch]c. ijation tank and distribu­

tion pipws. The schematic nlhn of the e-Aitinp ,oter system is ehoin 
in Fi.g'e 1V-1 

B. EXJ3SPJ24G WATERWORKS FACILITIES 

The praaen k nreoaes of the 3iL-1WD are three of the 5 oonstruotei
 
deepwells, al. . in L pobrL-.!otoio o;jratinj are
ooat+. oe The sources 
pump Mt&:ionj :. 1. '- ani A; th : ,Abll. r:&rk, Ii~ll ini pump station 
no. 3 ware zba..ionzd b oau#,o of "i.rhiditvy 

The total pro zi.tion frou th 3 oparating tvzlls was mcasured
 
to be 3420 =-v.4. I: 1977- *ltc- for4 th' pump station no, 2
17Thnxary 

flows direo!.ly to tii, distributo:', -ystem. Pump stations no, 1 ant
 
4 feed the 380-0um in the 190-<nz, vtoraa-e tanks, reaspeotively.
 
Table IV-1 is a deecrlptio, of 3 inc deepwolls in the SIL-WD.
 

A i-oum ohloriunion tank ootutruoted at pump station no. 1 ueed 
to be the only treatmant taility ii the S.IL-WD. Treatment was done 
at this pump station by oocoaional aOsago of hypoohlorite powder, 
The ohlorination tank howeverq was taken out of service when 3 new 
gas ohlorinatorn wf.ro installed at vynmp atationa no. 1, 2 and 4 in 
Deoember 1976. At proment, treatment consists of injeotirg ohlorine 
gas directly to the 4istribultion &aina of the 3 pump stations* 

Stora l iti ao 

The ezisting ays-e has 2 alawated 9'toraCe lanku xade of rain­
forced oonareita Thf capa:.itieo 4, theev takus aire 380 oura and 190
 

The 380 c= -zted.orag- Pnk ir: ioortd, near pump station
 
no. I and abo'.t 200 .. ter: north .If tha v y hal.2] Constructed in
 
1932 the tank h s s., . ov'.fP- oi:'ghj.-, 26.4 e v mean
!ervo.e 

TIr-1 
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TABLE IV-1 

DATA ON EXISTING DEENWELL SOURCES 
SILAY CITY WATER DISTRICT 

Nvmber 

Well. 
Casing 

Deptk Diameter 
Constructed (u) (mm) Installed 

Pump 

Type 

Number 
of 

Staes 

Engine Drive 

Year 
RPM Installed T HP RPM 

Operation 
Pumping Actual Discharge 
Hours/ Diseharge Pressure 
Day Rate,(qmd) (m) 

1 1931 72 200 Dee 1976 Gear-
Driven 
Vertical 

10 1760 Dec 1976 Clutohed 115 
diesel 

1250- 14-16 
1800 

1020-1160 16.2 

2 

4 

1947 

196-. 

78 

76 

200 

250 

Apr 1976 

May 1965 

Turbine 
Gear-
Driven 
Vertical 
Turbine 
Gear--
Driven 
Vertical 

10 

10 

1760 Apr 1976 

1760 May !965 

Clutched 
diesel 

Clutched 
diesel 

34- 1250- 15 
48 18C0 

34- 1250- 14-16 
48 1800 

1210 

1040-1190 

11.2 

7.4 

Turbine 
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_____ 

DISTRIBUTION SYSTEM WELL/PUMP STATION 
___________________________ TURBINE PUMP WITH

0 WELL CASING DiAMETE
LENGTH (M)OF PIPE BY TOTAL 

DIAMErER TYPE YEAR INSTALLED LENGTH 
(MM) 1930-1955 1956-1963 1964- 1974 (M) * DISCHARGE = 22.4 LI 

0 PUMPS TO DISTRIBUTI 
62 GS - - 250 250 

75 GS 3820 - 2400 6220 WELL/PUMP STATION 

100 GS 11 80 - - II 800 TURBINEPUMP WITH A 
-- .. * CASING DIAMETER = 2 

t00 CCI - 3840 - 3840 *DISCHARGE= 20.7 LPS 

125 GS 210 - - 2 10 * PUMPS TO THE DISTR 

150 GS 60 - - 60 ELEVATED STORAGE T 

150 CCI 2370 1370 3740 0 190 CUM CAPACITY 
0 REINFORCED CONCRET 

TOTAL GS 5270 - 2650 7920 0 22.8 M OVERFLOW ELCCI - 6210 1370 7580 *USED ALTERNATELY ; 
__15500 & OPENED TO DISTRIBUT 

EVERY TUESDAY, THU 

APPURTENANCES WELL/PUMP STATION I 

* PUMP AND MOTOR Tt 
SIZE NUMBER ________________ REMA RKS 0 150 MM CAE EPORTEWAT MM 150IASCA6NA!*~~~ 

SOME ARE INOPERABLE, SOME ARE 
FROM 75

VALVES TOI5OMM 64 WITHOUT VALVE BOXES 

HYDRANT 75MMWITH 45 SOME ARE INOPERABLE TREATMENTUNMETERED AND UNBILLED 
PUBLIC FAUCETS - I CONNECTED TO SOME FIRE HYDRANTS 0 GAS CHLORINATORS I' 

IN DECEMBER 1976 

* CHLORINATION IS DIRE 

SCHEDULE OF PUMi 
SERVICE CONNECTIONS, JANUARY 1977 

DAYS MO 
TYPE METERED UNMETERED TOTAL 

774 TIME PUMPSTA. PuDOMESTIC 151 623 v 

COMMERCIAL 69 50 119 4:00AM -5:00AM TO 

INSTITUTIONAL - 55 55 " 5:00 AM -12:30PM TO 

TOTAL 220 728 %948 12:30PM-3:3PM T 

3:30 PM - 5:30PM 

5:30 PM - 6:OOPM
I INCLUDES FREE CONNECTIONS AT GOVERNMENT INSTITUTIONS 

AND SOME PUBLIC/PRIVATE HOUSEHOLDS 6'00 PM - 8:OOPM PU1 
NO
 

8:00 PM - 3 :OOAM AT 
SR 

3:00 AM -
4 :OOAM DIS 

_____ _____ SY... 
FEASIBILITY STUDY FOR WATE LWU 
SUPPLY OF SECOND TEN URBAN AREAS 



GU IMA R A S sTRAI7 

STATION NO. 2 (1947) ... ....-.. .... .. *. 

MP WITH A 34-48HP DIESEL ENGINE (REPLACED 1976) 

DIAMETER = 200 MM, WELL DEPTH 78 M 

22.4 LPS (15 HOURS PER DAY) AT 11.2 M
 

iSTRIBUTION SYSTEM
 

STATION NO. 4 (1964) --------. ____" 

P WITH A 34-48 HP DIESEL ENGINE
 

ETER =250 MM, WELL DEPTH =76 M 
20.7 LPS (14 TO 16 HOURS PER DAY) AT 7.4M
 

HE DISTRIBUTION SYSTEM AND STORAGE TANK
 

"ORAGE TANK NO.2 (1964)
 

)ACITV
 
CON CRETE
 

RFLOW ELEVATION ABOVE MSL
 

NATELY WITH ELEVATED STORAGE TANK NO.I
 

DISTRIBUTION FROM 1800 TO 0300 HOURS
 

3DAY, THURSDAY a SATURDAY 

STATION NO. 3 (1960) PUBLIC MARKET WELL it (1932) PO 

2F fJM, ELL DEPTH 76MMOTOR TdKEqqOE.T 974 SCASING DIAMETF 


NOI II'R kND WELL DEPTH OOM 0'WA&EI !SWEr'TDLY TURBID
 

REPORTEDLY TURBID fELECTRICALLY -OPERATED SUBMERSIBLE PUMP NOW
 
BEING INSTALLED TO SERVE ONLY THE MARKET.
 

T SYSTEM PRESSURE
 

'NATORS INSTALLED AT 3 PUMP STATIONS 'VERY LOW AT THE EXTREMITIES OF THE DISTRIBUTION 

LINE. PRESSURE IS GOOD ONLY *NEAR THE PUMP STATIONS. 

)N IS DIRECT TO DISTRIBUTION SYSTEM 
R 1976 


OF PUMP STATIONS, STORAGE TANKS a SUPPLY TO SYSTEM 

MONDAY, WEDNESDAY, FRIDAY & SUNDAY TUESDAY, THURSDAY E SATURDAY REMARKS 

P STA. PUMP STA.NO.I PUMP STA.NO,2 PUMP STA. NO.4 PUMPSTA. NO. I PUMPSTA.NO.2 PUMPSTA.NO.4 

:OOAM TO DISTRIB. OFF TO DISTRIB. TO DISTRIB. OFF TO DISTRIB. DURING TANK 

-do- -do- TO DISTRIB. -do- FILLING FROM PUMP
:30PM TO DISTRIB. TO DISTRIB. TO" STATIONSVALVE 
:30PM TO ELEVATED -do- -do- -do- -do- TO ELEVATED DISTRIBUTION IS

TANK NO. 1 - TANK NO,2 CLOSED 

:30PM -eo- -do- -do- TO ELEVATED -do- TO DISTRIB. 
TANK NO.I 

:OOPM -do- - do- - do- -do- -do- - do­

:OOPM PUMP STATION PUMP STATION
NO.IOFFWATER -do- -do- TO DISTRlB. -do- NO.4OFFWATER OFTEN TIMES 

OFF AT TANK NO. 2 TANKNO.2ISCLOSEDTANK NO.I
EAT OFF OFF OFF 
,OOAMISRELEASED TO IS RELEASED AT 4'00AM 

,:OOAM DISTIBUTION OFF OFF OFF OFF 
'SYSTEM 



.......-::BARRIO. j.-., MAMBULAC .
" 


o / G 


RAS6 ST80CUACPAIT 06C 

of--
,, 

UMP NOW 
RKET. 

- REINFORCED CONCRETE 

0 26.4 M OVERFLOW ELEVATION ABOVE MSL 
0 USED ALTERNATELY WITH ELEVATED STORAGE TANK NO.2 
* OPENED TO DISTRIBUTION FROM 1800 TO 0400 HOURS 
EVERY MONDAY, WEDNESDAY, FRIDAY AND SUNDAY 

DISTRI BUTION 
PUMP STATIONS, WELL/PUMP STATION NO.1 (1931) 

* TURBINE PUMP WiTH 115 HP DIESEL ENGINE (REPLACED 
*.WELL CASING DIAMETER = 200 MM, WELL DEPTH = 72 M 
" DISCHARGE = 20.2 LPS (14 TO 16 HOURS PER DAY) AT' 16.2 
" PUMPS TO DISTRIBUTION SYSTEM AND STORAGE TANK 

1976) 

M 

EMARKS 

URING TANK 
G FROM PUMP 
NSVALVE TO 

IBUTION IS 
D 

TEN TIMES 
0.2 ISCLOSED 
OAM 

FIGURE 1Y-I 
EXISTING FACILITIES 

SILAY CITY WATER DISTRICT 
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sea level. In 1975, this storage tank was taken out of service 
because the centrifDjal pump that replaced the defective turbine 
pump at pump station no. 1 had a low pumping head. However, the 
tank was again put in use when a new turbine pump was installed 
to replace the centrifugal pump in December 1976. 

The 190-cum olovated storage tank is located near existing pump
station no. 4 and aNout 550 meters east of the city hall. The tank 
has an overflow elevation of 22.8 meters above mean sea level. Con­
structed in 1964, the tank was being used only for emergency purposes
such as fire-fighting and pump breakdown in one of the stations. In 
January 1977, however, this tank began to be used for regular water 
supply from pump station no. 4, 

Distribution L 

The present distribution system covers almost twice the area 
covered by the original 1931-1932 system. About 34 percent of the 
present distribution pipes were constructed in 1930-1955; 40 percent 
in 1956-1963 and the remaining 26 percent in 1964-1974. Fifty-one
(51) percent of the pipes are made of galvanized steel; 49 percent 
are made of centrifugally cast iron. A schematic plan of the exist­
ing distribution system is shown in Figure IV-2. 

P ehe . . At present, the distribution system has 
about 15.5 km of pipes ranging in size from 62 to 150 mm. Forty (40) 
percent or the piping system is 75 mm in diameter; 32 percent, 100 
am; 25 percent, 150 am; and 3 peroent, 125 and 62 mm. The following 
table is a dencription of the distribution system by diameter, ma­
terial, length and period of construction. 

Diameter Length of Pipe (i) 
(Z19 2 1956-1 96 561014 Total 

62 GS - - 250 250 
75 GS 3,820 - 2,400 6,220 
100 
100 

GS 
CCI 

1,180 
-

-

3,840 
-
-

1,180 
3,840 

125 
150 

OS 
as 

210 
60 

- -
-

210 
60 

150 CCI - 2,30 1,370 3,740 
aS 5,270 - 2,650 7,920 

Total CCI - 6,210 1,370 7580 

15,500 
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jy~stm Pressuros. Several 24-hour pressure recordings and a 
number of spot prosure readings were made in this study. Except 
near the pump stations, the pressures over the distribution system 
are low, particularly at the extremities of the system. The pres­
sures generally ary from 0.7 to 10 meters over 24 hours. Minimum 
pressures occur in the evening and early morning after all the pump 
stations are shut off and water is supplied only from either one of 
the storage tanks. Water is released from the storage tanks to the
 
system at a pressure of 4.2 meters. Table IV-2 is a summary of the
 
recorded 24-hour pressuree in the system. 

Valves anL&drant . Available information and a field survey 
made in January 1977 indicate that there are some 64 valves in the 
system varying in size from 75 to 150 m; and 45 fire hydrants, all 
locally made of 75 mm pipe. Some blow-off valves in the system are 
used by the fire tncks of the city government for drawing off water 
for fire-fighting use. Some fire hydrants are not operational due 
to defective valve stems. Even if all hydrants were funotioningt 
they would be of little use for fire-fighting because of the generally 
low pressure over the distribution system. Five (5) public faucets 
are connected to these hydrants. 

TABLE IV-2
 

24-HOUR PRESSURE RECORDINGS 
ON DISTRIBUTION SYSTEM4 

Pressure Period (hr) 

Number Fire Rydra-wt Location 2M¥f Recrded 
Range 
_ 

of Positil"e 
Preaur, 

1 Abad. Sarntos Srreet/Bcnifaciu 
Street 11/12 Jan 77 0-7-5.0 24 

2 J. Rizal Avenue/' reediom 
BouIevard 11/12 Jay 77 1.9-6.8 24 

3 Washington Struet/tMoKinley
 
Street 12/13 Jan 77 0.7-8.7 24
 

4 Cinoo )e Noviembre Street/ 
Silay-M.mbls. Road 12/13 Jan 77 0.9-10.0 24 

5 Plaridel StreoL/Burgoe Street 13/14 Jan 77 1.7-7.3 24
 
6 Freedom ioulevard/Loney 

Street 13/14 Jan 77 2.4-7.8 24
 
7 Pump Station No. 1 15/16 Janl 77 0-26.0 0400-2,..,j

8 Pump Station No. 4 15/16 Jan 77 0-10.6 0400-2000
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Serrice Ctnueptions. ".777~ th Sib AID hd abu'a'is Of ~ 

948 registered oer~i.- '2.pc-.erit aro :-ere-,
conn.iction o) i hioh 

and 77 p-iroent are ;-IL,-tereoi. S V 4ny-two (72) pEroenv of the
 
metored connections hey defotive hater meters. Six (6) percent of
 
the unmetered oonnections are uot billed. 
These unbilled connections
 
are those at government inatituticno, arc3 i'so in ia pri-rate house­
holds. Tease conneotiona wore made aJhen the watLe system war still
 
under the adminiutration of the oity government.
 

B consumer oategoryq 774 or L42 peroent of th6 total connections
 
are domestic, 119 or 13 percent aro aomriroial, td 55 or 5 paroent
 
are institutional, inoluding 44 iufbilled unmetered
and conneotions. 
The following table classifies the number of connections in January
 
1977 into metered and unmetered and by type of consumer. Information
 
on the number of conneotions 1oy size was not available.
 

Jnbrof SerLvos Conneot ioms 
Majored
 

o GoooomeConsumer 2at oorY TotalG erd 

Domestic 26 125 
 151 623 774 
Commeroial 36 69 11933 50 
Institutional 
 - - U 

Total 62 158 220 728 948 

The SIL-Wi) had )08 and 994 i-agiuterad connectionu in October and 
Deoember 1976, respeatively, The number of servico conniotiona fluctuates 
evwjmonth due to the district's oampaign of disconnecting delinquent
consiuners and installiig ne connections cud reoonections. At the time 
of preparation of Chapters TY, X and XI of this report, there were a total 
of 908 service connections within the water distriot. 

Two (2) illegal eonneotions warA founl during the pilot area 
survey in Deoember 1976, The SIL-MbI has recently requested the
 
unregistered users to regiser their ser'ice eonnootions as 
well as
 
the registerod. oonc:eauionaires to renew their applications for con­
neotion. This measure is intended to eliminate unbilled and illegal
 
conneot ions,
 

Pubio Fauoetsz. There are 10 tm~blic faucets in tL. system, all 
unbilled and unmatered. Fiye (5) of the: are COo-Ineoted to fIre
 
hydrants, and some are connected to blow-off valvoe in the system.
 

*Lacludae 44 f.; cor tio'ar at governient IMatitutioiiL and 
private hous ehol ds, 
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The SIL-WD operates and maintains the deep well pumping facili-. 
ties and distribution system. The Production Division of the water 
district, which includes the division ohit!' and the pump operators, is 
in charge of operating and muintaindrg tho system Plumbing work ia 
done by some of the pump operators. The repair of defective water 
meters is done by a mechanic under the supervision of the Commercial 
Division. 

The operation program oonsists primarily of operating the deep 
well pumping stations. and filling and- emptying- the elevated, storage 
tanks. The pump stations used to be operated 16 hours daily on a 
staggered schedule to provide a 24-hour water supply. After a new 
pump was installed at pump station no. 1 and the storale tanks were . 
put in service in Janu7 1977, the pump stations have been operating 
for an average of 15 hours daily* 

The filling schedule of the 380-cmm tank iv 12:30-6:00 p.m. every 
Monday, Wednesda y Friday and Sunday; (nd 3:30-6:00 p.m. every Tuesday, 
Thursday and Saturday. Water from -the tank is released to the distribu­
tion syetem from 6:00 p.m. to 4:00 a,A. every Monday, Wednesday, Friday
and Sunday* The 190-oum tank is filled from 12:30 p.m. to 3:30 p.m. 
every Tuesday, Thursday and Saturday; and its water released from 6:00 
p.m. to 3:00 or 4:00 a.ms on the same days, Figure IV-1 shows the 
operation schedule of the storage tanks.
 

The maintenance program consists mainly of servicing the pumping 
units; repairing leaking mains and servio lines; and repairing do­
feotive service meterso 

Two vehicles (a jeep and.a J-ton truck) are currently used by 
the SIL-WD for its routine operation and nuintenanoe work. These 
used vehicles were acquired from the USAID in December 1976. Before 
the vehicles were acquired, the SIL-WD used an old Jeep borrowed from 
the city government. 

C. WATER WUALITY 

Water samples were taken from the 3 ourrent well sources and 
othar publio and private wells on 14-17 September 1976. The results 
of the analysis of water samples ere oompared with Philippine 
National Standards for Drinking Water in Table IV-3. 

The analysis shows that the cheical quality of the 3 current 
well sources ia within the permissible limitso The private well at 

: V-,
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TA3LE 117-3 

WA~QUALTY FZT REULTS 
SILAr CMTf WAR DISTRICT 

Existing Wels 	 Public and Private delle
General 	 ao - Well 
Hospital Artesian At 3o ,, att -:end

Permissible Pump Stn I Pump Stn 2 tlup Stn 4 Well Gainhalaran Panr.'.ozao 
unit .. ,'mit s 14 Sept 76 14.e-._ 15 Sept 15 7 15 S 76 J. 7 7,j76 Sept &it 

1,nor 	 APHA 15 10 10
T'Uxbidity ?M 5 4 5 4 2 5
Total Dissolved Solid* m9/l 500 150 163, 143 
 156 	 188 165,Aui- .,icromh~s/oe _ 230 235 220 240 	 290 "5 

Chemical 
'. 7-8.5 7,0 7,0 6.9 6,7 6.9 6.7

•ot a." Alkalinity M&i _ 
-" CaCO3 125 135 115 115 145 85 

.za!i0iay Ca03 	 0 0 0 0 0 0
iTo'al Harcdness mg/!

CaC03 400 76 73 58 71 80 58 
Cacim 	 mi 

Ca 75 19 22 19 20 
 23 	 16
 
iagnesium m&/l 

Mg 50 7 4 3 5 5 4 
tat al fLon Mel 

ce
Fluor-ide 	 mg/l 0.3 nil 0.08 0.29 1.26*** 0.2 5*** 

F 	 1.5 0 0 0 	 0 n.l 
Chloride 	 mg/l


C1 200 5 7 
 5 5 	 7 10
Su fat 0 	 m'/l
 

so 200 1 nil nil nil 1 
 3Nitrate 	 m&/l 

7 7 7 7 	 8 
0.1 0 0 0 0 	 O 03* 

I"c" " 65% of orAucti -t•~~~~~~~~~ ........ ; 	 byh -. -P,~ no:,, t io,.:.. 7A,an ,: -,. fez" '!: inlir g Water
....... : .L..... 


..L ..' ..,-,D l .L." ,f X, 'i , Z, .'? . . ? 	 " . " " . . D - 4 



H~acJ r q Pi>: -o ,hows Createo _lor, turbidity, -_d iron -han thi 
excessive timits; the ra neseI/ content of 0.3 rag/l is greater
 
than the porn .wias-l .Imit c,f. L17/1., Th : iron ..ntent of the 
well at th .eai{.pital also ero;da the xoossive limit of 
*3 uec/l 

Bacterio.ogioe.i quality teozt of wii! uatov di pnimp stationB 
1 anid -were -9ade in Ootober 1976 (aeo Annex Tables IVC-1 and 
I-G-2). The test sinowed that datt- a± pump station no- 4 was 
negative for coliform organism ad water at pump station no. I
 
was positive for oclirorm organism, indioating we.ter contamination,
 
At the time of the bacteriological tests, pump station no. 1 had 
no sanitary seal; at presett, a sanitary seal has already been
 
provided at this well. 

D. WATER USE PROFILE
 

Gegaral
 

The ourrent water consumption in the SIL..WD has been analyzed

to determine its water aocountabili-ye Data on revenue-produoing 
connections and other service connections were obtained from the 
water district. Other data were obtained from field measurements
 
of produotion and a pilot area sury oonduoted in December 1976
 
(see Methodology Miemoranda No. 1 and 2 and Anney.IV-D). 

Pilct Area a_
 

The pilot ar . about 4.6 heotareav is loosted in the central
 
portion of the present service area. It consists of 140 households
 
with a total populatJ.on of 984, or an average of 7 persons per

household. Intemrrisv of the 140 households show the following: 
69househdlda aru regi-terod conoe'sionairea; 2 households are un­
registered ooncessionaires; 30. 5/households are "borrowers" from 
registered conoessionpires; 15.3* housskold. rely on public faucets;
10 households have their oun private weill; and 15.2* households are 
"borrowers" from private well owners. These data have been used 
to derive the number of oonsumere of the SIL-WD water supply. 

PqpiAlation ServYed 

Water users can be classified generally into primary users
 
(registered concessionaires) and secondary users (borrowers). In
 

Excessive iron and manganexe make drinking water unpalatable
and stain laun.ry, pvoicelain and plnmbing fixtures. Manganese stimu­
1ates ho growth of some zioro-organms in water. 

- Some households talm water from both the water district and 
other private aourcer 
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addition, other uLGaeS in the SII,-WD are t ..
sing the public
 
faucets for their regular water supply and those with illegal

connectiou, The total o.C 944 registered oonrections (as of
 
December 1976) representz the total number of households who are 
primary useri Ph-e include metered and235 households 709 un­
metered hcuoehol.s, inclhding 44'unbilled households. Based on 
the pilot area warvcy results, the other -users are apiproximately
109 borrower houpeiholds from metered concessionaires; 330 borrower 
households from unnetered concessionaires; 212 households using
publio faucets; Lr 33 hcusehold;3 with illegal conneotions. 
Applying the pilot area average of 7 persons per household to the
 
water district, the total users ol the SII-WD water supply are
 
estimated to be 11.396, (comprisinga total of 1,628 households.
 

Total ConsI2upt ioL:
 

The walt ,rcon:,umption per .oneation hao been determined on
the basis of the psilot area survey reeu]ts. The actual consumption 
of ooncousionair3s with working asters in the pilot area is about
6 0e4 oi!mo -o -ctiup._ of consumption is assumed
T/0pr Th:.i volurw 
also to Zapply to the ovunro,-r6i concess:iolai,ea tnd households with 
illegal connu.vtionn The actua' conzramption of meteeed concession­
aires appears hirh Xn coparisou with that of other cities. This 
can be attributed to the system's high water production and low 
water rates The consumption of borrowers and use-s of public
faucets from the water qyotem is assmed to ba 9.3 cum/mo per 
household. 

The total consumption is about 65,065 our/nio, which is broken
down into 57,324 cm/mo for regiatered concessionaires; 3,776 cur/mo 
for borrowers; 1,972 oum/mo for publio faucet consumers; and 1,993 
cure/me for users with illegal connections. 

Aooount ed-fo -Wat e, 

The acconznt -d--for-water is the sum of consumption of concession­
aires with working meters and inferred conuumption at registered
connections with defective meters and without meters, 
Hence, the
 
accounted-for-water is defined as the revenue-producing water for
 
the SIL-WD, Based on the pilot area survey results, the total 
accounted-for-water in December 1976 was 18,368 cur/mo broken down 
into: metered consianption, including that of borrowers from metered
 
concessionaires, 4t594 cu/mo; inferred consumption at 
connections
 
with defective meters, 1,870 cum/nmo; and inferred consumption at
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unmetered connections, 11,904 cum/mo. The water produced from 
the 3 current well sources for the same month was 112,840 cum.
 
This accounted-for-water represents about 16 percent of th. total
 
production.
 

Unaccounted-for-Water
 

Unaccounted-for-water does not generate revenue for the
 
district. It consists of underbilled usage at defective metered
 
and unmelgred connections; unbilled usage at illegal and free con­
nectionsm, usage of borrowers from defective 
 metered, unmetered and 
free connections; and usage of households relying on public faucets.
 
It also includes wastage, leakage and other uses. Unaccounted-for­
water represents 84 percent of total production. 

Uderbilled Usage. This represents the unbilled portion of the
 
volume of water consumed by concessionaires with defective meters and 
by those without meters. Analysis based on data from the pilot area 
survey and present water rate reveal that actual consumption exceeds 
the volume of wa-er billed by 42.5 cum/mo per unmetered connection 
and by 49.0 cure/mo per defective metered connection. Such under­
billed usage in December 1976 was about 36,298 cum or 32 percent of 
total production. 'Thisvolume of water would produce revenue to 
the water district if water rates were increased and working meters 
installed. 

Unbilled UUsae6 Thia is the volume of water consumed at illegal 
connections and by unbilled concessionaires such as government 
institutions and some private households. The pilot area survey 
indicates that this consumption in December 1976 was about 4,651
 
cum or 4 percent of total water produced. This volume of water
 
would also produce revenue if all connections were legalized,
 
metered and billed accordingly.
 

Usage of Borrowers from Defective Pletered, Unmetered-and Free 
Connections. This is the consumption of households who request 
for water from their neighbors with service connections. The
 
pilot area survey shows that the consumption of these borrowers 
is 9.3 cum/mo per household or a total of about 3,776 cum in 
December 1976; corresponding to 3 percent of total production. 
Borrowers' consumption would be revenue-producing if all con­
nections were meterol. 

-I/Feeconnections refer to unbilled connections at government 
institutions and sone private households. 
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Usage of Households Using Public Faucets. This is the usage

of households relying solely from the system's public faucets*

The pilot area eurvqy indicates that consumption of these house­
holds was 1,9742 cvi in December 1976 or 2 percent of total water
 
produced.
 

Wastage, Leakage and Other Usey. Included in this classifica­
tion are the following 
 wastage incurred at defective metered,

unmetered and illegal connections, wastage at public faucets; water
lost due to leaks in the distribution mains, service connections
and pump stations; water used for fire fighting, street cleaning
and flushing of distribution mains. This category of water con­sumption is to beestimated 42% of production or 47,775 cu/tmo. 

Suary of Water Aocountability 

The water accountability in the SIL-WD is summarized in TableIV-4. The accounted-for.watert about 16 percent of total production,is the sum of billed consumption of registered concessionaires withgood and defective meters and those without meters. 
The unaccounted­for-water includes underbilled usage at defective metered and un­
metered connections, unbilled usage at illegal and free connections;
 
usage of borrowers from concessionaires with defective metered,
unmetered and free connections; usage of households relying 
on publicfaucets; wastage, leakage and other uses. Unaccounted-for-water is

estimated to be 84 percent of total production. 

E. HYDRAULIC SURVEY DATA 

Field measurements of the hydraulic oonditions of the SIL.WD 
were conducted during the period 10-18 January 1977. The purpose

of the field measurements is to provide data for 
a computer modelof the existing system and to isolate areas with major operational

problems. The field measurements are summarized in Annex Tables 
IV-E-1 through IV-E-6. 

Pump Stationfi 

Pump tests were conducted at pump stations no. 1, 2 and 4 todetermine the head-capacity curve for existing pumps (see AnnexFigures IV-E-1 through IV-E-3). Efficiency and horsepower curvescould not be made because the pumps are directly driven from dieselengines. From these pump curves and pump pressure readings over a 2 4-hour period, the estimated production as of January 1977 was3,420 cumd. Annex Tables IV-E-1 and IV-E-2 show the recorded pump 
tests at pump stations no. 1 and 4. 
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TABLE T-4 

SUMMARY OF WATER ACCOMTABILITY 
SILAY CITY WATER DISTRICT 

Amount of Water...(Dec '76) 
mategr.cuio cumd 

Percent of 
Production 

1. Total water production4-/ 112,840 3,640 100% 

Accounted-for-water 
a) Metered consumption (work. meters) 

(71 connections with borrowers) 
b) Metered consumption (defeqtive meters) 

(164 connections) 

c) Unmetered consumption 
(665 flat rate conn6ctions) 

Sub-Total 

4,594, 

1,870 

11,904 

18,368 

148 

60 

384 

592 

4.1% 

1.7% 

16.4% 

2. Unaccounted-for-Water 

a) Potentially billable water consumption 44,725 1,443 39.6% 

b) 

c) 

1) underbilled defective 
metered connections 

2) underbilled unmetered 
connections 

3i unbilled illegal connections 
unbilled free connections 
consumption of borrowers 
from defective metered 
connections 

6) consumption of borrowers 
from unmetered connections 

Consumption of households from 
public faucets 

Wastage, leakage and other uses 

(8,036) 

(28,262) 
( 1,993) 
( 2,658) 

( i'o 

( 3,"69) 

1,972 

4777 

64 1.7% 

49-_aL 

Sub-total 83.61! 

lOO%''V 

I/Produotion in December 1976 
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The current operating schedule obtained from the SIL-WD is
 
illustrated in Annex Figure IV-E-4.
 

Drawdown recovery curves were obtained for pump stations no.
 
1 and 4 on 15 and 13 January 1977, respectively. The measured 
tranamissivities are 175 cumd per meter (14,100 gallons per dayper foot) at pump station I and 164 cumd per meter (13,200 gallons 
per day per foot) at pump station 4. Annex Figures IV-E-5 and IV-E-6 
show the transmissivity curves for these pump stations. 

System Pressure 

Two continuously recording pressure gages were installed to
 
measure the system presw.ue within a 24-hour period. Readings 
were made on 6 locations within the distribution system. These 
gages were likewise installed at pump stations no. 1 and 4. 

Pressure varied from zero to 26 meters during the test period

(15-16 January) at pump station 1 while pressure ranged from zero
 
to 10.6 meters at pump station 4 for the same period. Tha pres­
sure tests on 6 different locations show that pressure generally
 

to meters
vary from 0.7 10 over 24 hours. Minimum pressures occur
in the evening and early morning after all the pump stations are

shut off and water is supplied from either one of the storage

tanks. 
 From 5:00 a.m. to about 8:00 p.m. average pressure is
 
about 4-6 meters indicating low pressures over the distribution
 
system. Table IV-2 and Annex Figures IV-E-9 through IV-Ef11 show

the recorded 2 4-hour pressures in the system. (For hydrant loca­
tions, refer to Annex Figure IV-E-12.) 

HydrantFlow Tests 

The hydrant flow tests were conducted to determine how the

Silay distribution 
system operated under certain measured flow 
conditions. Flows from fire hydrants on Bonifacio, Rizal, Loney
and Cinco de Noviembre Streets measuredwere during 4 separate
flow tests while pressures were recorded at other locations in
 
the distribution system. The results of the flow tests are listed
 
in Annex Tables IV-E-3 through IV-E-6. The tests show that for a
given flow out of the system, areas within the central part of the
distribution system show averaga pressure losses while those areas
within the extremities of the system (particularly the northern
 
and southern portions) suffer larger pressure drops. No severe 
fluctuation in pressure was observed in those hydrants affected
by flows coming from at least two of the pump stations. Annex 
Figures IV-E-13 through IV-E.16 show the location of hydrants 
where flow measurements were conducted.
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F. COMPUTER STUDIES 

The purpose of conducting computer studies on the existing
 
distribution system is to duplicate, to the greatest extent practi­
cable, the hydraulic conditions observed in the field. By doing
 
this, it is possible to evaluate the impact of improvements on the
 
existing system. 

There have been adequate field data gathered for Silayp how­
ever, oomputer studies could not be conducted on the existing Sys­
tem due to several reasons. The data gathered indicates that water 
production in excess of 60 lps enters the distribution system by 
pumping or from the storage tanks. For such a sizable volume of 
water to enter the system and to flow through the existing pipe­
lines, a significant headloss across the distribution system would 
be required. The data also show that the system operates at a
 
fairly flat hydraulic gradeline, that is, with very little head­
loss across the system. The Silay distribution system probably
 
has significant leakage close to the pumping stations. Thus,
 
much water is lost and only a small amount reaches other parts of
 
the system, resulting in the flat hydraulic gradeline.
 

The distribution system must have reasonable integrity (free 
from major leakage) in order to model the system on the computer. 
An open discharge caused by a major leak cannot be modelled. If 
minor leakage is known to occur, then an estimate can be allocated 
to nodes in the system and an analysis can be made. It appears 
that a major loss of water is occurring in the SilsV distribution 
system, and without a thorough field investigation, the existing 
system cannot be modelled on the computer. 

Portions of the existing system that could be utilized in
 
the future have been retained and included in computer studies
 
for the future system. The data for these facilities have been
 
based on visual inspection of the existing facilities.
 

G. DEFICINCIES OF THE EXISTING SYSTE4 

Only three of the 5 constructed wells are currently in use. 
The two were abandoned for producing turbid water and for lack of 
pumping facilities.
 

The two storage tanks are not used during day-time and peak­
hour demands; they are used only at night-time when the pump
 
stations are not operating. When filling the tanks, the valves
 
in the distribution system are closed, reducing the water supply
 
and pressure. Interviews with several concessionaires later
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verified by field surveys, indicate low pressures at the extremi­
ties of the system. Some consumers residing north of the poblacion
 
sometimes do not have continuous water supply. Water supplied to 
one institution without a service meter is being used for irrigation
 
purposes.
 

Results of the pilot area study indicate that unaccounted-for­
water is excessively high. Most service connections are not metered.
 
Some connections are not billed for old political reasons. Illegal
 
Gonnections are known to exist. Public faucets abound in the sys­
tem and their use is not billed. Connections, such as un­
metered, defective metered, free, illegal and public faucets con­
tribute to the large unaccounted-for-water in the system. 

About 34 percent of the distribution pipes are 45 years old. 
Cross-connections between water pipes and polluted drains and im­
properly repaired leaks in service connections exist in the system. 

Water sampling and quality analysis is not regularly done. 
Meter repair and plumbing facilities are inadequate. Water rates 
are very low. Domestic, commercial and institutional concession 
aires are charged uniform rates. 
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ANNEX TABLE IV-C-1 

BACTERIOLOGICAL c-UALITY TEST RESULTS 
SILAY CITY WATER DISTRICT 

WELL AND PUMP STATION NO. I 

Date: 13 Oct '76 Date: 13 Oct '76 	 Date: 13 Oct '76
Collection - Receipt - Examination 

Time: 10:20 AM Time: 8:40 AM 	 Time: 9:00 AM 

Appearance: 	 Clear Sediment: None 

Test for Coliform Organisms
No. of tubes Presumptive Confirmed Completed 	 E. Coll.
 
with 10-cl
 
samples each Gas in lactose Gas in
 
for the tests 	 broth at 3VC Secondary Gram (For fecal
 

24 hours 4 
hours BGB EMB 	 Lactose Stain coliform 
broth at detection) 

37 0C 
12 Neg. Poe. Poe. Pos. PoS. Gram Negative 
2. Neg. Pos. Po. Pos. Negative 

30 Neg. Neg. 

4. Neg.. Neg. 

• 5. Neg. Neg. 

Colonies per ml of sample in agar plate after 24-hour incubation at 370 C 2,596 

MFN: 5.1 Acid test: 	 Ethyl violet test: 

Organisms isolated: 	 Intermediate
 

Remarks:
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ANNEX TABLE IV-C-2 

BACTERIOLOGICAL QUALITY TEST RESULTS
 
SILAY CITY WATER DISTRICT
 

WELL AND PUMP STATION NO. 4
 

Date: 13 Oct '76 Date: 13 Oct '76 	 Date: 13 Oct '76 
Collection Receipt Examination 

Time: Time: 10s20 AM Time: I0s30 AM 

Appearance: Clear 	 Sediment: None 

No. of tubes Teat for Coliform Organisms 
with 10 ml Presumptive Confirmed Completed E. Coli. 
samples each Gas in lactose Gas in 
for the tests broth at 370C BGB EMB Secondary Gram (For fecal 

24 hours 48 hours 	 Lactose Stain coliform 
broth at detection),?c 

1,_ Neg. Neg
 

4. Neg. Neg.
 

5. Neg. Neg* 

Colonies per ml of sample in agar plate after 24-hour incubation at 370 C 0 

MPM: 0 	 Acid test: Ethyl violet test: 

Organisms isolated: 

Rema-rks: 
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ANNEX IV-D
 

PILOT AREA SURVEY
 



CAMP DRESSER & McKEE INTERNATIONAL IN 

ANNEX IV-D
 

Memorandum
 

To : L. V. Gutierrez, Jr.
 

From : P. N. del Rosario
 

Date : 3 January 1977 

Subject: Pilot Area Survey for Silay City Water District 

I. 	 GENERAL INFORMATION 

A. 	 The pilot area is located southeast of the City Hall and east 
of the public plaza. It has an area of about 4.6 hectares 
bounded by Rizal Avenue (4i..hway) on the west, Zamora Street 
on the north, Bonifaoio Street on the east, and MoKinley 
Street on the south.
 

B. 	Data on 140 households within the pilot area, a total
 
population of 984, indioate an average of 7 persons/ 
household and a density of 214 persons/hectare. 

II. OBJECTIVE 

The analysis presented herein attempts to quantify water 
accountability and the number of primary and secondary users of 
SIL-D water supply. In this analysis, accounted-for-water is 
defined as the water billed based on the prevailing water rate 
schedule of the district. 

III. SURVEY RESULTS
 

A. 	 Types of Consumers: 

1. 	 Number of connected households 69* 
2. 	 Number of borrower households from connected 

households 
 30.5**
 
3. 	Number of households relying on WD public
 

faucets 
 15.3*
 

114.8
 
4. 	 Number of households relying solely on own 

private wells 
5. 	 Number of borrowers from private well owners 15.2** 

Total 	 25.2
 

*Two (2) are illegal, 55 flat rate, 12 metered with 3 working meters
 
and 	9 defective meters. 

**Some households take water both from WD concessionaires and private 
source; it is assumed that 60 percent of such households' water requirement 
is taken from the WD, and 40 percent from private source. 
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B. 	 Consumption Figures as Given in the Survey* 

Range of Consumption 
1. 	 Metered concessionaire 

(working meter) 	 60 ­ 670 	ipod
 
2. 	Unmetered concessionaire
 

(flat rate) 
 20 - 80 ipod
3. 	 Private system owner 15 - 90 lpcd 
4. 	 Borrower 5 - 80 ipod 

C. 	Willingness to Pay for Improved Service Per Month:
 

Amount Willing Number of
 
to Pay/Month Households
 

1. Below average income Average P 9 24
 
2. Average income 	 Average ?12 90 
3. Upper middle income Average ?14 15 
4. High income** 	 P15 to 25 or higher 8 

IV. WATER ACCOUNTABILITY ANALYSIS (refer to computations) 

A. 	 Summary 
1. 	Accounted-for-water (cum/mo)
 

a! 	Metered consumption (working meters) 4,594 
Metered consumption (defective meters) 1,870 
Inferred unmetered consumption 
(flat rate) 1,904 

18,368 (16% of 

2. 	Unaccounted-for-water (cue/mo) production) 
a) Potentially billable water 44,725 (40," of
 

production)
 
1) Underbilled defective 8,036 

meter use
 
28,262
fl 	 Underbilled unmetered use
Unbilled illegal consump­

tion 1,993
4 	 Unbilled free consumption 2,658 
Usage of borrowers from 
defective metered, unmetered, 
and free connection 3,776 

*Other households could neither estimate their oonsumpuion nor 
remember WID billing due to delinquency in payment; others have given
 
estimates.
 

**Will pay any amount the WD will impose provided meter is installed.
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b) 	Usage of households from public
 
faucets 
 1,972 (2%of production)


c) 	Wastage, leakage and other uses 47,775 (421 
of production)

Total Unaccounted-for-water 
 94,472 (84% of production)
 

B. 	Input Data
 

1. 	Water production - 3,640 cuind or 112,840 cure/mo*
 

2. 	a) Number of concessionaires - 944 + illegal
 
Registered conceorifnaires:
 

1) Unmetered -7C9 	 billed unmetered - 665 
unbilled unmetered - 44 (free 
cornect ions** at government 
institutions and some private
 
bouaeholds) 

2) 	 Metered - 235 vrorking meter - 71 
defective meter -164
 

b) 	Water rate schedule:
 

1) 	Unmetered rate - ?8.00/mo 

2) 	Metered rate - "irst 1.5 cure 
 7.00 (minimum) or
 
tO. 47/cum
 

next I6-30 cum - 0.35/cum
 
next 31-50 cum - 0.30/cum
 
next 51-80 cum - 0.25/oum
 
over 80 cum - 0.20/cum
 

c) 	Thus, billed unmetered connection/mo a 15 + 1.00

-0.35/cr 17uo9. 

3- Pilot area data 

a) Total households in the area 140
b Total WD concessionaires in area 69 households (2 illegal 

included)

49% of 140


1) Unmetered (flat rate) - 55 + 2 illegal connections
 

Working - 3 - 194 cum/me
Defective - 9 - 103 cum//mo 

*Production in December 1976 when all piunp stations were each
 
operating at 16 hours per day.


**Different from public faucets in the system.
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c) Total number of WD borrowers 30.5 2W of 140
 
d) Total number of households
 

relying on 1ID public faucets 15.3 11% of 140
 
e) Total number of households 

with own water source 10 7 of 140 
f) Total number of households 

borrowing from private source 15.2 111 of 140 
g) Actual consumption of con­

nections with working meters 194 oum/mo (borrowers 
included) 

or consumption of each
 
connection 64.7 cum/mo = 2.1 cumd 

h) Average consumption of 9 
defeotive metered connection 103 cum/mo (borrowers 

included) 
or 11.4 oum/o/connection - 0.4 cumd 

(based on previous consumption) 

C. 	 Computations 

1. 	Billed water of WD (accounted-for-water) 
a) Connections with working meters 64.7 (71) 4,594 cure/mo
b) Defective metered 

connection 11.4 (164) - 1,870 oum/mo 
c) Unmetered (flat rate) 

connection 17.9 (665) -11,904 cum/mo 

18,368 cum/mo 
61 of 

pi oduction 

2. 	Unaccounted-for-water - 112,840 - 18,368 - 94,472 cum/mo
 
(84 of Pro­
duotion)
 

3. Total households relying on WD water - 944 legal connections 
+ illegal oonneotions + borrowers from metered and unmetered 
connections + households relying on WD public faucets. 

a) 	In pilot area survey, total households relying on WD water 
= 67 (legal connections) + 2 (illegal) + 5-5 (borrowers from 
metered connections) + 25 (borrowers from unmetered 
connections) + 15.3 (relying on public faucets) - 114.8 
(821 of total household in pilot area). 

legal connections 	 6658 

total households relying on WD water 

By ratio and proportion: 

944 	 legal connections m1628 total households58 

dependent on WD water 

IV-D-4
 



b) 	Breakdown of the total 1,628 households dependent
 
on WD water
 

I. 	legal connections 
 944
2. 	 illegal connections (20* of 1,628) 33 
3. 	Borrowers from: 

connections with functioning meters- 33 
conneotions with defective meters - 76
billed unetered connections -310 
free unmetered connection 
 - 20 	 439


4-	 Household relying on WD public faucets* 212 

Total 1,628
 
4. 	To compute for potentially billable water, consumption


fi6 res for WD concessionaires and borrowers are needed.
 
a) 	Consumption of borrowers:
 

Based on the pilot area, consumption of borrowers
 
varies from 5 ­ 80 lpod. Using an average of 43 lpcd
(by comparison, borrowers in Metro Cebu WD consumes 
35 lpcd, based on the First Ten-Area Feasibility

Study) consumption of each household borrower 

, liters (ur ( persons
S prsonda '1000 household" 0.30 oumd 

or 9.3 cum/mo/household 
l. 	Consumption of borrowers from connections with 

working 	meters w (33) (9.3) 
 307 	cum/mo

2. 	 Consumption of borrowers from defective­

metered 	 connections w (76) (9.3) 707 	 oune/mo
3. 	 Consumption of borrowers from billed 

unmetered connections - (310) 	 (9-3) 2,883 cum/me
4. 	 Consumption of borrowers from free
 

unmetered connection = (20) (9.3) 
 186 	 Gum/mo
5. 	 Consumption of households relying on VI)

public faucets -.(212) (9.3) 1972 cue/oo 
b) 	Consumption of concessionaires with functioning 

meters, excluding borrower usage - (64.7) (71) ­
(33) (9.3) - 4,287 cum/mo or 60.4 cum/mo/oonnection 

5. 	 Underbilled and unbilled consumption 

a) 	 Underbilled consumption of:
 
unmetered connections = (60.4 
- 17.9) (665) - 28,262 cum/mo
defective metered connections (60.4 - 11.4) (164) 

Scum/mo
Total underbilled consumption 36,29 cum/mo 

*Obtained from pilot area ratios
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b) 	 Unbilled consumption of: 

illegal connections - (60.4) (33) = 1,993 cum/mo 
free connections 0.4) (44) - 2,6 cum/Mo 

total billed consumption 4,511 um/mo 

o) 	 Unbilled consumption of households relying 
on public faucets 1,972 oum/mo 

6. 	 Fotentially billable water - 5a + 5b + usage of borrowers 
associated with unmetered and 
defective metered connections 

- 36,298 + 4,651 + 3,069 + 707 

- 44,725 oum/mo (40% of production) 

7. 	 Wastage, leakage and other uses - Production - (Accounted-for­
water + petentially billable 
water + household usage from 
public faucets) 

- 112,840 - (18,368 + 44,725 
+ 1,972) 

- 47,775 oum/wo (42% of 

production) 
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ANNEX IV-E
 

HYDRAULIC STUDIES
 



ANNEX TABLE IV-.1 

PUMP TEST AT PUMP STATION NO. I 
SILAY CITY WATER DISTRICT 

Date of Pump Test: 15 Janauary 1977 
Flow Instrument Used: 100 mm orifice pipe with 75 mm orifiee plate
 

Teflection of 

Water (h) ,,Discha ,Pressure 

am (ichs) iq __(P1iK)_ Remarks 

192 
177 

75.6 
69.7 

22.84 
21.96 

362 
348 

1.41 
7.04 

2 
10 

Valve fully opened 
Valve throttled 

156 61.4 20.57 326 14.08 P0 of 
133 52.4 19.12 303 21.12 30 
112 44.1 17.54 278 28.16 40 
84 33.1 15.27 242 35.20 50 
63 24.8 13.19 209 42.24 60 " 
44 17.3 10.98 174 49.28 70 
29 11,4 9.o2 143 56.32 80 
15 5.9 6.75 107 63.36 90 " 
3 1.2 2.90 4 70.40 100 
0 0 0 0 72.54 103 Shut off 

From head-oapaoityourve at pumpin( pressure of 16.2 meters 
of water (23 psi), Q = 20.2 lps 6320 gpm) (see Annex Figure IV-E-1) 
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AM= TABLE IV-&.2
 

PUMP TEST AT PUMP STATION NO. 4 
SILAY CriY WATER DISTRICT 

Date of Pump Test: 14 January 1977 
Flow Instrument Used: 100 mm orifice pipe
 

Deflection of 

m 
Wate

(inohes) 
(hDish =Pressure

W") Remarks 

175 69 21.83 346 3.87 5.5 Valve fully open 
155 61 20.50 325 7.74 11.0 Valve throttled to 11 psi. 
104 41 16.97 269 16.54 23.5 to" 23.5 " 

38 15 10.22 162 30.27 43.0 " " " 40 " 
6.5 2.6 4.23 67 42.24 60.0 of" 60 " 
0 0 0 0 47.88 68.0 Valve closed (shut off) 

From head-oapacity curve at operating pressure of 7.4 meters 
of water (10.5 psi), Q - 20.7 Ipe (330 gpm) (see Annex Figure IV-E-3) 
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ANNEX TAB1E IV-E-3
 

HYDRANT FLOW TEST 
 NO. 1 
SILAY CITY WATER DISTRICT
 

Corner 

Bonifaeio & 

McKinley St 


Hydrant (Hydrant 
location Plw 

Hydrant
 
Elev. 
Above
 

Ground
 
m) 0.59 


Time Discharg
 

3:55 0 9.8 
3:56 11.20 5.2 
3:57 8.40 7.0 
3:58 8.76 6.9 
4:05 8.76 6.8 
4:07 9.08 7.0 

Pressure Recorder No. 1 

Pressure Recorder No 
2 


Corner 
 Corner 

Zulueta & 
 Gomez St 

Donifaoio St. Zulueta St 

(Pressure (Pressure 


--TTest 2) 

1.07 1.06 

9.8 9.3 

8.2 7.0 

8.4 7.6 

8.4 7.6 

8.4 7.4 

8.3 7.5 


-

-

Corner 
Bonifacio & 
Zwnora St 
(Pressure 

'Pest 3) Remarks 

0.93 

11.7 Valve closed 
10.6 Valve throttled 
10.7 
10.7 " 
10.6 " 
10.5 " " 

below hydrant. Approximate pressure drop

during flow test: 
 114 m 

-10.6 mn
 
0.8 m
 

installed along V. Abad Santos Street, corner

Bonifacio Street. 
Recorder installed at

0,825 m below the fire hydrant. Approximate
 
pressure drop during flow test: 
9.6 m
 

-8.0m 
1.6 m
 

installed along Freedom Boulevard, corner 
Rizal Avenue. Recorder installed at 0.95 m 
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ANNEX TABLJ IV-F_,-4
 

IHYDRANT FLOW TEST NO. 2
 
SILAY crff WATER DISTRICT
 

Alon- Rizal 
3t 100 m 
South of 

Aguinaldo St 
Hydrant (Hydrant 
Location P 

Hydrant 
Elev. 
Above 
Ground 
(m) 1.08 

Time Discharge 

1:28 0 7.2 
1s31 6.86 0.8 
1:32 6.80 0.7 
1:34 6.93 0.7 
1:36 6.57 0.6 
1:38 7.02 0,6 
1:40 6.75 0.6 
1:42 7.08 0.7 
1:44 0 6,2 

Pressure Recorder No, 1 -


Pressure Recorder No. 2 
-


Corner Corner 

Keedom Blvd Figueroa St 

& Rizal St 
(Pressure 
T 

0.97 


8.3 

3.9 

3.8 

3.7 

3.7 

3.5 

3.5 

3.7 

6,5 


& Rizal St 

(Pressure 


0.46 


7.4 

5.3 

5.3 

5.3 

5.3 

5.3 

5.6 

5.8 

7.9 


Corner
 
Zamora &
 
Rizal St
 
(Pressure
 
Test 3) Remarks 

0.90
 

8.3 

7.0 

7.0 

6.9 

7.0 

7o1 

7.2 

7.5 
8o2 


Valve closed
 
Valve fully opened
 
"o
 

" 
" 

"
 
"
 
"
 

Valve closed
 

Installed along Washington Street* corner 
McKinley Street. 
Recorder elevation below hydrant: 79 cm 
Approximate pressure drop during 
flow test: 8.9 m
 

6.9 in 
2.0 m
 

Installed along Cinco de Noviembre Street,
 
corner Silay-aa'ibulao Road. 
Recorder elevation below hydrant: 81 cm 
Approximate pressure drop during 
flow tests 9.1 m 

1.7 m
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ANNEX TABLE IV-.-5 

HYDRANT PLOW TEST NO. 3 
SILAY CITY WATER DISTRICT 

Along Corner Corner Corner 
Zamora Loney and Plaridel and Rizal and 

Corner Loney McKinley St Zamora St Severino St 
Hydrant St (Hydrant (Pressure (Pressure (Pressure 
Location Flow Test) Test 1) Test 2) Test 3), Rema 

Hydrant 
Elev. 
Above 

Ground 
M) 0.69 1.03 0,95 0.84 

Time Discharge 
b* Q~is ELI P m) F (m) P3(m) 

11:20 0 6,5 6.9 6.3 3.7 Valve olosed 
11:21 
11:22 

11.88 
11.57 

0.6 
0.6 

4.9 
4.8 

4.7 
4.5 

2.4 
2.3 

Valve fully opened 
" " " 

11:24 11.57 0.6 4.7 4.4 2.3 " " o 
11:26 11.48 0.6 4.4 4-4 2.2 " " " 

11:28 11.70 0.6 4.4 4.4 2.2 " " " 
11:30 11.48 0.5 4.2 4.4 2.0 " " " 
11:31 0 5.6 6.3 5.3 3.0 Valve closed 
11:32 0 6.0 6.5 5.8 3.3 " 
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ANNEX TABLE IV-E-6 

HYDRANT FLOW TEST NO- 4
 
SILAY CITY WATER DISTRICT
 

Corner 
Corner Cinco do Zulueta Along Corner 

Noviembre & & Cinco de Zulueta St Along Rizal & 
MoKinley St Noviembre St near Plaza Blumentritt Figueroa St 

Hydrant (Hydrant (Pressure (Pressure St (Pressure (Pressure
Location Flow Test) Test I) Test 2) Test 3) Test 4) Remarks 

Hydrant k~
 
Elev. 
Above
 

Ground 
(M) 0.93 0.63 0.85 0.45 0.46 

Time Disoham 

11:24 0 5.9 6.7 7.2 7.4 4.4 Valve closed 
11:25 5.34 - 5.6 7.0 7.0 2.8 Valve opened 
11:29 5.81 - 5.0 7.1 6.9 1.1 
11:30 6.16 - 4.9 7.0 6.9 1.1 " o 
11:31 6.26 - 4.9 6.0 6.6 1.1 " " 

" " 11:32 7.18 - 4-9 6.3 6.6 1.1 
11:33 7.02 - 4.9 6.3 6.6 1.1 " " 
11:34 6.86 - 4-9 6.0 6.6 1.1 I " 
11:35 6.93 - 4.9 6.0 6.6 1.1 " " 
11:36 7.08 - 4,9 63 6.5 1. " to 
11:37 7,21 - 4.8 6.3 6,5 1.0 " " 
11:38 7.29 - 4,6 6.0 6.5 0.9 " " 
11:39 7.14 - 4.6 5.6 6.5 0.9 " " 

6.0 6.5 1.1 " t11:40 7.02 - 4.6 
11:41 0 5-1 6.0 - 6.3 3.8 " closed 
11:42 0 5.6 6.3 - 6.9 4.3 " " 
11:43 0 5.6 6.4 - 7.0 4.2 " o 
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C!LAFTPR V PEASIILITl ;3TG°Y CP.I'P RIA 

A. QINIBAL 

Vie planning, design, economic, and financial criteria used in 
the water supply feasibility studies have been derived from studies 
of local condition.8 a epted practices, standards and methods de­
veloped in the First 'en ?rnvinoial Urban Areas Feasibility Studies. 
These criteria, tegether with tho developed basis of cost estimates, 
have been utilizel -to evaluate and compnaue tho varaiu3 alternatives 
identified in th -%urseiuf Vie study. 

In the anald -- "Luation of alterra&ives, feasibility 
study criteria need not i.c ,-a refined as those used in the detailed 
development f th .e'ded schemo Consistency is, however, 
essential. As lone as each alternative to b(, analyzed is judged by 
similar criteria (or. rules),evatlae-1of alternatives will be 
accomplished in a fair and consistent manner.
 

D. PLANING CRITERIA 

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

1. 	 Areawide A:acb Planning of facilities has been done 
on a regional or areawide bas .s, taking into aocount the 
present district service boundaries and the logical long­
term service areaz beyond present district or political 
boundari s. 

2. 	 Source of Waters Grvundwater and surface water ..ave been 
given equal consideration as potential sources of water.
 
However, based on the first 10 feasibility studies,
 

grokmdwater derived from wells, when available, is 
expected generally to be more aconomioal than eonven­
tionally treated surface water. 

3. 	 Sel'-Sufficiency: The recommended plan has been developed 
to provide the highest quality of water service within the 
"ability-to-pay" of the consumers. 

4. 	 Conservationt In the selection among alternative plans, 
water, power, chemicals and foreign exchange are considered 
valuable resources which must be oonaerved to the greatest 
extent possible. 

5. 	 Stae Develo ent.: Te 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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Construction Started Target 

1980
 
Phase I-A 1980 1985
 
Phase I-B 1986 1990
 
Phase II-A 1991 1995
 
Phase lI-B 1996 2000
 

Immediate Improvement 1978 


6. 	 AlternatiXe. Pan Scregni g and Selection: From an array 
of identified plan alternatives, the reoommended plan has 
been selected on the basis of least (present worth) cost 
and other non-economio parameters. The selected plan has 
been tested for eoonomic/finanoial feasibility. 

7. 	 Skilled Manpower Shortae: The recommended plan has re­
cognized, in the short term, the apparent shortage in 
skilled, technical and managerial expertise. Emphasis 
has been given to the need for district personnel trainin& 
and certification. 

8. 	 Water R~ality: The feasibility study has identified pre­
sent and future water quality problems and includes re­
commendations for providing a water supply that is safe, 
healthful and wholesome. 

9. 	 Sooial Soundnes: The successful completion of any pro­

jeot must take into account the social acceptability of 
its recommended programs (Appendix S, Volume II). 

C, DESIGN CRITERIA 

The basis of design for these feasibility studies is presented 
in detail in Appendix F, Volume II of this Report. The design cri­
teria are basically similar to those utilized in the First Ten 
Provinoial Urban Araas Feasibility Studies* Minor improvements/ 
modifications have been made as indicated in the Methodology Memo­
randa included in Volume I of this report. 

Water Accountability 

As much as possible, water accountability has been determined 
through field testing and measurement procedures, augmented by data 
gathered in the pilot area study surveys (see Methodology Memorarda 
No. I and 2). Where field data were not available and the pilot 
area study survey results were not conclusive, the weighted average 
of the water accrntability results of the First Ten Provincial 
Areas was used (see Figure V-i). 
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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 lpcd 
Group 2 220 - 230 lpcd 
Group 3 193 - 199 lpod 
Group 4 174 - 181 lpd 
Group 5 157 - 165 lpod 

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

For the analysis of existirg oonditions, itual 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 Method-ilogy Memorandum
 
No. 3).
 

Demand Variation 

Maximum daily and peak hourly demands have been estimated from
 
field data euid available records. For the basic analysis of the
 
water supply facilities, the following ratios have been used:
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maximuai.a to average-day ratio a 1*2: 

peak-hour to averago-day ratio M 1.5:1 - 1.75:1 

D. ECONOMIC AYD FINANCIAL CRITERIA 

Discount Rate
 

The .)pportunity cost of capital or disoount rate used im this 
feasibility study is 12 percent, The discount rate has been used 
for ecornomic soreening of the teclhnically viable alternatives (see 
Chapter IX, Methodoloy Manual oyt Water Supply Peasibility Studies, 
Volume I). 

Inflat ionarv Trends
 

The national econou' of the Philippines in discussed in
 
Appendix E, Volume II*
 

Projections made in this feasibility study assume a general
 
cost escalation rate of 10 peroent 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 axriumo
 

Economic Justif cation
 

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

!inj~ca~l.Criteoria 

The financial 4uEtification of this project is based on the 
district customers' ability-to-pay, a financial feasibility analysis 
(see Chapters XX and XXI, Methodology Manual) and a suggested so­
cialized pricing scheme, based on increasing unit cost of water with 
ircreasing consimption (nee Chapter X). 

E. BASIS OF COST ESTIMATES
 

Construction coot curves have been developed ,.or in plaoe costs 
of pipelines, deep wells, water treatment plants, pump stations, and 
storeag reservoirs. These cocst urves have been used for estimating 
the relative cost nagnitades of alternative wnter supply plans. 
Escalation factors used in o61oulating the capital cost of reoommendsd 
improvements in July 1978 pribes, as wall as the above unit oosts1 
are presented in Appendix G, Volume II. 
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F. TMPLEMNPATION 3CM-E)ULF
 

For purposes of feasibility study and eoonomio/finanoial

analyses, an implementation schedule han been asumed. Figure V-2
shows the probable time-table which covers the planning, desjg.,
and implementation of the Tmmediate Improvement TrYogram and
Phase I-A. It is assumed in these feasibility studies that the
recommended Immediate Improvement Progrn is to be fully imple­
mented by the LWUA interim Demonstration Program. 

ESTIMATED PHASE I-A 6CIM1ULE 

Final Report Submission September 1977

Seleot Final Design Engineer September 1978 
Start Finad )eai6jr October 1978 
Complete Final Design September 1979 
Start Constnaotion January 1980 
Complete Construction:
 

a) Source 1982 
b Distribution 
 1982
 
c) Internal Network 
 1985
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CHAPTER VI 

POPULATION ALD WATa fE i]DJ PROJiCTIONS 

A. GMIAL 

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

significantly affect facility layouts and sizes, construction
staging and t.he cost of the project. This chapter develops these
 
projections for the SIL-WD.
 

B. SIEuVICE AR&I POPIJUTIUN PIRJJ CTIUI; 

The population projections have taken into account the

previous population trend in Silay City; present land use and
development plan; the physical limits of the urban areas and 
current and proposed facilities.
 

The population, of Silay from 1948 1975to has t.rown at an
 
averaCge anvv:z'l rate of' 4.1 percent. The annual growth rates
have fluctuated 
during this period from 4.8 percent for 1948-60 to1.4 per cent for 1960-70 and 8.4 percent for 1970-75. The growthrates of Silay are ilenerally higher than those of the Philippines.
The following table shows the population and the growth rates of
Silay from 1948 to 
1975, and the national growth rates.
 

Year Population Annual Growth _ationalT) Growth () 

1948 35,570

1960 60,324 4.8 (1948-1960)

1970 69,200 1.4 (1960-1970) 

3.10
 

1975 103,493 8.4 (1970-1975) 
3.0
 
2.66
 

The decline in the average arnual growth rate from 1960 to
1970 was attributed lartely to the outflow of sugar cane plantersand factory workers from Silay, a major sugar--.owing city. Duringthis period, the foreign demand for sugar had declined and sugParfarming and milling activities consequently siackened. However,
the abrupt increase in population from 1970 to 1975 was caused bythe expansion of sugar milling activities in the city, the r!ecentdiversification of farm crops and the development of housing sub­
divisions in the urban areas.
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The service area for the present and the years 1980, 1990
 
and 2000 (Figure V1-I) have been developed on the basis of field
 
inspection and discussion with water district and city officials.
 
by the year 2000, the SII,.I) in nxpocted to serve the urban por­
tions of the poblacion (1ones I to V)-; Barrios Rizal, Mamubulac,

Guinhalaran and Lantad. The prirlw-ir factors that will affect the 
future growth of those arew's aro: 

(1) An increase in population due to an influx of workers 
and their families. Tis will be due to the continued 
expansion of sugar mills in the city and the develop­
ment of corporate farming systems. 

(2) The good access roads, transportation and oomunication 
facilities and municipalities. This is expected to 
induce expansion of commercial establishments outside 
Baoolod City, from twhioh Silay in only about 11i km. 

(3) The devolopment of housing subdivisions in the urban
 
areas of Silay (lena and Ortiz Subdivisions in the 
poblaoion, Employees and Hofilena Subdivisions in
 
Barrio M;wbulac, and Seaviuw Subdivision in Barrio 
Guinhalaran).
 

The population projections have been made by applying specific

annual growth rates for the poblacion and barrios in the service
 
area. The ettimates of growth raten are based on field observations 
and discussions witi local officials and water district personnel.

The population gi'owth rates are determined after the service area
population densitiei, urbon development plans, employment opportu­
nities, existing inu iitrial activities and proximity of the city 
to other urban aroa.: of the province, have been considered. 

The IhUA-(P 1 projections have not been used because they 
are considered eup!cially applicable to mixcd urban and rural areas 
but considerably Io4 for entirely urbmn areas. Fbr the urban areas 
of Silay City, arnual growth rate, arc erpected to be higher than 
the national and rainicipal avera-e innual growth rates (for, example,
the IJC.3O 1975 population for Silay City (103,493) already exceeds
the IJ--PUP(XA[1 1990 high assumplion (9 .,783) projection. 

Projected popuIationi within the service area shown inare 
Table VI-l and are summarized as follois: 
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Average 
Population Density in 

Total 1 /Overall Annual in Service Service Service Area 
Year Populationz Growth Rate(,) Area Area (ha) (persons/ha) 

1975 62,624 21,280 104 205

1980 81,160 5.3 (1975-1980) 41,440 302 137
 
1990 123,350 4.3 (1980-1990) 84,610 606 140
 
2000 177,220 3.7 (1990-2000) 130,770 1,032 127
 

The analysis shows that the population in the service area
 
(see Figure VI-2) will increase from 21,280 in 1975 to 130,770

in 2000. Densities in the service area will average between 120
 
and 200 persons per hectare. The total population in Silay pobla­
cion and 4 barrios will increase almont 3 times from 62,624 in
 
1975 to 177,220 in 2000. Overall annual growth rates in this
 
area will decline from 5.3 percent in 1975-1980 to 3.7 percent
 
in 1990-2000.
 

C. PROJECTIONS FOfl1 SERVD POPULATION 

Served population in the SIL-WD has been projected to in­
crease significantly within the next two decades. 
 The increase 
will be a result of: (a) the intense campaign of the SIL-AWD 
to connect as many customers as possible (at present many house.­
holds without connections rely on public faucets and neighbor's

piped water for water supply); (b) the stated desire of residents 
in the SIL-WD to partake of the benefits of modern piped water 
system; and (c)the increase in population as well as in service 
area coverage of the SIL-WD. 

Table VI-2 shows the detailed breakdown of the served popula­
tion projections of the Silay poblacion and the barrios within
 
the service area. These are summarized below:
 

Year Projected Population
 
Served in the 
 Percent
 

- Population Service Area Served 

1975 (present) 5,900 21,280 
 28

1980 (immediate) 15,630 41,440 38
 
1990 54,870 84,610 65
 
2000 103,160 130,770 79
 

11Of Silay City Poblacion (Zones I to VI) and 4 barrios. 

VI-4
 



1501
 

Z 

125 

00 

Co 

. 
=/ 

/ 

/
/

/
/ 

/
/ 

zI­

z 

_75 

~ 

a. ~ 

4SY4 

0 
1948 1960I-­

1! 
1970 

YEAR 

/1980'1 
99Og 'IO0 E 

1980 1990 2000 

FIGURE MI-2 

SERVICE AREA 
FEASIBILITY STUDY FOR WATER I*ASUPPLY OF SECOND TEN ftAPOPULATION PROJECTIONURBAN AREAS LkAUA DMIV SILAY CITY WATER DISTRICT 



TABLE VT- ;
 

SE.RVi:, POEpUL TON PIO2ECTION2
 
SILAY CITY WATER DISTRICT
 

Present 

Servica 


Area 


I. 	POBLACION
 
(Zonev i-i)
 

A. 	Population in Service Area 14,941 

B. 	Numbor of Service Conneotions 681* 

C. 	Conneoted Population 4,424 

D. 	% Conneoted 30 


II. RIZAL
 

A. 	Population in Service Area 2920 

F. 	Nuimber of Service Connections 135* 

C. 	Connected Population 878 

D. 	% Conneoted 30 


III. MAtIBULAC
 

A. 	Population in Servite Area 3,420 
B. 	Number of Service Connections 92* 

C. 	Conneoted Population 598 

D. 	% Connected 18 


IV OUINHALARAN
 

A. 	Population in Service Area 0 

B. Number of Service Conneotions 

C, Conneoted Population 

D. 	% Conneoted 


V. 	LANTAD
 

A. 	Population in Service Area 0 

B. 	Number of Servioe Connections 

C. Connected Population 


Do % Connected 


TOTAL
 

A. 	Population in Service Area 210280 

B. 	Number of Service Conneotions 908 

C. Connected Population 5M900 
Do % Connected 28 

*Registered oonnectiozis ts of Ootobo:r 1976'
 

Imediat 

Service 


Area 


209620 

1,290 

89250 


43 


7,090 

380 


2,410 

34 


8,200 

470 


3,030 

37 


5,530 

300 


1,940 

25 


0 


41;440 

2,440 


15,630 

38 


1990 2000 
3e6nrioe Service
 
Area Area
 

31,270 42,030
 
3,420 5,670
 
21,890 35,730
 

70 85
 

12510 22,210
 
1,170 2,640
 
7,510 16,660
 

60 75
 

18,180 24,430
 
1,990 3,300
 

12,730 20,770
 
70 85
 

14,170 26,400
 
1,330 3,140
 
8500 19,800
 

60 75
 

8,480 15,700
 
660 1,620
 

4,240 10,200
 

50 65
 

84,610 130,770
 
8,570 16,370
 
54,870 103,160
 

65 79
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Trhe s PI'rr-- loPtWlmiOfl I;' Ch ~ ' t 
vice are.' l:LlJ§o: 1:[1975 iS proje:;tP ted . elit in 1980, 
65 percent in 1990, --d 79 pcxcent in 2000. Hence, the served 
population wouhi incrcLse fr:m 5,900 it 1975 to 10*,160 in 20XO0, 
or an of 17 .. . ( o& Yi ,re V.2)increase tiines 25 ;r 

The projected in--ases in ser-v'd population ;i,,re 9,730 f'rom 
1975 to 1980; 39,240 from 1980 to 1990; and 48:290 from 1990 to 
2000. The projected iicrease3 are concentratei in the present
 
service area, the se'vcd population of which will include '71 pe1­
cent of the total served population in 2000. The 2000 serve(] popula-
Lion outside the present servioe are will represent the remaining 
29 percent.
 

A year by year tabulation of projected served population 
from 1978 to 2000 i.e oLown in Table VI-3. 

D. WATER DI4ROD PROJECTIONS 

The water demaikd of the SIL-VD has been projected to increase 
significantly as a result of continued growth in nerved population. 

Per capita domestic water use, cormeroial/industrial/iinstitu­
tional use, as well an unaccounted-for-water (expressed as per­
centage of production), have been estimated for the years 1980, 
1990 and 2000 for the service area. Cased on analyses (see Metho­
dology Menmorandum No. 3), SII-W.l has been Alassified unCer droup III, 
which has the followinr water use pavametes: 

Domestic use, ped 105 120 135 
Commer ca l/indu trial// nst itut ional , 

lpcd 14 19 24 
Accounted-for-water, poAd 19 139 159 
% Unaccount ed-foir-wateo- 40 28 20 
Unacoount ed-for-wat er _ 729 _5A .. 

Total Water Demand, Ipod 198 193 199 

ulaccount~d-or.-water 
the total. water produC4.ionA/ is est.-mnated to decrease to 40 percent
in 1980, 28 percent in 1990 uid 20 potcenT in 2000. This reduction 
in unaccouni ed-For-w.t r will be brought abou. b1y (a) initiation of 

The present which is about 84 percent of 

Ch.'a :,t' IV, Table W-4. 
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an extensive leak detection survey and repair; (b) metering of all
 
existing connections; and (c) replacement of old leaking service
 
connections.
 

Using the above water demarl parameters and the projected 
served populations, the water demands fcr the design years 1980, 
1990 and 2000 are as follows (see Table VI-3 and Figure VI-3): 

i2mo 2000 

Water demand, lpcd 198 193 199 
Served population 15,630 
 54,870 103,160
Average daily water demad_, cured 3,090 10,590 20,530
Maximum-day water deman4./ ,cured 3,710 12,710 24,640 
Peak-hour water deman/, oumd 
 5,410 18,530 35,930 

VBased on 1.2 times average daily water demand.
 

§/Baeod on 1.75 times average daily water demand.
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TABLE VI-3 

YEAR BY YEAR SERVED POPULATION AND WATER WDEMAPROJECTIONS 
SILAY CITY WATER DISTRICT 

Total Population Average-Day Maximum-Day Peak-Hour 
Year Served Demand (cumd) Demand (cuindj Demnand (cund) 

)978 6,890 2,540 3,040 4,450 
1979 9,750 2,540 3,040 4,450 
1980 15,630 3,090 3,710 5,410 
1981 17,720 3,500 4,200 6,130 
1982 20,090 3,960 4,750 6,930 
1983 22,780 4,480 5,370 7,830 
1984 25,830 5,060 6,080 8,860 

1985 29,290 5,730 6,870 10,020 
1986 33,200 6,470 7,770 11,330 
1987 37,650 7,320 8,790 12,810 
1988 42,680 8,280 9,940 14,490 
1989 48,400 9,370 11,240 16,400 
1990 54,870 109590 12,710 18,530 
1991 58,450 11,320 13,580 19,800 
1992 62,250 12,090 14,510 21,160 
1993 66,310 12,920 159500 22,610 
1994 70,630 13,800 16,560 24,150 
995 75,240 14,750 17,700 25,810 

L,. o80,140 15,760 18,910 27,570 

1997 85,360 16,830 20,200 29,460 

1998 90,920 17,990 21,580 31,470 
1999 96,850 19,220 23,060 33,630 
2000 l03,160 20,530 24,640 35,930 
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CHAPTEI VII ATER RESOURCES 

A. OMMAL 

The SIL-WD currently obtains all of its water from three
wells located within the exiating servioe area. The current
water supply is sufficient 
for the present overall requirement
but distribution problems cause local shortages in the city. Thepossible sources of water for further muicipal supply are wells,
springs, the Imbang River and the 1alogo River. 

B. GROUNDWATER RES0URCES 

SilaY City is located at the edge of Guimaras Strait on the
northwest shore of Negros Island. 
The coastal plain and lower

mountain slopes in the area support good wells which are used for
domestic, commercial, industrial and irrigation supply. 
Well water
 can supply the SIL-WD requirements beyond the year 2000 but sali­nization of coastal wells may occur if well production becomes too
 
great or too concentrated.
 

There are springs on the mountain flanks but no large springs
 
are close to Silay Poblacion.
 

Topography and Geology 

Silay Poblacion is at the seaward edge of a flat, gently slop­ing coastal plain that rises toward the voloanio mountains in
east. The topographic gradient at the 
te
 

sea is about 4 meters per kmwestwardly, inoreasing slrwly to about 60-meter elevation, 10 km
inland, where the slope abruptly increases to about 10 meters porkm on the lower flanks of the. mountain. This !Jloreased slope con­tinues to the upper steep slopes of the complex of volcanic peaks
over 1,000 meters high that comprise the oent..al north-to-south spineof Negros Island. The closest of these peaks, at 
over 1,100-meter
elevation, is about 25 km southeast of Silay,
 

The central cores of the various mountains consist of andesitiovolcanic rooks; injections, flows, breocias and ash beds (tuffs).
The lower flanks of -!e mountains are mainly oomposed of pyro­
olastics, ash beds and volcanic debris. 
 The coastal plain deposits
consist of waterlain gravels, sands, silts and clays, all derived
from volcanic parent material (largely ash', and some interbedded
volcanic ash deposits. 
Only a little limestone is found in the coastal
plain deposits because the conditions of deposition were not conducive
 
to reef growth or other limestone deposition.
 

fJ xings
 

In the Philippines, springs are very common in topographic and
 
geologic environments similar to that inland of Silay City. 
A com-
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bination of high rainfall on the volcanic mountains (induced 1y 
the abrupt topographic relief of the peaks) and the porous and 
permeable nature of the volcanic rocks leads to a high rate of re­
charge y infiltration in the mountains. This high rate of re­
charge establishes a high phreatic or piezometric level in the 
aquifers. The great topographic re*ief causes the land surface to 
intersect this high phreatio or piezometric level and results in 
natural groundwater d4scharge, or springs, coming from various 
permeable zones. Thus, most significant springs oocur in areas of 
high relief. 

Large springs are known in the higher areas at a great dis­
tanoe from Silay Poblaoion and small springs and seeps occur closer, 
frequently in gullies or other depressions, but no springs large 
enough to form a significant part of SIL-WD requirements exist close 
enough to Silay City to be economically competitive with local wells. 
Large springs do not occur near the poblaoian because of the low 
relief of the broad coastal plain. 

A brief spring exploration program was carried out and the 
following was discovered: 

1. 	Lantawan Spring is at about 550 meters altitude at the foot 
of the mountains about 21 km (28 km ty road) southeast of 
Silay Poblacion. The discharge was measured to be 3.1 lps. 
The spring is used as a barrio water aupply. 

2. 	 Patag Waterfalls is at about 780-meter altitude at the foot 
of the mountains about 22 km (35 km by road) southeast of 
Silay poblacion. The measured discharge was 113 lps. The 
source of the water was reported to be a spring 2 km up­
stream but the local residents refused to guide a party 
there for fear of insurgents or banditi in the hills. The 
spring is at the head of the Malisbog River, tributary to 
the Imbang River, and was once used as water supply for a 
now abandoned hospital. The actual source of the waterfall 
could not be visited. 

3. 	 Kabatangan Springs is a complex of a main spring, 25 1ps 
measured discharge, and two lower springs with a combined 
measured discharge of 16 lps. They are located at the 
foot of the mountains on the headwaters of the Matabang 
River at about 450 meters altitude. They are about 23 km 
(25 km by road) southeast of Silay Poblaoion. The lower 
two springs are seeps and would be difficult to collect. 

Other springs exist in the area but they are reported to be either 
small or more remote. 
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/7 0~~~~onsider'in- th!F reat a, otaro; trom .yzrltvl 
0 small capacitit.f of the indi-ridual airiu , the difficulty of Col­

* 


. 

* 

lfation and &Malga="ton of various nuqnrces, and the rough and remote 
country involved, springs c rently are not a practical alternative 
to the excellent wells that can be constructed within the SIL-.WD 
service area. In the Ovnt that coastal wells ever become salW.ie, 
springs should be considered as a possible alternative to wells lo­
cated inland from BilVy poblacion, and further spring exploration " 
undertaken at that time.
 

Wells
 

Wells are the usual(,-;ouroe of domeStio, corneroial and indus­
trial water supply on the-,Negros ooastal plain near Bil . Some
 

- clrap-oacpoity .-wells,.are- used for-irrigation .in.,the area. also. ,.- Water 
quality is usually good. Figure VII-I shows the locations of various
 
wells studied for the purposes of this report and Table VII-i suk­
marizes the atailable pertinent data of these wells. Many of the
 
wells were not field located and are shown only approximately in 
Figure VII-i. Annex Figures VII-B-1 through VII.-B-7 show strati­
graphio logs and additional data of seleated well .
 

The current water supply of SIL-D comes from three wells lo­
cated within the water district. These are all fairly good wellet
 
SIL-WD No. I (CDM No. i) is 71.6meters deep and produces 20.2 lp
 
at a specific capacity of 2.3 lPe/m; BIL-wiD Noe 2 (0DM No. 2) in
 
78.3 meters deep and produces 22.4 lps; SIL,-WD No. 4 (CDM No. 3) pro­
duoes 20.8 lps at a speoifio Capacity of ',7 Ip/. However, these 
wells are reported to have had spe-LI .ap cities of 3.0 to 3.5 lps/m 
originally. The first two Wells were drilled 46 and 30 years ago, res­
peotively, and may deteriorate soon' considering the construction materials 
and methods used at the time. A fourth well, SIL-WD No.3,1began pvovdcing 
muddy water several years ago and was abandoned. nother 20-year old well 
(CDM No. 40) under SIL-WD control is intended to supply the market­
place only. This wiell also had an original speoific capacity of
 
3.0 to 3.5 Ips/m. All the SIL-WD operating wells began to produce
 
sand after an earthquake in late 1976, but have been since reported
 
to be sand-free again. Design of future production wells should be
 
such that the probability of damage from earthquakes is minimized.
 
Depth of each SIL-WID well is about 78 meters*
 

Data on 19 P-drilled wells in Bilay are also given In 
Table VII-I, CDM No. 4 through 22. Of these, 11 wells have specific 
oapaoities tabulatedt three ranging from 0.2 to 0.5 lps/m, six ran­
ging from 1.0 to 2.0 lps/m, and the others being 2.9 and 5.3 IpM/m. 
These are excellent opeoific capacities from a group of BPW wells, 
which generally are designed and drilled for limited productive capa­
city. The BPW wells mostly are lseas than 30 metrs deop with several, 
reaching about 100-meter depth. Other BPW wells in the adjoining 
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munioipalitie of Talisay and Victoria, 0DM No. 25 to 37, generally
 
have lower specific capacities.
 

Nieroue large-calacity priva&te wells have been drilled in the
 

area for industrial and irrigation*use, such as the wells for the
 

sugar mills at Malisbog and Eastaquio Lopez. A typical well is the
 
Haaienda Panaagao No. 3 (CDM No, 23) which has a dirseter of 350 to
 
400 mmV depth of 137 meters, and a reported production of 63 ips.
 

Test Well ell Testi.
 

Although existing well data indicate that fairly productive wells 
can be constructed in most of he Silay City area"with little trouble, 
nothing was known of the depth\\and oharaoteris.ios+of the aquifer near 
the-ooas,.--below- 100-moters or-of-water-quality.. at depth,. Also,. 1­
although minimum aquifer transon!sivities necessary to produce wells
 
of the specific capacities showr in Table VII-1 can be estimated and
 
recovery tests of two existing wells were made, no definitive hydrau­
lie aquifer parameters were known at any depth* Consequently itwas 
decided to drill and .teat a 183-meter deep exploratory well in Silay.
 

The site chosen is southsast of the existing service area several 
hundred metors beyond the siio of abandoned SIL-WD Well No. 3. The 
site was selected because it is over a kilometer from the sea, because
 
an exploratory well in this area can be converted to a production well 
which would improve pressure distribution in the system, and because 
open land was obtainable, 

First a 125-mm diameter stratigraphic test hole/cum observation 
well was drilled to a depth of 183 meters and stratigraphic log pre­
pared (Annex Figure VIX-B-6). Prom the log, a preliminary design 
(elottad pipe settings and total depth) for the pumping test well was 
prepared. The 125-mm hole was eased to a depth of 158.5 meters. A 
250-aim diameter wall tias then drilled to 166-meter depth. Samples 
were collected and a atratigraphio log prepared (Annex Figure VII-B-7), 
Gamms ray logo (Annex Fiure VII.-B-8) were run in both wells0 The 
design settings of the slotted pipe sections were refined through study 
of the samoles from the 250-m well and the casing was installed. The 
gamma ray logo were of little help in thie instance because the entire 
strati6raphic aeotion ie derived from volomio matrial, much of which 
tends to be slightly raglioaotive and no masks or distorts the usual 
natural radioactivity contrast between clays and other beds. 

A 48-hour ooutiinuot pumping test at 37.8 ips was completed, 
followed by 24-hour recovery test. After recovery, a step-drawdown 
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test was carried out at rates of 12.6, 25.2 and 37.8 ips. Water 
level records were made in both the pumping aell and in the observa­
tion well. Pump test data are tabulated in Annex Table VII-B-1 
and are plotted in Annex Figures VII-B-9 through VII-B-16. Water 
samples were taken and analyzed. Rate of flow was measured by
 
using a 10C-rm orifice (circular weir) on a 125.-mm discharge pipe. 
After some initial troubles wero corrected, the pumping equipment
 
ran well and it is believed that opecifled flow rates were closely
maintained during the test period. Depths to water levels in both 
pumped and observation wells v:-re mensured with electric sounding

0
wires. 


The details of well construotion and aquifer stratigraphy must 
be considered in interpreting the test data. The part of the aquifer

penetrated by the well consists o!' uncemented sediments of greatly
varying grain size and sorting and, consequently, greatly varying
permeability. The lateral variation in characteristics is also 
great as shown by the differences between the logs of CDM-38 and 39,
 
7.6 meters apart. Screen (slotted casing) in the production well 
we.s set opposite oaly relatively coarse-grained zones to minimize 
the danger of continual fine sand production, therefore the aquifer 
response to pumping is very complex, combining partial penetration 
effects in beds of varying permeability with the effects of lateral 
changes in permeability as the radius of influence of the well spreads. 
It is also possible that development was incomplete and the well was 
slightly unstable, adding to the complexity of response. The observa­
tion well casing is open only at the bottom in the gravel zone loca­
ted at about 160-meter depth. This well is so close to the pumping 
well that the response of only a very limited aquifer zonewas monitored. 

The log-log drawdown versus time plot is shown for both pumping
and observation wells in Annex Figure VII-B-16. The pumping well 
curve shows the rapid initial drawdown (within 'the first minute) and 
abrupt flattening resulting from the conditions described above. The 
flatter part of the curve describes general aquifer parameters but 
is best analyzed in a different plot (Annex Figure VII-B-9). The 
early part of the observation well curve follows a typical "leaky 
artesian aquifer" curve but a quantitative analysis cannot be made 
because the observation well in monitoring conditions in one specific 
atypical aquifer zone and the flow rate from that zone is unknown. 

The semilog drawdown versus time plot for the pumping well is 
shown in Annex Fig-ure VII-3-9. The plot is somewhat erratic, result­
ing from conditions previously discussed (or undetected pumping rate 
variations), but it forms a generally straight line after 5 minutes. 
The line slope indicates an aquifer transmissivity of 338 cumd/m.
The flattening of the slope described by the points at the extreme 
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right end of the curve may indicate the radius of influence reach­
ing either a more transmissive part of the aquifer or a source of
 
recharge. The recovery semilog plot of the same well, Annex Figure
 
VII-B-1O, also indicates a similar transmiosivity, 342 cured/m.
 

The semilog drawdown versus time plot for the observation well
 
is shown in Annex Figure VII-B-12. The plot is quite erratic pro­
bably because of changing flow patterns from various screen sections 
in the pumping well or for reasons previously mentioned. The flat
 
portion at the extreme right may indicate leakage from overlying
 
and underlying beds into the gravel zone. No quantitative estimate
 
of tranemissivity for the entire penetrated aquifer can be made from
 
these data because under the test pumping conditions water level
 
response in this limited aquifer zone is not typical of the average
 
aquifer. Nor can an estimate be made of the transmissivity of the
 
individual aquifer zone bicause the rate of flow from individual
 
aquifer zones is unknown. However, the semilog recovery curve plots
 
for the observation well, Annex Figures VII-B-13 and VII-B-14 do
 
indicate that, under the less stressed, low-flow-rate conditions of 
recovery, the observation iiell water levels wore responsive enough
 
to overall aquifer conditions to permit transmisarivity determinations
 
of 342 and 344 oumd/m. Annex Figure VII-B-1A was also used to derive 
a storage coefficient of 0.009 which is of questionable validity. 

The semilog plots of the step drawdown tests of the pumping well
 
and the observation well are shown in Annex Figures VII-B-11 and 
VII-B-15. The pumping well plot indicates total well and aquifer 
losses to produce flow and shows about 3.2 meters of drawdown for the 
first 12.6 lps and a constant increase of about 5.4 meters of draw­
down for each of the two additional 12.6 Ips steps. The observation
 
well plot indicates laminar-flow aquifer losses in one zone of the
 
aquifer (the deep gMavel) and so is a measure of flow from that zone.
 
It shows about 3 meters of drawdown during step 1, 1.6 meters of
 
additional drawdown during step 2 and 0.6 meter of additional drawdown
 
during step 3. Apparently the deep gravel zori is relatively per­
meable and supplies a larger share of well production than its thick­
nese alone would imply. Assuming that at higher production rates the
 
hydraulic losses in the deep gravel zone near the well and in its
 
associated screen become large because of turbulent flow, and further
 
assuming that all other well and aquifer flow is laminar then the two
 
drawdown plots indicate that at 12.6 lps the deep gravel contributes
 
about 55 percent of the flow or 6.9 Ips, at 25.2 lps the deep gra­
vel contributes tbout 42 percent of' the flow or 10.6 ips, and at 
37.6 Ipk: the deep gravel contribites only about 32 percent of the 
flow or 12.0 lps. The assumptions for this analysis are not entirely 
true and vertical flow patterns in the aquifer ere imnored, but the
 
overall pictures is valid. The deep gravel, although a thin zone,
 
contributes a high. percentage of the low volume flow but a decreas­
ing percentage,3 of increasing flow as losces become more significant. 
In the design of C'uture wells where a thin permeable zone exists, 
the use of good continuous wire-bound screen and gravel packing will 
minimize turbulence and increase the flou. 
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The short-term specific capacity of the pumped well is best 

* 
observed 
drawdown 

at about 1,800 minutes after pumping begean because the 
plot (Annex I-igure VII-10-9) flattens beyod thie time 

and tliu;wspecific capacity may be related to recharge thereafter. 
'ie epecific capacity at 1,800 is 2.6 lps/m. If well losses of 
10 percent are assumedf the aquifer tranemisaivity necessary to 
achieve the specific oapaoity is in close agreement with the 
figure of about 340 cumd/mn determined from the drawdown and re­

* covery plots. Again, it must be recognized that overall aquifer 
t-ansmissivity will be somewhat greater, probably a minimum of400 cumd/m, and may be much greater because of partial penetration 
effects in an anisotropio aquifer. 

0 . . . 
An attempt was made to run pumping tests on two of the existing 

SIL-WD wells, NO.-I - (CD-i) and. No. 4 -(CDM-3). ... Because of their-­
fvlocation in the poblacion, water could not be pumped to waste, so 
closely controlled discharge was not possible. The wells were 
pumped into the system and the average rate determined from pre­
viously derivepump and system characteristics. After 965 (CDM-i) 

* 
and 937 (CDM-4) minutes of pumping, the pumps were stopped and water 
levels meacured during the recovery period. The aemilog plots, 
Annex Figure VII-B-17, of the recovery data, Annex Tables VII-B-2 
and VII-B-3, indicate tranemissivities incompatible with both the 
current specific capacities and the reported original specific, 
capacities. The data are tabulated below: 

1. 	Transmissivity frum pumping 
test 

2. Pumping test specific capacity 

3. Minimum transmissivity implied


0 by "?" above 
4, Reported original specific 

capacity 

5, Minimum transmissivity implied 
by "4" above 

175 cumd/m 155 cud/m 
2.3 lps/m 2.7 lps/m 

240 cumd/m 280 cumd/m 

3.0 lps/m 

310 cumd/m 

The transminsivities in items "3" and "5" above are only estimates 
but the tranamissivities from the pumping test are too low relative 
to the specific capacity data. The discrepancies may result from 
interference from adjacent wells during the test period or errors 
in flow estimations. In any case, the aquifer is at least twice as 
thick as the well depths end the overall aquifer transmissivity must 

* 	 be considerably higher than any of the figures shown above. 

As~ler 

The productive aaciifer ic tho Silay City area is the group of 
uncermented, ,ate.r-lain deposits underlying the conotal plain. These 

* 	 doposits consiEt largely of oanda, grav.-!s, silts and clays which 
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Wore ~~vc r. o i" 4ih[h and othrvlai ok 
-t~o t}&,U -~the rtiona Theyand tspit ut"U" 4L~ 
cons'ist of atreaatv beach buj lagoon 4nd delta deposits. They 
form a section which is zimilap (oerwide distances in gross litho­
logy but which io very disoontinuous and intricate, in detailed 
lithology. This situation is 1hown by the differenous in wvile 
CDX-38 and 39 uhioh are only "'6Yewetew apart. 

un-
The t iuknc.,z u2'. he aqttifer in the Silay City area is 
known. Th,. deepeo- Well is the atratigraphio test well CDI-38 
which 1", 183 iltoara deoip but thie amuifer is believed to be much 
thicker. ,o wells are knin -to huve -been drilled through it. 

Th.-rost co -of-aquifer. transmissiviy. de-_-A.tire--ottiro 

is abvut 340 to 400 cumd/m which isrived from tho tost ucll.data 

in re,aonablo oonforii-y with both the obverved 30-hour speoifio 
capacity of 2M6 i,/: aud the atrati,-aphio section, mostly sandy 

r'r gravelly but poo,.-_.y norte(I and with much clayey material. Other 
11ajllC capacity (wherein specific capacity data isof fairly ias?. 


had, specific capacities
most reliablo) hkiva, or &re reportod to have 
of about 3.0 to 3.5 !.'/1 imrplyin minimjn1 tranemissvities of over " 

400 oumd/m Ior tiht pai of thp aquife' contributing to the flow in 
thore rela.iicly vhr.!lem wllo. T2)',!o'ar, because of its layered 

nature (in.eroit in r.ikiments) and its high clay oontent, the aquifer 
is very anioolropio -{it'h iich greaWTo horizontal permeability than 
vertical pirznbil%. in cn =isotropic aquife.r, well specific
oapaoitles are dao ae -,the transmissivity of that portion of 

the aquifcr pe:::itr,'i- by tic: well ihile the broader water level res­
ponee t.o long-t;r ;uiunepc-... on:h':ea ransmissivity 

of the ewt.e Dx.or x t.,s'b analysew give resultselii':f .a 

' " se".cn cfo± the aquifer rather than
larVly tv's off.tc' cicn 

the totl ... c beaTu: qulfcr tranex-issivity may as 
little as 4&.03 c,:x/im iL the Co-ni r iP %(hin"(little deeper than the 

exisotini 2i) ". 7V 11'C.00 o,'2In or more If the aquifer is 

very -1;hi,:. 

~er"';~g *,kZ. of th-v3 c-.ifer au exrpressed in well
 
response io tMA-;c:ze purlP .il "c.low, probably in the artesian
 

as ths xm-ter table deolines therpnfx, b:. o,r .... &D..t sto-
The ultivate value will...c5g.a e w2. ;:tlr e.iore,-, 

cmpe.,!.e :& iL.2:., !:.tfl; &e .c%,-'-d.tn .­

-.
G ,-,v"] ,+, Io'",.'". :-, ?io :~eRlationshipm
 

M.:' mainly from direct 


filtration of 'i .,-Opitatirn -,id infil'ration from flowing streams in
 

the hi,h r la',. -1o the ea-';. Local recharge in the Sily City area
 

.faoe c.r1, in many aroas and a high piezometrio
 

?ochcrgc 5o t oo:h, plain aoifer is in­

is inhibted .7f rc r 
level In the r whicU ii above ground level in many places* In­

filtration fr,- L, nuxnez-' :,irrigatea fields in the area adds 
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significantly to reobarge, "Teaverage annual preaipitation in the 
Silay City area 	ishieboi 2,7 wtesa, -aid pr+*iAp±tation on thie 

* 	 mountainis in the east is highesr, The combination of high preoipita­
tion and a large recharge area indicates a great potential recharge,
 
some of which is currently being rejected beoause of high piezo­
metric levels in the aquifer.
 

Natural groundwater flow ie from the recharge area westerly to­
ward the sea. Some of the natural discharge is to the ground surface 
in seeps, springs and contributions to stream flow where the pieso­
metric levels in the upper part of the aquifer are above ground level 
or water level in the streams. Most of the natural discharge is di­
rectly to the sea. Recently, more and more groundwater is being di­
verte~d'f~r iifal dischaee ohafnbltoilldiscbag fo6 ria 
tion, doestio and industrial use. 

Before large-scale artificial withdrawal of water (pumping from. 
large-capaoity wells), the looal and regional groundwater balance is 
in a state of dynamic equilibrium where long-term total recharge equals 
long-term total clisoharge and groundwater storage is stable. 

All well water produced must come from one or more of a limit­
ed number of sources; grounduater storage, increased recharge, or 
diverted groundwater discharge. When a well first begins to operate, 
all the pumped water comes from local groundwater storage (immediately 
surrounding the well) as a result of the decreased pressure in the well
 
caused by pumping. This zone of decreased pressure (or lowered pieso­
metric head) spreads radially from the well as stored groundwater flows
 
from the aquifer to the well, and it continues to spread until the area 
of depressed p1tazometric levels causps either an increase in recharge 
Slocal or distant) or a decrease in pre-established groundwater discharge
local or distant) equal to the pumping rate of the well. When this 

occurs, a new equilibrium will be established with no further depletion 
of groundwater storage. If the incree.aed recharge or diverted discharge 
(or combination thereof) is local, equilibrium will be quickly established 
w it h minimal lowering of the areal piezometric surface; but if they 
are distant, equilibrium will be long delayed resulting in a widespread 
and large depression in groundwater levels. If no sources of increased 
recharge or diverted discharge large enough to equal the pumped with­
drawal rate can be tapped, then the groundwater levels will continue 
to drop until the well becomes inoperative or the aquifer is depleted 
or saline water from the adjacent sea flows into the aquifer. 

in the case of Silay, there are a number of prospeotive sources 
of additional recharge. The local streams probably will contribute 
considerable recharge once the, piezometric levels in the aquifer are 
depressed below stream level, At the ,same time, an appreciable amount 
of infiltration may begin through the more permeable parts of the sur­
face beds. These local effects will begin fairly soon after large­

0 
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p~s~~umping bi.ginu and Will~ liiorease with time as the area. of' 
depressed groundwater levels (cone of,depression) spreads. Also, 
the major existing source of recharge to the Silsy City area is 
in the hiilt to the eatt and add ional recharge from this source 
proVAbly will begin when the depressed groundwater reaches this 
souroe and reduces the existing groundwater flow into surface runoff 
channels. Another, and very significant contribution to the water 
to be pumped at Silay City will be the reduction of existing natural 
groundwater discharge which is now being wasted to surface seeps and 0 
to umderground flow into the sea. This will occur as a result as 
the expanding and deepening cone of depression (resulting from pump­
ing) diverts groundwater underflow (now escaping to the west) to the 
wells to be installed in Silay._ 

Neibefr current recharge nor futiue additional recharge induced .0 
by pumping can be quantified wi-h existing data, but groundwater 
underflow can be estimated. This groundwater flow is to the west 
as a gradient of about 0.004 in the poblacion areal the groundwater
 
gradient being roughly equal to or a little less than the local topo­
graphic gradient. The average overall transmissivity of the aquifer 
in this area is estimated at a minimum of 400 cumd/m to possibly more 
than 1,000 omd/ma Aocording to Darcy's Law of flows 

QArm (of aquifer width) - T x 0 x 1000 m/kA 

where: 

Q - Groundwater underflow (curd) 

T w Aquifer transmssivity (oumd/m) 

0 a Gradient of the piezometrio surface
 

thug I( 

q/kM 400 oumd/M X 0.004 X 1000 /km - 1600 ouma/km (minum) 
Q/km - 1000 oum/m x 0.004 x 1000 m/km ,.4000 oumu/ka (macimum) 

The underflow of groundwater can be used to roughly determine the 
groundwater available for exploitation. The SIL-WD average daily 
demand is projected to be 10,590 oumd in 1990 and 20,530 oued in 2000. 
To obtain all this water from underflow would require diverting and 
capturing all the underflow in a band about 2.5 to 6 km wide 1y the 
ear 1990 and 5 to 13 km wide by the year 2000, depending on actual 
overall aquifer transmissivity. Less than this computed amount of 
underflow would have to be captured because induced additional re­
oharges as noted previously, would supply much of the water to be 
pumped. Also, as piezometrio levels lower in the Silay City area, some 
groundwater underflow from the north and south would be diverted to­
ward Silay City. However, if all or nearly all the groundwater under­
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flow toward the sea were pumped in the Silay area, salt water would
 
intrude the aquifer and ruin the wells for SlL-WD use. Although
projecting accurate pumping levels would recq'ire producing a model
 
based on much more than the available data, it is apparent that di­
verted groundwater underflow and induced additional local recharge
would provide for Silay's requirements beyond the year 2000 without
 
a prohibitive decline in pumping and groundwater levels and conse­
quent salt water intrusion but only if the wells are properly spaced

and operated so as to minimize depression of groundwater levels. 
However, this is true only if theSilay is major large-scale user
 
of groundwater in the locality that surrounds it.
 

Unfortunately, the IA'ea is short of irrigation water and, con­
sidering the fairly good underlying aquifer, large-scale groundwater

irrigation has started and will undoubtedly grow. Assuming that one
 
meter net of irrigation water will be required to supplement rainfall,
 
an annual average of about 2,700 cumd of irrigation water would be
 
required per 100 hectares (one sqkm) of irrigated land. Thus, 760 
hectares of groundwater-irrigated land consumewould the equivalent
of SIL-WD total requirement in the year 2000. Considering that there 
are tens of thousands of hectares of irrigable land in the Silay area, 
total water demand by the year 2000 could greatly exceed the sum of 
groundwater underflow and probable potential induced recharge. With
 
available data, it is not possible to predict groundwater levels at
 
various future dates with any certainty; but as more data on aquifer

characteristics 
and response become available, predictions should be

made based on model studies. One favorable factor is that as ground­
water piezometric levels drop below the clayey surface beds, the sto­
rage coefficient of the aquifer will increase andgreatly more ground-­
water will be available from storage thus slowing the drop in ground­
water levels.
 

The implications are that the SIL-WD must obtain firm water
rights to its lon&-range requiremenqts from the National Water Resources 
Council (NWRC) and introduce a gi candwater monitoring and study prog­
ram for planning purposes. Signs of incipient sdlinization of water 
or lowering of piczometric levels to a degree that foreshadows sali­
nization should cause a re-evaluation of planning, curtailment of
 
local groundwater irrigation, and location of further SIL-WD wells
 
far enough inland to avoid salinization danger.
 

Well Design and DL'iling ProgEams 

A general design for an efficient production well for Silay City
 
can be developed from available data. 
Such design is illustrated in 
Annex Figure VIII-B-18. For greatest efficiency, to avoid excessive 
drawdown, and to minimize operating costs, these wells should be
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drilled to the same standards as the recent NIA wells, that is; 
rotary drilled with careful mud control, carefnlly sampled, eleo­
trio logged, screened with continuous wire-wound screen, gravel 
packed, thoroughly developed, and tested to determine efficient 
pump parameters. Screen settinrp must be matched to permeable 
zones and a carefully designed gravel pack will permit screening 
more zones of this aquifer ef variable Crain size without the dan­
ger of produc-..nt sL-nd in the water. All stratigraphic zones 
down to a depth of 200 mters (or other ohosen total depth) that are 
indicated as productive by the electric and stratigraphio logs 
should be screened, because in an anisotropio aquifer such as this, 
the specific capacity will increase greatly am the screened per­
oentage of total permeable section increases. However, caution as 
to depth drilled must be observed. At too great a depth, saline 
water may be encountered or may be approached so closely that it 
may be drawn into the pumping well. Alternatively, deeper wells 
may be safer from saline intrusion. Further experience of the 
aquifer will indioate the best design. 

It is anticipated that such wells should produce 32 lps at an 
average of about 15 meters of initial drawdown, with the poorest 
wells at about 20 meters of initial drawdown. This is believed to 
be conservative and is used for preliminary design and estimation 
purposes. Wne wells should be located so as to minimize the cost 
and operational complexity of the distribution system, +aking into 
account that the spacing between wells should be as greal as prao­
tical (preferably an averege of I kni or more) to minimize drawdown 
interference and possible saline water intrusion. Also the wells 
should be loca-ed in a line parallel to the coast and as far inland 
as conveniently practical so as to intercept tho maximum amount of 
gToundwater underflow and minimize the possibility of saline intru­
sion. It should be recognized that few, if any, existing private 
well drilling firms have the necessary experienoe, equipment and 
ability to design end construct rotary-drilled wells of good quality 
without external professional supervision.
 

Before the production well Lrilling program, one or more deep
 
test wells are recommended to b' drilled to 500 meters (more or less)
 
to determine total aquifer thickness and to detrmine water quality
 
at various depths. All such well bores should be sealed throughout
 
any length that is to be abandoned. The upper parts of these test
 
bores can be enlarged and converted to proluotion wells.
 

A drilling program consisting of wells of 32-1ps capacity,
 
spaced 1 to 2 km, in the oxisting SI1-WD service area, is recommend­
ed. Initial wells should be carefnlly tested and the results from
 
them used to modify the design of succeeding wells. They should
 
be pumped intensively for several years and the aquifer response
 
monitored. The data can then be used ae guide for further development
 
of the well system which probably will consist of 32 ips wells spaced
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about I to 2 1-n apart. Individual .;olI rawdotino, rad oonse­
quent]y productions, sh.ould -e minimizeti minim&.dyier ofto -

Palina int-'aisii-.. Miz PreliIina7 esti[nate must be revised and 
phased into the overall g'oiund!-ater devlopment plan for the Silay 
area. Any future development of Croundwater for Irrigation must be 
taken into consideration in the design and location of SII,-WD wells. 

Induced Infiltration Wel 

It is possible that induced infiltration wel]s could be de­
veloped along the Maloa'o Rivor about 7 to 12 km from the poblaoion.
 
The prime advantage of ouch ,lo
il wwuld be realized if they could be 
located high enough that the SlL-]WD cc]ud ba served by gravity after 
the initial pumping lift. Further exploration and a test well prog­
ram would be necessary to determine if ouch a syertem would be teoh­
nioally feasible. Howevr, economio studies indicate that water from 
infiltration wells at a distance would be more costly than water from 
l~oal deep walls; so further tent work on the infiltration well is not 
currently justifiable. However, Induced infiltration wells would be 
safe from salinization and should be reconsidered if the problem 
arices. 

Monitori
 

Basic planning for overall exploitation of C-oundumter resources
 
in the Silay area will be based on the limited data currently avail­
able and those derived from tests of further production wells. How­
ever, records of water production from all large-capacity wells and
 
of aquifer response to pumping are neoaosary to refine the preliminary
 
aquifer parameters and to re-rise the planning as necessary to avoid 
the dangers of over-exploitalion or the waste of xumder-exploitation. 
The SIL-WD should monitor the porformanoe of each of their produotion 
wells and observation "ellu,both to provide data and information for 
water district use and for distribution to other zgencies for overall 
planning and control. In turn, other nsarby water distriot's and other 
groundwater users should moritor their operations and provide appro.­
priate data to SIL-WD,
 

Each production voll Ghould hr-vo facilities for measuring the 
total amosnt of produotion or rate of produotion, times of operation 
and water levels. Routine month]y observations of static and pumping 
water levels should bo recorded and daily records of pumping should be 
kept. Water samples for bacterial and chemical analyses should be col­
lected monthly. It w-onld a]:_o b ieskabb'e to mcitor static water le­
vels in sevoral observation velli located within the area spanned 'Ly 
SIL-1D wells blit far enough from any well to miniiaize local drawdown 
effects. Simirlar ' water leviel i..ai.:einas should bero-mn _tic 
taken in rnum, -m;. cbPc,:tI r;lli; su:ou:ding the wall field at aO'C 
distance.
 

hO. m e ',i ' V-o&rii wil lo pi ovi1e bevc.-r: aquiresrW5 11 

~ ~': ::l~; or~ iu..o .:~b r' ~I ".11-15 nct 



SIL-4D of deterioration in water quality or pump performance so 
arv unforeseen de­that remedial action can be taken, and indicate 

cline in reeio&3l water level v, that individual CIl yields (which 
affect local punping lovele) and aesit and spaoinc of future wells 
can be adjusted as neoessary-, For these purposes, copies of all 

SIL-WI) well monitoring data should be routinely analyzed 'br SIL-WD 
(if they have competent staff for such analysis) or Ir some associa­
ted agoncqy odpetent to perform such analysia. 'kcnitoring of chemical 

quality is of particular importance in Silay City because of the pro­
noumoed danger of sea water intrusion into the aquifer. At the first 
sign of significantly increased ohl:ridee or other salts in the water, 

the entire source development plan must be re-evaluated. It may be 

necessary to do some or all of the following: reduce production from 

existing wells; -ohange planned locations of future-wells; and do- . 

velop sources other than local wells for further supply. 

S of-Groundwater Resources 

Silay City is looated over an exoollent, widespread, relatively 
uniform aquifer that can readily supply all its projected water demands 

past the year 2000 from deep wells each producing up to 32 1ps. How­

ever, the local and regional drawdown of groundwater levels resulting 

from such pumping cannot be accurately quantified because available 

data on aquifer parameters amd recharge are insufficient. Other data 

will become available from pumping tests of the ntw production wells 

and from the monitoring program of production and observation wells. 

A ve y real danger exists of sea water intrusion an& consequent do­
gradation of water quality as a result of conoentratea pumping on a 
large scale. This could be avoided or minimized 1y locating the SI L-WD 

wells far inland at higher elevations, but this would greatly increase
 
costs and, considering the economic advantages of deferring capital
 
costs, does not oeem justified until some early indications of saline 
intrusion are noted, by the monitoring program. Future well design and 

well field planning must be modified on the basis of all new data to 
maintain groundwater produotion for long-term use.
 

River springs theInduct.d infiltration wells at the Malogo or at 

foot of the mountains may be technologically feasible but eoonomically 
in the Silay City area produce good water.undesirable as long as wells 

These alternative sources should be considered if coastal-well water 

quility deteriorates. 

If the intensive use of groundwater for irrigation eventually
 
on­occurs in the Silay area, over-exploitation of the aquifer with 


sequent salinization of ooastal well waters will result unless care­

ful. and intelligent control of this multiple use is enforced. Conse­

quently, it is very important that SIL-WD acquire firm rights to all
 

the groundwater for which the SIL-WD can anticipate a future need from
 

the N IRC. Theee water rights will confirm access to the water that is
 

vital to the development of Silay City. 



C. SURFACE WATER RESOURCES 

The only large potential surface water sources within reason­
able distance of Silay are the Malogo anid Imbaig Rivers. The Ia­
bang River originates in the mountains southeast of Silay, flows 
northwest to pass about 2 km northeast of the poblacion, and then
 
discharges into Guiinaras Strait. The Malogo River originates in the 
mountain east of Sil.y and flows in a generally northwesterly direc­
tion to pass about 7 km northeast of the poblacion where it turns due 
north to discharge into iNimaras Strait. Both rivers are used for 
local irrigation of the sugarcane plantations by means of pumps. 

Surfaos Water 

Surface water data from tho rivers within the vicinity of Silay 
have bean cxrmpiled and analyzed to establish tfr. statistical recur­
rence of average and mini!mm monthly flows. BPW records of gaging 
stations on the Imbang and Malogo Rivers with monthly records span­
ning from 15 to 25 years were tabulated and analyzed using the Gum­
bel probability method of establishing 10-year and 5-year recurring
 
flows (uee Methodology Memorandum No. 4). The analysis shows the following: 

Years Watershed Minimum Flow Mean Flow 
of Area (cumd/sqkm) (cumd/sqkmn) 

Latitude Record (sg!) 10-year 57 5-year 

Imbang River 1230-02'-47" 
Dos Hermanos 100-441-20 ' 1 20 33 957 1,350 1,580 1,740 

Malogo River 123o-04'-52" 15 129 922 1,300 2,830 3,140 
Hda. Cabunga­
han 10°-49 1-03" 

Both river3 have minimum flc,., large enough to meet the SIL-WD 
requirements of the year 2000. Imbang River water could be extracted 
about 2 km from the poblaoion (watershed area of 88 sqkm), above the 
limit of sea water intrusion into the river, and pumped to the neces­
sary head to serve the district. The calculated 10-year minimum flow 
for this point is 84,200 cumd. Alternatively, water could be extracted 
from the Imbang River about 11 km from the poblacion (near Doe Her­
manos, with a watershed area of 27 aqkm) at an altitude of about 50 
meters and would serve the city by gravity flow. The calculated 10­
year minimum flow for the Imbang River at this point is 25,800 cured. 
Minimum flow of record at the Dos Hermanos gaging station is 28,000 
cumd or 848 cumd/sqkm. 
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The Malogo River water, which could be extracted about 11 km
 
from the poblanion at an altitude of about 50 moters, would also
 
serve the water district by gravity flow (watershed area of 125
 
eqkm). The estimated 10-year minimum flow for the Malogo River
 
at this point is 115,000 cured. Minimum flow of record at the Ha­
cienda Cabungahan gaging station is 78,000 cured or 604 cumd/sqkm.
 

If either river were to be used for SIL-WD supply, an intake
 
structure, a water treatment plant and a transmission pipeline
 

would be required. If river water were taken at low altitude, a
 

pump station would also be required. Because of these factors,
 

economic analysis indicates that cu1face water would be more cost­

ly than groundwater. Furthermore, water from both rivers is cur­
rently used for irrigation and & water rights conflict might deve­

lop if either river would be used as SIL-WD source.
 

D. WATER QUALITY OP POTENTIAL SOURCES
 

Water samples were taken from rny of the sources, both ground­

water and surface rater, discussed previously. Chemical analyses
 

of these samples were performed to determine the water quality with
 
respect to potability and treatment requirements. The results of
 

these analyses are shown in Tables IV-3 and VII-2 and are briefly
 

discussed below.
 

Groundwater
 

Since groundwater essentially passes through a filtration process
 

while flowing through a gpanular aquifer (such as in the SIL-WD area),
 
and is not exposed to surface pollution, color and turbidity or sus­

pended solids are usually not present. For this reason, unless other
 

deleterious substances (such as excessive hardness, dissolved gases
 

or dissolved iron) are present, treatment, other thau disinfection,
 
is generally not required.
 

Water analyses of samples taW from the three existing SIL-WD 
wells and 3 other Silay wells are shown in Table IV-3. All of the che­

mical parameters of well watere analyzed fall below the "permissible li­

mite of the Philippine National Standards for D)rinking Water in all rea­
peots except for iron content in the General Hospital well which exceeds 

the "excessive" limits, an.d turbidity, color, iron content and manganese 

content in the Panaogao vell hich are all above "permissible" or 
"excessive" limits. However, ths limits are not prohibitive but only 

guidelines, and where the iron and manganese content is not extreme­
ly high and where no known complaints about th" water have been re­

ceived, the water is acceptable for domestic use without extensive
 

treatment.
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WAT= UALITT 71:3 .3SLTS
 

PC =TIAL SOURCES
 
SILAY CITY ATER DISTRICT
 

73rmissible Test Well Malgo River Malogo River
Test Unit Limits CDM-39 Central AIDSISA Bo. Cap. Ramon 

..... 11 June 1977 17 Sept 1976 17 Sept 1976 

Fn-s ial 
Color A MA 15 8 5 10
 
ThJrbidity FT 5 *
10 3 	 4Total Dissolved Solid* 	 m!l0 169 53 	 55 
Conductivity 	 Micromhos/,s 260 82 84 

7-85 7.0 6.0** 	 6.3** 
Total Alkalinity m7/l


caC03 146 25 25
 
FnenolDthalein Mg/l


Alkalinity CaCO3 0 0 
 0 
Total Hardness 	 mK/l 

CaC0o3 109 18 22
 
Calcim mg/l
 

ca 	 75 24 7 	 12
 
Flganesium 	 mC/
 

9/ 50 12 0 1

Total Iron M/i 

Fe 0.3 0.82** 1.0** 0.7** 
Fluoride mg/ 

C i 1.5 0Chloride M&/l	 0 0 

Cl 200 6 5 7
 
Sullfate mc/l
 

SO 200 0 12 15
 
Nitrate mg/l
 

NO 	 8 8 8

Mngane se i
 

0n.01 1.05*** 0 0
 

*Caliated as 65%of oonductivity.

**'ceeds permissible limits set by the Philippine National Standards for Drinking Water.
 

,4'xExceeds the exoessive limits set by the Philippine National Standards for Drink-ng 1 t-r2 



V 

A wate< analysis of a sample taken from the Silay test well
 
(CDM-39) is\ahown in Table VII-2. The water is of good quality for
 
donmisti c useexoept for high iron content, manganese content and tur­
bidity. he turbidity' which is not excessive, ia probably's>a result
 
of precipitation of the iron and manganese after oxidation resulting
 
from exposure to air. The iron content exceeds the "permissible"
 
limits but not the "excessive" limits ofi'the Philippine National
 

4'	Standards whilA the mcaganese content is unusually high, exceeding the 
"exoeesive" limits. This combined iron and manganese content may 
cause sqne discoloration problems in laundry and cooking which would 
result in consumer's complaints. In this event, the iron and manga­
nese may have to be sequestered to prevent precipitation or else re­
moved by precipitation and filtration. 

.Excesnivo iron and manganese content in groundwater is a-general -----........
 
problem in this region, oocuring in Bacolod and elsewhere. The spe­
cifio co -rica of such water is usually erratic and difficult or
 
impossible to predict. It is possible that the iron and manganese
 
could be reduced in the water from the test well by sealing off one
 
zone of the multi-zoned aquifer, and it is also possible that the
 
water mny improve with continued pumping.
 

The water that will be produced from future SIL-WD wells can be
 
expeoted t, be similar to the tested well waters, that is of fairly
 
good quality,
 

The waterm from Kabatngan Springs and Patag Waterfalls (spring
 
source?) were rzialyzed with portable field kits. These waters are of
 
excellent quality, low in iron, manganese, chloride and hardness and
 
very low in conductivity.
 

Surface Water
 

Water from surfasa sources is generally high in color, turbidity
 
and guapended solids during periods of rainfall. Even during non­
rainy periods ourfaoe water usually requires complete treatment in­
cluding chemical addition, mixing, coagulation, flocculation, sedi­
mentation, filtration and disinfection.
 

Th1e results of chemical analyses performed on 2 samples of water
 
from the Malogo Ri-er are shown in Table VII-2. The results indicate
 
that concentration of color and turbidity is relatively low for sur­
face waters in general, but complete treatment would nevertheless be 
required particularly durig-the rainy season when turbidity would 
be much higher. Both samplos showad iron content and pH exceeding
 
thG "ermiasibla" limits rst by the Philippine National Standards for
 
Dr'nkin W14t r but; high dissolved iron content is unusual in aerated
 
i curf'.wvtrs of noroal chemistry and it is considered that the iron
 

na in solu.tion but particulate contained water
rot is matter in the 

.)r that the lcr, PH contributss to unusaul iron solubility. The un­
tisually love pH is not explained but would necessitate pH adjustment
 
ndding to the i;oat 'if water treatment.
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ANNEX VII-B
 

WELL DATA
 



ARIJEX TABLE VII-B-1 

CONSTANT RATE PUMPING TEST - SILAY TEST WELL 

Data: Start Pumping 9 June 1977, 11:00 am
 
Start Recovery 11 June 1977, 11:00 am 
Start Step-drawdown 12 June 1977, 6:00 Pm 
Pumping Rate 37.8 Ips 
Discharge Pipe Diameter 125 mm (5 in 
Orifice Diameter 100 mm (4 in) 
Original Static 4.05 m 

Water Level 

DRAWDOWN 

Pimping Well Data Observation Well Data 
Pumping Time Water Level Drawdown Water Level Drawdown-- (rain) - (m) (m) - _ (m) - (m) 

0 4-05 0 3.87 0 
1 10.40 6.35 4.70 0.83 
2 11.44 7.39 5.77 1.90 
3 12.86 8.81 6.82 2.95 
4 14.05 10.00 7.58 3.71 
5 14-59 10.54 7.93 4.06 
6 14.51 10.46 8.17 4.30
 
7 14.63 10.63 8.30 4-43
 
8 14.75 10.70 8.40 4.53 
9 14.84 10.79 8.46 4.5910 14-77 10.72 8.49 4.62 

11 14.79 10.74 8.51 4.64 
12 14.79 10.74 8.45 4.58 
13 14.85 10.80 8.45 4.58 
14 14.89 10.84 8.45 4.58 
15 14.91 1o.86 8.46 4.59 
16 14.88 lO.83 8.47 4.60 
17 14.91 10.86 8.48 4.61 
18 14.91 10.86 8.49 4.62 
19 14.93 1o.88 8.50 4.63 
20 14.96 10.91 8.51 4.64 
22 15.16 11.11 8.54 4.67 
24 15.27 11.22 8.56 4.69 
26 15.35 11.30 8.58 4.71 
28 15.36 11.31 8.60 4.73 
30 15.42 11.37 8.62 4•75 
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ANNIX TABLE VII-l-1(continued) 

Pumping Well Data Observation Well Data 
Pumping Time Water Level Drawdown Water Level Drawdown 

32 15.48 11.43 8.64 4.77 
34 15.51 11.46 8.66 4.79 
36 15.56 11.51 8.68 
38 15.54 11.49 8.68 4.81 
40 
45 

15.59 
15.61 

11.54 
11.56 

8.71 
8.79 

4.84 
4.92 

50 15.85 11.80 8.83 4.96 
55 
60 

15.73 
15.81 

11.68 
11.76 

8.86 
8.88 

4-99 
5.01 

70 
80 

15.92 
15.99 

11.87 
11.94 

8,93 
8.97 

5.06 
5.10 

90 16.22 12.17 9.02 5.15 
I00 16.36 12.31 9.10 5.23 
110 
120 

16.46 
16.46 

12.41 
12.41 

9,15 
9-17 

5.28 
5.30 

150 
180 

16.71 
17.26 

12.66 
13.21 

9-25 
9%31 

5,38 
5.44 

240 17.58 13.53 9,39 5.52 
300 
360 
420 

17.76 
17.80 
17.89 

13.71 
13.75 
13.84 

9,42 
9.38 
9.38 

5-55 
5,51 
5.51 

480 17.83 13.78 9-35 5.48 
540 17.87 13.82 9.59 5.72 
600 18.03 13.98 9.13 5.26 
660 18.08 14,03 9.19 5.32 
720 
780 
840 

18,20 
18.11 
18.20 

1.4.15 
14,06 
14.15 

9.21 
9.20 
9.22 

5,34 
5.33 
5.35 

90 18,36 14.31 9.24 5.37 
960 18.36 14.31 9.22 5.35 

1020 18.38 14.33 9.22 5.35 
1080 18.28 14.23 9.22 5.35 
1140 18.26 14.21 9.23 5.36 
1200 18.31 14.26 9.24 5.37 
1260 18.30 14.25 9.25 5.38 
1320 
1380 

18.29 
18.28 

14,24 
14.23 

9.26 
9.21 

5,39 
5.34 

1440 18.37 14-32 9.26 5.39 
1500 18.37 14.32 9.27 5.40 
1560 18.70 14.65 9.33 5.46 
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A.NU11 1.BLIE !I-''-Tr ( t ir3-ed.)
 

I'lin W1 D --a Obervation Well Data
 
Fhlupi.nr Time Wator Lovel 

1 0 18.60 
1.680 ]8, 64 
1740 18.62 
1800 18.69 
1860 18-70 
1920 18,62 
1980 18.65 
2040 18.67 
2100 18.66 
2160 18.62 
2220 18.66 
2280 18.69 
2340 18.67 
2400 18.61 
2460 18.61 
2500 18,58 
2580 18.61 
2640 18.60 
2700 18.66 
2760 18.66 
2820 18.62 
2880 18.62 

Drat.,iv:i 

14.55 

14.59 

14.57 

14.64 

14.65 

14,57 

14.6o 

14.62 

14,61 

14.57 

14.61 

14.64 

14.62 

14.56 

14.56 

14..53 

14.56 

14.55 

14.61 

14.61 

14.57 

14.57 


Water Level 1)rawdown 

9.26 5.39 
9.27 5.40 
9.18 5.31 
9.10 5.23 
9.04 5.17 
9.04 5.17 
9.04 5.17 
9.10 5.23 
9.06 5.19 
9.06 5.19 
9.08 5.21 
9-09 5.22 
9.08 5.21 
9.07 5.20 
9.07 5.20 
9.04 5.17 
9.04 5.17 
9.05 5.18 
9.06 5.19 
9.08 5.21 
9.07 5.20 
9.08 5.21 



YTE'O;VERY 
Observation Well 

Time Since 
Pumping AIrted 

Time Since 
ReoovetrY Started 

Residual Regidual 
Ratio Drawdown Rocovery Drawdown Recovery 

2860 0 - 14.57 0 5.30 0 
2881 1 2881 5-76 8.81 5.14 0.16 
2882 2 1441 4.71 9.86 4.88 0.42 
2883 3 961 4.13 10.44 4.6i, 0.70 
2884 / 721 3.83 10.74 4-34 0.96 
2885 5 577 3.65 10.92 4.10 1.20 
2886 6 481 3-49 11.08 3.87 1.43 
2887 7 412.4 3.37 11.20 3.68 1.62 
2888 8 361 3.27 11.30 3.51 1.79 
2889 9 321 3.17 11.40 3.38 1.92 
2890 10 289 3.05 11.52 3.26 2.04 
2891 11 262.8 2.99 11.58 3.18 2.12 
2892 12 241 2.93 11.64 3.08 2.22 
2893 13 222.5 2.87 11.70 3.00 2.30 
2894 14 206.7 2.82 11.75 2.94 2.36 
2895 15 193 2.73 11.84 2.87 2.43 
2896 16 181 2.70 11-87 2.83 2.47 
2897 17 170.4 2.66 11.91 2.77 2.53 
2898 18 161 2.61 11.96 2.72 2.58 
1899 19 152.6 2.56 12.01 2.68 2.62 
2900 20 145 2.52 12.05 2.64 2.66 
2902 22 131.9 2.50 12.07 2.57 2.73 
2904 24 121 2.38 12.19 2.50 2.80 
2906 26 111.8 2.29 12.28 2.43 2.87 
2908 28 103.9 2.26 12.31 2.37 2.93 
2910 30 97 2.21 12.36 2.33 2.97 
2912 32 91 2.16 12.41 2.27 3.03 
2914 34 85.7 2.10 12.47 2.23 3.07 
2916 36 81 2-07 12.50 2.19 3.11 
2918 38 76.8 2.02 12.55 2.14 3.16 
2920 40 73 1.98 12.59 2.10 3.20 
2925 45 65 1.90 12.67 2.02 3.28 
2930 50 58.6 1.82 12.75 1.94 3.36 
2935 55 53.4 1.75 12.82 1.87 3.43 
2940 60 49 1.68 12.89 1.81 3.49 
2950 70 42.1 1.56 13.01 1.71 3.59 
2960 80 37 1.46 13.11 1.61 3.69 



ANNEX TABLE VlI-B1- (Continued) 

Observation Well 

Time Since Time Since 
Pumping Well 
Residual 

Data Data 
Residual 

Pumping Started Recovery Star-ted Ratio Drawdown Recovery Drawdown Reoovery 

2970 90 33 1.41 13.16 1.52 3.78 
2980 100 29.8 1.33 13.24 1.44 3.86 
2990 110 27.2 1.26 13.31 1.38 3,92 
3000 120 25 1.21 13.36 1.32 3.98 
3030 150 20.2 1.04 13.53 1.18 4.12 
3060 180 17 0.97 13.60 1.10 4.20 
3120 240 13 0.76 13.81 0.88 4.42 
3180 300 10.6 0.66 13.91 0.76 4.54 
3240 360 9 0.54 14.03 0.63 4.67 
3300 420 77.9 0.47 14.10 0.58 4.72 
3360 480 7 0.42 14.15 0.53 4.77 
3420 540 6.3 0.37 14.20 0.49 4.81 
3480 6oo 5.8 0.32 14.25 0.44 4.86 
3540 660 5.4 0.29 14.28 0.40 4.90 
3600 720 5 0.27 14.30 0.36 4.94 
3660 780 4.7 0.24 14.33 0.34 4.96 
3720 840 4.4 0.21 14.36 0.32 4•98 
3780 900 4.2 0.18 14.39 0.29 5.01 
3840 960 4 0.15 14.42 0.26 5.04 
3900 1020 3.8 0.13 14.44 0.23 5.07 
3960 1080 3.7 0.11 14.46 0.27 5.09 
4020 1140 3.5 0.09 14,48 0.19 5.11 
4080 1200 3.4 0.06 14.51 0.17 5.13 
4140 1260 3.3 0.04 14.53 0.15 5.15 
4200 1320 3.2 0.02 14.55 0.09 5.21 
4260 1380 3.1 0.02 14.59 0.04 5.26 
4320 1440 3 0.03 14.6o 0 5.30 

VII-B-5
 



AI =X TABLE VII-B-1(Continued) 

STEP-DRAWDOWN PUMPING TEST 

Pumping Time(min) Pumping Rate(1]28) -
Pumping Well Data 

Water Level Drawdown(m) 
Observation Well Data 
Water Level Drawdown(M) (m) 

o 12.6 3.96 0 3.84 0 
1 
2 
3 
4 

12.6 
12.6 
12.6 
12.6 

6.o6 
6.02 
6.11 
6.18 

2.10 
2.06 
2.15 
2.22 

4.37 
4.92 
5.34 
5.62 

0.53 
1.08 
1.50 
1.78 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 

6.33 
6.36 
6.42 
6.47 
6.51 
6.53 
6.57 
6.60 
6.59 
6.61 
6.62 
6.62 
6.64 
6.66 
6.68 
6.68 

2.37 
2.40 
2.46 
2.51 
2.55 
2.57 
2.6 
2.64 
2.63 
2.65 
2.66 
2.66 
2.68 
2.70 
2.72 
2.72 

5.86 
6.04 
6.15 
6.20 
6.26 
6.28 
6.31 
6.33 
6.35 
6.37 
6.38 
6.40 
6.41 
6.44 
6.45 
6.47 

2.02 
2.20 
2.31 
2.36 
2.42 
2.44 
2.47 
2.49 
2.51 
2.53 
2.54 
2.56 
2.57 
2.60 
2.61 
2.63 

22 
24 
26 
28 
30 
32 
34 

12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 

6.69 
6.71 
6.72 
6.74 
6.75 
6.76 
6.78 

2.73 
2.75 
2.76 
2.78 
2.79 
2.80 
2.82 

6.46 
6.46 
6.50 
6.52 
6.52 
6.54 
6.55 

2.62 
2.62 
2.66 
2.68 
2.68 
2.70 
2.71 

36 
38 
40 
45 
50 
55 
60 
70 
80 
90 

12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 

6.81 
6.82 
6.82 
6.85 
6.88 
6.., 
6.80 
6.90 
6.90 
6.94 

2.P5 
2.86 
2.86 
2.89 
2.92 
2.93 
2.93 
2.94 
2.94 
2.98 

6.56 
6.57 
6.59 
6.61 
6.60 
6.61 
6.61 
6.63 
6.65 
6.69 

2.72 
2.73 
2.75 
2.77 
2.76 
2.77 
2.77 
2.79 
2.81 
2.85 
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AM= TABLE VII-3-1(Continued)
 

Pumping Time Pumping Rate-.(main) 

310 25.2 
320 25.2 
330 25.2 
340 25.2 
350 25.2 
360 25.2 
390 25.2 
420 25.2 
480 25.,2 
481 37.8 
482 37.8 
483 37.8 
484 37.8 
485 37.8 
486 37.8 
487 37.8 
488 37.8 
489 37.8 
490 37.8 
491 37.8 
492 37.8 
493 37.8 
494 37.8 
495 37.8 
496 37•8 
497 37.8 
498 37.8 
499 37.8 
500 37.8 
502 37.8 
504 37.8 
506 37.8 
508 37.8 
510 37.8 
512 37.8 
514 37.8 
516 37.8 
518 37.8 
520 37.8 
525 37.8 

Pumping Well Data 

Water Level Drawdown
(M),(M 


12.37 8.41 

12.40. 8.44 

12.45 8.49 

12.49 8.53 

12.48 8.52 

12.56 8.60 

12.61 8.65 

12.61 8.65 

12.74 8.78 

15.42 11.46 

15.55 11.59 

15.80 13.84 
16.04 12.08 

16.17 12.21 

16.30 12.34 

16.45 12.49 

16.63 12.67 

16.69 12.73 

16.84 12.88 

16.78 12.82 

16.67 12.71 

16.82 12.86 

16.85 12.89 

16.92 12.96 

16.95 12.99 

17.06 13.10 

17.04 13.08 

17.09 13.13 

17.13 13.17 

17.11 13.15 

17.12 13.16 

17.17 13.21 

17.28 13.32 

17.27 13.31 

17.31 13.35 

17.33 13.37 

17.33 13.37 

17.30 13.34 

17.33 13.37 

17.22 13.26 


Observation Well Data
 
Water Level Drawdown) ((M) 

8.29 4.45
 
8.30 4.46
 
8.32 4.48 
8.35 4.51
 
8.35 4.51
 
8.36 4.52
 
8.40 4.56
 
8.40 4.56
 
8.45 4.61
 
7.01 3.17
 
7.77 3.93
 
8.64 4.80
 
8.71 4.87
 
8.72 4.88 
8.75 4.91 
8.75 4.91
 
8.75 4.91 
8.77 4.93
 
8.78 4.94 
8.79 4.95
 
8.79 4-95 
8.80 4.96 
8.81 4.97
 
8.82 4.98
 
8.83 4.99 
8.83 4.99
 
8.85 5.01 
8.85 5.01
 
8.86 5.02
 
8.86 5.02 
8.87 5.03
 
8.89 5.05
 
8.90 5.06 
8.90 5.06
 
8.90 5.06
 
8.85 5.01
 
8.80 4.96
 
8.78 4.94 
8.78 4.94
 
8.78 4.94 
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ARM TABLE VII-B-1 (Oontinued) 

Pumping Well Data Observation Well Data 
Pumping Time Pumping Rate Water Level Drawdown Water Level Drawdown 

100 12.6 7.00 3.04 6.72 2.88 
110 12.6 7.01 3.05 6.74 2.90 
120 12.6 7.01 3.05 6.76 2.92 
150 12.6 7.08 3.12 6.80 2.96 
180 12.6 7.08 3.12 6.80 2.96 
240 12.6 7.13 3.17 6.85 3.01 
241 
242 
243 

25.2 
25.2 
25.2 

9.29 
9.57 
9.76 

5.33 
5.61 
5.80 

7.1.9 
7.37 
7.50 

3.35 
3.53 
3.66 

244 25.2 10.28 6.32 7.56 3.72 
245 25.2 10.98 7.02 7.67 3.83 
246 25.2 11.19 7.23 7.76 3.92 
247 25.2 11.34 7.38 7.84 4.00 
248 25.2 11.41 7.45 7.90 4.06 
249 25.2 11.48 7.52 7-95 4.11 
250 25.2 11.53 7.57 7.97 4.13 
251 25.2 11.54 7.58 8.00 4.16 
252 25.2 11.62 7.66 8.01 4.17 
253 25.2 11.66 7.70 8.03 4.19 
254 25.2 11.68 7.72 8.05 4.21 
255 25.2 11.79 7.83 8.06 4.22 
256 25.2 11.83 7.87 8.08 4.24 
257 
258 

25.2 
25.2 

11.84 
11.86 

7.88 
7.90 

8.09 
8.1o 

4.25 
4.26 

259 25.2 11.92 7.96 8.10 4.26 
260 25.2 11.94 7.98 8.11 4.27 
262 25.2 11.95 7.99 8.13 4.29 
264 25.2 12.02 8.06 8.13 4.29 
266 
268 

25.2 
25.2 

12.07 
12.07 

8.11 
8.11 

8.16 
8.17 

4.32 
4.33 

270 25.2 12.07 8.11 8.17 4.33 
272 25.2 12.12 8.16 8.18 4.34 
274 25.2 12.17 8.21 8.19 4.35 
276 
278 

25.2 
25.2 

12.17 
12.17 

8.21 
8.21 

8.20 
8.21 

4.36 
4.37 

280 
285 

25.2 
25.2 

12.20 
12.23 

8.24 
8.27 

8.21 
8.23 

4.37 
4.39 

290 25.2 12.30 8.34 8.24 4.40 
295 25.2 12.32 8.36 8.25 4.41 
300 25.2 12.31 8.35 8.27 4.43 
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ANNEX TABLE VII-B-1(Continued) 

Pumping Well Data 
Pumping Time Pumping Rate Water Level Drawdown

(5in) (1p7) 1(m)3.2 

530 37.8 17.48 13.52 

535 
 37.8 17.36. 13.40
540 37.8 17.37 13.41 
550 
 37.8 17.44 13.48 

560 
 37.8 17.56 13.60 

570 
 37.8 17.63 13.67

580 
 37.8 17.76 13.80

590 
 37.8 17.75 13.79 
600 37.8 17.81 13.85 

630 
 37.8 17.82 13.F16
660 37.8 17.93 13.97 
720 
 37.8 18.27 14.31 


Observation Well Data
 
Water Level Drawdown
 

() -- __ 
8.78 4.94
 
8.79 4.95
 
8.79 4.95 
8.83 4.99
 
8.84 5.00
 
8.84 5.00
 
8.86 5.02
 
8.87 5.03 
8.86 5.02
 
8.90 5.06 
8.85 5.01
 
9.02 5.18 
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ANNEX TABLE VII-B-2
 

SIL-WD MN.4 (CDM-3)
 
PUMPING RATE BEFORE RECOVEr
 
20.8 LPS FOR 937 MINUTES
 

DATE 13 JAN 1977
 

Well diameter 250 
Static water level 2.74 

Time since Time since Water Residual
 
test pumping recovery Level Drawdown 
started (t) started (t') Ratio 01' (m) (m) 

937 0 - 10.44 7.70 
938.5 1.5 626 6.70 3.96 
942 5.0 188 6.10 3.36 
948 11.0 86 5.49 2.75 
960.5 23.5 41 4.88 2.14 

965 28 34 4.72 1.98 
971 34 29 4.57 1.83 
977 40 24 4.42 1.68 
986 49 20 4.27 1.53 
997 60 17 4.11 1.37 

1008 71 14 3.96 1.22 
1014.5 77.5 13 3.87 1.13 
1024 87 12 3.81 1.07 
1034 97 11 3.73 0.99 
1045 108 10 3.66 0.92 
1440 503 2.9 2.82 0.08 
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MM TABLE VII-B-3 

SIL-WD NO. 1 (CDM-1)

PUMPING RATE BEFORE RECOVERY
 

20.2 	LPS FOR 965 MINUTES 
DATE 15 JAN 1977 

Well diameter 200 mm 
Total depth 71.6 m 
Static water level 1.7 m 

Time since Time since Water Residual 
test pumping reoovery Level Drawdown 
started (t) started Ct') Ratio t/t' m (m) 

965 0 	 - 10.44 8.74 
966 
 1 	 966 6.40 4.70
 
967 
 2 	 484 5.79 4.09
 
968.5 3.5 277 5.18 3.48 
969 4 242 4.88 3.18 

971 6 	 162 4.57 2.87
 
973.5 8.5 	 115 
 4.27 2.57 
978.5 13.5 	 72 3.96 2.26
 
981.5 16.5 	 59 3.81 2.11 
985 20 49 3.66 1.96 

989 
 24 	 41 3.50 1.80 
993 	 28 
 35 3.35 1.65
 
999.5 34.5 29 3.20 1.50 

1007.5 42.5 3.0524 	 1.35 
1012 47 	 21.5 2.97 1.27 
1018 53 	 2.90
17.2 	 1.20 
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DESCRIPTIVE DATA GRAPHIC LOG 

DEPTH CiTRATI...... 
ViELL NO. (cDM) 5 (m) (FT CASING STRATIFICATION 

BPW 11026(OTHER) 
LOCATION BARRIO GUINHALARAN . -GROUND SURFACE 

CITY SILAY 
PROVINCE NEGROS OCCIDENTAL CLAY 

CONST. BY 
DRILLER DEOGRACIAS SANTOS 
STARTED JUNE 16,1957 1n .2 42- . .. .. . .. STIoCK....-Y LAY . .4 2. 

13,1957COMPLETED DECEMBER 


OWNER
 
STATUS
 
CASING DIAMETER 150 fM (0 It.)
 
CASING LENGTH 97 M. (318 FT.)
 

DRILLER'S TEST DATA
 

1957DATE 

STATIC WATER LEVEL + IOM (3FT.) . . . .
 
PUMPING WATER LEVEL SAND
 
TEST PUMP YIELD FREE-FLOWING AT 40.2 132
 

10 GPM (0.6 LPS) 

SANDY CLAY 

REMARKS; 

62. 6 206I 
SAND AND ORAVEL 

66.4 218 

QUICK SAND 

80.9 265
 

WATER QUALITY DATA: 
SANDY CLAY 

93.0 301S 

97.0 318 CLAY 

102.1I 335
loz.3 3:SAND 

104.3 342 . .AND 

ANNEX FIGURE 
WELL DATA 

VJI B-I
SHEET 

FEASIBILITY STUDY FOR WATER 

IUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM WELL CDM- 5 



DESCRIPTIVE DATA G, APHIC LOG 
DEPTH ! .... .. . ... . 

WEiLL NO. (CDM) 
(OTHER) 

7 

BPW "5 
(M 

-

z--j
(FT"I I 

iAlivo 
I 

S3TRATI FICATIONr 

LOCATION 
CITY 

SILAY SOUTH ELEM. 
.IMU-

SCHOOL 

---- - .--," 
...--GROUND SURFACE 

PROVINCE NEGROS OCCIDENTAL -BLUE CLAY 

CONST BY BPW 
DRILLER _- _ 22 
STARTED JULY16,_952 ......... 

COMPETEDSEPTEMBER 16 1952 1. 
: FINE SAND 

STATUS FFEE-FLOWING AT
C A SIN O DiAINS T E R 2 00 

20 GPM(I .3LPS)
(8''M, IN .)i'J{' ' IWITHi . " GRAVEL 

CASING LENGTH 68.6 M (257 FTW A 
BLUE CLAY 

DRILLERS TEST DATA: 

DATE_____IUI 
DE FINE SAND 

STATIC WATER LEVEL + 1.2 M (4-FT 30. 0loo 

PU.,PING WATER LEVEL 0 _BLUE CLAY 
IEST PUMP YIELD FLOWING 2.2 LPS. 

S(3.6 120 

CLAY WITH RAVEL 
REiAARKS: 

IlNE SIAND 

FLOWING AT GROUND LEVEL AT 45.7 I0so 

35 GPM ( 2.2 LPS) 
STRAINER FROM 68.6 M 
TO 78.3M (257 FT.) 

(225 FT) 
t0 i7C, 

BLUE CLAY 

SANDY CLAY 

VL",TFr-,' QUALITY DATA: 
2.0 f 

:~c::::, 
HARD BAND 

SANDYCLAY 
COARSE SAND 

ANNEX FIGURE M1J8-2 
I311. 1TY S"Y ir.R WATER LWUACDM WELL DATA SHEET

WELL CDM-7 
"3':P;,LY Cn .O'I TElIUnfDAN ARI-.A3 



DESCRIPTIVE DATA 

WELL NO. (CDM) 9 
(OTHER) BPW 17105 

LOCATION BARRIO BALARING 
PROVINCE NEGROS OCCIDENTAL 

-GR,.Or 

DEPTH 
M) IFTLI 

GRAPHIC LOG 

CANG I TATICTO
SL 

Qf..UND SURFACE 

......... 

CONST. BY-,---DRILLER:-". 
!''. 

STARTED.. DECEMBER _23,2_ 1957 
COMPLETED MAY 7, 1958 

OWNER 
STATUS _: _:"_"" 

CASING DIAMETER i00 M (4 IN.) 

CASING LENGTH 50.6 M 166FT.)j 

.. 

::'__""_ 

SANO 

DRILLER' S TEST DATA: 

DATE 1958 -­ __"" 

STATIC WATER LEVEL -0-0.6 M C2 

PUMPING WATER LEVEL 
TEST PU16P YIELD FREE FLOWING 

15 GPM (0.9 LPS) 

FT.) 

AT 

. 

S1O.6 

' 

Igo 

" 

'" ' 

" 

REMARKS: 

ADO E 

WATER QUALITY DATA: 

X\l 

QK~ k 

ANNEX FIGURE " 
WA~r WELL DATA Sifl-';FEASIBILITY STUDY FOR 

SUPPLY OF SECOND TEN URBAN APFAI I\A f WELL. CDM-9JIC 
R~~~ LWAC I 



DESCRIPTIVE DATA GRAPHIC LOG 

WELL NO. (CDM) ..... 

(OTHER) . 
L.OCATION HACIENDA PANAOGAO 
CITY- SILAY 
PROVINCE NEGROS OCCIDENDAL 

___-

D2CM 

3.0 

T 

1 

-

--

CASiNG 

0RAVEL 

STRATIFICATION 

-GROUND SURFACE 
ROWN SHALE 

AND SAND 

CONST BY C.B HOOVER WELL DRILLER 
DRILLER P S DE LEON 
STARTED 
COMPLETED 
OWNER DOMINADOR JISON _ _ 

STATUS 

CASING DIAMETER AND LENGTH 400MM (16 IN.)-
0 TO 53.6 M 350MM(141N)-536 TO 129.2 M 

.5 

. 

18.2 

274 

21 

4G 

60 

0o 

0 

a C 

SAMDY SHALE. 
RAVEL AND SAND 

SAN:DY SHALE 

SANDY STONE 

DRILLER'S TEST 
DATE 
STATIC WATER LEVEL 

PUMPING WATER LEVEL----
TEST PUMP YIELD - ------

SANDY SHALE 

REMARKS: 
400MM SOLIDWELL CASING-0 TO 18.2 M 
400MM PERFORATED WELL CASING-18.2 
T'0 53. 6 M 

350 MM PERFORArED WELL CASING- 53.6 
TO 129.2 M 
REPORTED CAPACITY - 1000 (3PM(65 LPS) 

1.0o 

7.i 

74.7 

200 

. 

245 

200 

. 

T 

SANDY 

L 

SHALE 

I VOLCANIC SAND 

WATER QUALITY DATA: 99.' 325 VOL.A....SA . 

SEE TABLE VII-3, 
FQMn, COLOR AND 

EXCESSIVE 
TURBIDITY 

SANDY SHALE 

1234 405 

1292 424 
S 40 01 co SANDY STONE 

1372 450.. ... 

ANNEX FIGURE MB-4 
WELL DATA SHEETEWASIaILITY STUDY FCOR WAM14L 

SUPPLY OF SECOND TEN URBAN ARlA5 LWLA-W 4I 



DESCRIPTIVE DATA GRAPHIC LOG
 

VI'LL NO (CDI) 24 

(OTHER)_
L CATION HACIENDA MAQUINA.____ 

C!TY ____ SILAY 

PROVINCE NEGROS OCCIDENTAL 
C UST Y._CHARLIE B. HOOVER 

.... 

STRATIFICATION 

_________DURFAC 

_______________r SAODY CLAY 

-__-_-

BLUE SH AL 

DRILLER 
APRIL 20, 1972

CT1ART ED ______ __ __ ____(OMPLET'.D JUNE 20,1972 

OWNER MONSERAT LOPEZ 
,TATUS_" 

CASING DIAMETER AND LENGTH 300MM (12 IN.) 
SOLID-O TO 12.2M 200 MM (8 IN.) 
PrERFORATED- 12.2 TO 61. 0 M. 

107 

40 

r-

"-"22 

SANDY SHALE 

Dr!ILLERt TEST DATA: 
DATE_24.4 
STATIC WATER LEVEL _".'. 

PUMRNG WATER LEVEL 
TEST PUKP YIELD 

__. 274. 9 P 

"v INE $AND 

ORAVEL AND SAND 

RiM4ARKS: 

BLUE SHALE 

WATER QUALITY DATA: 

61.0 200 

ANNEX FIGURE VT[ B-5 
FEASIILITY STUDY FOR WATER LW ACDM WELL CDM - 24 
3UPPLY OF SECOND TEN lIRF?., AREAS 



____ 

__ 

-- 

DESCRIPgIVE 	 DATA R AP ! 

DEPTH CASING 'STRATIFICATION
 
WELL NO (CDM) 38 011) (FT)
 

(OTHER) STRATIGRAPHIC EXPLORATION
 
LOCATION FREEDOM BLVD, FORTUNA SUBDIVISION GROUOD SURFACE
 

_ 
1 f _ZFI...... . . . . .CITY 4. 	

. ._SLAY 1L.AY WITh .
PROVINCE 	

I',
NEG,!OS OCCIDENTAL 	 7.- 20 1 I':" "(\ B AN UL 'N WITH MCD.'O:VLi?,7 S 

r.YNOORL.
U	 

.ED. 
CONSTBY GOLDWATER DRILLING a MACHINERY 	 s-o00 . 'DRILLER V. QUERUBIN "'.5.II _ \',, b AY B CL Ao'LT'V,:.~_ ~- -~ --~.- ~-- - ----- ------	 -- oWN igABO LAYs i;STAR.TED 	 p_US-A, $-_ OILAR WITH FINE rAAVEL 
COMPLETED FEBRUARY 16 	 197AYCY TU 

OWNER 1U4 Fill GRAVELSTATUS OBSERVATION WELL N TO _u'tJR y CLAY SILTY 6iAIUDYCASING DIAMETER 125 MM . 0 . .. . .ITN 	 E.... . . 
CASING LENGTH 158.54M .1 	 RAY CLAY :10,NkDY 

51.2 lag aP~M~A54.3 I7 .- TAN CLAY 
, 	 I 8 I AY I ROWN I J,A iOW ITH u07.3 186 	 g~R - C IA ,4 'Ll~-ADWTHGXDRILLER S TEST DATA C0.4 Igo-	 GRAYLIGHT . NDY CLA 

0.5 213 	 G0Y SADY CLAYDATE 	 9-13 JUNE 1977 6,v.5 220...... 
72.4 2oSTATIC WATER LEVEL 3.87 M 24 	 (30I?54 2465 	 \ ....... N SA. . .
CAA Y - R-N IN-E--SAPID 

PUMPING WATER LEVEL OBSERVATION WELL \-,A6ND: iOEHE -kAI f-
TEST PUMP YIELD _P 

__ __ 	 A ' CLAY .. _SPECIFIC ______ ____ ____ __ __ __ __ 	 GnI ILT, t S ,DY ___CAPACITY 	 '_--AYU-LE TI K CLAY IT_-_IU STICKY 1LYWITH 

g7*~_7 	 Z X f6fNC:
970 320 VIYt a 1If 

REMARKS: L.GRAY SAND MWEDONE TO ORAINS 
110.1 361 ~ror~cw 
114.0 	 -74-L-IO LIr-T - ,AY .. A .. _ .OPEN HOLE BELOW 158.5 M G-AY - 1 'y $LAY whYiiCDM NO.38 IS 76 	 FROM 0DM NO.39 120.7 396 

.	 

GhNINH TAN STICKY CLAY 
-N - ­

FINE-NED. OfAIN 
129.9 4126 	 VIHETANSILYAND 

136.0 	 440 - ....--.-- - . ... 
L~~"~ FINE TO MZLD. TAN- GRAY !!ANDTILTY CLAY WIlH SOME 

146.3 	 480 C..ANU ­
oRAY SAY CLAY SAND 18 

WATER QUALITY DATA: FINE TO MEDIUM 
157.0 1 	 --

Il.Ls 530 -- . . lVCL, MEa WITH SOME COARSE1 ...,: ..: -- . . . .. . . .. . . . . 

S I IN TO TAN SANDY CLAY 

175.0 5 7 
179.0 587 -:. 	 INE- MEiJ ,IOWN SAND­
102.9 600 	 FIN E_- iN "SLTY . . 

NOTES: 
GRAVEL PARTICLES ARE SUB-ROUNDED TOSUB-ANGULAR FRAGMENTS OF VOLCANIC ROCK,
 
SAND GRAINS ARE GENERALY SUB- ROUNDED ro
SUB-ANGULAR FRAGMENTS OF VOLCANIC ROCK
OR QUARTZ CRYSTALS, OR CRYSTALS OF BL.ACK
 
MINERALS.
 
ALL SEDIMENTS APPEAR 10 BE DFRIVED FROM
 
VOLCANIC ROCK OR VOLCANIC ASH.
 

ANNEX FIGURE UD- 6 
VELL DATA SHEET 

FEASIBILITY STUDY WATER/LWUAFOR -DM 	 OBSERVATION WELL. 
9UPPLY OF SECOND TEN 	 URBAM AREAS LWU/--DV CDM-38 



DESCRIPTIVE DATA GRAPHIC LOG 
DE...oPTH
' CASING8IRA&CTN 

M) (FT.)

WELL NO. (CDM) 

(OTHER) PUMPING TEST WELL 
LOCATIO _ TO-P I.- .LOCATION FREEDOM BOULEVARD 

FORTUNA 3UBDIVISION T 1-
M N S IZE F -korl~W A.......SL
CITY - -- - y .... Ill. IAND vI D 

__.__2_SILAY 
12. 4PROVINCE NEGROS OCCIDENTAL 

58.3 00LAY 
DRILLER V. QUERUBIN FINIE -_O blWLtgIIE26 MM 
CONST.BYGOLDWATER DRILLING 8 MACHINERY so 

?1 SAND CARE,-RAV -tE-GUMDRILLER... 1.0 
LIGHT GRAY CLAY8726 1977 26 . 

- -FEBRUARYSTARTED 
-o ..3.5 IO * COMPLETED 

O__,-R.LWUA "-BLUE CLAY,DRIES GRAY 
TEST WELL_______ 42.7 --AY.........
 

' 


! '------- ORIA SANOY CLAY, $AND SIXE F­

4-. .::,: 
415.7 -- ---- _ 

,I.,-7iiCASING DIAMETER 250 MM RA,FI,.E TO M.O $AND 
.... IME TO ED. SANDCASING LENGTH 166 .2 M ______ 

BROWN SANDY CL AY SAUD*11ZE -M 

s4.9 213 .= ,,- -i.,,Z-' , .. 
"P.N____.

DRILLERS TEST DATA: 

,.- BRW. FINE TO
DATE 9-13 JUNE 1977 .- ' . r-,-CLAYEY, SAND 

,..M

STATIC WATER LEVEL 4.05M 

PUMPING WATER LEVEL 18.-6-2 M -­
_-OTIKy
TESTPUMP3YIELD 37.8 LPS CLAY 

2.59 LPS/M ,--z. . IROWN-ORAY V FINE.TO MED. 
SPECIFIC CAPACITY-_______-- . ..... SILTY. CLAYElY $AND 

100.7REMARKS; 3 

SLOTTED CASING INTERVALS; ll .> YELLOW OR..F-. SAND1M,.= SAND AS ABOVE'W/ORANU I,!! 
22.0- 26.5 IROL? 39.......ND .AS.A.....W GRA .U.EM ..30.5- 355 M eaoGRAY CLAY WIT14 FINE SAND 
30.5 - 33.5 M 1___41 
49.1 - 55.2 M ORAY To YELLOW IAND 

61.0 640 MllFRI - YELLOW- CRAY SAND61.0- 640 M13.1 401 .'* 
70.1 - 731 M 40
 

94.5-100.6 M ORAY TO YELLOW- ORAY,
 
112.8 - 122.0 M FINE TO MID. SAND.
 
128.0 -1372 M POORLY SORTED 
140.2 - 146.3 M 
149.4 -161.6 M 

TOTAL SLOTTED; 62.5 M. . 5 GRAYG56 MC D. RA VE L ,LOO. 0 . 
CEMENT PLUG IN BOTTOM OF CASING;O.6M 14 I"ROWN SANDY CLAYSANDSSZE r-u 

CDM NO. 39 545
IS7.6M FROM CDM NO.58 180.2 

WATER QUALITY DATA' NOTES: 
GRAVEL PARTICLES ARE SUB-ROUNDED TO 
SUB-ANGULAR FRAGMENTS OF VOLCANIC ROCK, 
SAND GRAINS ARE GENERALY SUB-ROUNDED TO 
SUB-ANGULAR FRAGMENTS OF VOLCANIC ROCK 
OR QUARTZ CRYSTALS, OR CRYSTALS OF BLAb, 
MINERALS. 
ALL SEDIMENTS APPEAR TO BE DERIVED FROM 
VOLCANIC ROCK OR VOLCANIC ASH. 

ANNEX FIGURE V3fE-7 
WELL DATA SHEET 

FEASIBILITY STUDY FOR WATER W 
SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM SILAY TEST WELL CDM" 39 

http:CASING;O.6M


--

------ 

CASING COUNT RATE COUNT RATE
 
0 __ _ 50 

- ---.--.-- O . ... 

2 0 0oV3 0 
100 

. . . . ... .. ....- -,"
 

zz8 -- - ----Ie 
o4 

--.---

0 

--- Ii 
J" 8 0 . .. 

.. ..­ ........ .... --


0 1< o 

0 -- 0 _ -­

u- --. 120 --

J .... .. -4--

TIME CONSTANT ­10 SECONDS,- 10 
SPEED 4 M/MIN.,...... ... _
 

WIDCO 1200LOGGER.............10­
-o .
 

0 DM NO. 39 CDM NO38 
--. 170 

SUPPY IO AESSECOND RAN LW - D C....NO3"ND 3 

1 70____ 

FEASIBILITY STUDY FOR WATERSANNX AND3 SILAY TEST WELLSUECONET 




__ 

, 

8 !PUMPING RATE 

LCJ,) 0 

I 

10 
z 

As -1,77 M . 

15" 10 

ANALYSIS BY JACOB'S MODIFICATION 
OF THE THEIS NON-EQUILIB3RIUM 
FORMULA 0.1830 

OFSC:~Ti Rl RA Iwij 

cUPPLY~~ ~ ~ ~ ~MNUSMINASUTES), 

48 HOUR SPECIFIC 

~~TMOF 

TIME 

50 16o 

OF PUMPING (MINUTES) " 

PUMPING 
ANALSIS Y JCOB' MOIFICTFOQ= 3270 CUMD OF~~~~r: 333 CUMD/M RIU 

FEASIBILITY STU!; FOR wAiER _UPI( 

I I 

37.8 LPS I 
CAPACITY 2.6 LPS/M 

I 

500 16 5000 

PPIN WELCM3 

IA C' Y ITE :! I 

.H .HI . .......
ANNEX FIGURE VI--9
 
CONSTANT RATE PUMPIN'3 TEST
 

2 WT'NL =l DS9JT 



0'0 

WLIF ____PUMPING RATE 37.8LPS
 
w 
 FOR 48 HOURS
 
m TIME SINCE PUMPING STARTED

t_'= TIME SINCE PUMPING STOPPED 
2­

: I AS= 1.75 M 
0o 

_J 

4 

5­

w 
61
 

5 10 50 100 500 1000 5000 

t/t' (DIMENSIONLESS) 

ANALYSIS BY JACOB'S MODIFICATION 
OF THE THEIS NON-EQUILIBRIUM 

FORMULA 

0.1830
As
 

Q= 3270 CUMD
 
T= 342CUMD/M 

ANNEX FIGURE MII-B-O 
RECOVERY FROM CONSTANT
 

RATE PUMPING TESTFEASIILI'Y STUDY FOR WATER -. W .. 0rkA- TUMP!
SU")PL' 0z' SECOND TEN URBAM AREAS ~wf'-~ ~(~ 



4 
400 

. . ...................................... . ... .- w w • •--- -- -- ... .... .. .
 

,"-

On"7 ....... 
w 
I­ 00 

PUMPING RATE 

0 - 240 MINUTES, 12.6 LPS 
240- 480 MINUTES, 25.2 LPS 
480- 720 MINUTES, 37.8 LPS 

__ ___ __ 

, 

............ 

............ 

cr 10. 

z 

14, 

ANE FGREU8­

0IA IYWTRDSRC
 
0 I L i 

STEP DRAWDOWN TEST
FEASIBILITY STUDY OR ATER WA-D PUMPING WELL CDM- 39 

LSUPPLY OF SECOND TEN URBAN AREAS L ACMSLYCT AE ITIT 



0 1 

2J PUMPING RATE 37.8 LPS 
OBSERVATION WELL 7.6 METERS i 

WJ 
- II FROM PUMPING WELLS 

z 
o 4 

6- ITI 

5 10 50 100 5 00 1000 5000 
TIME OF PUMPING (MINUTES) 

ANNEX FIGURE U-B-12 
CONSTANT PATE PUMPING TEST 

FE BIITY STUDY FOR WATER A - MoESIIO .f0N WELL CD.M!-38 
SUPPLY OF SECOH,3 TEN URBAN AREAS 3W1U._; " , D RT 



O" 

I-
w 

I-

o -

w 

ANALYSIS BY 
OF THE THEIS 
FORMULA 

T= 

Q 
T: 

1 
As 1.75 M 

5 I0 

JACOB'S MODIFICATION 
NON-EQUILBRIUM 

01830 

As
 

3270 CUMD 
342 CUMD/M 

I7" STUt' F"- WATER 

F 
tt 

PUMPING 
t: TIME 

TIME 

RATE 
SINCE 
SINCE 
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SUPPLEMENT TO FIGURE VII-B-18
 

GENERAL CONSTRUCTION SUGGESTIONS
 

Gravel Packed Well - Rotary Drilled 

1. 	Drill oversized hole to 15-meter minirmum depth (more
 
if conditions require), set and grout 500 mm surface 
casing. 

2. ±rill small diameter pilot hole inside surface casing 
to 200 or 300 meters (or less if in an area where saline
 
groundwater at depth is anticipated). 

3. 	 Run electric log. 

4. 	 Examine samples and electric log to locate suitable
 
permeable zones. Abandon site if sufficient permeable
 
material is not found.
 

5. 	 Ream pilot hole diameter to largest diameter that can be 
drilled inside the surface casing to a depth about five 
meters below the lowest permeable zone.
 

6. 	Install string of casing and screen with screen opposite
 
all permeable zones. Pump housing casing to be 25-meter
 
minimum length, maximum length dependent on depth of up­
per 	screened zone and anticipated maximum water levels
 
during life of well. 

7. 	 Place gravel of proper siKze and gradation. 

8. 	Clean and develop well thoroughly.
 

9. 	 Test well. 

10. Design pump.
 

11. Construct well head facilities.
 

12. Install pump. 
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CHAPTER VIII ANALYSIS AND EVALUATION OF ALTERNATIVES 

A. GEERAL 

This chapter identifies and evaluates the alternatives avail­
able for source development, transmission, treatment, distribution
 
and storage facilities. Other water conservation and augnentation
 
alternatives are also briefly discussed.
 

B. WA'ITER SUPPLY SOURCE AT TERNATIVES 

The water resources of the Silay City are discussed irarea 
Chapter VII. 
 The possible sour'ces of supply considered for the
 
SIL-WD are: (1) deep wells in or near the service area; (2) deep
 
wells on the 50-meter contour line, about 11 km inland from the
 
service area; (3) induced infiltration wells on the Malogo River,
 
14 km away (by road); and (4) surface water from the Imban, River,
 
about 2 km from the poblacion. Springs adequate to supply SIL- D 
are not known to exiot within a reasonable distance.
 

Water from the three possible well sources will be suitable
 
for use by 0IL-WD without treatment other than routine disinfection. 
Water from the Imbang River will require complete treatment, in­
cluding coagulation, settlintg, filtration and disinfection.
 

A comparative analysis of the present worth coat of prwviding additional 
water to SIL-WD from each of the four sources considered has been
 
made. The results of the analysis are summarized in Table VIII-1. 
In all of the analyses, it has been assumed that the three ope­
rational wells in the service area constructed before 1966 would
 
continue to deteriorate and would be out of service by 1985. 
 In
 
the first alternative, using wells 
in and near the service area,
 
some 
of the peak-hour demand will be met by provision and use of
 
additional wells. 
 In the other three alternatives, it will be less
 
costly to meet peak-hour demand from elevated storage and the cost
 
of this additional provided in the coststorage is estimates for 
these alternatives.
 

The analysis indicates that providing SIL-tD with water from 
wells in and near the service area is the cheapest of the four
 
alternatives. This alternative is 
cheaper by 2'7 million consi­
dering costs through. the year 2000, than the other two well alter­
natives which cost about the same. 
 The alternative using tater
 
from the 1,alogo River, after complete treatment, costs P20 million
 
more than the alternative using wells near the service area, again

considerinfg present worth cost through the year 2000. 
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TABLE VIII-1 

COMPARATIVE PRESENT WORTH COSTS 9F 
ADDITIONAL SUPPLY AL'ITMEATIVES-/
 

Construction Cost Present Worth Cost/ 
- " Items / ( x 1,000) (x 1.000) 

From Wells near the Service Area
 
Well and Pump House 7,788 2,094
 
Transmission Pipelines 8,110 2,268
 
Replacement of Machinery 100 5
 
Operation and Maintenance 3,207
 

Total Present Worth Cost F7,574 

From Infiltration Wells on the 
Malogo River
 

Well and Pump House 1,880 509
 
Transmission Pipelines 27,470 11,436
 
Replacement of Machinery 140 7
 
Operation and Maintenance - 1,536
 
Storage 3,976 1,262
 

Total Present Worth Cost ?14,750
 

From Wells at 50 m Contour 11 km from
 
Si lay-WD 

Well and Pump House 5,368 1,435
 
Transmission Pipel-'-ea 22,070 9,052
 
Replacement of Machinery 200 11
 
Operation and Maintenance - 2,628
 
Storage 3,976 1,262
 

Total Present Worth Cost ?14,388
 

From Imbang River 
Pump Stations 10,072 5,230
 
Treatment Facilities Including
 

Storage 27,900 13,369
 
Transmission Pipelines 3,600 1,689
 
Replacement of Machinery 5,600 507
 
Operation and Maintenance 7,122
 

Total Present Worth Cost P27,917 

!/Based on an estimated staging program. Refer to Annex VIII-B 
for details. 

2/Those items which would be common to all the alternatives 
studie4 have not been included in the cost comparisons.

/Includes salvage values. Present worth costs are 1978 present 
worth costs.
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''ells in and neur the service area are proposed for futu-e

supply to the G-IL-WI), since this alternative is the least costly

among the sources coniAdered and its water quality is 
 satisfactory. 

It is possible thAt additional withdrawals from wells near

the seriuice area, in combination with additional withdrawals 
 from
existin, wells or wclls to be constructed for irri;>tion or sugar
mills, will induce salt water from the sea to travel inland under­
ground. After a time, such salt water' encroachment could pollutethe wells planned to be installed near the city. Since wells fartherfrom the sea would become contaminated with watersea more slowly

than those near sea, h are
the t e new wells therefore to beconstructed not in the city, but in a line inland from the city,
about I km from the sea. If, despite this precaution, salt water

does appear in the new wells after some years, it will then be 
necessary to seek new sources at that time, probably the other two
well alternatives considered. A present worth analysis has shownthat obtaining additional supply from well., near the service area

will be cheaper than the other alternatives even if these wells
can be used only 6 or 7 years before salt water encroachment occurs(refer to Table VIII-B-5). 
There is currently no indication of such
encroacjuient, even 
in the well in the city only 500 meters from the sea.
 

The transmission in required for the re commended al.turnative
would have a total length o! about 1! ]on, with we]]Is located I kin
 
apart.
 

Analyses indicate chemicalthat constituents of groundwater
in Silay, except total iron, manganese, color and turbidity, are
within the permissible limits set by the Philippine National Stan­
dards for Drinking Water.
 

The limits set for color', turbidity, marriumese auid ir'onestab]is;hed basod oin aesthetic 
were 

, 1 *.conoic colnideTrations rather

than pl-lic health reasons. Color, which is usually due 
 to natural
minizoral or vee table(-ri ;in may dull clothes or stain food nd fix­
tures. Turbidity is attributal,]e to suspnded tad colloidtl mattersL
cl,,bed by minr,]tl oLycl)t:.uucs, silt. is undosirable foror It 
scont. industrial processes such as i ce-ba . in otl ied hevura **s. aud
brewin , textilrLi, pulr, and l';qer, L;l, ti boilers ;,,d twrbine opera­
tion id a] s.i, 1 a u n dries. Puril ity in ..,roundwater io commonly
due to poor well CO!!" t'LlctUi0. Iron frequently accompiuis:.;
,i1uma Lrmwe o)nd exit,8 il lmud insoils min,' rals inso],i ble 'NF.rm. Tron
and n;,11':uifse ]bach IFrmn soil :nad rocks irito _,roundwat .is that are 
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devoid of dissolved oygen and are high in carbon dioxide content.
 
In addition to theso salts, products of metallic :;orroston further
 
increase the iron content of piped water. 

Analysis of Malogo River water, iudicates ran iron content in excess 
of the permissible limtts. Since surface water usually has enough
dissolved oxygen in it soluble iron and manganese could hardly occur. 
The indicated iron content of Malogo River may be attributed to clay 
(fine mud) particles present in the water. Althoui.ih excessive con­
centrations of iron and manganese cauiz nnpleasant taste, stain and 
discolor laundry and fixtures, the normal dietary intake is far higher
than the amount that would be tolerated aesthetically. 

Therefore, in order to p-eserve the good quality of water 
throughout the distribution system, the only treatment proposed is
 
disinfection at each well source. Disinfection may be accomplished
 
with various methods which are discussed in Appendix JT Volume II.
 
For economic and practical reasons (availability of equipment, supply
 
and application and lasting effectiveoess), chlorination is the re­
commended process of disinfection.
 

E. DISTRIBUTION ALTERNATIVES
 

General
 

This section presents the distribution alternatives considered
 
for the 3IL-41f). The recommended improvement prog[rain for the vuter 
system is discussed in Chapter IX.
 

The components of a water distribution system and some of the
 
alternatives in planning a system are discussed in Appendix K. The
 
design criteria for the distribution system are given in Appendix F.
 
Appendices F and K were largely developed for the First Ten Pro­
vincial Urban Areas and are applicable to moderate-size communities.
 
The Second 'Ven Provincial Urban Areas are generally much smaller and 
the parameters presented in Appendices F and K must be applied with
 
discretion.
 

Particular attention has been given to the requirements of fire 
flow in the SIL-WD. In general, fire flow is applied at various 
locations in a system coincidentally with maximun-day demands, and 
the pipelines are sized to convey the required flow at specified 
head losses. In large communities, the total peak-hour flow is 
greater than the maximum-day flow plus fire flow and therefore rela-­
tively minor adjustments are required in the pipe system to provide
fire flow. In the smaller communities, especially small barrios 
some distance from the poblacion, the fire flow alone c.n be 3 or 4 
times the total peak-houLr demand.
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hovidinJ adequate fire flow to areas where the fire flow may
be far -reater than the ultimate peaki demand is rarely justified
economically; but, as a jene-ral rule, some fire protection should 
be provided. Includ~ed in this study is information on the avail­
able fire flow at various locations where the system has been 
desiLned for conditions other than fire flow. 

The flows used for deign of the various components of the 
distribution system are a,; follo;,Ys (see 'dater Demand 1rojections,
Chapter VI)s 

1980 1990 2000 

Water Demand, lpcd 198 193 199 
Served Population 15,630 54,870 103,160 
Averagt-e Daily 11ater Demand, 

cumd 3,090 10,590 20,530 
Mlaximum-Day W4ater Demand, 

l eak-Hour 
cumd 

'later Demnad, cumd 
3,710 
5,410 

12,710 
18,530 

24,640 
35,930 

Pressure Zones 

The ,,round elevation within the future service area of the 
JL-UD throuimih the year 2000 ranges from a low of 0.5 meter in 
Barrio rNarbulac to a hih of 10.0 meters in Barrio Ilizal. The 
majority of the service axoe iricludirl." the poblacion, is situated 
at an elevation of about .-5 meters. The system can be operated 
adequately if an I1 L of 26,4 meters is maintained at the existinc 
storage tank; therefore, only a single pressure zone has been consi­
dered for tlio SII-:VrD. 

Stora,;e Flacil ties 

Stora1e facilities are provi:led in a distribution system to 
meet hourly fluAtuations in dem.uid over the day. The usual re­
quirement for operational stora.ge is 15-20 percent of the maximum­
day volume, assuming the source of supply is capable of providing 
water at a rate equal to maximum-day demand. 

In the f lat areit-., storage is usually proviied by means of an 
elevated s torage t ruik. This type of Lank is very costly in the 
Philippines because it must be desi, nd to withstand high seismic 
loadin-s. An alternative method of meeting,, dem:uad fluctuat ions 
has been investi.;ated for Silay. 

As previously discussedthe least-cost long,-term sowr'ce alter­
native for Silay is pumped -roundwater. It is possible to install 
additional pimping capacity above the maximum-day demand rate in 
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order to meet part of the peak-hour fluctuations and thereby reduce 
the amount of storage required. Methodology Memorandum No.. 6 dis­
cusses the rationale for providing additional pumping capacity and 
presents a curve used in estimating the required storage volume based 
on various supply rates. An economic analysis comparing the costs of 
providing additional iupply and of storage for Silay is presented in
 
Table VIII-2.
 

Typically, where a comparison is made between various quan­
tities of elevated storage and well capacities, providing additional
 
capacity is more economical. However, in Silay, wells would have to
 
be located a significant distance from the shoreline to minimize salt
 
water intrusion; therefore, some wells would actually 6. located outside 
of the year 2000 service area. Transmission mains would be required
 
from those wells outside the ultimate service area, increasing the
 
cost of developing well capacity. Table VIII-2 includes the additional 
transmission main costs and the analysis shows that an intermediate 
quantity of storage is the most economical to provide. 

The recommended storage tank sizes and well development program 

are described in detail in Chapter IX. 

Distribution Sstem
 

The analysis for the distribution system of SIL-WD generally 
followed the guidelines of Appendices F and K. Unlike for the First
 
Ten Provincial Urban Areas, computer analysis for Silay considered 
pipelines smaller than 200 mm in diameter. Silay would have very few
 
pipelines greater than 200 mm even in the year 2000.
 

The distribution analysis did not include studies of various
 
alternative pipeline configurations because the location of pipes 
is controlled by the location of roadways, the barrios to be served,
 
and the well supplies.
 

The location of an elevated storage tank was analyzed using 
the computer to determine the optimum location from a hydraulic 
standpoint. Southern portions of the service area around Barrio 
Guinhalaran could not be served effectively with storage located 
only at the existing site.
 

The wells for SIL-WD are situated in a generally north-south 
direction parallel to the shoreline. The existing tank is located
 
between the wells and the shore toward the northern end of the ser­
vice area. In order to operate the wells in the southern portion of 
the system with the existing storage tank, the hydraulic gradeline 
near those wells would be too high. 
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TABLE VIII-2
 

ALTERNATIVE STORAGE VERSUS ADDITIONAL SUPPLY ANALYSISIJ
 

Alternative 1 Alternative 2 Alternative 3 
(Maximum (Intermediate (Minimum
Storage) Storage) Storare) 

Storage Required (Peroent)2/ 13 6 
(Total Volume, cum) 3,080 1,380 580 

Present Worth Cost (I' x 1000)
 

Storagel /  ?1,350 
 F 470 P 20
 
Wells 1,140 
 1430 1,610
 
Transmission MainsA/ 
 - 100 420
 
Operation and Maintenance 650 720 800
 

Total P3,140 P2,720 P2,850 

'/Analysis includes all facilities to the year 2000.
 

-/Percentage of maximum-day demand. 

4/0nly includes additional storage to existing 380-cum storage
tank. The existing 190-cum tank would be abandoned sinoe it has 
an overflow elevation lower than the recommended static HGL,
 

/Inoludes cost of transmission mains from wells located outside
 
the year 2000 service area. 
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A second tank site was selected near the intersection of lizal
 
Street and Freedom Loulevard. A tank at this location reduces 
the amount of friction head on the wells in the southern portion of
the service area and reduces the operating hydraulic gradeline to

acoeptable Thea more lerel. friction head is reduced mainly because
the new tank is located adjacent to new, adequately sized pipelines.
The existing tank is located within the existing distribution system
which should be retained for service, but the pipes are not adequately
sized to convey water to the storaqe tank from the southern portion of 
the distribition syitem. 

The analysis of the flow requirements indicates that approximately
60 to 70 percent of the storage should be located at the new site while

the remainder would be loci.ted at site.the existing Altitude-control
valves and tank level monitors would have to be constructed at both
tanks. One of the tanks can completely fill before the second one

under various flow conditions because 
 the tanks are not adjacent toeach other. The tank levels would have to be monitored closely by the 
pump station operator as a check on the operation of the automatic 
altitude valve.
 

The recommendations for storage tank construction are included
 
in Chapter IX.
 

FireProtection 

Fire protection does exist in SIL-WD although not at a completely
adequate level. There are 45hydrazts (most are operational) and three
blow-off valves et the pmnping statins,where the fire department can
obtain water for fire-fighting. The pressure in most of the system is

low (0.7 to 10 m) so that the quantity of water available at most
 
hydrants is not completely adequate.
 

As outlined in Appendix K, there are two standards of fire pro­
tection, one for the high-value residential, commercial and industrial
 
areas and another fao, the single-family residential areas. 
 In the
 
high-value residential, commnrcial and industrial areas, an available

fire flow of 20 lps i t two adjacent fire hydrants should be provided,
while in the single-family residential areas, only 10 ips at twoadjacent hydrants, fiigurc VIII-1 shows the outline of the fire ser­
vice areas in SIL-WD. The ofpercentage fire protection referred to 
in this chapter is the ratio of the available flow to the standards above. 

The imi-letiate i provemnt program (1978-1980), which is aimedat providing adequate domestic service to existing consumers and in­
creasin 
the number of consumers to provide a larger financial base
 
to pay for Luture improvements, does not fullinclude fire protection.
If the program were designed to provide full fire protection to the
 consumers, the cost of the improvements required would become too high
for the to beprogram feasible. 
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The improvements to the distribution system recommended for the

immediate improvement program, along with the existing facilities,

would be capable of providing about 50 percent of the required fire 
flow to remote sections of SIL-WD such as Guinhalaran, provided

adequate aupply and 24-hour operation are achieved. The poblacion

would have full fire protection provided,that the excessive leakage

is repaired and cross-ties within the distribution mains are made.
 

For design year 1990, the distribution improvements would be

able to provide about 100 percent fire protection although full
protection is thenot goal for 1990. The 1990 improvements are
 
designed to provide adequate average-day service under a number of
 
operating configurations. The capacity 
for fire protection would
increase due changes required forto operational considerations. 
The quantity of fire protection available is also dependent on the
 
location of wells. 
There is sufficient number of wells located
 
across the SIL-WD that can m3et fire requiremeuts in 1990.
 

Full fire protection is provided for in the year 2000 recom­
mended improvements.
 

The preceding discussion of fire protection relates only to

the capacity provided in the distribution mains. In providing fire
 
protection, an adequate number of fire hydrants in the various ser­
vice areas has also to be considered. The primary criterion for

providing fire hydrants would be the degree of development in a spe­
cific area. In Chapter IX, a schedule of fire hydrant construction 
is included, based on the projected development of the SIL-WD. This
schedule can be modified as development requires, provided the neces­
sary distribution mains have been provided. 

System Operation
 

This section includes various operational aspects of the alter­
native distribution systems. 
While there are no alternative dis­
tribution systems for SIL-WD, there are, however, definite operational 
problems. 

As previously discussed, the location and capacity of the wells
 
can affect the operation of the system with regard to meeting demands
 
and pressure requirements. wereComputer analyses conducted
several combinations of demands 

on 
and operating wells, given that the 

distribution system would be capable of meeting required pressures
for average-day demands. In the analyses, only usual operating
problems, such as one well being out of service or an error in judg­
ment as to which wells should be operatirg, were considered.
 

VIII-9
 



Unusual operating problems, such as meeting maximum or peak de­
mands at minimum pressures when 2 or more wells are not in operation,
 
were not considered. The cost of providing adequate service under
 
all possible operational conditions would be prohibitive so that only
 
those operating conditions that would reasonably occur were analyzed. 

As a general rle, the distribution system should be operated by 
utilizing as many wells as possible outside the poblacion to meet water 
demands. This procedure has the effect of maintaining a high HGL in 
the outlying areas, while the storage tank maintains an adequate grade­
line within the poblacion. This operational mode usually applies when
 
the demand in the system is relatively high. During periods of very
 
little demand such as at night when the storage tanks would be refill­
ing, if only wells outside the poblacion are operated, pressures at
 
those points may increase to unacceptable levels. A more efficient
 
procedure at low flows would be first, to operate as many wells out­
side the poblacion area as necessary to maintain adequate pressures,
and then, operate as many pumps as necessary near the poblacion to 
refill the storage tanks within a reasonable time.
 

Besides problems of pressure in the system due to well operation,
 
the schedule of operation has also to be considered. The pump operation
 
schedule is based on the water level within the storage tank and pressures
 
in various sections of the system. If the tank level drops, a suffi­
cient number of wells would have to be operated to refill the tank.
 
However, the major problem in this operation schedule is the time
 
available to control the number of wells in operation as the water
 
level and pressure fluctuate. In the year 2000, for instance, the
 
recommended volume of storage (1,380 cum) would provide the operator
 
about 6 hour to change the number of wells operating. This estimate
 
is based on the assumption that the tank is one-half empty and that
 
too many or few wells would be operating at 31.5 lps.
 

As experience is gained in the operation of wells, a schedule
 
of operation based on normal demand schedules may be devised. If a
 
satisfactory schedule is devised, the system may go unattended for
 
several hours.
 

Internal Network
 

A general but complete discussion of the internal network for
 
distribution system is included in Appendix K. The small size of the
 
SIL-WD does not affect the application of the recommendations con­
tained in Appendix K since these are the minimum pipeline sizes re­
commended for any municipality, The cost data contained in Appendix
 
K would be multiplied by a factor of 1.21 to obtain mid-1978 costs in
 
this report.
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F. 	 OTHER ALTERNATIVES FOR WATER 
CONSERVATION AND AUGMETATION 

In areas where water is a scarce resource, there are several
 
alternative measures of conserving water. 
These alternatives depend
 
on sophisticated technology in the case of water reuse and desalting
 
or on governmental poliqy in the case of land management. Appendix
M, Volume II is a discussion of these conservation and augmentation 
alternatives. 
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COMPARATIVE PRESENT WORTH COSTS OF
 
SOURCE/TRANSMISSION ALTERNATIVES 



TABLE VIII-B.-1 
COMPARATIVE COST OF ADDITIONAL SUPPLY 

FROM WELLS NEAR THE SERVICE AREA 

Ccst of 

Yea3 of .Construction 


Construotion Item (P x 1000) 


1980 Well and Pump House 708 

1980 Transmission Main 270 

1982 Well and Pump House 708 

1982 Transmission Main 1,350 
1985 Well and Pump House 708 

1985 Transmission Main 1,350 

1987 Well and Pump House 708 

1987 Transmission Main 830 

1989 Well and Pump House '108 

1989 Transmission Main 830 

1990 Well and Pump House " 708 

1990 Transmission Main 660 

1992 Well and Pump House 708 

1992 Transmission Main 660 

1994 Well and Pump House 708 

1994 Transmission Main 540 

1996 Well and Pump House 708 

1996 Transmission Main 540 

1997 Replace Pumping Maohinery 100 

1998 Well and Pump House 708 

1998 Transmission Main 540 

1999 Well and Pump House 708 

1999 Transmission Ma.n 540 

1982-2000 Operation and Maintenance -


New supply only
 

Total 1978 P.W. Cost 

1978
 
Present
 

Worth Cost
 
(F , 12W) 

556
 
202
 
437
 
787
 
299
 
533
 
229
 
249
 
173
 
185
 
148
 
126
 
106
 
89
 
'[ 
49
 
44
 
29
 
5
 
20
 
13
 
10
 
6
 

?7,574 x 1000
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MISSING PAGE
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TABLE VIIIL-B-3 
COMPARATIVE COST OF ADDITIONAL SUPPLY 

FROM WELLS AT 50-METER CONT)OUR, 11 KIWOMETERS FROM SIL-WD
 

1978
 
Present
 
Worth Cost
 
r x 100L) 

526
 
7,289
 

900
 
322
 
149
 
217
 
81
 

309
 
163
 
60
 
101
 

1,430
 
68
 
30
 

9 
29
 
10
 
53
 

9 
3
 
2
 

2,628
 

P14,388 x 1000
 

Year of 
Construotion Item 

1980 Well and Pump House 

1980 Transmission Main 

1980 Storage 

1984 Well and Pump House 

1984 Transmission Main 

1987 Well aril Pump House 

1987 Transmission Main 

1989 Storage 

1989 Well and Pump House 

1989 Transmission Main 

1992 Well and Pump House 

1992 Transmission Main 

1994 Well and Pump House 

1994 Transmission Main 

1995 Replaoe Pumping Machinery 

1997 Well and Pump House 
1997 Transmission Main 
1997 Storage 
1999 Well and Pump House 
1999 Transmission Main 

1999 Replace Pumping Machinery 

1980-2000 Operation and Maintenanoe 


Cost of 

Conatruotion 

(P x 1000) 

671 

9,750 

1,204 


671 

330 

671 

270 


1,386 

671 

270 

671 


10,580 

671 

330 

100 

671 

270 


1,386 

671 

270 

100 

-


Total 1978 P.W. Cost 
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TABLE VIII-B-4 

ODMPARATIVE OST OF ADDITIONAL SUPPLY 
FROM IBANG RIVER 

1978 
Cost of Present 

Year of Construction Worth Cost 
Contruotion item x 000) (P x 1000) 

1980 River Pumping Station 3,694 2,843 
1980 Treatment Works 13,260 10,101 
1980 Clear Water Storage 690 516 
1980 Pumping Station 1,939 1,492 
1980 Transmission Main 1,800 1,346 
1990 
1990 

River Pumping Station 
Treatment Works 

2,500 
13,260 

504 
2,621 

1990 Clear Water Storage 690 131 
1990 
1990 
1995 

Pumping Station 
Transmission Main 
Replace Machinery 

1,939 
1,800 
5,600 

391 
343 
507 

1980-2000 Operation and Maintenance 7.122 

Total 1978 P.W. Cost ?27,917 x 1000 
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FROM 
FROM WELLS 

Year of 

Construction 


1980 

1980 

1982 

1982 

1985 

1985 

1987 

1987 

1987 

1989 

1989 

1989 

1992 

1992 

1994 

1994 

1995 

1997 

1997 

1997 

1999 

1999 

1999 

1980-2000 


TABLE VIII-B-5 

COMPARATIVE COST O ADDITIONAL SUPPLY 
WELLS NEAR THE SERVICE AREA UP TO 1987 AND 

AT 50 MEER CONTOUR, 11 KILOMETERS FROM SIL-WD 

Cost of 1978 Present 
Construction Worth Cost 

Item (P x 1,000) (x 1,000) 

Well and Pumphouse 708 556
 
Transmission Main 
 270 202
 
Well and Pump House 708 437
 
Transmission Main 
 1,350 787
 
Well and Pumphouse 708 
 299
 
Trnamission Main 1,350 533

Well and Pump House 2,013 651
 
Transmission Main 10,350 3,100
 
StoraCe 
 1,204 361
 
Storage 
 1,386 309
 
Well and Pumphouse 671 163
 
Transmission Main 
 270 60
 
Well and Pump House 671 
 1
 
Transmission Main 10,580 1,430

Well and Pump House 671. 68
 
Transmission Main 
 330 30
 
Replace Pumping Machinery 100 9
 
Well and Pump House 671 
 29
 
Transmissimn Main 
 270 10
 
Storage 
 1,386 53
 
Well and Pump House 671 9
 
Transmission Main 
 270 3
 
Replace Pumping Machinery 100 2
 
Operation and Maintenance 
 2,628
 

Total 1978 P.W. Cost 
 P11,830 x 1,000
 

VIII-B-5
 



ANNEX TABLE VIII-B-6
 

-/
ECONOMIC SERVICE LIFE OF WATER SUPPLY FACILITIES


Economic Service 

Item Life, Years
 

Embankment Dams 2 / 
Embankment 50 
Structure 50 
Equipment 50 

Water Treatment Plants 
Structure 50 
Equipment 15 

Groundwater Wells 
Well 25
 
Structure 25 
Equipment 15
 

Transmission Facilities 
Pipes 50
 

'Valves 50 

Distribution Facilities
 
Pipes 50 
Valves 50
 

Internal Network
 
Pipes 50 
Valves 50
 
Hydrants 50
 

Service Connections 
Service Pipes 50 
Water Meter 15 

Disinfection Facilities 
Structure 50 (may depend on 
Equipment 15 associated fa­

cility) 
Storage Facilities 

Structure 50 
Equipment (specialized, other than pipes and valves) 15 

I/The eoonomio service lives presented here have been used through­
out this report wherever facility replacement or present worth analysis 
has been required. 

_/Although the physical life expectancy of certain facilities, such 
as dam embankments, is greater than the economic service life ind*;ated t 
the latter more realistically reflects the useful life of the facility. 
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ANNEX TABLE VIII-B-6 (Continued)
 

Item 
Economic Service 

Life. Years 

Miscellaneous Structures 50 

Miscellaneous Mechanical Equipment 15 

Vehicles 7 
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