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11 November.. 1977

Nr. Carlos C. lLeaHo, Jr.

General Manager

Looal Water Utilities Administration
T7th Moor, NIA Bailding

m" Queson Oity

Subject: Mnal Report « Peasibility Study
for Water Bnpply)- Silay City WHater

Dear Jir. Leafiof

In gocordanos with the oontrast butween Local Water Utilities
Administration (LNUA) and Camp Dresser & Nokes Internatiocnsl Ino.,
dated 14 Ootober 1974, and amendsd on 10 August 1976, we take plea—
sure in submitting this rsport,

This report is presénted in two volumes: Volume I which oon~
tains the recommended plen and dstailed enalysis, and Volume II whioh
contains the suppert information common to all urban areas oovered
in the ocontract.

Extensive improvements and additions to the prosent water swpply
system are noedsd to overcome ourrent defioisnocies and to meet future
requirements, The recommended plan is the remult of alternative
studies and cost of optimisation work, While the cost of the reocom~
mended long-range water system faoilities is substantial, we oonsider
it within the poople's sability-to-pay.

The feasibility studies wero done utilising mostly the serviocss
of LWUA ocounterparts $o fulfill the on-—the=job itraining requireaente
of the LWUA/CDH oontract. For the next phase, the LWUA oounterparts
will take the dominsmt role in the project studies,
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Ueneral Manager
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CAMP DRESSER & McKEE INTERNATIONAL, INC.
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Projeot Mansger

et —
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Counterpart Projezt Manager
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CHAFTER 1 SUEMAKRY AND RECOMIINDATIONS
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Description

. P . P S Y .
The Silay Gity Woorr Dictrict (511D was Jormmsd o 16 March

N

1976 by vivtue of Resolutian No. 162 paseed by the city coancil of

Silay. Following its formation, the SIL-WD acquired the ownership
and mrnagement of the wntire water nystem from the city sovernment.

3ilay City is situsted in the uworthouatern portion of Negros
Occidentul Trovinee in the Wicharn Visayns regione With an area
of 18,510 hectares, 3ilay is dividsd into the poblacion and 8
barrios. The terrain in Silay service area is predominantly f'lat,
with elevations ranging frem 2 to 5 meters abov: mauu sea
level. The area is derained by seversl creeks and streams dige
oharying westward into Guimaras Sirait aud northward into Malogo
River,

The total popuisniion of Silay City in 1970 was 69,000, 66 per-
cent of whom were clapsified as rurnl and 34 perosnt, urban. A ma jor
source of income is agriculture, with suger ocane as the main Orope

Exigting Mater System

The water system of SIL-HD was criginally constructed in 193132,
with 7 d=epwellis as scurces, Three cther despwells ware drilled in
1947. 1960 and 1365. At prescnt, only throe deepwulls, located in
the poblacion {pump at,tions no., 1; 2 ani 4), are in ues and had a
measured totnl production of 3,420 cumd in January 1977. Treatment
consiuts of injeoting chloriae gas directly to the distribution mains
of the three pump stations.

Storage facilities include a I%O~cuw clavated storage tank
located newr punp station ne. 1 and a j90-cum storaze tank located
near pump station no. 4.

The present distribution system covers almost twics the area
coversd by the original 1931~32 system, The distribution pipes have
a total length off 15.5 km of whioh %1 percent ars galvanized steel
and 49 percent, centrifugally cast iron. Pipes range in size from
62 to 150 mm.

Progjections
Tro progent gervice arsa of STL~WD covers tho pohlacion and the

barrios of Rizal and ¥ambulac, The secrvice zwea throush the year
2000 will cxtend to the barrios of ‘uinhalaran and Lautad,

I~


http:RJdO0;41.vr

The total population of the poblacion ané the barrios of
“igal, Masbuls: . Ouink Jdaran and Lettad in 1975 w0 62724 cnd
rotzd e omersnaa Yo 77,000 by 2007 with swveraen prowih
ralar Vet 5 ocdi . 50 5. parcent por ysare  During this same
poried, the populaticn gerver by tha SII-WD is expooted to increase

from 5,900 to 103,150,

SR AR

Tre rev coriba lorand for water is caxpccted 1o e 193 1ped
in 1000 with a totu! average daily ucags of 3,090 cumde. The per
capita demand is projocted to decrease to 193 lped in 1930 due to
improved water zccountability and then increase to 199 iped in 2000,
The total avercre daily waler usape 1e estinmated o be 10,530 cumd in
109C frue 20,530 cumd in 2000,

Water Reoources

The potential sovi-ces of water mapply 7or the SIl-¥WD are deep-
wellu, indused inviliration wells along the Malogo River, and surfaoce
water from Imbang River. DBocause of the relatively emall capacities
of arrings discovered, their great distancn from Silay and the
Aiffioully of colleciing and amalgnmating various asourcas, springs
curritly are not condidered o opractical slwernative.

3ilay Poblavion io loraied ar the coaward edge of o flat gently
wloping coasial plain that support: sood weils for domestic, commer-—
cial), indusirizl aad ilerigation sunply. This plain is an excellent
widenpread aquifer co.nisting of sands,; gravels, silts znd clays
darived {ror velcanic nsh beds and other voleanic rocks to the east.
Racharge to the aqmuifer is mainly {ron direct infiltration of pre-
cipitation ard infiltration from flowing streams in the higher land
to trhe eust. Well wntor can supply the SIL-WD requirements beyond
the year 2000 but salinization of coastal wells may ocour if well
rroducticn becones tne great or too concentrated.

Twbang and ¥eloso Qivers corizinate in mountains east of Silay
and pusg at a peint £ vm and 7 km, respactively, northeast of the
poblacion. DBoth rivers have minimum flows large enough to meet the
STL-4ID roguirsmznte of the ywar 2000. Une of surface water souroce
for water supnly would requive extennive diversion, treatment and
transwmission facilities, Bocause of theae factorn, oconomic analysis
indicates that surfaco water would be more costly than groundwater.

fnuther potentisl source for theBIl-WD is induced infiltration
wells alon) the Halogo Rivers. Howsvar, basod on sconomic studies,
water from infiliraticy wells would be were costly than water from
local deapwells, Those alteimative cources, ineluding apringe,
should be congidsred il coastal well wailor ruality detoriorates.

la
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Alternative Studies

Present worth studies on alternative sources of water for
SIL-WD indicate that contirned use of groundwater “rom despunlls
is the most ecanomical over the project planning jeriod. Surface
water from the Imban; River and water from induced infiltration
wells along the Malogc River were found fc be considerably more
costly.

The requirements for the distribution system were analyzed witn
the aid of a computer and the resulting system ie desoribed in detail
in Chapter TX. Based on the analysis of the pressure requirements
of the system, a2 single pressure zone has been considered since
majority of the service area is situasied at almost the same elevation.

Ecoromic analysis of the diastribution storage requirements
indicates that intermediate quantity of storage and additional
capacity of wells to moet the peak flows are the mosl ecanomicale
The existing 190 cum storage would be abandoned because of its low
overflow clevaticn while the existing 380 ocum 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. RECOMMENDATIONS

General

A water supply system ntilizing wells, constructed in and near
the service area, as the socurce cf supply is recommanded for the
SIL~WDs Constructicn of wells, distribution and administrative fa-
cilities will be carried out during an immediate improvement program
and a long-term oconsiruocticn program divided ints four phases. The
main features of the recommended leng=-term project for SIL-WD are
summarized in Table I-1 and shown in Figure IX-1 (appended).

Souroe

A total of 12 wells will supply maximum-day demands of 24,640 cumd
to 5Il-WD in the year 2000, The thrse existing sources, wells no. 1,
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 construc*ion program.

Storggg

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

I-3
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TABLE I-1

SUMMARY OF FROPOSED WATER SUPFLY INPROVEMENTS
SILAY CITY WATER DISTRICT

Immediate Imprevement . Comstruction Construstion Construction Construction

Programs Phage I-A Phasa I-~B Fhase Ti-A Fhagy 11~P
Construction Period 1978-T9 166085 1986510 199135 16962050
Total Project Cost (™) 5,182,300 11,491,500 9,688,200 13,521,530 10,275,500
Foreign Exchange Component*(®) 2,648,700 5,288,700 4,806,500 64174 ,300 5,213,700
Source Devalorment Construct cne well pump Add 2 wells fthandon exigi-~ Add 3 wellas Add 2 wel's oot
station complete with complete; ing wells no.? completas rlzte

disinfection facilities  Abandon exrist—~ and 4: add 4
ing well moe 2 wells complelc

Distribution Facilities 100 mu=sio2 km 100 mo=1e3 kn 100 1.4 o 100 mu—{eQkn 50 mo— o2 Ko
150 mz—2e2 km 150 mm=2¢9 km 150 mn=1.7 km 150 mm= .3 km 200 mm3.5 km
200 mm=3,0 kmn 200 mm~6,.T kia 200 mm=fe2 kn 200 mu=Ha.4km 250 pmu= .9 kx
250 ma~0.2 ki 250 mm= o35 km 250 me0.,05km 250 an~ oThm
Storage Abandon 190 Congtrict 200~
cum tank; cor~ cum and S00-
struct 500-~cum cum tinks
: tank
Internal Network leakage survey and 67«4 hectares 93.6 hactares 192,1 nectares 237.3 hectarer
repair
Service Cennections Meter axisting 908 Repair/replace Add 3,065 Add 3,900 Add 3,900
. Repair/replace 318 318
434 1,532 Add 3,065
Fire Hydrants 283 hectares 137 hectares 237 hectares 237 kaciares
Hiscellansous Administrative building, FPlumbing shep

equipment and wehiocle

* A1] foreign exchange figures used in this repesrt were gynthesized from data based on actual costs in U.3,
dollars. To be consistent with previous studies, these foreigm exchange costs were converted to R.P. pesos &t a
rate of US$1.0 = RP P7.0. To obtain correct current foreign exchange costs, multiply those -presonted in this
report by the ratio of the curremt exchange rate and 7.0. The actual local compenent of costise (in pesos) iz ag
presented herein.



provided for the LI1-0D — a 500-=cum tink in 1982 and a 200-and
H00~cum tiui  in 1593 will be constructed to meet ihe distribution
storuase requirements to the year 2000,

Distribution !'cililies

The distribution system will be reinforced :nd expanded by
the installaiion of 0.2 km of pipeline with sizes frem 100 to 250 mm,
by 1990. An additional 12.5 Y of pipelines will be constructed by

the year 2000 to provide gervice Lo alditional customers.

Ny 2000, approximately 929 hectires within STI~TH will receive
internal network pipelines.  wervice connections will be installed
in a vrogram parallel to internal network conctrnction. There will be
approximately 8,570 and 16,370 service connections within the service
area by 1990 and 2000, respoctively,

Capital Cost Summary

The capital cosls for cach phase of construclion, includingr the
immediate imjrovenent progeam, are summarized in Table I-2. A more
detailed brealdown of costs for the immediate imjrovenent pro’ram
and Thase I-A is civen in Table I-3 (July 1970 price lcvels).

Annunl Opeoration and Ilaintenance Couts

Annual operation and maintenince costs are expenses incurred for
rersonnel, power, chemicals, mainicnance ind miscell.ncous expenses,
Bstimates of the mmunl operation nd moinlenance couts ol the water
district (baued on July 1978 price levels) are rgiven in Table I-q.

Tall I=2

CAT'ITAL CO.'I1" SUREANY

Consiruclion Construclion Conslruction Project Cost (¥)
Phase Period Cost (1) Local Foreign* Total

Immedinte

Tmyrovement

Pro;ram 1978-79 4,224,200 2,533,600 2,648,700 5,182,300
I~A 198058 9,430,600 6,202,800 5,288,700 11,491,500
I-B 192690 7,905,700 4,881,700 4,806,500 9,688,200
1I-A 1991-95 11,162,300 7,347,200 6,174,300 13,521,500
I1I-1 19962000 6,630,300 5,064,800 5,213,700 10,278,500

41,447,200 26,030,100 24,131,900 50,162,000

S ctere————————ra——.

*I].di 4';10”0 B 1-‘7000
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TABLE I=}

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

Cost (P)
Item Local Foreign# Total
Ao Immediate Improvement Program

Source Facilities

Pump Station and

Chlorination Faciiities 81,000 161,300 242,300
Distribution Facilities

Leakage, Detection an< Repair 25,000 96,000 121,000

Distribution Pipelines 824,800 771,800 14596,600

Valves 32,200 44,200 76,400
Service Conneotions

Installation, Conversion

and Repair 670,500 1,009,900 1,680,400
Administrative and Misosllaneous

Administrative Building

and Equipment 381,000 43,000 424,000

Vehicle 30,000 30,000 60,000

Misoellaneous 6,500 17,000 23,500
Total Construction Cost 2,051,000 2,173,200 4,224,200
Contirgencies 248,900 254,900 503,800
Engineering 118,700 220,600 339,300
Land 115,000 115,000
Tot eot Cost 2’533’600 2’648’700 5,182,3&

B, Staege I Phase A Construotion

Source Facilities

2 wells complete with

equipment and chlcrina~

tion faocilitine 807,000 537,600 1,344,600

*US 1,00 = 27,00

I-6



TABLE

Ttem

Storage Iacilities

Distribution iacilities

Distiribution Pipelines

Valves

Internai Network

service Connections

fire Hydranis

Plumbins Shop :nd Tools

Total Coustruction Cout

Continsoncies

Enginecyin:

Lot

dotinl lrolcab Cost

1-3 (continued)

Cost (P)

Local
1,046,500
1,201,300

25,200
393,000
1,176,000
193,600
365,000
5,212,600
675,600
290,000
2} ,600

6,202,800

I-7

Foreiim
261,600
1,234,900
37,900
282,700
1,575,700
267,800
26,000
4,224,200
526,000

538,500

5,288,700

Total
1,308,100
2,441,200
63,100
675,700
2,751,700
461,400
391,000
9,436,800
1,201,600
828,500
24,600

114491,500
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'ABLE T—4
OPLRATION AND MATNYTRLANCE COSTS

Administration Power :uid

Year and Personncl Iuel Chemicals Maintenance Hiseceliuneous Tolal

1976 186,700 43,600 1,900 29,000 24,200 28,300
1220 253,000 128,500 14,100 67,900 14,400 194,900
1984 389,000 272,200 27,800 136,400 57,130 883,400
1990 513,400 416,000 41,500 205,300 91,900 1,263,100
1995 673,600 05,000 59,600 294,000 14,000 1,780,200
2000 757,600 194,100 77,800 370,900 238,400 2,238,800

'inancial I'muribility

The financial feasibility analysis made for ihe study eslablishes
a detailed set of wsuidelines that ihe water disirict management may use
in making cruc:al decisions duringe the next lew ye:ars. A plan has hoen
developed to indicatle the manner and time funds will bs used 1o operate
and maintain the gystem; implement the program; ostablish reserve funds;
and retire indebtednass. Water ratcs have been developed on the basis
that the system will be finuncially selfwsupporting. These rates appear
to be within the ability-to-pay ol the average SIL-Wh householder.

The water rates by revenue unil in ihiree-year increments are us

followss
Ilateé_ff_q
19781980 ro.80
1981—1983 1.20
1984-1986 1.50
19871991 1.70

It is rscommended that the inplementation of these rates Tollow
n gocialized pricing yolicy to make the financial burden on the con-
sumers proportionate to their ability-tec-pay. A vample sBocialized
rate structure for 1978-1980 that would enerate cul'ficient reveme
is as follows:

Usare Cost
por_lonth (per_cum)
Firsi 16 oum ? 0.90
from 17 to 24 cum 1.9
reater then 24 cun 2.75

78



Borrowing requirements w’ll include F6.437 miilion from 1078
1o 1981 for the iamaci=lo dmprovemant vrowgremy ¥

AT miliien From
1578 o 1085 Tor Phave b4 amprovesdnisy ond P1he 15 million from
1986 io 1991 tov Thase 1-B improvementise

Economic Foayihility

The recommeided imnrovements io ihe UIl-Wd waier supply system
will bring about numercus ecunomic benefits to the study area. Eco-
nomic feasibilily studies show that the benziiss will excead the costs
associated with the devalopment and opsruticn of Liz water spstem.

Two approaches were adopted io delermine economic feagibility:
the benefit—cost ratio znd the internsl economic rata of return (1IERR).
In both epproachzs, four banefits valued at 7976 yrices were included
and digcounted at 12 percent. The benefite censiderad oo iuorease
in land values, healih, reduction in fire damage and beneficial value
of water. Anelyses shows a benefit-cost ratio of 1,7831and an TERR
of 80,5 percent.

1-3



CHAPTER II  IN‘TRODUCTION
Ao PIRST TEN PROVINCIAL URBAN ARTAS

The ?‘udy contract signsd by the Local Water Utilities Admin-
iatratjon-/ (LWUA) and Camp Dresser & MoKec Intarnational Tuc. (cow)
on 14 Ootober 1974 provideg/ror the feasibility studies for Llhe Iirst
Ten Provincial Urban Arcas™ (sea Fizure II-1}. ‘he feasibility
studies are part of IMNUA's effort to develeop basic water supply plans
for provincial urbun areas of the Thilippinna,

During the first i0-area I'rojeci, training seminarvs for LHUA
engineers were conducted by the CDA staff. "The Methodology Manual
for Water Supply Feasibility Studies' was also developed and printed.
In addiiion to the 10 areas, p57feasibility studies wers also made
for 131 cities/municipalitics.? £y of August 1976, the feasibility
studies were completed and submitted to LWUA.

The studius for five of the first 10 arcas, Cebu, Zamboarga,
Daet, Ozamis and Buiuan - have been appraised by the Asian Develop-
ment Bank (AUH). On the basis of the interim reports, the ADB
extended a £16.8 million loan to LWUA in December 1975 to provids
design engineering scrvices to these 5 areas and to implement Fhase
I-A i the recommended lony—~term conatruction program (oxcopt Cabu
whose sharo of the lowi covered only enjineering sservices). In
August 1976, the Uniied Stateos Asency for International Development
(USAID} signed a $10 million loan with LWUA to provide esnginearins
services and funds for the implementation of the interim inprovenentia
of saolected waterworks covered by the preieasibility studies. In
April 1977, the Internationsl Bank for lleconstruction and Davelopment
(IBRD) allooated $18.8 million towards the final design and initial
phase implementation of the remaining five of the first 10 areas,
namely: Lipa, lucena, Tarlac, Cabanatuan and San Fernando (La Union ).

5. SECOND TEN PROVINCIAL URDBAN AREAS

Cn 10 August 1976, LWUA and CDM signed an anendment to ilhe orig—
inal study contract, extending the—?easibility studies to include the
Second Ten Provincial Urban Arsac.-/ These areas are: Urdaneta,
Gapan, Calemba, Bislig, Silay Cily, Banued, Baybay, Roxas City,

e ————

%/A background cn LWUA is given in Volume IT, Appendix D,
/Refer to Anpendix B for summary of first 10-Area feasibilit:

studi§7e

= Refer to Appondix ¢ for sunaary of prefeasibility studies on
131 ci}ies/muniaipalitieuo

Y ilthow): tie inclusion of the 10 arcas i6 stipulated in the
contract, feasibility ntudies for 12 arcas have actually bean mades

IX~}
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Cotabato City, san Fernando (Pampunga), Olongapo City and Los Bafios
(see Figure I1-1). This report includes the technical, financial and
economic studies for the improvemont of the water supply system in
Silay City.

The dollar component of the second 10-area feasibility studies
has been financed from proceeds of a loan to the Government of the
Reputlic of the Fhilippines from the United sStateuy of America through
the USAID, Loan No. 492-T04001 dated 9 September 1976. The peso com-—
ponent of the studies, approximately 41 percent, has been funded by
the Government of the Philippines.

The siydy contract for the second 10 areas includes the follow-
ing tasks:2

l. Training of counterpart LWUA engineers through on-the~job
asgignmentis on various aspects of water supply feasibility
studies;

2. Prepering water supply teasibility studies for 5 provincial
urban areas, using the expatriate and local consultant
personnel for conducting such studiesy

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

The studies began on 1 September 1976 for a period of 18 montha.
The project stalf was composed of 6 1S engincers and 26 Filipino per-
sonnel. The personnel of the respective water districts also assisted
during the course of the studies.

C. HISTOHICAL BACKGROUND OF STLAY CITY WATER DISTRICT

The water supply system of Silay City was constructed in 1931
by the Bureau of Public Works. 1In 1956, the city government turned
over the system to ilwe Natiuvnal Waterworks and Sewerage Authority
(currently the Metropolitan Waterworks and Sewerage System) which was
established to manage waterworks systems throughoul the country. The
system reverted to the city government in 1964.

.
J/hefer Lo Appandix A I'or complete Terms of Refercuce.
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The 87.i=WD was established on 16 March 1976 by Resolution No.
162 of ¢ Sangguniang Panglunsod (oity oounoil) to inoclude dhe
entire oity of Silay. Subsequently, the S1l~WD acquired the owner-
ship and management of the public waterworks from the oity govern-
ment in accordance with I'residential Decree (PD) No. 198 (The Pro-
vinoial Water Utilities Act of 1973).

The formation of SIL=D vuu prompted by the necd for adequate
water supply and an upgriaded waterworkes system. Limited funding
prevented substantial improvenents te the syntem. loreover, the
looal officials resognimed the potential role of the water distriot
in providing sufficient, safe und potable water supplye.

Tho SIl=WD was thun estebliohed for the purpomos of acquiring,
installing, improving, maintainirg and operating the water supply
systenm, as viell an the wnntouster colluotion, 4reatment and dim
posal facilitien, o porform 4hcuo fnaotions, the SIL-WD ocan obtain
finanoial and technionl mspiutanen from LWUA, PD No, 198 provides
thi the water distriot shell opurate evontually on a Tinanoially
geltapufficient broine

The SIL=WD im © quasi=-bublio corporation ond ip politioally
independent from ths local govornmont. Aw oonstituted, the water
district is subjeot to tho provinions of PD No, 198 and tho mules
and regulations of LWUA, fTho SII-WD otn promlgato its own operate
ing laws through itn 5Senember bonrd of directors who ape appoint ed

y the oity mayor. f1he dimtrio’ oan only be dissolved through
the aot of this board,

On 1. August 1976, LKUA enarded the Conditionsl Certifioate of
Conf'ormance to theo SIL-WD clter it had complied with the minimum
requirementa of LWUA's aertificction program. This certifionte

ontitles tho SIL-WD to =iphin ang priviloges authorised under
PD No, 198.

I3



CHAPTER III DESCHIPTIOR OF THE WATER DISTRICTl/
A. PHYSICAL DISCRIPPION
Locatggﬂ

Silay City im located in, the northwestern portion of the
province of Negrog OccidentalS/ in the HWestern Visayas regione yith
an area of 18,910 hectares, 5ilay in divided into ihe pollacion=

and 8 barrios.-’

-
The present service areaﬁ/ of' 51l-WD lies along the western
coagt of Silay and covers the poblacion, and the barrios of Rizal
and Mambulac, ‘The svervice area in the yeur 2000 will include the
barrios of Guinnalaran and Luntad. (See Figures III-1 and Vi-1.)

Physical Feuslures

The terrain in Silay is predominantly flat uand forms part of
the westorn plains of liegros Occidental. Ground clevations in the
service area vary from 2 to % meters above mean mea level.

Surface runoff originuting from the hills and mountains, 20 km
southeasl of the poblacion, drains into several creeks and streams
discharging westward into Guimaras Strait. Several creeks from the
eastern mountains drain  into Malogo River, noriheust ot Silay.

s arre—r—

1/

=" The SIL~WD ccvers all lands within the geographic boundaries
of Siljy City.

g Negros Occidental forma the northern and western parts of
Negros island iu the Vestern Visayas region, Its boundaries are the
Visayan Sea on the north, Sulu Sea on the south, logros Oriental on
the southeast; ‘Tafion Strait on the east and northeast; and Guimaras
Strait on the west.

é Town proper
The barrio is a politiocal division of a city or nunicipality.

4

| 8

g/hhe service area reprasents sections of the water district
which are ocurrenily served or intended to he served by the water
system,

17119



Silay 16 clasuified under the type 111 climate, with short dry
seascn vbut ne pronounced maximum rain period. The climate is dis-
tinctly dry from lebruary ito April; wet season occura during the
rest of the year (uee Pigure II1-0).

The average annuzl rainfall for the peried 1968«65 vag 2,591 mm,
Durigg the same ysars, temperature ranged from 2%.7 C in January to
28.47°C in May, with ihe average at 27 C. The climatlological data are
listed in Table IIT1-1,

TaBLl T1T-1

cLInaroLoiicaL para/

(1960-65)
Rainfall (um) Temperature (°C)

January 126.4 25.7
February 10645 25.9
March 91.3 27«1
April 62.7 274
May 172.7 28.4
June 264.7 277
July 270.8 27.1
Awust 273.6 272
Heptember 249.7 27.1
October 311.3 272
November 381,1 27.0
December 280.5 26.6

Total 2,591.3

Average 27.0

B. POPULATION

Silay's population in 1970 was 69,200, an increase of 14.7 percent
over the 1900 totel of ¢0,324. The 1970 population was composed of
10,915 households or an average of 6.3 members per houushold. The
general characteristics of the population are listed in Table II1I-2,

C. LIVING CONDTTION:
Physical indicators showing the standard of living in the city

are listed in Table I[I-3., fThese indicators are typeus of dwelling
uniis, housshold facilities and utilitieas.

6/source: PAGASA Station in Silay City

Iye.p
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10,

TABLE III-2

POPULATION CHARACTERTSTICSY  (1970)

Total Population

Growth Rate (1960-70)
Density

Urban/Rural Composition
Sex Composition

Age Composition

Employment
(44 of those 10 years
and over)

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

b) Ry industry
(4 of labor force)

Education
(:* of those 6 years
and over)

a) By attainment
(¢ of those 25 years
and cver)

b) Number of Schools

Dialects

Religion

Z/éouroe:

and Statistics Office (NCSO).
These data apply to Silay City as a wiole.

69,200

1.4% per annum

3.7 persons per hectare
urban, 34%; rural, 66%
male, 507; female, 507

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

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,
55%; manufacturing, 14%; ocommerce, 6%j
services, 187; construction, utilities
and other industries, 7%

6 years and over, 54,359
literate, 787; illiterate, 227

25 years and over, 23,241

elementary grades, 60%; high school,
157l; oollege, 9%; no formal education
16%

public, 25; private, 2; vocational, 1

Hiligaynon, 98%; Cebuano, 1y
others, 14

Catholic, 987; others, 29

1970 Census of Population and Housing, National Census
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TABLE III-3

CLASSIFICATION OF HOUSEHOLDS BY TYPE OF FACILITIESY (1970)

Total Households
Average lHousehold Size

Water Facilities
(¢ of total households)

Toilet Facilities
(7 of total households)

Solid Waste Disposal
Service

Lighting Facilities
(% of total households)

Appliances
(% of total households)

Cooking Fuel
(£ of total households)

Total Dwelling Units

a) Type of dwelling
unit (% of total
units)

b) Roofing material
(9 of total units)

10,915
6.3 persons per household

piped water, 26%; artesian well, 27%;
pump, 12%; cpen well, 23¢; spring,
114; others, 1%

flush/water-scaled, 12%; closed pit,
22%; open pit, 179; public toilet,
274 no facilities, 479

About 14~18 metric tons of zo0lid
wastes is collected daily by the
muniocipal 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%
/ /o 7

electricity, 1%; kerosene, 6%; LPG
5%; woed, 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.), 624

§/Sou:c‘ce: 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 of the city. Public health authorities
recognize the correlation between the lack of safe water supply and
sewerage facilities and the incidence of water—borne diseases,
Table III-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 thun the national average of 666.5; its average
mortality of 93.2 was nearly twice the national average of 48.1.

TABLE II11-4

REPORTED MORBIDITY AND MOBTALITY
DUE TO WATER-BORNE DISEASE (1964~74)

Silay City Philippines

Year Morbidity Mortality Morbidity Mortality
1964 567.0 114.6 84643 60,2
1965 624.6 88.7 715.8 5146
1966 54841 96.3 715.1 61.9
1967 35345 60.6 57241 4746
1968 285.1 7.1 564.8 46.5
1969 45642 72.0 70649 46,0
1970 63247 60.4 612.8 39,0
1971 269.6 99.2 422.5 35.8
1972 648.7 110.5 1434 49.4
1973 1,063.1 162.6 76844 50.4
1974 1,133, 83.4 663.8 40.4

Total 6,582.1 1,025.4 T: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
inoludes over 250 public and private medical practitioners and
personnel,

2/Source: Disease Intelligence Center, Department of Health

The water—borne diseases, of which records are available,
inoclude typhoid, cholera, dysentery and gastro-enteritis. The data
represent rates per 100,000 population.
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D. ECOHOHYlg/

11/

Family Incoine—

In 1971, the province of Negros Occidentel wis estimated to have
268,900 families, with a combined annval in-ome of ?1.2 billion. The
average family income of P4,328 was higlar tien the country's average
of P3,736. About 57 percent of the tormilic: conetituted the low—
income (below F500-P2,999) bracket. %t~ .icdla income (#3,000-P5,959)
group included 29 percent, The remeinirs 14 rercont received annual
incomes of P6,000 and over,

City Income

The city income increased fros P2.1 mill.on in fiscal year
1970-71 to P4.0 million in 1975, Expendiiurcs 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 & deficit. The city
income consisted of revenuec from tzxation {contributing 80 percent
of total income), incidental revenueg, and roceipts from operations,

The following is & summary of rovenues and expenditures for
Silay City for fiscal years 1971-72 to 1975-76.

Year Revenues Typerdituron - Surplus (Deficit)
1970~71 P2,065,284.24 1,808,569.83 P 256,795.41
1971-72 2,477,870441 2,076,029.97 401,840.44
197273 1,194,111.24 2,080,275.84 (145,045.03)
1973-74 3,721,485.52 3,209,390.10 507,472455
1974~15 4,025,107.59 3:857,964.89 167,142.70
1975~76 4,142,892,07 3,472,303.77 670,588, 30
Agricultura

The soil and the climgte in Silay are icdeal for the growth of sugar
cane. Located in the province knovm as the "Sugar Bowl of the Philippines7n
Silay is one of the most productivn sugar-crovwing areas of the country.
Other commercial crops are rootcrops, ve-atables and coconut.

Fishing ic a meens of livelihood of po2ople along the coastal
barrios.

ig/The Philippinz econcmy {rcm 1946 to 1976 is discussed in
Appendix B, Volume II.

ll/bnly provincial data are available at the NCSO,
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Commerce and Industry

Sugar milling wnd refining ars the major manufacturing activities,
Other business activities are associated with sugar products,

Silay is one of the 3 large cummarcial centers in Negros Occidental,
In 1976, over 900 business establirimerts wore regietered with the
city government. Of these establivtments, manufacturing accounted for
13 percent, and the wholesale und ratnit trade, 48 percent,

There are 5 banks and finzneial inatiiutions serving mostly the
sugar farmerso.

Trangportation

The road network totaly zbout &7 ku. classified into 8 percent
national roads and 92 percent city ro-cr. Hational roads are
paved with concrete and asphalt. @ity rosds are largely asphalted
(74 percent) and gravel-surfaced (P€ nercent).

Power Supply

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

First 14 kwh « —~ —~ = 10,50 per luh (23,50 minimum)
Next 36 kwh = - —« = 0,90 per kwh
Next 50 kv =~ = ~ — 0,80 per kwa
Excess of 100 kwh - ~ 0,75 per kwh
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CHAPTEE IV EXISTING WATE? [WIPPLY FACILITIEY
AL URNRRAT

Tha watsrwerks gyatem off Siley Oty wan originally construocted
by the Bureaw of Publie Worke in %737, aith 2 dsepwells ag souross,
Throe other despwel s were irillszd in 1547, 1950 2nd 1955, Two of the
vwells, however, werc zbandowed whe: thens started produoing turbid
water, Other faoilities inolude two slewvsted storage tanks (380 and
190 our capacity), purping facilitics, chlcvination tank and distribu-
tion pipes. The schematic plan of {he sximting wetbter system is showm
in Pigure IV-1.

B, EXISTING WATERWORKS FACILITIES

The preseni ecvrees of the 3iL-WD are thres of the 5 construoted
deapwella, 21 loeatsy In ths powlzuion. The opzrating sources are
pusp staiioas moe. V. 2 ama 4; the ywiplis parkel wsll and pump station
N0. 3 wsre abandonzd becausns of Surbidisr,

The total production firom th: 3 oparating w2lle was meagured
to he 3,420 sumd 1 Saemary 1977 Hater Trom the pump station no, 2
flows direocily to the distribution aystem. Pamp stations nc, 1 and
4 feod the 3B0--oum &ni the (190-tmum mtorags tanks, respeotively.
Table IV-1 ig 2 deecription of 3 wristing deepwolils in the SIil-WD,

Treatpent Fagilities

A l—oum chlorimsiion tenk congiructied &t pump station no. 1 used
to be the only treatment facility im ths S1L.WD, Tresaiment was done
st this pump siation 1y ocoamional dosuge of hypoochlorite powder,

The ohlorination tank, howsver, was taken out of service when 3 new
ges chlorinaters ware installed at pump stations noe 1, 2 and 4 in
December 1976, At prosent, treatment consists of injeotinug ohlorine
gan directly to the Aimtritutior wmaine of the 3 pump atations.

Storags Facilitica

Tho etisting sysiem has 2 slevated mtorage tanks smade of rein-
forsed oonsreis. Mhe capasities of thesa tacks are 380 cum and 190
oum,

The 380 cum wisvated sioregr tank ic loosted nsar pump station

no, 1 and abour 200 msters north of the clty kail. Constructed in
1932, the tank hss e overf{low alswation of 264 meters abors mean

TVet
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TABLE IV-1

DATA ON EXISTING DEEPWELL SOURCES
SILAY CITY WATER DISTRICT

Yell Puap Engine Drive Operation A
Casing Humber Pamping  Actual Dischargs
Depth Diamster of Year Hours/ Diseharge Fressure
Rusber Constructed (m) (zm)  Installed  Type Stagee RPM Installad Type HF RFM _ Day Rate(camd) {m)
1 1931 72 200 Dee 1976 Gear- 10 1760 Dec 1376 Clutehed 115 1250— 14-18§ 1020-1160 16.2
Driven diessl 1800
Vertical
Turbine
2 1947 78 200 Apr 1976  Gear- 10 1760 Apr 1976 Clutched 34~ 1250- 15 1210 11.2
Driven diegel 48 18G0
Verticsl
Turbine
4 1964 76 250 Hay 1965 Cear— 10 1760 May 1965 Clutched 34~ 1250~ 14-16  1C40=1190 Ted
Driven dieael 45 1800
Vertical
Turbine
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DISTRIBUTION SYSTEM WELL / PUMP STATION

® TURBINE PUMP WITH /

A LENGTH (M) OF PIPE BY TOTAL
DIAMETER | . o YEAR INSTALLED LENGTH : WELL CASING DIAMETE
(MM ) 1930-1955 | 1956 — 1963 1964 1974 (M) DISCHARGE = 22.4 LF
— ® PUMPS TO DISTRIBUTI
62 GS - - 250 250
75 GS 3820 - 2400 6220 WELL / PUMP STATION
100 s 180 _ — 1180 ® TURBINE PUMP WITH A
® CASING DIAMETER = 2
100 ccl - 3840 — 3840 ® DISCHARGE = 20.7 LPS
125 oS 210 _ _ 210 ® PUMPS TO THE DISTRI
150 GS 60 - - 60 ELEVATED STORAGE T.
150 ccl - 2370 1370 3740 ® 190 CUM CAPACITY
- ® REINFORCED CONCRET
TOTAL GS 5270 - 2630 7920 ®22.8 M OVERFLOW EL
ccl - 6210 1370 7580 ® USED ALTERNATELY Vv
] 15500 ® OPENED TO DISTRIBUT
EVERY TUESDAY, THU
APPURTENANCES WELL/PUMP STATION !
, * PUMP AND MOTORDTJ
SIZE |NUMBER REMA RKS * 150 MMQCASN:‘N" £
. * WATPR WAS" REPORTE
VALVES FROM 75 64 SOME ARE INOPERABLE, SOME ARE
TO I50 MM WITHOUT VALVE BOXES
HYDRANT TIMMWITHI 45 | SOME ARE INOPERABLE TREATMENT
. UNMETERED AND UNBILLED
PUBLIC FAUCETS - Y CONNECTED TO SOME FIRE HYDRANTS ® GAS CHLORINATORS |IN

IN DECEMBER 1976
® CHLORINATION IS DIRH

SCHEDULE OF PUM

SERVICE CONNECTIONS, JANUARY 1977
DAYS MO
TYPE METERED UNMETERED TOTAL :

PUMP STA,

PUM
DOMESTIC 151 623 774 TIME

COMMERCIAL 69 50 19 4:00AM -5:00aM | TO
INSTITUTIONAL - 55 ¥ 55 ¥ 5.00 AM -12:30PM | TO
. - . TC
TOTAL 220 728 948 1230 PM - 3.30PM T

FEASIBILITY

AND SOME PUBLIC/PRIVATE HOUSEHOLDS

STupy FOR
SUPPLY OF SECOND TEMN URBAN AREAS

WATER

LWUA-CDM

% INCLUDES FREE CONNECTIONS AT GOVERNMENT INSTITUTIONS

3.30PM -530PM

5.30 PM —6.00PM

6.00 PM - 8:00PM | PU

NO

. -3 AT
8.00 PM - 3.00aM ISR
. -4 DIS
300 AM —4.00AM 3%




GUIMARAS STRAIT

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 I1.2 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 7.4 M
HE DISTRIBUTION SYSTEM AND STORAGE TANK

ORAGE TANK NO.2 (1964)

ACITY

CONCRETE

RFLOW ELEVATION ABOVE MSL

NATELY WITH ELEVATED STORAGE TANK NO.!
DISTRIBUTION FROM 1800 TO 0300 HOURS
5DAY, THURSDAY & SATURDAY

1 /./'
-
STATION NO. 3 (|960) PUBLIC MARKET WELL # (|932)——-———/ E‘;‘.'E
MOTOR T E ‘CASING DlAMETéSO 2RP WM, BELL DEPTH = 76 M
ﬁ\NNI \ND WELL DEPTH = 100 M pr LY TURBID
REPORTEDLY TURBID !EL TRICALLY OPERATED SUBMERSIBLE PUMP NOW
BEING INSTALLED TO SERVE ONLY THE MARKET,
T SYSTEM PRESSURE
INATORS INSTALLED AT 3 PUMP STATIONS ®VERY LOW AT THE EXTREMITIES OF THE DISTRIBUTION

ER 1976 LINE. PRESSURE IS GOOD ONLY 'NEAR THE PUMP STATIONS,
DN IS DIRECT TO DISTRIBUTION SYSTEM .

OF PUMP STATIONS, STORAGE TANKS & SUPPLY TO SYSTEM

MONDAY, WEDNESDAY, FRIDAY & SUNDAY | TUESDAY, THURSDAY 8 SATURDAY REMARKS
MP STA.,

PUMP STA.NO.I|PUMP STA.NO.2| PUMP STA.NO.4|PUMP STA.NO. | |PUMP STA.NO.2 [PUMPSTA.NO.4
'00AM | TO DISTRIB. OFF TO DISTRIB. | TO DISTRIB. OFF TO DISTRIB. DURING TANK
. — - o FILLING FROM PUMP
:30 PM TT<; DIS;II'R.II-B. TO DISTRIB. do do TO DISTRIB. do STATIONS VALVE T0
) ELEVATED T o o o TO ELEVATED |DISTRIBUTION IS
-30PM | "TANK NO.I do do do do TANK NO.2 | CLOSED
: o o o TO ELEVATED o
130PM do do do 0 ELEVATE do TO DISTRIB.
O0PM -do— - do- ~do- —do- —~do- — do-
) PUMP STATION ~ __ — PUMP STATION
-00PM | NO.I OFF,WATER -do do TO DISTRIB. do NO.4OFF,WATER|  OFTEN TIMES
- AT TANK NO. | AT TANK NO. 2 | TANK NO.2 IS CLOSED
-00AM | |s'ReL EASED TO OFF OFF OFF OFF IS RELEASED | AT 4:00A
: DISTRIBUTION
-00am |25TRIB OFF OFF OFF OFF




STRA!T

MAMBULAC

/

DISTRIBUTION
PUMP STATIONS,

EMARKS

purING TANK
6 FROM PUMP
DNS,VALVE TO
BuTION IS
D

FTEN TIMES
NO.2 1S CLOSED
DO AM

BARRIO RIZAL

/ €—ELEVATED STORAGE TANK NO.| (1932)

‘ ® 380 CUM CAPACITY

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

WELL/ PUMP STATION NO.I (1931)

® TURBINE PUMP W|TH 115 HP DIESEL ENGINE (REPLACED 1976)
® WELL CASING DIAMETER = 200 MM, WELL DEPTH = 72 M

® DISCHARGE = 20.2 LPS (14 TO |6 HOURS PER DAY) AT 16.2 M

® PUMPS TO DISTRIBUTION SYSTEM AND STORAGE TANK

FIGURE IV-|
EXISTING FACILITIES
SILAY CITY WATER DISTRICT

MRS S aeumac aans,
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sea level. In 1975; this storazge tank was taken out of service

beecause the contrifugal pump that replaced the defective turbine
pump at pwnp station no. 1 had & 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 130-cum elevated storage tank is located near existing pump
etation no. 4 end about 350 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-f{ighting and pump breakdown in one of the stations. In
Jamary 1977, however, this tank began to be used for regular water
supply from pump station no, 4.

Digtribution System

The present distribution system covers almost twice the area
coveraed hy the original 1931-1932 system. About 34 percent of the
present diastribution pipes were constructed in 1930-1955; 40 perocent
in 19561963 and the remaining 26 percent in 1964-1974. Fifty-one
(51) percent of the pipes are made of galvanized steel; 49 perocemt
are made of centrifugally cast iron. A aschematio plan of the axist-
ing distribution aystem is shown in Figure IV2,

Fipe Sizes apd lLengths. At present; the distribution system has
about 15.5 km of pipes ranging in size from 62 to 150 mm. Forty (40)
peroent of the piping system ie 75 mm in diameter; 32 percent, 100
mm; 25 parcent, 150 mm; and 3 peroent, 125 and 62 mm. The following
table is a description of the distribution system by diameter, ma-
terial, length and period of construotion.

Diamet ey Length ot Pipe ()
((mm ) Type 1930=-1955 1956~1963 1964-1974 Total
62 as - - 250 250
75 Gs 3,820 - 2,400 64220
100 GS 1,180 - - 1,180
100 ccI ~ 3,840 - 3,840
125 as 210 - - 210
150 GS 60 - 60
150 CCI - 24370 1,370 3,740
GS 5,270 - 2,650 74920
Total ccI - 6,210 1,370 1,580
15,500
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System Pressuros. Several 24-hour pressure recordings and a
number of spot prorsure readinge were made in this study. Except
near the pump stations, the pressures over the distribution system
ara low, particularly at the exiremities of the system, The pres—
sures generally wary from 0.7 to 10 meters over 24 hcurs, Minimum
piresgures occur in lhe evaning and early morning after all the pump
stations are shut orff 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 pressures in the system,

Valves and lydranis. Available information and & field survey
made in January 1977 indiocate that there are some 64 valves in the
system varying in size from 75 to 150 mm; and 45 fire hydrants, all
locally made of 75 mm pipe. Some blow-off valves in the system are
uged by the fire trucks of the oity government for drawing off water
for fire~fighting ure, Some fire hydrants are not operational due
to defeotive valve gtems, FKven if all hydrants were funotioning,
they would be of little use for fire~fighting heocause of the generally
low pressure over the distribution system. Five (5) public faucets
are connected to these hydrants.

TABLE IV.2

2A~HOUR PRESSURE RECORDINGS
ON DISTRIBUTION SYSTEM

Pressure Period (hr)
Range of Positive

Number Fire Hydraut Location Days Recorded (m) Preggure
1 Avad Sartos ZSirecet/Bonifacio
Stroet 11/12 Jan 77 0.7=5,0 24
2 Je Rizal Avenue/treedom
Boul evard 11/12 Jan 77 1,9=6.8 24
3 Washington Struot/MoKinley
Street 12/13 Jan 77 0.7=8.7 24
4 Cinoo De Novieombre Street/
Silay-Mambulac Koad 12/13 Jan 77 0.9-10.0 24
5 Plaridel Streol/Burgos Street 13/14 Jan 77 1.7=Te3 24
6 Freedom Bouleward/Lonay
Street 13/14 Jan 77 2.4~7.8 24
7 Pump Station Yo, 1 15/16 Jan 77 02640  0400-2¢..0
8 Pump Station No, 4 15/16 Jan 77 Ow10.6  0400-2000

TV=4
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SCHEMATIC
PIPE LAYOUT
AT TANK NO.2
(190 CUM CAPACITY)

100 MM @

22.8M
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OVERFLOW
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e

30 100 180

50 0 200
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DEEP WELL & PUMP STATION

ELEVATED STORAGE TANK

FIGURE IV¥-2

EXISTING WATER DISTRIBUTION SYSTEM
SILAY CITY WATER DISTRICT
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Service Conneciiongs 4s of Jurmary 077, e STL.YD hed sboat
948 rogistered mervice conrcetionsn, 13 perveni o whioh are nstered,
and 77 paresnt sre unticterea. Swvamsy-two (72) psrcent of the
meterad conneciions heve defwsotive water meters, Six (6) percent of
the unmetered oonnections are mot billed., Those unbilled connections
are thogse at government instituticre and slso in aome private housew
holds. Thess connections wore mads whsn the waicr gystom was still
under the administration of the oiiy government,

By ccnsumer oategory, 774 or 82 peroent of ihs total connections
are domestic, 119 or 13 percent are somm#roial, zud 55 or 5 psroent
are Institutional, inoluding 44 wubilled and unmetered comnections.
The following table olassifies the number of conneotions in January
1977 into metered and unmetered and by type of consumer. Information
on the nmumber of conneotions by size wes not available,

Rumber of Servjce Coppsctions

Moetored
Copgumer Category Geod Defectiye Total Upmetered Total
Domastioc 26 125 151 623 174
Commercial 36 33 69 50 119
Institutional - — - 55* _5gw
Total 62 158 220 728 948

The SIL~WD had 908 and 994 rogiotered connections in October snd
December 1976, respeotively. The number of service connootions fluotuates
everymonth due to the dlstrioct's campaign of disconneoting delinguent
consumers and installing new oonnectlions and reccinecticns. At the time
of preparation of Chapters TX, X and XI of this report, there were a total
of 908 service connections within the waiar distriot,

Two (2) illegal conneoctions wara found daring the pilet area
survey in Deoember 1476 The SII-MD has recently requemted the
unregistered wrers to regieier their service comncotions as well as
the registered concessionaires to renew their applications for cone
nection, This measure is intended tv eliminate unbilled and illegal
conneotions,

Publioc Faugets. Thore ars 10 pablic feuocsts in thko gyotem, all
unbilled and unmaterei. Five (5) of thess aro counectsd to Pire
hydrants;, and some sre connested to blow-off wvalves in the system,

#Tucludea 44 fren conunsotions at government luatitutions and
private houschalds.
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TARLE IVe3

WATER QUALITY TEST RESULTS
STLaY C"I"’ d ATER DI ?If‘m

Public and Private dells
General Pansogan Well
Hospital Artesian A4t Bo. at Hsclends
Permissible Pump Stn 1 Pump Str 2 Pump Stn 4 Well Guinhalaran Panaogzao

Existing Wells

Tegt Unit limits 14 Sept 76 14 Sept 76 15 Sept 76 15 Sept 76 15 Sept 75 17 Sept T
Poyaioal
Color APHS 15 10 T2 % 5 30 R
Turvidity FTU 5 4 3 4 2 Swax
Total Diesgolved Solid® mg/l 500 150 1€3 143 186 198 155
Conductividy Micromhos/em o 230 235 220 240 290 285
Chemioal
‘,’.:’ 7-895 7-0 Teo 629 6&7 6.9 607
. otal Alkalinity mg/ -
< CaC03 125 135 115 115 145 &5
4 “henaiphthalein mg/1 -
Alkalinity Calo03 o 0 o 4] 0 0
Lobal Hardness mg/l ’
CaCo03 400 76 73 58 T1 80 58
Celoium mg/1 '
Ca 5 19 22 19 20 23 16
Hagnesiun mg/1
Mg 50 7 4 3 5 5 4
Total Iren mg/l
Fe Oel nil 0.08 0e29 1 e26%%x 0.2 Hean
mg/1
O 0 0 ni
5 5 1 10
nil nil 1 3
7 7 8 5
0 o V] O 3%

1‘!73:1&?;:‘:"..‘3 for Inintding Water.

: 3 Fag e TIAS waled on $l oy -
WIAVCAS T Urinelng hegad,



Hacienia Panacgno shows greater golor, turbidity;)-.d iron than iho
excossive limitsy the mangaﬂaaaljwoontont of 0.3 mg/l is greater
then the persissibie 2lmitv of W ng}¢ The ivon cuntent of the

well 3t thas General Hespital also exossde the axsossive limit of

a3 !ﬁl"{/]w

Rzcteriologlonl quality tesis of wail water at pump stations
1 and 4 were mude in Ootober 1976 (@ec Annex Tables IV-C-1 and
IV-(=2). Tho test siowed thut wetes at pump station no. 4 was
negative for ccliform organizm apd water at pump station no. 1
was poeitive for ccliform organigm, indicating weiar contamination.
At the tims of the bucteriologiocal tests, pump station no., 1 had
no sanitary seal; at preseunt, a sanitary seal has already been
provided &t this wall,

D. WATER USE PROFILE

-

Geparai

The ourrent wstor consumption in the SIL-WD has been analyszed
to determine ite water accountability. Dote on revemue-producing
connections and other service connections were cbtained from the
water districte Other data were obtained from field measurements
of production &nd & pilot area aurvey oconducted in December 1976
(sea Methodology Kemoranda No. 1 and 2 eand Annev IV-D),

Pilct Ares Surveay

The piloi arsa, zbout 46 hestares, is loosted in the osmtral
portion of the present service arsa. It consists of 140 households
with & total popmlation of 984, or an average of 7 persons per
household, Interviews of the 140 homseholds show the following:

6 households ere registered conoagsionaires; 2 hougeholds are une
registered ooncessionaires; 30.5% /households are "borrowers" from
registered conoemsioneires; 15.3% houssiolds rely on publiec faucets;
10 households have their own private wells; and 15.2*% households ars
"borrowers" f'rom priveote well owners. Thess data have been nsed

to derivo the number of oonsumers of the SIL-WD water cupply.

Population Served

Water users can bo olassified gensrally into primary users
(registered concessionaires) and seocondary ugers (borrowers), In

ljﬂkcesﬂiva iron and manganese wake drinking water unpalatabls
and stain launiry, poicelain and plumbing fixturss. Manganese stimi-
lates jho growth of some mioro~organisma in water,

= Some houssholde take water from both the water district and
ather private sourcex,
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addition, other usces in the SIL-WD are t' - .sing the public
fauceis for their regular water supply and those with illegal
conncctious, The total of 944 registered connections (as of
December ?976) reprasents the total number of households who are
primary ueers. Those include 235 motered households and 709 un-
metered hcaceholds; including 44 unbilled households. Based on
the pilot area survey reasults, ihe other users are approximately
109 borrower houreholds from melered concessionairesy 330 borrower
households from unmetered concessionaires; 212 households using
publio faucein; er:e 33 households with illegal connections,
Applying the pilot area average of 7T persous per household to the
water distriet, the total users of the SIL~WD water supply are
estimated to be 11,396, comprising a total of 1,628 housenholds,

Total Copsumption

The watszr connumption per conmmeotion hag been determined on
the bagis of the pilot aroa survey resulis. The actual consumption
of conceasionsiras with vorking meters in the yilot area is about
6C.4 oum/mo por connagtion.  This volume of consumpiion iu assumed
also to apply to the ummeiorel concessioaaives wund househclds with
illegal comnmotionn. The actun’ commumpition of metered concessione
aires appears high in comparison with that of oiher cities. This
can be ettributed o the syastem®s hiwh water production and low
water cates. The consmumption of borrowsrs and users of public
faucets frow the water system im sgsumed to bo 9.3 Cum/mo per
houselold,

The total conpumption is abont 65,065 oum/mo, whioh is broken
down into 57,324 cum/mo for registered concessionaires; 3,776 cum/mo
for borrowars; 1,972 cum/mo for public faucet consumers; and 1,993
oum/mo for users with illegal comnections,

Acoount ed—f o s=Watar

The accountsd-{or-mater is the sum of consumption of concession~
aires with working meters and inferrod consumption at registered
oonnections with defective meters and without meters. Hence, the
accounted~for-wator is defined as the revenue—producing water for
the SIl~WD, Baged on the pilot area survey regults, the total
accounted~for-water in December 1976 was 18,368 cum/mo broken down
into: metered consumption, including that of borrowers from metered
concesgionaires, 4,594 cum/mo; inferred conswmption at connections
with defective moters, 1,870 cunyho; 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 ounm,
This accounted-for-water represents about 16 percent of the total
production,

Unaccounted=Ffor-Water

Unaccounted—-for-water does not generate revenue for the
districtse It consiots of underbilled usage at defective metered
and unme37red connections; unbilled usage at illegal and free con-
nectionsz) usuage of borrowers from defective metered, unmetered and
free connections; and usage of households relying on public fauocetis.
It also includes wastage, leakage and other uses., Unaccounted-for-
water represents 84 percent of total production.

Underbjlled Usage., This reprements 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 actusl consumption exceeds
the volume of waier billed ty 42,5 oum/mo per unmetered oonneotion
and by 49,0 cum/mo per defective metered connection. Suoh under—
billed usage in December 1976 was about 36,298 cum or 32 percent of
total production. This volume of water would produce revenue to
the water district if water rates vere increased and working meters
ingtalled.

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

Usage of Borrowera from Defeotive lletered, 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
iz 9.3 cum/mo per household or a total of about 3,776 cum in
December 1976; corresponding to 3 perocent of total produotion,
Borrowers' oonsumption would be revenue-producing if all ocone
nections were metered,

3-/I"ree conmectiong refer to nabilled connections at government
institutions and sone private houscholds,
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Usage of Households Using Public Faucets. This is the usage
of households relying solely from the gystem's publioc faucets,
The pilot area survey indicates that consumption of thege house-
holds was 1,97% cum in December 1976 or 2 percent of total water
produced,

W 8, Leakage and Other Uses, Inoluded in this classifica~
tion are the following: wastage inourred at defeotive metered,
unmetered and illegal connections, wastage at public faucets; water
lost due to leaks in tho distribution mains, service connections
and pump stations; water used for fire fighting, street cleaning
and flushing of distribution mains., This category of water oone
sumption is estimated to be 42% of production or 47,775 ocum/mo,

Summary of HWater Aogggn}ggilijx

The water accountability in the SIL-WD is summarized in Table
IV-4. The accounted-for~wuter, about 16 percent of total produotion,
is the sum of billed consumption of registered conoessionaires with
gocd and defective meters and those without meters, The unaccounted-
for-water inoludes underbilled usage at defeotive metered and un—
metered connections, unbilled usage at illegal and free oconnections;
usage of borrowers from concessionaires with defective metered,
ummetered and free conneotions; usage of households relying on publio
faucets; wastage, leakage and other uges, Unaccounted=for-water is
estimated to be 84 percent of total produotion, '

E. HYDRAULIC SURVEY DATA

Field measurements of the hydraulic conditions of the SILwWD
Were oonducted during the period 10-18 Jamary 1977« The purpose
of the field measurements is to provide data for a computer model
of 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-§,

Pump Stations

Pump tests were conducted at pump stations no, 1, 2 and 4 to
determine the head-capacity ocurve for existing pumps (see Annex
Figures IV-E-1 through IV-E~3), Efficiency and horsepower curves
could not be made because the pumps are direotly driven from diesel
engines. From these pump curves and pump pressure readings over
8 24~hour period, the estimated production as of Jamary 1977 was
3,420 cumd, Annex Tables IV—E-i and IV-E~2 show the recorded pump
tests at pump stations no. 1 and 4e
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TABLE TV-~4

SUMMARY OF WATER ACCOUNTABILITY
SILAY CITY WATER DISTRICT

Amount of Water.{Dec *76)

Category ‘cum/mo
Total water productioné/ 112,840

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

(71 conmections with borrowers) 4,59411

b) Metered consumption (defective meters )

(164 connections) 1,870

¢) Unmetered consumption
(665 flat rate connéctions) 11,904

cumd

3,640

148
60
384

Sub-Total 18,368

Unaccounted~for-fater
a) Potentially billable water consumption 44,725

1) underbilled defective :

metered connections ( 8,036)
2) underbilled unmetered

connections 28,262)
3) unbilled illegal connections 1,993 )
4) unbilled free connections 2,653)
5) oconsumption of borrowers

from defective metered

connections ( 7o)
6) consumption of borrowers :

from unmetered conneotions ( 3,069)

b) Consumption of households from :
public faucets 1,972

c) Wastage, leakage and other uses
Sub=-total

ﬂ/Production in December 1976

V2

592

1,443

64

41,7150 1,541

Percent of

100%

4.1%
1.7%
1006‘2;

3946%

Production

16e4%



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 Jarmuary 1977, respectively. The measured
transmissivities are 175 oumd per meter (14,100 gallons per day
per foot) at pump station 1 and 164 cumd per meter (13,200 gallons
per day per foot) ai pump station 4. Annex Figures IVaE=5 and IV-E-6
show the transmissivity curves for these pump stations,

Sygtem Pressure

Two continuously recording pressure gages were installed to
measure the system pressure within a 24~-hour period. Readings
were made on 6 locations within the distribution system. These
gages were iikewise 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 1046 meters at pump station 4 for the same period. The pres-
sure tests on 6 different loocations show that pressure generally
vary from 0.7 to 10 meters over 24 hours, Minimum prespures oocur
in the evening and early morning after all the pump stations are
shut off and water is supplied from either one of the gtorage
tanks. From 5:00 a.me to about 8:00 p.m, average pressure is
about 4-6 meters indicating low pressures over the distribution
systems Table IV-2 and Annex Figures IV-E-9 through IV=E=11 show
the recorded 24~hour pressures in the system. (For hydrant loca-
tions, refer to Annex Figure IV-E-12,)

Hydrant Flow Tests

The hydrant flow tests were conducted to determine how the
Silay distribution system operated under ocertain measured flow
conditions. Flows from fire hydrants on Bonifacio, Rizal, Loney
and Cinco de Noviembre Streets were measured during 4 separate
flow tests while pressures were recorded at other locations in
the distribution system. The rosults 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 averagd pressure losses while those areas
within the extremities of the system (partioularly 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,

Iv-13


http:presw.ue

F. COMPUTER STUDIES

The purpoase 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 Silay, how=
ever, oomputer studies could not be conducted on the existing sys—
tem due to geveral reasons. The data gathered indicates that water
production in excess of 60 1lps enters the distribution system by
pumping or from the storage tanks. For such a sizable volume of
water 1o enter the system and to flow through the existing pipe-
lines, a gsignificant 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 heade
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 emall amount reaches other parts of
the system, resulting in the flat hydraulio gradeline.

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

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

Gs DEFICIENCIES OF THE EXISTING SYSTEM

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 poake=
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 ooncessionaires 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 oontinuous weter supply. Water supplied to
one institution without a service meter is being used for irrigation
purposes.

Results of the pilot area study indioate that unaccounted--for-
water ig excessively high. Most service oonnections are not metered.
Some connections are not billed for old political reasons. Illegal
connections are known to existe Publioc faucets abound in the gysg-—
tem and their use is not billed. Connections, such as un—
metered, defective metered, free, illegal and public faucets conw
tribute to the largs unaccounted-for~water in the system.

About 34 percent of the distribution pipes are 45 years old.
Cross—connectiony between water pipes and polluted drains and im=
properly repaired leake in service connectionas 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
alres are charged uniform rates,
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ANNEX TABLE IV-C-1

BACTERIOLOGICAL {:UALITY TEST RESULTS
SILAY CITY WATER DISTRICT

WELL AND PUMP STATION NO. 1

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

Time: 10:20 AM Time: 8:40 AM Times 9:00 £M
Appearance : Clear Sediment : None

—v

Test for Coliform Organisms

ﬁg;hofofiges Presunptive Confirmed Completed Ee Coli,
samples each Gas in laoctose Gas in
for the tests broth at 37°C BGD gMp  Secondary Gram (Por fecal
24 hours 48 hours Lactose Stain coliform
broth at detection)
37°%
1e Nez. Pos, Pog, Pos, Pos, Gram Negative
2, Neg. Pos, Poge Pos. Negative
3 Neg. Nege
4. Nege Nege
5 (] Neg. Neg.

Colonies per ml of sample in agar plate after 24-hour incubation at 37°C 2,596

MPN: 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: 10320 AM Time: 10330 AM
Appearance : Clear Sediment s None

Test for Coliform Organismsg

Noe of tubes

with 10 ml Presunptive Confirmed Completed L. Coli.
samples each Gas in lactose Gas in
for the tests broth at 37°C BGB EMB Secondary Gram (For fecal
24 hours 48 hours Lactose Stain coliform
broth at detection)
37%
1g Nege Negs
2, Neg, Nege
3. Neg, Neg,
4. Nege Nege
50 Nego Nego

Colonies per ml of sample in agar plate after 24-hour inocubation at 37°C O

MPM: O Acid test: Ethyl violet test:

Organisms isolated:

Remarks ¢
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CAMP DRESSER & McKEE INTERNMNATIONAL 1IN
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 (%ighway) on the west, Zamora Street
on the north, Bonifacio 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 persona/
household and a density of 214 peraons/hectare.

II. OBJECTIVE
The analysis presented herein attempts to quantify water
accountability and the number of primary and secondary users of

SIL-WD 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. HNumber of borrower households from connected
households 30.5%#
3. Number of households relying on WD public
faucets 156 3%
114.8
4. Number of households relyiny solely on cwn
private wells 10
5. Number of borrowers from private well owners 150 2%
Total 252

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

and 9 defective meters.

**5ome households take water both from WD concessionaires and private

gource; 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#*

1.
2.

3.
4.

Range of Consumption

Metered concessionaire
(working meter)
Unmetered concessionaire
(flat rate)

Private system owner
Borrower

60 —~ 670 1lped

20 - 80 1pcd

15 = 90 1lpcd
5 - 80 1pecd

C. Willingness to Pay for Improved Service Per Month:

Amount Willing Number of
to Pax/Month Households

. 1,
.' 2.

v 3,

SR

Below average income - Average P 9 24
Average income ~ Average P12 90
Upper middle income . Average Pl4 15
High income#* P15 to 25 or higher 8

IV. WATER ACCOUNTABILITY ANALYSIS (refer to computations)

A. Summary

1.

2.

Accounted-for-water (cum/mo)

a) Metered consumption §working meters) 4,594
b) Metered consumption (defective meters) . 1,870
¢) Inferred unmetered consumption
(flat rate) ' 11,904
18,368 (16% of
production)

Unaccounted—for-water (cum/mo)
a) Potentially billable water

1) Underbilled defective
meter use

3) Unbilled illegal consump-—

tion

4§ Unbilled free consumption

5) Usage of borrowers from

44,725 (40, of
production)
8,036

2§ Underbilled unmetered use 28,262

1,993
2,658

defective metered, unmetered,

and free oornection

3,776

*Other households could neither estimate their consumpvion nor
remember WD billing due to delinquency in payment; others have given

astimates,

*¥4ill 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 (425 of production)
Total Unaccounted~for-water 94,472 (849 of production)

B. Imnput Data
l. Water production r 3,£40 oumd or 112,840 cum/ho*

2. a) Number of concessioraires = 944 + illegal
Registered concessirsnaires:

1) Unmetered » 7G9 billed unmetered = 565
unhilled unmetered = 44 (free
cornectiona** at government
ingtitutions and some private
houssholds)

2) MNetered = 235 vorking meter e 71
defective meter al64

b) Water rate scheduls:
1) Unmetered rate ~ 2&.00/mo

2) Metered rate = “irgt 15 cum = P7.00 (minimum) or

$0.47/cum
next 16-30 cum = 0.35/cum
next 31-50 cum = 0.30/cum
next 51-80 cum = O.25/oum
over 80 cum = 0.20/cum
¢) Thus, billed unmetered connection/mo = 15 + P1.00
?0.35/cum = 17.9 cu
3. Pilot arou data
a; Total households in the area 140
b) Total WD concessionaires in area 69 households (2 illezal
included)
49% of 140

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

Horking - 3 - 194 cum/mo
2) Metered - 12 Defective - 9 — 103 ocum/mo

*Production in December 1976 when all pump stations were each
operating at 16 hours per day.
##Different from public faucets in the system.
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¢) Total number of WD borrowers 30.5 227 of 140
d) Total number of households
relying on WD public faucets 15.3 117 of 140
@) Total number of households
with own water source 10 7% of 140
f) Total number of households
borrowing from private source 15.2 114 of 140
g€) Actual consumption of con~
nections with working meters 194 ocum/mo (borrowers
included)
or consumption of each
connection 64.7 cum/ho a 2.1 cumd
h) Average consumption of 9
defeotive metered connection 103 cum/mo (borrowers
included)
or 11.4 cum/mo/connection = 0.4 cumd
(based on previous consumption)

C. Computations

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

connection 11.4 (164) = 1,870 ocum/mo
c) Unmetered (flat rate)
connection 17.9 (665) =11,904 cum/mo
' 18,368 ocum/mo
167 of

production

2. Unaccounted~for-water = 112,840 — 18,368 = 94,472 oum/mo
(84% of Fro-
duotion)

3. Total households relying on WD water = 944 legal conrections
+ illezal oonnections + borrowers from metered and unmetered
connectiona + 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 comnections) + 25 (borrowers from unmetered
connections) + 15.3 (relying on public faucets) = 114.8
(829 of total household in pilot area).

legal connections - 67 58
total households relying on WD water 114.8 = °

By rutio and proportion:
944 legal connections

58 = 1628 total households

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

l. legal conneotions S44
2. illegal conneotions (2%#* of 1,628) ' 33
3. Borrowers from:
connections with functioning meters-— 33
connections with defective meters - 76

billed unmetered connections -310
free unmatersd connection - 20 439
4. iousehold relying on WD public faucets* 212
Total 1,628

4. To compute for potentially billable water, consumption
fis 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 lpecd
(by comparison, borrowers in Matro Cebu WD consumes
35 1lpcd, based on the First Ten-irea Feasibility
Study) consumption of each household borrower

liters ) (11 oum__y (1 PRIRon8y . 0.30 cumd

perscn/day ,000 1 household
or 9.3 cum/ho/household
l. Consumption of borrowers from conneotions with

= 43 (

working meters = (33) (9.3) 307 cum/mo
2. Consumption of borrowers from defective—~

metered oonnections = (76) (9.3) 707 ocum/mo
3. Consumption of borrowers from billed

unmetered connections = (310) (9.3) 2,883 cum/mo
4. Consumption of borrowers from free

unmetered connection = (20) (9.3) 186 oum/mo
5. Consumption of houserlds relying on WD

public faucets = (212) (9.3) 1,972 oum/mo

b) Consumption of concessionaires with functioning
meteras, excluding borrower usage = (64.7) (71) -
(33) (%3) = 4,287 cum/mo or 60.4 cum/mo/connection

5¢ Underbilled and unbilled oonsumptiom
a) Underbilled consumption of:
unmetered connections = (60.4 - 17.9) (665) = 28,262 cum/mo
defective metered connections = (60.4 - 11.4) (164)

= _8,036 cum/mo
Total underbilled consumption 36,298 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 60.4) (44) = 2,658 cum/mo
total biiled consumption 44651 cum/mo

c¢) Unbilled consumption of ‘households relying
on public faucets 1,972 oum/ho

Fotentizlly billable water = 5a + 5b + usage of borrowers
associated with unmetered and
defective metered conneotions

« 36,298 + 4,651 + 3,069 + T07
= 44,725 cum/mo (407 of production)

Wastage, leakage and other uses = Froduction - (Aoccounted=for—
water + petentially billable
water + household usage from
public faucets)

= 112,840 - (18,368 + 44,725
+ 11972)

= 47,775 oum/mo (42% of
production)
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ANNEX IV-E
HYDRAULIC STUDIES



ANNEX TABLE IVeEw1

PUMP TEST AT FUMP STATION NO. 1
SILAY CITY WATER DISTRICT

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

Leflection of

Water (h) Discharge Pressure
om  (inohes) 1pse S{zpm) m (psig) Remarks
192 T5¢6 22,84 362 1e41 2 Valve fully opened
177 697 21496 348 7.04 10  Valve throttled
156 61e4 20457 326 14,08 20 " "
133 5244 1912 303 21412 30 " "
112 4441 1754 2178 28416 40 " "
84 3341 1527 242 35420 50 " "
63 2448 13.19 209 42024 60 " "
4 173 10,98 174 49.28 70 " "
29 1104 9402 143 56432 go "
15 59 6475 107 63436 90 " "
3 142 24,90 4" 7040 100 " "
0 0 0 0 72454 103  Shut off

From head~-capacityourve at pumping pressure of 16.2 meters
of water (23 psi), Q = 20,2 1ps (320 gpm) (see Annex Figure IV-Ew1)
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Date of Pump Test:

ANNEX TABLE IVeE-2

PUMP TEST AT PUMP STATION NO. 4

14 January 1977

SILAY CITY WATER DISTRICT

Mow Instrument Used: 100 mm orifice pipe

Deflection of

Hater (h)
om  (inches)
175 69
155 61
104 41

38 15

645 2,6

0 0

Dischar

1ps

21,83 346
20,50 325
16497 269
10422 162
4.23 67
0 0

Pressure

m

3487 55

Te74 110
16654 2345
300,27 43,0
42,24 60,0
47.88 68,0

Remar

Valve fully open
Valve throttled to 11 pei

" (] L} 23.5 "
" " L) 40 "
" " 1] 60 "

Valve closed (shut off)

From kead~ocapacity curve at operating pressure of 7.4 meters
of water (10.5 pei), Q

IV-E-2

= 20,7 1ps (330 gm) (see Annex Figure IVeE=3)



ANNEX TABLE IV-E-3

HYDRANT FLOW TEST NO., 1
SILAY CITY WATER DISTRICT

Corner Corner Corner Corner
Bonifaeio & Zulueta & Gomez St Bonifacio &
McKinley St Donifacio St. Zulueta St dzmora St
Hydrant (Hydrant (Pressure (Pressure (Pressure

location _[Floy Test) _ Test 1) Test 2) Test 3) Remarks

Hydrant
EIOVQ
Above
Ground
__L_)_m — 059 1.07 1,06 0,93

Time Dischar :
0

355 9.8 9.8 9.3 1147 Valve closed
3357 8.40 740 844 Te6 10.7 " "
3:58 8.76 6.9 8.4 7.6 1067 " "
4:05 8.76 6.8 844 Te4 1046 " "
4:07 9.08 70 843 75 1045 " "

Pressure Recorder No, 1 - 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: 9e6 m

840 m
1.6 m

Pressure Recorder Noo, 2 ~ installed along Freedom Boulevard, corner
Rizal Avenue. Rocorder installed at 0,95 m
below hydrant, Approximate pressure drop
during flow test: 1Mo4 m

1006 m
O8 m
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ANNEX TABLE IV-E-v

HYDRANT FLOW TEST NO. 2
SILAY CITY WATER DISTRICT

Along Rigzal .
3t 100 m Corner Corner Corner

South of Freedom Blvd Figueroa St Zamora &
Aguinaldo St & Rizal St & Rizal St  Rizal St

Hydrant (Hydrant (Pressure (Pressure (Pressure

Loocation _ 1Moy Teat) . Test 1) = Test 2) Test 3)  Remarks
Hydrant

Elev.

Above

Ground

gm) 1.08 0097 0046 0.90

Time Dischar,
(pem, ) §I:Ei Zmz P1(m) Po(m) P3(m)

1:28 0 Te2 8e3 Te4 843 Valve closed
1331 6.86 0.8 3.9 53 70 Valve fully o
1:32 6480 0.7 3.8 543 7.0 ® "

1 334 6193 007 307 503 609 " v
1336 6¢57 0.6 3.7 53 7.0 " "
1:38 Te02 Ueb 3.5 53 To1 " "
1:40 6.75 0.6 3.5 56 Te2 " "
13242 7.08 Oe7 367 58 Te5 " "
1:44 0 6.2 6.5 7.9 8.2 Valve closed

Pressure Recorder No, 1 — Installed along Washington Street, corner
MoKinley Street.
Recorder elevation below hydrant: 79 om
Approximate pressure drop during
flow test: 8.9 m

649 m
2.0 m

Pressure Recorder No. 2 ~ Installed along Cinco de Noviembre Street,
corner Silay-Mambulac Roade
Recorder elevation below hydrant: 81 om
Approximate pressure drop during
flow test: 9«1 m
"Te4 m
107 m

IVeliw]
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ANNEX TABLE IV—E-5

HYDRANT FLOW TEST NO. 3
SILAY CITY WATER DISTRICT

Along Cornex 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) Tegt 1) Test 2) Test 3) Remarks
Hydrant
Elev,
Above
Ground
‘m! 0069 1003 oo% 0084
Time Dischar
pn) Wl Ml h@ RO n
11:20 0 6.5 6.9 6e3 3e¢7 Valve oclosed
11:21 11,88 046 49 47 2.4 Valve fully opened
11:22 11457 0.6 4.8 445 243 " " "
11324 11457 0.6 4.7 444 243 " " "
11326 11.48 (V) ded 4e4 2.2 " " "
11:28 11,70 0.6 444 44 2.2 " " "
11:30 11448 045 442 444 2.0 " " "
11:31 0 56 643 5¢3 3.0 Valve olosed
11332 0 6.0 645 5.8 3.3 0 "
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ANNEX TABLE IVeE-b

HYDRANT FLOW TEST NO. 4
SILAY CITY WATER DISTRICT

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

Hydrant (Hydrant (Pressure  (Pressure St (Pressure (Pressure
Location Flow Test) Test 1) Test 2) Tegt 3) Test 4) Remarks
Hydrant «

Elev,

Above

Ground

fm ) 0093 0063 0.85 0.45 0046

Time Discharge

(aem) Pq(m) Po (m) Py(m) Pa(m)

11:24 0 59 6.7 T.2 Te4 44 Valve closed
11:25 2.34 - 5¢6 740 7.0 2.8 - Valve opened
11:29 5.81 - 5.0 7.1 6.9 1.1 ' "
11:30 6.16 - 449 7.0 6.9 141 " "
A1:31 6.26 - 4.9 6.0 6.6 1¢1 " "
11:32 7.18 - 4.9 6e3 646 1e1 " "
11233 T.02 - 4.9 6e3 6.6 11 " "

11 :34 6.86 had 4-9 6.0 6.6 1.1 " "

1 1 :35 6.93 b 4.9 6.0 6.6 1.1 " "
11:36 7.08 - 409 603 645 1.0 " "
11137 7021 - 448 6e3 6e5 1.0 " "

1 338 7.29 -~ 406 6.0 6.5 009 " "

1 :39 7.14 L 4.6 5.6 6.5 O.9 " "

11 :40 7.02 - 4.6 6.0 6.5 1.1 " "

1 341 0 5.1 6.0 bl 6;3 3.8 " closed
11242 0 56 643 - 649 443 " "
11243 0 5e6 6e4 - T.0 4e2 " "
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CHAFTER ¥ TFEASIBILITY 3¥UDY CRITERIA
A  (UINBRAL

The planning, design, econcmic, and financial oriteria used in
the water supply feasibtility studizs have been derived from studies
of local conditiorns, accepted practices, standards aand methods dew—
veloped in the First Tsn Frovinoisgl Urban Areas Feasibiliity Studies.
These criteria, teogether with the developed basis of cost estimates,
have been utilized to evaluate and zompare tha various slternatives
identified in the ssurse of the study.

In the analysis and ¢ iuation of alterrabtlives, feasibility
study criteria need not Lo sz refined as thops usad in the detailed
development of ihs ivsomiended schemo. Consismtency is, however,
esgentiale As lung ss such alleraative to be zmalyzed is judged by
similar oriteria (or rules),evaluatiocaof altvrnativee will be
accomplished in a fair and consictent manner.

B PLANVNING CRITERIA

This water supply feasibility study has been guided by the
following planning critoria (not listed in ordsr of importance)s

l. Areawide Aprmroach: Plamning of facilities has been done
-~ - on a regional or arsawide basjs, taking into account the
presont disirioct service boundarles and the logical long-
term service sress beayond present district or political
boundariss.

2. Source of Waters Croundwater and surface water .ave been
given ejual consideration as potential eources of water,
However, Lased on the first 10 feasibiiity studies,
groundwnier derived from wells, when available, is
expected gensrally to be more sconomioal than eonven-
tionally treatad surface weter.

3. Self-Sufficiency: The rscommended plan has been developsd
to provide the highest quality of water servioce wiithin the
"ability-to~pay" of the consumers.

4. Conservation: In the melection among alternative rlans,
water, power, chemicals and foreign exobange are oconsidered
valuable rescurces which must be conserved to the greatest
extent possibls,

5« Stage Develoyment: The recommended loang-range consiruction
program has been divided into several stages, sach of which
satisfles the projected requirements tor & specific design
Years:
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Conatruction Started Target

Stage by Calepdar Yasx. .  Desigp Year
Immediate Improvement 1978 1980
Phase I-A 1980 1985
Phase I-B 1986 1990
Phase II-A 1991 1995
Phase II-B 1996 2000

6. Alternatiye Plen Soreening and Seleotion: From an array
of identified plan alternatives, the recommended plan has
been sslectad on the basis of least (present worth) coat
and other non-economio parameters, The selected plan has
been tested for eoonomiq/finanoial feasibility.

7. Skilled Mappower Shortage: The recommended plan has re-
cognized, in the short term, the apparent shortage in
skilled, technical and managerial aexpertise. Eamphasis
has been glven to the need for distriot personnel training
and certification,

8, Water Quality: The feasibility study has identified pre-
sent and future water quality problems and includes re-
comnendations for providing a watsr supply that is safe,
healthful and wholesome,

Ce Socia) Soundnegs: The successful completion of any pro-
jeot must take into account the mocial acceptability of

its recommended programs (Appendix S, Volume II),
C. DESIGN CRITERIA

The basis of design for thess feasibility studies is presented
in detail in Appendix P, Volume II of this Report. The design ori-
teria are basiocally similar to those utilired in the First Ten
Provinoial Urban Araas Fessibility Studies, Minor improvements/
modifications have been made as indicated in the Methodology Memo-
randa included in Volume I of this report.

Water Accountability

As muoch as possible, water aocountability has been determined
through field testing and measurement prooedures, augmented by data
gathered in the pilot area study surveys (see Methodology Memorarda
No. 1 and 2), Where field data were not available and the pilot
area astudy survey results were not conclusive, the weighted avarage
of the water acocuntability results of the Firat Ten Provincial
Areas was used (see Figure V-i),
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The breakdown of the water acocountabllity is as follows:

Peroent 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-
Jjections. 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 1pcd
Group 2 220 - 230 1lpod
Group 3 193 - 199 1ped
Group 4 174 - 181 1pcd
Group 5 157 = 165 lpod

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

For the anelysis of existing oonditions, Jtual 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
inoreased each year to account for economic growth within the com-
munity. Institutional and commercial water demands have been esti-
mated)as & percentage of domestic demand (see Methodnlogy Memorandum
NOOBO

Demand Variation
Maximum daily and peak hourly demands have been estimated from

field data and available recordse. JPor the basic analysis of the
water supply facilities, the following ratios have been useds

Vool



maximuin-day to average~day ratic w 1,281
peak-hour to average-day ratio w1511 = 175813

D. ECONOMIC AND FINANCIAL CRITERIA

Discount Rate

Tne opportunity cosi of capitial or discount rate used in this
feasibility study is 12 percent. The discount rate has been used
for ecornmic soreening of the technically viable alternatives (see
Chapter IX, Methodoiogy Manual or Water Supply Peasibility Studies,
Volume 1)

Inflationary Trends

The national eocunoiry of the Fhilippines im discussed in
Appendix E, Volume Il

Projections made in this feanibility study asgume & general
cost escalation rate of 10 perceni for the period 1978 through 1560}
'8 percent for the peried 1981-1985; and 6 peroent theraafter. The
cost of meintenance and cperation is assumed to esoalate at 8 per—
ceni per annubi,

Economic Justification

The economic feagibility of thie water supply projeot is based
on 2 parameiers: benefit-cost ratic (B/C) und the internal eoconomio
rate of return (TFRR). Thess parameters are disoussed in Chapter Xl.

Fipanoial Criteris

The financial justification of this projeot is based on the
district customers? ability-to-psy, & financial feasibility analysis
{#ee Chapiers XX and XXI, Methodology Kanual) and a suggested so—
olalized pricing schems, bused on increasing unit cost of water with
ir.creasing consumption (nee Chapter X),

Ko BASIS OF COST ESTINATES

Conetruaction cost curves nave been dewsloped -or igplaoo costs
of pipelines, desp wells, water treatment plants, pump statlions, and
storage reservoirs. Thesa cosl ourves have been used for estimating
the relative cost magnitudes of alternative waler supply plana.
Escalation factors used in csdloulating the capital cost of recommended
improvements -in July 1978 prisem, as well as the above unit ocosts,
are presented ir Appendix G, Volume II.
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Fo  IMPLEMENTATION SCHEDULE

For purposes of feasibility study and eoonomio/?inanoial
analyses, an implementation schedule has Leen assumed.
shows the probable time-table which covers the planning, design,
and implementation ot the Immediate Improvement Trogram and
Phase I-A. It is assumed in these feanihility studien that the
recommended Immediate Improvement Frogram is ito be fully imple—
mented by the LWUA Interim Demonstiraticn Program.

ESTIMATED PHASE I-A SCHEDULE

Final Report Submission
Select Final Design Engineer
Start Final Design

Complete Finel Design

Start Construotion

Complete Construction:

a; Source

b) Distribution

c) Internal Network

V=5

September 1977
September 1978
October 1978
September 1979
January 1980

1982
1982
1985

Figure V-2



. IMPLEMENTATION OF iMMEDIATE
IMPROVEMENTS *

2. SUBMIT FEASIBILITY STUDIES

3. BANK TO APPRAISE AND COMPLETE
LOAN ARRANGEMENTS

4. SELECT FINAL DESIGN ENGINEER
5. FINAL DESIGN OF PHASE 1-A ®
6. TENDERING / SELECT CONTRACTOR

7. CONSTRUCTION OF PHASE 1-A

a. WELLS
b. STORAGE
c¢. DISTRIBUTION FACILITIES

d. INTERNAL NETWORK

X PHASE FA ASSUMES THE FULL IMPLEMENTATION
OF THE IMMEDIATE IMPROVEMENT PROGRAM

FEASIZILITY  STUDY FOR  WATER
SCPRLY OF SECGMD TEN URBAN AREAS LWUA"CDM

PROJECT IMPLEMENTATION SCHEDULE

(UP TO PHASE I-A)
cYy ) ¢
77 78 79 80 8! 82 83 84 85 86
' . TARGET YFAR—-——«# l
B
A
TARGET YEAR;
|
GURE V-2
PROJECT IMPLEMENTATION
SCHEDULE

SILAY CITY WATER DISTRICT




CHAPTER VI
POPULATION AND WATER DEMAND PROJECTIONS

A. GELLEMAL

A necegsary step in developing the preliminary design of a
water system is the projection of futurec population and water
demand for the delineated service area. These projections
gignificantly affect facility layouts and sizes, construction
staging and the cost of the project. This chapter develops these
projections for the SIL-WD,

B.  SHRVICE ARLA POPULATIUN PROJECTION

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 ef Silay from 1948 to 1975 has prown at an
average anmial rate of 4.1 percent. The annual srowth rates
have fluctuated during this period from 4.8 percent for 1948-60 to
1.4 percent for 1960~70 and £e4 percent for 1970-75. The erowth
rates of Silay arc genecrally higher than those of the Philippines,
The followinz tuble shows the populaticn and the growth rates of
Silay from 1948 to 1975, and the national growih rates.

Year Populution Annual CGrowih () National Growth ()
1948 35,570

1960 60,324 4.8 (1948-1960) 3.10

1970 69,200 144 (1960-1970) 3.0

1975 103,493 8.4 (1970-1975) 2.66

The decline in the average amnual growth rate from 1960 to
1970 was attributed largely to the outflow of sugar cane planters
and factory workers {rom Silay, a major sugar-rrowing city., During
this period, the foreign demand for sugar had declined and sugar
farming and milling activities consequently siackened., llowever,
the abrupt increase in population from 1970 to 1975 was cuused by
the expansion of sugar milling activities in the city, the recent
diversification of farm crops and the development of houging sub~
divisions in the urban areas,
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The service area for the present and the years 1980, 1990
and 2000 (Figure V1-1) have been developed on the basis of field
inspection and discussion with water district and city officials,
Br the year 2000, tho SIL.ND ia szpected to serve the urban por—
tions of the poblacion (Zones I %o V)3 Barrios Rizsl, Mambmlac,
Guinhalaran and Lantad. "he primnry factors that will affect the
future growth of these areans arn:

(1) An increase in populztion due to an influx of workers
and their families, Thiz will be due to the contimued
expansion of sugar mills in the oity and the develop-
ment of corporate farming systems,

(2) The good access roads, transportation and comrunication
facilitiea and mnicipalities. This is expected to
induce expansion of commeroial establishments »utside
Bacolod City, from which Silay is only about 1% km.

(3) The devolopment of housing subdivisions in the urban
areas of 5ilay (Elera and Ortiz Subdivisions in the
poblacion, Fmployees and Hofilena Subdivisions in
Barrio Mainbulac,and Seaview Subdivision in Barrio
Guinhalaran).

The population projections hsve been made by applying specifio
annual growth raies for the poblacion and barrios in the service
area, The estimates of growth rates are based on field observations
and digcussions with local officinls and water district personnel,
The population grouth rates are determined after thc service area
population densities, urban development plans, employment opportu-
nities, existing industrial activities and proximity of the city
to other urban arean of the province, have been congidered.,

The LEDA-POPCOLI projections have not been used because they
are considered especially applicable to mixed urban and rural areas
but considerably low for entiroly urbun areas. Ior the urban areas
of Silay City, ennual growth rates arce expected to be higher than
the national and munieipal averace ernnual growth rates (for example,
the NCXO 1975 population for Silay City (103,493) already exceeds
the NLDA-PUPCOM 1990 high assumplion (92,783) projection,

Projected populations within the service area are shown in
Table VI-~1 and are summerized as followa:
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Average
Population Density in
Total erall Annual in Service Service -Service Area
Year Population~ Growth Rate(%) Area Area (ha) (persons/ha)

1975 62,624 21,280 104 205
19860 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 shews 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 almogt 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 19902000,

C. PROJEGITIONS FOH SERVED POPULATION

Served popuiation in the SIL-WI has been projected tuv ine-
creage significantly within the next iwo decades. The increase
will be a result of: (&) the intense campaign of the SIL-WD
to oconnect as many customers as possible (at present many houge
helds 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 () the increase in population as well ae in service
area coverage of the SIL-WD,

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

Year Projected Population
Served in the Parcent
Population Service Area Served
1975 épresent) 5,900 21,280 28
1980 (immediate) 15,630 41,440 38
1990 54,870 84,610 65
2000 103,160 130,770 79

l/bf Silay City Poblacion (Zones I to VI) and 4 barrios.
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TABLE VI-i

SERVED FPOPULATTON PROJECTICES
SILAY CITY WATER DISTRICT

150

Prasent Typsodists 1990 2000
Servioe Service Jsrvice  Servioes
Aren Area Aroa Aroa
POBLACION
(Zones I-V)
A. Population in Service Area 14,941 20,620 31,270 42,030
B, Number of Servios Commeotions  6Bl% 1,290 3,420 5,670
C. Connacted Fopulation 4,424 8,250 21,890 35,730
D. % Connected 30 43 70 85
RIZAL
A. Population in Servios Area 2,920 7,090 12,510 22,210
By Numbsr of Servics Ccnneotions  135# 380 1,170 2,640
C. Connected Populetion 878 2,410 74510 16,660
V. % Comnzoted 30 34 60 75
MAMBULAC
A. Population in Service Area 3,420 8,200 18,180 24,430
B. Number of Servics Conneotions 92% 470 1,990 3,300
C. Conneoted Population 598 3,030 12,730 20,770
D. % Conneoted 18 37 70 85
GUINHALARAN
A. Population in Service Area 0 5,530 14,170 26,400
B. Number of Servioe Connections 300 1,330 3,140
Co Connected Population 1,940 8,500 19,800
Do % Connected 25 60 15
LANTAD
A, Population in Service Araa 0 0 8,480 15,700
B. Number of Servics Conneotions 660 1,620
Ce Connected Populatian 44240 10,200
D. 9 Connected 50 65
TOTAL
A. Population in Servios Area 21,280 41,440 84,610 130,770
B, Number of Servios Conneotions 908 2,440 8,570 16,370
C. Connscted Population 5,900 15,630 54,870 103,160
D. % Connacted 28 38 65 79

———r————

aRegistered oonnactions as of Dotobor 1976.
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The served wopulation viich wes U8 owercens o0 ihe total ooce
vice arer pomdalior tv 1979 is projected 1o ne ¢ percent in 1980,
€5 percent in 1090, sud 79 percent in 2000. lence, the servad
population wouldl increaae from 5,900 in 1975 10 103,160 in 2000,
or an increase of 17 times in 25 yeurn {moe Figure VIL2),

The projecied increases in served pepulation are §,730 {rom
1975 to 1980; 39,240 {rom 1980 to 1990; and 45.290 from 1990 to
2000. The projected increagea are concentrated in the prescat
service area, the served population of which will include 71 per-—
cent of the total served population in 2000. The 2000 served popula-
tion outside the prsgent service arve will represent the remaining
29 percent,

A yoear by yvear tehulation of projected served population
from 1978 to 2000 is ashown in Table VI-3.

D. VWATER DEMARD PROJECTIONS

The water demand of the SIL-WD has been projected to increase
gsignificantly as a result of continued growth in served populaticn.

Per capita domesiic water use, commercisl/industrial/institu-
tional use, as well amr unaccounted-for-water (exprossed as per—
centage of production), have been estimated for the years 1980,

1990 and 2000 for the service area. OBased on analyses (see Mothoe
dology Memorandum No. 3), SII.4D has been classifisd uncer droup IIiX,
which has the following watszr use pavametleras

1980 1990 2000

Domestic uss, lped 105 120 135
Commerc;al/industrial/institutional,
1pcd 14 19 24
Accounted—for-water, Ipcd 119 139 159
7. Unaccount ed~for-watar 40 28 20
Unacoount ed--for--watar 79 54 40
Total Water DNemand, lped 198 193 199

The present unaccounted-tor-vater which is about 84 parcent of
the total water produciionﬂ/ is estimated to decrease to 40 percent
in 1980, 28 percent in 1990 and 20 porcent in 2000. This reduction
in unaccounted~for~wator will be brought aboutl by (a) initiation of

T AR . i el SR

/ .
ﬂ’Sea Chapier IV, Table 1V,



an extensive leak detection survey and repair; (b) metering of all

existing connections; and (¢) replacement of old leaking service
connections,

Using the above water demanl 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):

1980 1990 2000
Water demand, lpcd 198 193 199
Served population 15,630 54,870 103,160
Average daily water demand, cumd 3,090 10,590 20,530
Maximum-day water demag » ocumnd 3,710 12,710 24,640
Peak=hour water demand?/, ocumd 5,410 18,530 35,930

5/Based on 1.2 times average daily water demand.

&/5a

sed on 1.75 times average daily water demand.
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TABLE VI-3

YEAR BY YEAR SERVED POPULATION AND WATER DEMAND PROJECTIONS
SILAY CITY WATCR DISTRICT

Total Population Average-Day Maximum=-Day Peak--Hour

Year Served Demand (cumd) Demand (cumd) Demand (cumd)
1978 16,890 2,540 2,040 4,450
1975 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 10,590 12,710 18,530
1991 58,450 11,320 13,580 19,800
1992 62,250 12,090 14,510 21,160
1993 664,310 12,920 15,500 22,610
1994 70,630 13,800 16,560 24,150
1995 754240 14,750 17,700 25,810
18 80,140 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 103,160 20,530 24,640 35,930

vVIi-8



36n
35,930

32+

281
o b
S . 24,640
»
Q
3

]

3 20- 20,530
[]
Q
- 4
3
w 6
Q
1 4
w
g
> 12 4

8-

4-

_____ {319 __PRESENT PRODUCTION
3,090 3420 CUMD
0 ,
1980 1990 2000
YEAR
PROJECT,:E'SUVRJATYEIR3DEMAND
SuesLy o Second Ten aan seras LWUA=-CDM SILAY CITY WATER DISTRICT

T

e




CHAPTER VII WATER RESOURCES
A. QENERAL

The SIL-WD currently obtains all of its water fron three
wells loocated within the exiating service area. The ocurrent
water supply is sufficient for the present overall requirement
but distribution problems cause loocal shortages in the oity, The
possible sources of water for further mmicipal supply are wells,
springs, the Imbang River and the Malogo River.

B. GROUNDWATER RESOURCES

Silay City is looated at the edge of CQuimaras 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 sali-
nigation of coastal wells may ooocur if well produotion becomes too
great or too concentrated.

There are spririgs on the mountain flanks but no large springe
are olose to Silay Poblacion.

Topg‘gaggx and Geolo‘I

Silay Poblacion is at the seaward edge of a flat, gently slop-
ing coaetal plain that rises toward the volcenio mountains in the
east. The topographio gradient at the sea is about 4 meters per km
westwardly, inoreasing slowly to about 60-meter elevation, 10 km
inland, where the slope abruptly increases to about 10 meters por
km on the lower flanks of the mountain, This ‘noreased slope oon-
tinues to the upper steep slopes of the oomplex of voloanio peaks
over 1,000 meters high thut comprise the cent.'al north-to-south 8pine
of Negros Island. The oclosest of these peaks, at over 1,100-meter
elevation, is about 25 lm southeest of Silay,

The oentral cores of the various mounteins consist of andesitio
voloanic rocke; injections, flows, breccias and ash beds (tures),
The lower flanks of ihe mountains are mainly oomposad of pyro-
olastiocs, ash beds and voloanic debris, The cornstal plain deposits
oonsinst of waterlain gravels, sands, silts and clays, all derived
from voloanio parent material (largely ash;, and some interbedded
voloanio ash deposits. Only a little limestone is found in the coastal
plain deposits because the oonditions of deposition were not conduocive
to reef growth or other limestone depositicn.

(a4

opr E‘g

In the Philippines, s8prings are very common in topographioc 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 hy
the abrupt topographic relief of the peaks) and the porous and
permeable nature of the volcanic rocks leads to & high rate of re-
charge by 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 hignh phreatioc or piezometric level and results in
natural groundwater discharge, or springs, coming from varicus
permeable zones. Thus, most significant springs oosur in areas of
high relief,

Large springs are known in the higher areas at a great dis-
tance from Silay Poblacicn and smell springs and seeps occur oloser,
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 ocompetitive with local wells,.
Large springs do not occur near the poblacion because of the low
relief of thes 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 Yy road) southeast of
Silay Poblacion. The discharge was msasured to be 3.1 lps,
The spring is used as a barrio water supply.

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 bandits in the hills, The
spring is at the head of the Malisbog River, tributary to
the Imbang River, and was onoce used as water supply for a
now abandoned hospital. The actual source of the waterfall
could not be visited.

3. Kabatangan Springs is a oomplex of a main spring, 25 lps
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 ai about 450 meters altitude., They are about 23 km
(25 km by rosd) southeast of Silay Poblacion. The lower
two springs are seeps and would be diffioult to collect.

Other springs exist in the area but they are reported to be either
small or more remote,
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test was oarried out at rates of 12,6, 25.2 and 37.8 lps. HWater
level records were made in both the pumping well and in the observa-
tion well. Pump test data are tabulated in Annex Table VII~B-1
and are ploited in Lnnex Figureo VII-B~9 through VII~B-16. Water
samples were taken and analyzed. Rate of flow was measured hy
using a 100-mm orifice (circular weir) on a 125-mm discharge pipe.
After some initial troubles warc corraoted, the pumping equipment
ran well and it is believed tha% npecified flow rates wers closely
maintained during the test psriod, Depths to water levels in both
pumped and observation wells ware measured with eleciric sounding
wires, ¢

The detuils of well construction and aquifer stratigraphy must
be considered in interpreting ithe test data. The part of the aquifer -
penetrated by the well consiste of uncemented sediments of greatly
varying grain size and sorting and, conpequently, greatly varying
permeability. The lateral variation in charaoteristics is also
great as shown oy the differences between the logs of CDM-38 and 39,
T¢6 moters apart. Soreen (slotted casing) in the production well
weB set opposite only relatively coarse-grained zones to minimize
the danger of continuel fine sand production, therefore the aquifer
response to pumping is very complex, combining partial penetration
effects in beds of varying permesbility with the effeots of lateral
changes in permeubility as the radius of influenoce of the well spreads,
It is also possible that development was incomplete and the well was
8lightly unstable, adding to the complexity of response. The observa~
tion well ocasing io open only at the bottom in the gravel wone looa~
ted at about 160-meter depth. This well is so close to the pumping
well that the response of only a very iimited 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 corditions described above., The
flatter part of the ourve describes general aquifer parameters but
ie 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 btut a quantitative analysis cammot be made
because the observation well ie monitoring conditions in one specifio
atypioal aquifer zone and the flow rate from that zone is unkmown.

The semilog drawdown versus time plot for the pumping well 1is
shown in Annex Figure VII~B-9. The plot im somewhat erratio, result—
ing from conditions previously dizcussed (or undetected pumping rate
variations), but it forms a generally siraight line after 5 minutes.
The line slope indicates an aquifer transmissivity of 338 cumd/m.

The flattening of the slope described by the pointe at the extrems
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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 souroce of
recharge. The recovery semilog plot of the same well, Annex Figure
VI11-B~10, also indicates a similar transmissivity, 342 cumd/m.

The semilog drawdown versus time plot for the observation well
is shown in Annex lMigure 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 gzone. No quantitative estimate
of transmissivity for the entire penetrated aguifer can be made from
these data becausc under the test pumping conditions water level
respontie in this limited aquifer zone is not typical of the average
aquifer, Nor carn an estimate be made of the transmissivity of the
individual aquifer zone bacause 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 lass stressed, low-flow-rate conditions of
recovery, the observation well water levels were responsive enough
to overall aquifer conditions to permit transmisaivity 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 quesiionable validity.

The semilog plote of the step drawdown tests of the pumping well
and the observation well are showr 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 metera of drawdown for the
first 12.6 lps and a constant increass of about 5.4 meters of draw-
down for each of the two additional 12.6 1ps steps. The observation
well plot indicates laminar—flow aquifer losses in one zone of the
aquifer (the deep gravel) 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 zoru is relatively per-
meable and supplies a larger share of well production than its thick—
ness alone would imply. Asspuming that at higher production rates the
hydraulic losses in the deep gravel zone nsar the well and in its
associated soreen hecome 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 dsep gravel contributes
about 55 percent of the flow or 6.9 lps, at 25.2 lps the deep gra-
vel contributes about 42 percent of ths flow or 10.6 lps, and at
37.6 lps the deep gravel contribates only about 32 percent of the
flow or 12.0 lps. 'the asusumptions for this analysis are not entirely
true and vertical flow patterns in the aquifer ave iznored, but the
overall pictures is valid. The desp gravel, although a thin zona,
contributes a high percentage of the low volume flow but a decreas—
ing percentaga of increasing flow as losses becsms more gignificant,
In the design of future wolls whore a thin permeable zone exists,
the use of good continuous wire-~bound scraen and gravel paoking will
minimize turbulence and increasa the flow.

VII-8















flow toward the sea were pumped in the Silay area, salt water would
intrude the aquifer and ruin the wells for SIL-WD use. Although
projecting accurate pumping levels would require producing a model
based on much more than the available data, it is apparent that di-
verted groundwater underflow and induoced 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 ie true only if Silay is the major large-scale user
of groundwater in the locality that surrounds it.

Unfortunately, the ¢.2a is short of irrigaution water and, ocon~
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 supplemeni rainfall,
an annual average of about 2,700 cumd of irrigation water would be
required per 100 hectaree (one sgkm) of irrigated land. Thus, 760
heotares of groundwater~irrigated land would consume the equivzlent
of SII-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 oxceed the mum of
groundwater underflow and probable potential induced recharge. With
available data, it is not possible to prediot groundwater levels at
various future dates with any certainty; but as more data on aquifer
characteristice and response become available, predictions should be
made based on modsl studies. One favorable factor is that aa ground-
water piezometric levels drop below the clayey surface beds, the sto-
rage coefficient of the aquifer will increase greatly and more ground--
water will be available from storsge thus slowing the drop in ground-
water levels.

The implications are that the SIL-WD must obtain firm water
rights to its long-range requirements from the National Water Resouroes
Council (NWRC) and introduce a gic.ndwater monitoring and study prog-
ram for planning purposes. Signs of inoipient sulinization of water
or lowering of piezometric levels to & degree that foreshadows sali-
nization should cause & re-evaluation of planning, curtailment of
local groundwater irrigation, and location of furiher SIL-WD wells
far enough inland to avoid salinization danger,

Well Design and D:rilling Programs

A general design for an efficient production well for Silay City
can be developed from available data. Such design is illustrated in
Annex Figure VII-B-18. For greatest efficiency, to avoid excessive
drawdown, and to minimize operating cosis, these wells should be

ViI=13



drilled to the sume standards as the recent NIA wells, that is;
rotary drilled with careful mud coutrol, carefully sampled, eleo—
trio logged, soreensd with oontinuous wire-wound screen, gravel
packed, thoroughly developed, and tested to determine efficient
pump paramaters. Screen settings rust be matched to permeable
zones and a carefully designed gravel pack will permit screening
more sones of this aquifer sf variable grain size without the dan-
ger of produclng sand in the water, All stratigraphic sones

down to a depth of 200 meters (or other chosen total depth) that are
indioated as productive by the electric and stratigraphic logs
should be soreened, because in an anisotropio aquifer such as this,
the spacific ocapacity will inorease greatly as the soreensd per—
ocentage of total permeable section inoreases, Howsver, caution es
to depth drilled must be observed. At too great a depth, saline
water may be enocountered or may te approached so cloeely that it
may be drawn into the pumping well. Alternatively, deeper wells
may be safer from saline intrusion., Further experience of the
aquifer will indiocate the best demign.

It is anticiputed that such wells should produce 32 1lps 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
bs conservative and is used for preliminary design and estimation
purposes. The wells should be located so as to minimize the cost
and operational complexity of the distribution syatem, *aking into
account that the spacing hetween wells should he as grea' as praoc—
tical (preferably an average of 1 km or more) to minimize drawdown
interference and possibls saline water intrusion. Also the wells
should be locajed in 8 line paraliel to the coast and as far inland
as conveniently rractiocal so ag to intercept the maximum amount of
groundwater underflow and minimize the possibility of saline intru-
sion. It should bec recognized that few, if any, existing private
well drilling firms have the necessary experience, squipment and
ability to design and oonstruct rotary-drilled wells of good quality
without external professicnal supervision.

Before the producticn well .rilling 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 detsrmine water quality
at various depthsze. 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 production wells,

A drilling program conslsting of wells of 32-lps capacity,
spaced 1 to 2 km, in the existing SIlL-WD service area, is recommend-
ed, Initiual wells should be carefully tested and the results from
them used to modify the design of Buccesding wells, They should
be pumped intensively for several yesrs and the aquifer response
monitored. The data can then be used as guide for further development
of the well system which prcbably will consist of 32 lps wells spaced
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about 1 to 2 Im apart., Individual woll drawdownn, snd conge~
quently productions, should @2 minimized to miuin: s danger of
#aling intrusior. This preliuiasry estinste must be revised and
phased into the owverall groundwater devslopment plan for ths Silay
area, Any future deveicpment of groundwater for lrrigation must be
taken into consideration in ihe derign snd location of SIL~WD wells,

Induesd Infiltration Wellw

It is possible that inducod infiltraition wells could be de~
veloped along the Malougo Rivor about 7 to 12 km from the poblaocion.
The prime advantage of such cllo would be realizsd if they oeuld be
located high enough that the SIL-KWD csuld be sarved by gravity after
the initjial pumping lift. Further expicration and a test well prog-
ram would be neoesssary to determino if rmuch a system would be teoch-
niocally feasible. Lcwsver, economio studies indicate that water from
infiltration wella &t & distance would be more costly than water from
loocal deep wallsg; so further test worl ¢n the infiltration woll is not
ocourrently justifiable. Howsever; induced infiltration wells would be
pafe from salinigsation snd should ta reconsidered if the problem
aricese

Moniioring

Basic planning for oversll exploitation of grouwdwater resouroes
in the Silay area will he bured on the limited data ourremtly avail-
able and those derived from taats of further produotion wells, How-
ever, recorde of water production from e&ll large-capacity wells and
of aquifer responee to pumping are necsssary to refine the preliminary
aquifer parameters and to revise the planning as necsssary to avoild
the dangers of over—exploitation or the waste of under—exploitation.
The SIL~WD shculd monitor the porformance of each of their produotion
wells and obsarvation walle, both to provide date and inforwmation for
water district use and for distribution to cther &spencies for overall
plamning and control. In tura, cther nserby water distriots and other
groundweter users should monitor their operations and provide appro-
priate data to SIL--WD.

Bach production wall sheuld heve facilities for measuring the
total amount of produciion or rate of production, times of operation
and water levels, Routine monthly observations of atatic and pumping
water levels should be recorded end daily records of pumping should be
kept. Water samples for bacterial ond chemioal enalyses should be col-
lected monthily. It woonld also be desizable to wonitoer static water le-
vels in sevoral observetion wells loceied within the area spanned Yy
SIL~WD wells but far crnough from any well {9 miniudsze local drawdown
effects. Similer rovitine zistic water level maavorements should be

taken in numercis chsovvedisng walleo swrvounding the wall field at a
distance.
The <nto Jrom oy mos ! ioodny pogrin will provide beetor aquiier
AR
paraczters; dgdlizats Lhe omas ituds of YooboTg oy zive eroly maiming o

VTS






C. SURFACE WATER RESOURCES

The only large potential surface water sources within reason-
able distance of Silay are the Malogo and Imbang Rivers. The Im-
bang River originates in the mountains southeast of Silay, flows
northwest to pass about 2 km northeast of the poblacion, and then
discharges into Guimaras Strait. The Malogo River originates in the
mountain east of 3ilay und flows in & generally northwesterly direo-
tion to pass about 7 km northeast of the poblacion where it turns due
north to discharge into Cuimaras Strait. Both rivers are used for
local irrigation of the sugarcane plantations by means of pumps.

Surfana Water

Surface water data from the rivers within the vicinity of Silay
heve been compiled and analyzed to establish the statistical recur-
rence of average and minimum menthly flows. BPW records of gaging
stations on the Imbang and Malogo Rivers with monthly records span-
ning from 15 to 25 years were tealmlated and analyzed using the Gum-
bel probability method of establishing 10-year and S5-year recurring

flows (see Methodvlogy Memorandum No. 4). The enalysis shows the followings

Years Watershed Minimum Flow Mean Flow
of Ares (cumd/sqkm) (oumd/sqlkm)
Latitnde Record (sqkm) 10-year S5-year  10-year 5-year
Imbang River 123°-021-47"
Dos Hermanos 10%-44%-20" 20 33 957 1,350 1,580 1,740
Malogo River 1230.04'-52" 15 129 922 1,300 2,830 3,140
Hda. Cabunga~
han 10°-49*-03"

Both rivers have minimum flc¢ .. large enough to meet the SIL--WD
requirements of the year 2000, Imbang River waler could be extracted
about 2 km from the poblaocion (watershed area of 88 agkm), above the
limit of sea water intrusion into the river, and pumped to the neces-
sary head to serve the district. The caloulated 10-year minimum flow
for this point is 84,200 cumd. Alternatively, water could be extracted
from the Imbeng River about 11 km from the poblacion (near Dos Her—
manos, with a watershed area of 27 sqkm) at an altitude of about 50
meters and would serve the oity by gravity flow. The caloulated 10—
Year minimum flow for the Imbang River at this point is 25,800 cumd.
Minimum flow of revord 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 poblacion at an altitude of about 50 meters, would also
serve the water disirict hy gravity flow (watershed nrea of 125
sqgkm). The estimated 10-year minimum flow for the Malogo River
at this point is 115,000 cumd. Minimum {low of record at the Ha-
cienda Cebungahan gaging station im 78,000 cumd or 604 curd/aqkm.

If either river were to bs used for SIL=WD! supply, an intake
structure, a water treatment plant and a transmission pipeline
would be required. Jf river wator were taken at low altitude, a
pump station would also be required. Because of these factors,
economic analysis indicetes that surface water would be more cost-
ly than groundwator. Furthermors, 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 OF POTENTIAL SOURCES

Water samples were itaken from nmeny of the sources, both ground-
water and surface water, disocuseed previously. Chemioal analyses
of these samples were performed to determine the water quality with
respact to potability and treatmemt requirements, The results of
these analyses are shown in Tables IV-3 and VII-2 and are hriefly
discussed below.

Groundwater

Since groundwatier essentiully passes through a filtration process
while flowing through a granular aquifer (such as in the SIL-WD area),
and is not exposed to surface pollution, color and turbidity or sue-
pended sclids are usually not present, For this reason, unless other
deleterious substances (such as sxcessive hardness, dissolved gases
or dissolved iron) are present, Zreatment, other than disinfection,
is generally not requireds

Water analyses of samples ial... from the three existing SIL-WD
wells and 3 other Silay wells are shown in Table IV-3. All of the che~
mioal parameters of well waters analyzed fall below the '‘permissible 1i.
mits of the Philippine National Standards for lrinking Water in all res-—
peocts except for ircn content in the Gensral Hospital well which exceeds
the "“excessive" limits, arnd turbidlty, color; iron content and manganese
content in the Punsogao well vhichk are all abevs '"permissible" or
"gxcesaive" limits. However, ths limits are not prchibitive bu® only
guidelines, and whers the iron and manganese content is not extreme-
ly high and where no known complaints ahout the water have been re-
ceived, the water is accenptable for domenstic use without extensive
treatment.
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WATZR QUALITY TEST RZSTLTS
T TIAL SOTRCES
SILAY CITY WATER DISTRICT

“armissible Test Well Malego River Maloge River
Test Unit Limits CD¥-39 Central AIDSISA Bo. Cape Ramon
11 June 1977 17 Sent 1976 17 Sept 1976
Physical
Coler APHA 15 8 5 10
Turbidity U 5 10+ 3 4
Yotal Dicsolved Solid# mg/1 500 169 53 55
Conductivity Micromhos/cm 260 82 84
Chamicsl
o T=845 740 6o O 6o 3%
Total Alkalinity ng/1
CaC03 146 25 25
Phenolpnihalein ng/ 1
Alikalinity CaCoO3 0 0 0
Total Hardness mg/1
CaC03 109 18 22
Calcium ng/1 ‘
Ca 75 24 7 12
Fagnesium ng/l
- Mg 50 12 0 1
tal Iron mg/1
Fe Ce3 0,82%# 1084 O, 7%%
Fluoride ng/1
¥ 1e5 ¢ 0 0
Chloride ng/1 _
cl 200 6 5 7
Sulfate ng/1 _
S0 200 0 12 15
Nitrate ng/l
KO 8 8 8
Manganese l
Mn Oe1 1. 05 (o) 0

*Calculated as 65% of conductivitye.
*¥Exceeds permissible limits set by the Philippine National Standards for Drinking HWater.
wi¥Exceeds the excessive limits set by the Philippine Netional Standarde for Drinking ¥Yatsr,






ANNEX VII-B

WELL DATA



ANNEX 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 1lps
Discharge Pipe Diameter 125 mm §5 ing
Orifice Diametor 100 mm (4 in
Original Statio 4,05 m

Vater Lavel

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

(min) {m) (m) e (m) (m)

0 4.05 0 3.87 0

2 11.44 T¢39 5«77 1.90

3 12,86 8.81 6.82 2495

4 14.05 10,00 7.58 3.71

5 14.59 10.54 7.93 4.06

6 i4.51 10.46 8.17 4.30

T 14.6Q 10.63 8.30 4.43

8 14.75 10,70 8.40 4453

9 14.84 10.79 8.46 4.59
10 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 10.86 8.46 4.59
16 14.88 10.83 8.47 4460
17 14.91 10.86 8.48 4.61
18 14.91 10.86 8.49 4.62
19 14.93 10.88 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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ANNEX TABLE VII-B-1(continued)

Pumping Hell Data _ Obesrvation Well Data

Pumping Time Hater Level Drawdown Hatar Level Drawdown

(min) (m) (m) (m) (m)
32 15,48 13.43 8.54 4.77
34 15.51 11.46 8.66 479
36 15.56 11.51 8.58 4.21
38 15.54 11.49 8.68 4.81
40 15.59 11.54 8.71 4.84
45 15.61 11.56 8.79 4.92
50 15.85 11.80 8.83 4.96
55 15.73 11.68 8.86 4.99
60 15.81 11.76 8.88 5.01
70 15.92 11,87 893 5.06
80 15.99 11,94 8.97 5.10
110 16,46 12.41 9,15 5.28
120 16.46 12.41 9.17 5430
150 16.71 12.66 925 5»38
180 17.26 13.21 9431 5¢44
240 17,58 13.53 9.39 5¢52
360 17.80 13.75 9. 18 5.51
420 17.89 13.84 9.38 .51
480 17.83 13,78 9.35 548
540 17.87 13.82 9.59 )e12
600 18.03 13.98 9,13 5.26
660 ]8308 14003 90 19 5'32
720 18,20 14415 9.2 5.34
780 168,11 14,05 9.20 5433
840 18.20 14.15 9.22 5.35
900 18.36 14.31 9.24 5.37
960 18,36 14.31 9.22 535
1020 18,38 14433 9.22 535
1080 181-28 14.?3 9.22 5'35
1140 18.26 14.21 9.23 536
1200 18.31 14.26 9.24 5637
1260 18,30 14.25 9.25 5.38
1320 18.29 14.24 9.26 5+39
1380 18.28 14.23 9.21 5e¢34
1440 18.37 14432 9.26 539
1500 18.37 14.32 9.27 5.40

1560 18,70 14.65 9.33 5.46
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ANHEYR ABLE V1T-R.1 {Sontinued.)

Inrning Well Dria Obeorvsticn Well Data
Pamping Time Hator Lovel  Drawiuim Water lovel  Drawdown
(min) (2) () __ (1) (m)
1470 18.60 14.5% 9.26 539
16860 18.64 14.59 9,27 5.40
1740 16,62 14.57 9.18 5631
1800 18.69 14.64 9.10 5e23
1860 18.70 14.65 9.04 517
1920 18.62 14.57 9.04 5.17
1580 18.65 14.60 9.04 517
2040 18.67 14.62 9.10 523
2160 18.66 14.61 9.06 5¢19
2160 18.62 14.57 9.06 5419
2220 18.66 14.61 9.08 521
2280 18.69 14.64 9.09 5.22
2340 18.67 14.62 9.08 521
2400 18.61 14.56 9.07 520
2460 18.61 14.56 9.07 520
2500 18.58 14.53 9.04 5617
2580 18,61 14.56 9.04 5017
2640 18.60 14.55 9.05 5418
2700 18,65 14.61 9.06 5.19
2760 18.66 14.61 9.08 5.21
2820 16.62 14.57 9.07 5.20
2880 18.62 14.57 9,08 5.21
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ANNE TABLS VII-3-1 {Jondinusd)

RETOVERY
Observation Well
Pumping Well Data Data
Tims Since Time Since Residual Regidual
Pumping Started fMeevvery Started Retio Drawdown Recovery Drawdown Recovery

(t) (t*) t/ey _ (m) {(m) (m) {m)
2850 0 - 14.57 0 5.30 0

2881 1 2881 SeT6 £.81 5.14 (.16
2882 2 1441 4.T1 95.86 4.88 0.42
2884 IS 721 3.83  10.74 4.34 0.96
2885 5 817 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  11l.40 3.38 1.92
2890 190 289 3.05 11.52 3.26 2.04
2891 11 262.8 2.99 1i.58 3.18 2.12
2892 12 24] 2.93 11.64 3.08 222
2693 13 222.5 2.87 11.70 3.00 2.30
2894 14 206.7 2.82 11.75 2.94 2.36
2895 15 163 2.73 11,84 2.87 2.43
2896 16 181 2.70 11.87 2.83 247
2897 17 170.4 2.66 11.91 2.77 2¢53
2898 18 161 2.61  11.95 272 2.58
1859 19 152.6 2.56 12.01 2.68 2.62
2900 20 145 2.52 2.05 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 12.3) 2.37 2.93
2910 30 97 2.21 12.36 2.33 2.97
2912 32 2 2.16 12.41 2.27 303
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 l.46  12.11 1.6 3.69
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ANNEX TABLE VII-B-1 (Continued)

Observation Well

Pumping Well Data Dats
Time Since Time Since Residual Residual
Pumping Started Recovery Started Ratio Drawdown Recovery Drawdown Reoovery

(t) (t*) ATAN (m) {i2) (m) (m)

2970 90 33 1.41 13.16 1.52 3.78
2980 100 29.8 1.33 13.24 l.44 3.86
2990 110 27.2 1,26 13,31 1.38 3692
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 17.9 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 600 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 180 4.7 0.24 14.33 0.34 4.96
3720 840 444 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 0.19 511
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 14.60 0 530
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ANNEX TABLE VII-B-1(Continued)

STEP-DRAWDOWN PUMPING TEST

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

(min ) (1ps) (m) (m) (m) _ __(m)
1 12.6 6.06 2. 10 4037 0'53
2 12.6 6002 2.06 4.92 1.08
3 12.6 6,11 2,15 5434 1.50
2 12.6 6.18 2,22 5,62 1,78
5 12.6 6.33 2037 5486 2.02
6 12.6 6036 2.40 6.04 2,20
7 12.6 6.42 2.46 6.15 2.31
8 12,6 6.47 2.51 6.20 2.36
9 12,6 6.51 2.55 6426 2.42
10 12,6 6.53 2.57 6.28 2.44
11 12.6 6.57 2.6 6431 2.47
12 12,6 6.60 2.64 6433 2.49
13 12.6 6.59 2.63 6435 2,51
14 12,6 6.61 2465 6437 2.53
15 12.6 6.62 2,66 6438 2.54
17 12,6 6.64 2,68 6.41 257
18 12.6 6.66 2.70 6.44 2.60
20 12,6 6.68 2.72 6.47 2.63
22 12.6 6.69 2.73 6.46 2.62
24 12,6 6.71 2,75 6.46 2,62
26 12,6 6.72 2.76 6.50 2.66
28 12,6 6.74 2.78 6452 2.68
30 12.6 6.75 279 6+52 2.68
32 12,6 6.76 2,80 6454 2.70
34 12.6 6.78 2.82 6.55 2.71
36 12,6 6.81 2.85 6+56 2.72
38 12,6 6.82 2.86 6.57 2.73
40 12.6 6.82 2.86 6.59 2.75
45 12,6 6.85 2.89 6.61 2.77
50 12,6 6.88 2,92 6460 2.76
55 12.6 6. . 2.93 6.61 2.77
60 12.6 £.89 2.93 6.61 2.77
70 12.6 6.90 2.94 6.63 2.79
8o 12.6 6.90 2.94 6.65 2.81
90 12.6 6.94 2.98 6.69 2.85

VII-B=6



ANNEX TABLE VII-B-1(Oontinued)

Pumping Well Data Observation Well Data
Pumping Time Pumping Rate Water level Drawdown Water Leval Drawdown

(min) (1ps) _ (m) (m) (m) (m)
310 2542 12,37 8.41 8.29 4.45
320 25.2 12.40. 8.44 8.30 4.46
330 25.2 12.45 8.49 8.32 4.48
340 252 12.49 8.53 8.35 4.51
350 25,2 12.48 8.52 8.35 4.51
360 25.2 12,56 8.60 8.36 4.52
390 25.2 12,61 8.65 8.40 4.56
420 25.2 12.61 8.65 8.40 4.56
480 25,2 12.74 8.78 8.45 4.61
481 37.8 15.42 11.46 7.01 3.17
482 37.8 1555 11.59 TT17 3.93
484 37.8 16404 12,08 8.71 4.87
485 37.8 16,17 12.21 8.72 4.88
486 37.8 16.30 12.4 8.75 4.91
487 37.8 16.45 12.49 8.75 4.91
488 37.8 16.63 12,67 8.75 4,91
489 37.8 16.69 12,73 8477 4.93
490 37.8 16.84 12.88 8.78 4.94
491 37.8 16.78 12,82 8.79 4.95
492 37.8 ’ 16.67 12,71 8.79 4495
493 37.8 16.82 12,86 8.80 4.96
494 37.8 16.85 12,89 8.81 4,97
495 37.8 16.92 12,96 8.82 4.98
496 37.8 16.95 12,99 8.83 4.99
497 37.8 17.06 13.10 8.83 4.99
498 37.8 17.04 13.08 8.85 5.01
499 37.8 17.09 13.13 8.85 5.01
500 37.8 17.13 13.17 8.86 5¢02
502 37.8 17.11 13.15 8.86 5.02
504 37.8 17.12  13.16 8.87 5.03
506 37.8 17.17 13.21 8.89 5.05
508 37.8 17.28 13,32 8.90 5¢06
510 37.8 17.27 13.31 8.90 5.06
512 3708 17.31 13.35 8'90 506
514 37.8 17.33 13,37 8.85 5.01
516 37.8 17.33  13.37 8.80 4.96
518 37.8 17.30 13.34 8.78 4494
520 37.8 17.33 13.37 8.78 4.94
525 37.8 17.22 13.26 8.78 4.94
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ANNEX TABLE VII-B-1(Continued)

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

(min) (1ps) (m) (m) (m) (m)
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 25,2 9.29 533 T.19 3635
242 2542 9.57 5.61 T.37 3.53
243 2542 9,76 5.80 7.50 3.66
244 25.2 10,28 6432 756 3.72
245 25,2 10,98 7,02 7.67 3.83
246 2542 11.19 Te23 7.76 3492
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 T+57 T.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 TeT2 8,05 4.21
255 25.2 11.79 7.83 8.06 4.22
256 25,2 11.83 7.87 8.08 4424
257 25.2 11.84 7.88 8,09 4.25
258 2542 11.86 7.90 8.10 4.26
259 2542 11.92° 7+96 8.10 4.26
260 25.2 11,94 7.98 8.11 427
264 25.2 12,02 8.06 8.13 4.29
266 25.2 12,07 8.11 8.16 4.32
268 25.2 12,07 8,11 8.17 4433
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 25.2 12,17 8.21 8420 4,36
278 25.2 12,17 8.21 8.21 4.37
280 25.2 12.20 8.24 8.21 4437
285 25.2 12,23 8.27 8.23 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)

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

(min) {1ps) (m) (m) (m) (m)

530 37.8 17.48 13,52 8.78 4.94
535 37.8 17.36. 13.40 8.79 4.95
540 37.8 17.37 13.41 8.79 4.95
550 37.8 17.44 13.48 8.83 4.99
560 37.8 17.56 13.60 8.84 5.00
570 37.8 17.63 13,67 8.84 5400
580 37.8 17.76 13.80 8.86 5402
590 37.8 17.75 13.79 8.87 5.03
600 37.8 17.81 13.85 8.86 5402
630 37.8 17.82 13.86 8.90 5.06
660 37.8 17.93 13.97 8.85 5.01
720 37.8 18,27 14.31 9.02 5.18
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ANNEX TABIE VII~B=2
SIL-HD N0, 4 (CDM-3)

PUMPING RATE BEPORE RECOVERY

20,8 LPS FOR 937 MINUTES

DATE 13 JAN 1977

Well diameter 250
Statio water level 2.74

Time sinoe
test pumping
started (t)

937
93845
942
948
96045

965
971
911
986
997

1008
101445
1024
1034
1045
1440

Time since
recovery
gtarted (%') Ratio t/t°
0 -
15 626
50 188
11.0 86
2365 41
28 3
34 29
40 24
49 20
60 17
71 14
775 13
87 12
97 11
108 10
503 2.9

VII-B-10

Hater
level

10.44
6.70
610
5449
4.88

4072.

457
4.42
4.27
4o11

3496
3.87
3.81
3.73
3466
2,82

Residual
Drawdown

770
3.96
3636
2.T5
2.14

1498
1.83
1,68
1453
1437

1422
1413
1,07
0,99
0‘92
0.08



ANNEX TABLE VII-B=~3

SIL-WD NO. 1 (CDM=1)
PUMPING RATE BEFORE RECOVERY
20,2 LPS FOR 965 MINUTES

DATE 15 JAN 1977

Hell diameter 200 mm
Total depth 71,6 m
Statioc water level 1.7 m

Time since Time since Water Resgidual
test pumping recovery ' Level Drawdown
started (t) started (1) Ratio t/t! (m) (m)

965 0 - 10444 8474
966 1 966 6440 4470
967 2 484 579 4.09
96845 3¢5 277 5¢18 3.48
969 4 242 4.88 3.18
971 6 162 4457 2.87
973.5 8.5 115 4427 2457
97845 1345 T2 3496 2,26
981.5 1645 59 3.81 2411
985 20 49 3,66 1.96
989 24 41 3¢50 1.80
993 28 35 3¢35 1465
9995 34.5 29 3420 1,50
1007.5 42,5 24 3405 1435
1012 47 2145 2,97 127
1018 53 1742 2,90 1420
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DESCRIPTIVE DATA GRAPHIC LOG
DEPTH )
WELL NO. (COM) 5 T l TFT) CASING STRATIFICATION
(OTHER) BPW 11026
LOCATION BARRIO GUINHALARAN '_m+:.,:*GR.0UND SURFACE
CITY SILAY =1 B
PROVINCE ___ NEGROS OCCIDENTAL e LAy
CONST. BY S i e
DRILLER DEOGRACIAS SANTOS 0o . = == o
STARTED JUNE 16,1987 22 e B2 ESS . smeky ClAY )
COMPLETED___ DECEMBER 13,1957 ’ == ===
OWNER E:_f.:_-f E._—:_'_f
STATUS == E=
CASING DIAMETER 130 KM (G It.) =2 BT aaor cuar
CASING LENGTH 97 M. (318 FT.) =oa =
, ' =4 53
DRILLERS TEST DATA __-:—':_:_-"_;f :Er:"_:
oare 1957 =E R
STATIC WATER LEVEL_* |OM (3FT.) 5.7 nr g -
PUMPING WATER LEVEL . SAND
TEST PUMP YIELD _FREE-FLOWING AT D B i i
10 GPM (0.6 LPS) == EE
=2 B
E_-‘_i 5;—.:": SANDY CLAY
d :‘::1
REMARKS: ==
Kol =
fuprlva
e
€2, 8 200 .
';"-g« SAND AND ORAVEL
68.4 218 - - -
QUICK SAND
a0.s PY 1.3 T e - -
e R B
WATER QUALITY DATA: e
i SAKDY CLAY
$3.0 308 22D
°T.0 318 iu_—:-f CLAY
[
102.1 338 e i =
104.3 342 ba AY et e e s

FEASIBILITY STUDY FOR WATER
SUPPLY OF SECOND TEN URBAN AREAS

LWUA-CDM

ANNEX FIGURE VII B-I
WELL DATA SHEET
WELL CDM-5

oy
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©atmna s

DESCRIPTIVE DATA CRAPHIC  LOG )
T ?EPTH_”. {  TA3ING STRATIFICATION
WELL NO. (COM) ___ 7 I N
(OTHzR] __ BPW B5I]
LOCATION _ SILAY SOUTH ELEM. SCHOOL rg,.u:{sﬂouno SURFACE )
CITY TTILAY _ o s
PROVINCE __NEGROS OCCIDENTAL BLUE CLAY
CONST, gy .. BPW
DRILLER e} e 22
STARTED _ JULY (6, 1952 FINE 3AND
COMPLETED  SEPTEMBER 18,1952
2.2 o el el e e
OWNER e T e e COARSE SAND
STATUS _FFEE-FLOWING AT 20 6PM(1.3LPS) A
CASING DIAMETER _200 LM _ (8 IN.) 16'6 €5
CASING LENGTH___68.6 M (257 FT.)
BLUE CLAY
DRILLERS TEST DATA: 214 2 T
. FINE  SAND
DATE 1952 . -
STATIC WATER LEVEL ¥ 1.2 M (4FT) 30.6 100
PUMPING WATER LEVEL ___° ; BLUE CLAY
TEST puMP YIELD _FLOWING 2.2 LPps.
38 .6 120 —
CLAY WITH GRAVEL
33.6 {80
REAARKS:
FINE 3AND
FLOWING AT GROUND LEVEL AT 8.7 18O
35 GPM (2.2 LpPS) = BLUE CLAY
STRAINER FROM 66.6 M (225 FT) =3
TO 78.3 M (257 FT.) 8ia i7C E:_—__:
=
:_T—__E SANDY CLAY
iATER QUALITY DATA: £4.0 PATCR = = o
HARD BAKRD
0.6 . PA] U
BANDY CLAY
Ti 4 A e e e e
COARSE SAND
7.4 287 e e e m s e

FUASIBILITY  87''ny
FUECLY €8 wioonn

TOR WAT E R
TEH URDAN AREAS

LWUA-COM

ANNEX FIGURE YIIB-2
WELL DATA SHEET

w

ELL CDM-7
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DESCRIPTIVE DATA GRAPHIC 106
DEPTH 1 casine STRATIFICATION
WELL NC. (Com) 3 (M) [ (FT o
(OTHER) __BPW 17105
LOCATION BARRIQO BALARING ‘m— GROUND SURFACE
cITY SILAY ]|
PROVINGE NEGROS OCCIDENTAL i
CONST. BY, _';{
DRILLER :
STARTED DECEMBER 23, 1957 !
COMPLETED_MAY 7, 1958
OWNER 8 aHO
STATUS
CASING DIAMETER ___100 M (4 IN.)
DRILLER' S TEST DATA:
DATE 1858 L o
STATIC WATER LEVEL __* 0.6 M (2 FT) o8 | 1n \\i N\
PUMPING WATER LEVEL N \\
TEST PUMP YIELD _ FREE FLOWING AT \ \
15 6GPM (0.S LPS) \
530.8 136 N \
NN N
\\J }\
REMARKS §\1‘ Qi.
N
\ \
\\E \\ ADOVE
N
DY I
WY r\\
(N
N AN
AN N \
WATER QUALITY DATA: \\1' L\\
. l\ “
NN
NN
N .
\“\1 t\\\
or. 5 320 ;-5-,. e R
96, ST LS N SR ELL
ANNEX FiIGUR ‘_-J'.T:l‘_‘
WELL DATA St
FEASIBILITY STUDY FOR WATER LWUA_ CE)E\A VVEL l CDM__S

SURPLY OF JECOND TEN URBAN AREAY

.

rv———




T Mt 7 M RS A 1M s BRIP4 b AU WA Y+ P B 83

DESCRIPTIVE DATA

o e ot

W b GO U e e e s DT T T - {,

GRAPHIC LOG

e, e

DEPTH

H r

WELL No. (com) 23 W= 1 CcasiNe |  STRATIFICATION
Wom) . |
(OTHER) ... = o
LOCATION ___ HACIENDA PANAOGAG , -GROUND SURFACE
CITY SILAY 30 o == == BROWN  SHALE
PROVINCE ___NEGROS_OCCIDENDAL 9588 g ORAVEL AND SAND .
CONST.BY_ _ C.B HOOVER WELL ORILLER te | 20 [ e SATDY SHALE
D'R"_LER PS DE LEON 12,5 a OE:E o] GRAVEL AND BAND
STARTED - =i SANDY  SHALE
COMPLETED 0.2 | 60 pamsm -
o :
OWNER DOMINADOR JISON e sanDY STONE
STATUS oo 5 of
CASING DIAMETER AND LENGTH 200MM (16 IN.)- | 274 | 90 [== ) Fetp—
0 T0 53.6 M;350MM(14IN.)-536 70 i29.2 M == [T =5
DRILLER'S TEST ==
DATE ==
8TATIC WATER LEVEL —- == SANDY  SHALE
PUMPING WATER LEVEL =
TEST PUMP YIELD ——ooo =
REMARKS : a.0 200 =
400 MM SOLID WELL CASING-0 TO 18.2 M aTiCkY CLAY
400 MM PERFORATED WELL CASING-18.2 ,
TO 53.6 M 01 230
9ANDY SHALE
350 MM PERFORATED WELL CASING- 563.6 77 | 245 — —
TO 129.2 M BTICKY GLAY
REPORTED CAPACITY — {000 GPM(63 LPS)
833 260 T T T
VOLCARIC SAND
WATER QUALITY DATA: 981 | 325 -
SEE TABLE Vil-3, EXCESSIVE
Fe,Mn, COLOR AND TURBIDITY
SAKNDY GHALE
234 408 ———-
1252 29 loge 00(0 3ANDY STONE
050! @R
1372 qs0 Mot gpeo} oo ]

SireLy '6r seoond e Gnaan ‘anees LWUA-CDM

ANNEX FIGURE YII B-«
WELL DATA SHEET
WELL CDM-23




DESCRIPTIVE DATA GRAPHIC LOG

N PRV

=
, _DEFTH CASING STRATIFICATION
{ WELL Na (cDM) 24 (W) | ¢
(OTHER 3 D SURFACE
LOGATION HACIENDA MAQUINA __~GROUN
e I 8 . 5 SA'DY CLAY
oty SILAY
PROVINGE _ NEGROS OCCIDENTAL :
ciaNsST gY __ CHARLIE B. HOOVER BLUE SHALE
ORILLER SR =
STARTED . APRIL 20,1972 . =3
COMPLET:Dp _ JUNE 20,1972 7 | 38 ==
| OWNER —.. MONSERAT LOPEZ |2 | a0 B
STATUS — ==
CASING DIAMETER AND LENGTH 300MM (12 IN.) i SANDY  SHALE
$OLID-0 TO 12.2M; 200 MM (8 IN.) | T
PERFORATED - 12.2 TO 61.0 M. T E=
- 12.8 1]
BULLERS TEST DATA: FINE 9aND
DATE 24.4 80
STATIC WATER LEVEL ‘ GRAVEL AND SAND
PUMPING WATER LEVEL 274 | ®
TEST PUMP YIELD
REMARKS: ==
BLUE SMNALE
WATER QUALITY DATA: =5
=,

ANNEX FIGURE YII B-5
WELL DATA SHEET

Sorpiy oF Secons Tou o i LWUA-CDM | WELL CDM-24
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DESCRIPTIVE DATA GRAPRIG  LGG

DEPTH CASING STRATIFICATION
WELL NO (com) _ 38 M) {(F7) e
(OTHER) STRATIGRAPHIC CXPLORATION

LOCATION FREEDOM BLVD, FORTUNA SUBDIVISION — ’-G‘?%g;?;%grdzfo‘\iﬁ' — %
N 2 ! 1 K
CiTy  SILAY 4 te " PROWN _CLAY WIITH g
PROVINCE NEG.\'!OS_ OCCIDENTAL 7.8 20 gLéYA%UN&""W}l'— e ctw.vn
CONST.BY _GOLDWATER DRILLING 8 MACHINERY 8.2 80 mﬁ‘?bﬂf"snuw STV kst
DRILLER V. QUERUBIN ie.s 0 ~ LkOWR BANDY CLAY Ariis 4izF VR |
- o - - TTRES-FINE BRowWN SAKD
STARTED ___ SENEE-— R Z§ "‘\ SUB-AHGULAR WITH FINE GRAVEL
COMPLETED FEBRUARY 16,1977 7. : - LIGHT GRAY CIAYEY TUF7
- o ) 3 DARF. oiAv SANDY CLAY WiTiH
OWNER __ COM- LWUA TRt e N T L
STATUS OBSERVATION WELL N\ zavwn To arar clAY SILTY Al ﬁ
CASING DIAMETER 126 MM 3 o1 | 1as : Z'R':'Y“c‘fhg"":’.:lg!'_!‘“ ORAVEL
TH 585 W , i
CASING LENGTH L 82 \a8 \ GRE Jéur p »5&%.0 Wit
84.3 178 TAK CLaY ]
) 87.3 | 189 =\ TBRAY-OROWH SARD WITH cqﬁwmmg
DRILLER S TEST DATA 0.4 | 1uo e \ CIGHT GRAY sANDY Cudv "
6685 | 218 ST N\ GRAY_SANDY CLAY .
DATE 9-13 JUNE 1977 sv.s | 220 - ém&ﬁh‘ié’m%a Kavn
- . 5 B9 728 238 r(ut OHAVEL I
STATIC WATER LEVEL M 5.6 248 SN \ CRAVEBROWN FINE sAno
’ OBSERVATION WELL " f\__BAND A8 ABGVE WITH CIE GhaiNg
PUMPING WATER LEVEL ' 19 V= HITE T PIN NG
TEST PUMP YIELD e e e ﬁg 288 A GHAT BILT, CLAYEY, sanDY |
SPECIFIC CAPACITY : anA\-lLut!snncxv CLAY WiTH
ore | s20 VATLOH 16 B IOWE S TERY ECa7]

_WITH _GRAKULES

|8?I! ggg s a:&;q:\ YELLOW SARDY CLAY, SAND I FKE

. P T ORAY SAND FINE T0 MLD ORAIN!
REMARKS : _ . NE To o

1Ho.1 381 feer CCAY
ti4.0 B74 ,I.‘l!‘._IQ.!—_‘L‘,HT GRAY CLAYEY '}'l'-’i
OPEN HOLE RELOW 158.5 M ’ ORAY QTICIY LAY WITH Finy
CDM NO.38 IS 76 FRGM CDM NO.39 1207 306 GMINI')H_T_ANJ_!_ICKY CLAy T
LIGHT onaY, CLAVEY, SILTY, SAKD
FINE - MED. CRA!

:g:‘: :‘_,';: e JV-FINE TAH SILTY SAND N

|a°'_° 443 - __!""“ C“AY *7‘“0 ]
FINE TO WMED. TAH- GRAY 84
SILTY CLAY WilW SOME

1463 80 . CReNULEA L
GRAY SAMDY CLAY SAHD (8

Kid HEDIUM
WATER QUALITY DATA: HE TO WED

1570 519 I —— .
QRAVEL, MEO.WITH SOME COARSE

16i.6 | 830 e - BAMD
BPOWN TO TAN SANDY CLAY

175.6 578 ~

179.0 387 - FINE-M!D_ ﬂFOWN SAND ~ .

182.9 800 FINE !MND SILTY I

NOTES.

GRAVEL PARTICL.ES ARZ SUB-RQUNDED TO
SUB-ANGULAM FRAGMENTS OF VOLCANIC ROGCK.
SAND GRAINS ARE GENERALY SUB- ROUNDED TG
SUB-ANGULAR FRABMENTS OF VOLCANIC ROCK ,

OR QUARTZ CRYSTALS, OR CRYSTALS OF BL A(‘l'.
MINERALS .

ALL SEDIMENTS APPEAR 10 BE DERIVED FROW
VOLCANIC ROCK OR VOLGANIC ASH .

ANNEX FIGURE YII 3- 6

OBSERVATION WLl
Dokt .
Lo e en e 14255 LWUA-CDM I

WXILBIN L
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DESCRIPTIVE DATA GRAPHIC LOG
0 m CASING STRATIFICATION
WeLL N(i tcom) ""puasme TEST WELL SR
OTHER) _
LOGATION — _FREEDOM“ ‘_B_QQ_LEVARD o - GROUND SURFACE
© 7 7 T FORTUNA  3UBDIVISION ?g 3
CITY — e S'LAY . I:B 28
PROVINCE NEGROS OGCIDENTAL 12.2 40
CONST. BY._GOLDWATER DRILLING 8 MACHINERY 8.3 60 ST cLAY
DRILLER V. QUERUBIN a.e 4 SAND AND ORAVEL, SAND STZE
P .8 o7 FINE - COARSEORAVEL SIZE 2-€ MM
STARTED —0n FEBRUAR{ 26, 1977 uom GRAY CLAY
50 .8 100 % B ORAVEL \SAND AT W=C |
COMPLETED — . — e 33.8 tto \__Q”yn SIZE 8- 40 M
OWNER —— - GOM - L‘NUA BLUE CLAY, DRIES GRAY
STATUS ___ TEST WELL 427 140 MRGWN T CLAY T
CASING DIAMETER 290 MM a9 1€ GRAY SANDY CLAY,SAND SIZE F-M
166. GRAY,FINE TO MED. SAND
CASING LENGTH_.._!56.2 M o5 .5 182 D
'ROWN SANDY CLAY, SAND 8128 F-M
&0 200 ORAY SAND, ST F-M ]
DRILLER'S TEST DATA: 4.0 213 BROWN, F-N , CLAYEY SAND
:;: ::: GNAY | FIRE T0 MED _SAND

I3 JUNE 1977

STATIC WATER LEVEL __4.05 M
PUMPING WATER LEVEL _ 18-62 M _

DATE S-

TEST PUMP YIELD 37.8 LPS
SPECIFIC CAPACITY 255 LPS/M
REMARKS:
SLOTTED CASING INTERVALS ;
22.0 - 265 M
305 - 335 M
491 - 552 M
61.0- 640 M
7000 - 731 M
94.5 ~1006 M
112.8 ~122.0 M
1280 - 1372 M
1402 — 1363 M
1494 - 1616 M

TOTAL SLOTTED;62.5 M.
CEMENT PLUG IN BOTTOM OF CASING;0.8M
CDM NO. 39 iS 7.6 M FROM COM NO.38

WATER QUALITY DATA:!

FEASIBILITY STUDY FOR WATER
SUPPLY OF SECOND TEN URBAN AREAS

i

100.7 380
1.4 208
1207 196
1280 410
131.0 430
1341 440
188.8 8io
1e7.0 830
168.2
NOTES:

LWUA-CDM

GRAVEL PARTICLES ARE SUB-ROUNDED TC
SUB-ANGULAR FRAGMENTS OF VOLCANIC ROCK,
SAND GRAINS ARE GENERALY SUB-ROUNDED TO
SUB-ANGUL AR FRAGMENTS OF VOLCANIC ROCK
OR QUARTZ GRYSTALS, OR CRYSTALS OF BLABK

BROWN FIKE TO MED,
CLAYEY, BAND

1 ~_YELLOW STICKY CLAY

ATICXY QLA

-—BAND WITH CLAY,JANDSIZE F-W |

SROWN - GRAY, V. FINE TO MED.
SILTY, CLAYEY SAKD — —~ |

IR Sy —

LIGHT_GHAY SANRY GLAY

- GRAY._BTICKY. I.LAY

SAND A8 AIOV! W/ GRANUl!'Q R

GRAY CLAY WITM FlN[ SAND

ORAY TO YELLOW 3AND

YELLOW= GRAY SAND

GRAY TO YELLOW-~ GRAY,
FINE TO MED. SAND,
POORLY SORTED

B4 L=

GRAY N[D ORAV[L LOOS[

[ TBROWN SANDY CLAY,!AND SiZE F-N

MINERALS.

ALL SEDIMENTS APPEAR TO BE DERIVED FROM
VOLCANIC ROCK OR VOLCAN!IC ASH.

ANNEX FIGURE YIIB -
WELL DATA SHEET
SILAY TEST WELL CDM- 398



http:CASING;O.6M

CASING

b—————— 400 MM

300MM

e 250 MM

BOTH WELLS :
TIME CONSTANT
10 SECONDS,
SPEED 4 M/ MIN.,
WIDCO 1200
LOGGER

STUDY FOR

WATER
SUPPLY OF SECOND TEN URBAN AREAS

LWUA-CDM

COUNT RATE COUNT RATE CA SING
?-—’\‘P ,,,-.F,,_JQ.O. A Q zrrm e 80 .
S — l
P 2-} ]
10 4= {
3 % z
- ——— P —— e 6
ﬂ{ :r.
30 o
% o é_~ ]
o =
3 ' 3
L - { z
<\‘_‘ - 60 N
_ 2
70 b
\ — -
IS S ¥, S
2
Ez 90
<::_/r>
- 00
N e
4
P o
<= }
% 120 =1 SE
£< 1 S 3 f
] 140 -éﬁE\
<"
 CoMNoO. 35 T eom r;c;,séé
160 - :
!
170 - ;'€§;L~
N N | I A |
ANNEX FIGURE YII-B-8
GAMMA RAY LOGS
SILAY TEST WELLS

CDM NO. 38 AND 39

M ae

e
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8 ‘ I PUMPING RATE = 37.8 LPS
i 148 HOUR SPECIFIC CAPACITY = 2.6 LPS/M
! i
— i i i t
1) . : ‘ ! !
T ® ' ! . : ! ; ! 1
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-
w
= 10
=
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o
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= 3
é 12 —
0 i
13
|
ia 5 , v ,
1 ! H
; Z i
i : !
i5 : 1 : ; |
| 5 10 50 100 5000
TIMC OF PUMPING (MINUTES)
ANALYSIS BY JACOB'S MODIFICATION
OF THE THEIS NON-EQUILIBRIUM
FORMULA 01830
As
Q= 3270 CUMD .
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SUPPLEMENT TO FIGURE VII-B-18

GENERAL CONSTRUCTION SUGGESTIONS

Gravel Packed Well —~ Rotary Drilled

Drill oversized hole to 15-meter minimum depth (more
if conditions require), set and grout 500 mm surface
casinge

wurill 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).

Run eleclric log.

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

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

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

Place gravel of proper si: e and gradation.

Clean and develop well thoroughlye.

Test well,

Design pump,.

Construct well hoad facilities.

Install pump.



TEST PUMPING UNIT
DISCHARGING 38 LPS
THROUGH 200MM
ORIFICE ON 250MM
PIPE

MEASURING PUMPING
WATER LEVEL IN
CASING WITH ELECTRIC
SOUNDING WIRE

FLOW MEASURING
PIEZOMETER BEHIND
ORIFICE PLATE-
WATER DISPOSAL IN
CANE FIELD

ANNEX FIGURE VII-B-19
PUMPING TEST
SILAY CITY



CHAPTER VIII ANALYSIS AND EVALUATION OF ALTERNATIVES
A. GENBRAL

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

B. WATWR SUPPLY SOURCE Al TERNATIVES

The water resources of the Silay City area are discussed in
Chapter VII. The possible sources 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 Imbang River,
about 2 km from the poblacion. Springs adequate to supply SIL~WD
are not known to exist within a reasonable distance.

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

A comparative analysis of the present worth cost of providing additional
water to SIL-WD from sach 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. 1In
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 storage is provided in the cost estimates for
these alternatives.

The analysis indicates that providing SIL-WD with water from
wells in and near the service area is the cheapest of the four
alternatives., This alternative is cheaper by P7 million consi-
dering costs through. the year 2000, than the other two well alter~
natives which cost about the same. The alternative using water
from the Malogo River, after complete treatment, costs P20 million
more than the alternative using wells near the service area, again
considering present worth cost through the year 2000,
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TABLE VIII-1

COMPARATIVE PRESENT WORTH COSTS‘ P
ADDITIONAL SUPPLY ALTERNATIVES

-/ Construction Cost Present Worth Costé/
Items (P 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 P7,574

From Infiltration Wells on the
Malogo River

Well and Pump House 1,880 509
Transmission Pipelines 27,470 11,436
Replacement of Machinery 140 1
Operation and Maintenance - 1,536
Storage 3,976 1,262
Total Present Worth Cost P14,750
From Wells at 50 m Contour 11 km from
Silay-HD
Well and Pump House 5,368 . 1,435
Transmission Pipel®-es 22,070 9,052
Replacement of Machinery 200 11
Operation and Maintenance - 2,628
Storage 3,976 1,262
Total Preaent Worth Cost P14,388
From Imbang River
Pump Stations 10,072 5,230
Treatment lacilities Including
Storage 27,900 13,369
Transmission Pipelines 3,500 1,689
Replacement of Machinery 5,600 507
Operation and Maintenance - 14122
Total Present Worth Cost »27,917

E;Baﬂed on an estimated staging program. Refer to Annex VIII-B
for details. )
g/Thoee items which would be common to all the alternatives

studied have not been included in the ocost comparisons.
Includes salvage values. Tresent worth oosts are 1978 present

worth costs,
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C. TROPOSED SOULCH AND PRANSMISSTON

Wells in and near the service area are proposed for future
supply to the 5IL-WD, since thig alternative is the least costly
anong the sources considered and ils water quality is satisfactory.

Tt is possible that additional withdrawals Trom wells near
the service area, in combination with additional withdrawals from
existins wells or weclls to be constructed for irri;ration or sugar
mills, will induce salt waler from the uea to travel inland under-
ground. After a time, such salt water encroachment could pollute
the wells planned to be installed near the city. Since wells farther
from the sea would bocome contaminated with sea water more slowly
than those near the sea, the newwells are therefore to bo
constructed not in the city, but in a line inland from the city,
about 1 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 seck new sources at that time, probably the other two
well alternatives considered. A pregent worth analysis has shown
that obtaining additional supply from wells near the service area
Wwill be cheaper than ihe other alternatives even if these wells
can be used only 6 or 7 years before salt water encroachment ocecurs
(refer to Table VIII-B-~5), There is currently no indication of such
encroachment, even in the weil in the city only 500 meters from the sea.

the transmission mains required for the recommended alternative
would have a total length o about 17 kan, uith wells located 1 lan
apart.

Do DPRUANNEIT ALDIIUIATITGS

Analyses indicate that chemical constituents of groundwater
in Silay, exoept total iron, manganese, color and turbidity, are
within the permissible limits set by the Philippine National Stan—
dards for Drinking HWater.

The limits set for color, turbidity, manomaese and iron were
established based on aesthetic il 3conomic considerationy rather
than pullic heullh reasons, Color, which is usually duc to natural
minoral or ve etable orisrin may dull clothes or stain food and fix—
tures. Turbidity is attributable Lo osuspended and colloidal matters
caused by minernl subslanices, cliy or silte It is undesiralle for
some induwstrial processes such as lce=entiingg, botlled beveracs aad
brewin:;, textileu, polr and papery sleanm boilers and twrbine opera—
tions and wiso laundries, furbidity in roundwater iu commonly
due to poor well construction, Ivon frequently accompenics
muwicanese and existein soils and minerals in insoluble Fforme Tromn
and iz enese leach from soil rnd rocks inte Jroundwitlers that are
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devoid of dissolved oxygen and are high in carbon dioxide content.
In addition to thess salts, products of metallic corrosion further
increase the iron contoent of piped water.

Analysis of Malogo River water indicates rar iron content in excess
of the permissible limits. 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. Although exocessive con-
centrations of iron and manganese caus: umpleasant taste, stain and
discolor laundry and fixtures, the normal dietary intake is far higher
than the amount that would be tolerated asgthetically,

Therefore, in order to nreserve the good quality of water
throughout the distribution system, the only treatment proposed is
disinfeotion at each well source. Disinfection may be accomplished
with various methods which are discussed in Appendix J; Volume 11,
For economic and practical reasons (availability of equipment, supply
and application and lasting effectivcnese), chlorination is the re-
commended procegs of disinfection.

Ee. DISTRIBUTION ALTERNATIVES
General

This section presents the distribution alternatives considered
for the SIL-D. The recommended improvement program for the water
system is discussed in Chapter IX.

The components of a water distribution system and some of the
alternatives in planning a system are discussed in Aprendix K. The
design criteria for tho distribution system are given in Appendix I,
Appendices F and K were largely developed for the First Ten Pro-
vincial Urban Areas and are applicable to moderate-size communities.
The Second Ten Provincial Urban Areas are generally much smaller and
the parameters presented in Appendices F and X must be applied with
disoretion.

Particular attention has been given to the requirements of fire
flow in the SIL-WDe. In general, fire flow is applied at various
locations in a system coincidentally with maximwn-day demands, and
the pipelines are sized to convey the required flow at speoified
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 ad justments are required in the pipe system to provide
fire flow. In the smaller communities, especially small barrios
gome distance from the poblacion, the fire flow alone can be Jor 4
times the total peak~hour demand.
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Frovidin: adequate fire flow to areas where the fire flow may
be far jreater than the ultimatc peak demend is rarely justified
economically; but, as a seneral rule, some fire protection should
be provided. Incluced in this study is information on the avail-
able f'ire flow at various localions where the system has been
designed for conditions otlier than fire {low.

The flows used for design of the various components of the

distribution system zre as follows (see Water Demand Projections,
Chapter VI)s

1980 1990 2000

Water Demaznd, 1pcd 198 193 199
served Jopulation 15,630 54,870 103,160
Average bDaily Vater Demand,

cumd 3,090 10,590 20,530
Maximum~Day Water Demand,

cumd 3,710 12,710 24,640
leak~Hour ater llemund, cumd 5,410 18,530 35,930

Pressure Zones

The ground clevation within the future service area of the
STL=D through the year 2000 ranges from a low of 0.5 meter in
Barrio Iambulac te 2 high of 10.0 meters in Barrio Mizal. The
majority of the service areay, including the poblicion, is situated
at an clevation of ubout ,.5 meters. The system can be operated
adeguately if an KL of 26,4 meters is mainlained at the existing
storage tank; therefore, only a single pressure zone has been consi-
dered for tha SIl-D.

Storasce Facilities

Storays facilities are provided in a distribution system to
meet hourly (luctualions in demind over the day. The usual re-
quirement for operatiomal storase is 15-20 percent of the maximum—
day volunme, assuming the source of sunply is capable of providing
water at a rate equal to maximum—day demcnd,

In the flat areas, storage ic usually proviiled by means of an
elevated storare tank. This type of tank is very costly in the
TPhilippines beciuse it must be desimed to withstand hirh seismic
loadings. An alternative method of meeting: demand fluctuations
has been investi.rated for Silay.

As previously discussed, the least—costy lon:s~term source alter—

native for S5ilay is pumped roundwater. It is possible to install
additional pumping 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 ocurve used in estimating the required storage volume based
on various supply rates. An economic analysis comparing the costs of
providing additional wpply 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 eccnomical. However, in Silay, wells would have to
be located a significant distance from the shoreline {o minimize salt
water intrusion; therefore, some wells would actually tc located outside
of the year 2000 service area. Transmission mains would be required
from those wells outside the ultimate service area, increasing the
coat 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 System

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.

VIII-6



TABLE VIII-2
ALTERNATIVE STORAGE VERSUS ADDITIONAL SUPPLY ANALYSISI/

Alternative 1 Alternative 2 Alternative 3

(Maximum (Intermediate (Minimm

Storage) Storage) Storaze)
Storage Required (Peroent)g/ 13 6 >
(Total Volume, cum) 3,080 1,380 580
Present Worth Cost (* x 1000) ,
Storag P1,350 P 470 P 20
Wells 1,140 1430 1,610
Transmission Maineﬂ/ - 100 420
Operation and Maintenance 650 720 800
Total P3,140 2,720 »2,850

J/Qnalysis includes all facilities to the year 2000,

g/iercentage of maximum-day demand.

3/Only 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,

4'/Im)ludes cost of transmission mains from wells located cutside
the year 2000 service area,
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A second tank site was gelected near the intersection of Rizal
Street and Freedom Loulevard. A tank at this location reduces
the amount of friction head on the wells in the southern portion of
the servioe area and reduces the operating hydraulic gradeline to
a more acoeptable lerels The friction head is reduced mainly because
the new tank ig located adjacent to new, adequately sized pipelines.,
The existing tank is located within the existing distribution system
which chould be retuined for gservice, but the pipes are not adequately
slzed to convey water to the storapge tank from ihe southern portion of
the distribution gyutem,

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 he located at the existing site, Altitude-control
valves and tank levol monitors would have to be oongtructed at both
tanks. One of the tanks can completely fill before the socond one
under various flow conditions because the tanks are not ad jacent to
each other. The tank levels would have to ba monitored closely by the
pump station operator es a check on the operation of the automatic
altitude valve,

The recommendations for storage tank construction are included
in Chapter IX,

Fire Protection

Fire protection does exist in SIL-WD although not at a completely
adequate level. There are 45 hydrants (most are operational) and three
blow—off valves at the punping staticns 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 Appondix K, there are two standards of fire Pro=
tection, one for the high-value residential, commercial and industrial
areas and another for the gingle~family residential areas, In the
high~value residential, commercial and industrial areas, an available
fire flow cf 20 lps =t two adjacent fire hydrants should be provided,
while in the single-family residential aroag, only 10 lps at two
adjacent hydrants. Pigure VIII-1 shows the outline of the fire ger-
vice arcas in SIL-HD, The percentage of fire protection referred to
in this chapter is the ratio of the available flow to the standards above.

The immediate improvemsnt program (1978-1960), which is aimed
at providing adequate domestic gervice to existing consumers and in-
creasing the number of consumers to provide a larger financial base
to pay for Mature improvemsnts, does not include full fire protection.
If the program were designed to provide full fire protection {o the
consumers, the cost of the improvements required would become too high
for the prorram to be 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 seotions of SIL-WD such as Guinhalaran, provided
adequate aupply and 24-hour operation are achieved. The poblaocion
would have full fire protection provided that the excessive leakage
is repaired and oross-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
proteotion is not the goal for 1990, The 1990 improvements are
designed to provide adequate average-day service under a number of
operating configurations., The capacity for t'ire protection would
inorease due to changes required for operational considerations.
The quantity of fire protection svailable is also dependent on the
location of wells. There is suffiocient number of wells located
across the SIL-WD that can mret fire requiremeyts in 1990,

Full fire proteotion is provided for in the yoar 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 scheduie of fire hydrant construction
is included, based oan 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 seotion includes various operational aspeots of the alter—
native distribution systems. While there are no alternative dis~
tribution systems for SIL-WD, there are, however, definite opaerational
problems.

As previously discussed, the location and capaclity of the wells
can affeot the operation of the system with regard to meeting demands
and pressure requirementa. Computer analyses were conducted on
several combinations of demands 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 judsg-
ment as to which wells should be operatirg, were considered.
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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 ccnditions would be prohibitive so that only
those operating conditions that would reasonably occur were analyzed.

As a general rule, 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 highe. 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-
gide the poblacion area as necessary to maintain adequate presgures,
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 algo 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 tihe mumber of wells in operation as the water
level and pressure fluctuate. In the year 2000, for instanoe, the
recommended volume of storage (1,380 oum) 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, = schedule
of operation based on normal demand sohedules may be devised, If a
satisfactory schedule is devised, the system may go unattended for
geveral hours,

Internal Network

A general but complete discnssion of the internal network for
distribution system is inoluded 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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Fo OTHER ALTERNATIVES FOR WATER
CONSERVATION AND AUGMENTATION

In areas where water is a scarce resouroe, 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 poligy in the case of land management. Appendix
My Volume II is a disoussion of these oonservation and augmentation
alternatives,
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ANNEX VIII-B

COMPARATIVE FRESENT WORTH COSTS OF
SOURCE/TRANSMISSION ALTERNATIVES



Yeay of
Construction

1980
1980
1982
1982
1985
1985
1987
- 1987
1989
1989
1990
1990
1992
1992
1994
1994
1996
1996
1997
1998
1998
1999
1999
1982-2000

TABLE VIII-B~-1

CONPARATIVE COST OF ADDITIONAL SUPPLY
FRON WELLS NEAR THE SERVICE AREA

Iten

Well and Puwp House
Transmission Main
Well and Pump House
Transmigsion Main
Well and Pump House
Transmission Main
Well and Pump House
Transmission Main
HWell and Pump House
Transmission Main
Well and Pump House
Transmission Main
Well and Pump House
Transmission Main
Well and Pump House
Transmigsion Main
Well and Pump House
Transmission Main

Replace Pumping Machinery

Well and Pump House
Transmission Main
Well and Pump House
Transmigsion Main

Cost of
Gongtruction

(£ x 1000)

708
270
708
1,350
708
1,350
708
830
- 830
708
660
708
660
708
540
708
540
100
708
540
708
540

Operation and Maintenance -

New supply only

Total 1978 P.W. Cost
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1978

Present

Worth Cost

P

556
202
437
187
299
533
229
249
173
185
148
126
106

89
li-‘2
49
44
29

5
20
13
10

6

22207
P7,574 x 1000
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TABLE VIIL-3-3

'COMPARATIVE COST OF ADDITIONAL SUPPLY .
FROM WELLS AT 50-METER CONTOUR, 11 KILOMETERS FROM SIL-WD

1978
Cost of Present
Year of Cone’ruction Horth Cost
Copstruction Item (r x 1000) 1
1980 Well and Pump House 671 526
1980 Transmission Main 94750 7,289
1980 Storage 1,204 900
1984 Well and Pump House 671 322
1984 Transmission Main 330 149
1987 Well and Pump House 671 217
1987 Transmission Main 270 81
1989 Storage 1,386 309
1989 Well and Pump House 671 163
1989 Transmission Main 270 60
1992 Well and Pump House 671 101
1992 Transmission Main 10,580 1,430
1994 Well and Pump House 671 68
1994 Transmission Main 330 30
1995 Replace Pumping Machinery 100 9
1997 Well and Pump House 671 29
1997 Transmission Main 270 10
1997 Storage 1,386 53
1999 Well and Pump House 6T1 9
1999 Transmission Main 270 3
1999 Replace Pumping Machinery 100 2
19802000 Operation and Maintenanoe - 24628

Total 1978 P.W. Cost
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Year of

Copstruotion

1980
1980
1980
1980
1980
1990
1990
1990
1990
1990
1995
1980~2000

TABLE VIII~Bwd

COMPARATIVE OOST OF ADDITIONAL SUPPLY
FROM IMBANG RIVER

tem

River Pumping Station
Treatment Works

Clear Water Storage
Pumping Station
Transmission Main
River Pumping Station
Treatment Works

Clear Water Storage
Pumping Station
Transmission Main
Replace Machinery
Operation and Maintenance

Total 1978

VIII~B-4

Cost of
Congtruction

‘: X 1900)

3,694
131260
690
1,939
1,800
2,500
13,260
690
1,939
5,600

P.W. Cost

1978
Present
Worth Cosat

§? x 1000!

2,843
10,4101
516
1,492
15346
504
2,621
131
391
343
507
15122

$27,917 x 1000



TABLE VIII-B-5

COMPARATIVE COST OF ADDITIONAL SUPPLY
FROM WELLS NEAR THE SERVICE AREA UP TO 1987 AND
FROM WELLS AT 50 METER CONTOUR, 11 KILOMETERS FROM SIL-WD

Cost of 1978 Present

Year of Construction Worth Cost

Construction Itam ( x 1,000) (» x 1,000)
1980 Well and Pumphouse 708 556
1980 Tranemission Main 270 202
1982 Well and Pump House 708 437
1982 Transmission Main 1,350 787
1985 Well and Pumphouse 708 299
1985 Trnamission Main 1,350 533
1987 Well and Pump House 2,013 651
1987 Transmission Main 10,350 3,100
1987 Storage 1,204 361
1989 Storage 1,386 309
1989 Hell and Pumphouse 671 163
1989 Transmission Main 270 60
1992 Well and Pump House 671 101
1992 Transmission Main 10,580 1,430
1994 Well and Pump House 671 68
1994 Transmission Main 330 30
1995 Replace Pumping Machinery 100 9
1997 Well and Pump House 671 29
1997 Transmissicn Main 270 10
1997 Storage 1,386 53
1999 Hell and Pump House 671 9
1999 Transemission Main 270 3
1999 Replace Pumping Machinery 100 2
1980-2000 Operation and Maintenance 2,628

Total 1978 P.W. Cost #11,830 x 1,000
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ANNEX TABLE VIII-B-6

ECONOMIC SERVICE LIFE OF WATER SUPPLY FACILITIESl/ ,

Item

Embankment Damsg/
Embankment
Structure

Equipment

Water Treatment Plants
Structure
Bquipment

Groundwater Wells
Hell
Structure
Equipment

Transmission I"acilities

Pipes
'Yalves

Distribution Facilities

Pipes
Valves

Internal Network
Pipes
Valves
Hydrants

Service Cannections
Service Pipes
Water Meter

Disinfection Facilities

Structure
Equipment

Storage Facilities

Structure

Economic Service
Life, Years

50
50
50

50
15

25
25
15

50
50

50
50

50
50
50

50
15

50
15

50

Equipment (specialized, other than pipes and valves) 15

(may depend on
associated fa-
cility)

l/The economio service lives presented here have been used through-
out this report wherever facility replacement or present worth analysis

has been required,

g/Although the physical life expectuncy of certain facilities, suck
as dam embankments, is greater than the economic service life indicated,
the latter more realistically rcflects the useful life of the facility.
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ANNEX TABLE VIITI-B~6 (Continued)

Economic Servioce

Item Life, Years
Miscellaneous Structures 50
Miscellaneous Mechanical Equipment 15
Vehicles 7
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