


UTILITIES
ADMINISTRATION

REPUBLIC OF THE PHILIPPINES

&

“FEASIBILITY STUDY
TECHNICAL FINAL REPORT

VOLUME 11 (APPENDICES;

w
WATER SUPPLY

\




FOREWORD

Volume II (Appendices) of the Twchnioal Pinal Report om the
Lipa City Water Distriot Water Supply Peasibility Studies ooxtains
detailed information relating to specific seotions of Chaptars ¥iI,
VIII, Ix’ X and XI in Volume I,

Appendioces /. B, C &= D refer gemerslly to several chapters
of Volume I, Apusndix &, esign Criteris, is fundamental to studies
in all chapters -f the T .nioal Feport. Appendix B, Basis of Cost
Estiwates, has bewn : 21 _u the preparetion of ocost otloculatioms in
Chapters VIII and 1x. Appendices C and D are related to Appendix B
and to the construction of the reiommended plan described in Chapter IX,

Appendices VII-B and V1I=C pivide additional data on water
resouroes. Appendioes VIII-C, V211D and VIII-E are discussions of
alternatives for water treatment, distribution, and water conser-
vation and augwentation, respeotively. Appendix IX-B is & list of
£iscellaneous improvements included in the Early Action Program.
Appendix 1X-C covers projections of areas to be served Ty servioe
oonnections and internal network piping, distribution systes ocosts
and computer studies. Steps in the management of groundwater re-
sources and the updating of the water supply suster plan are given
in Appendioes IX-H and IX~-I. Appendix IX-J assesses the possidble
poeitive and negative effects of the water supply project an the
environment. The project's financial and development costs pro-
Jooted from 1976 to the year 2000 are tabulated in Appendices X-B,
X~E, X-P and X-G. The values of eovnomic benefits and the economic
costs are explained and tabulated in Appendices XI-C and XI-E,

The appendioces are numbered according to the Volume I chapter
and eection to which they refer. Thus Appendix VIII-D refers to
Chapter VIII, Section D of Volume I, The figures and tables are
Lurbered consecutively after the ahapter and sectiom designation.
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APFENDIX A
DESIGN CRITZRIA

General

The following may be considered as design oriteria for the
long-range facilities for water supply purposes. However, in view
of scarcity of funis and financial feasibility, the criteria for
the initial and emercency stage may be of somewhat lower quality,.

ultudy Area

The study area will be determined for the present and future
water service arez of the water district. General topography,
natural barriers, municipal boundaries, zoning plans will be taken
into account in tha determination of the future service area limits,

Population Frojections

The total service area population would be projected on the
bases of separate projections for the core city or poblacion and
for the barrics within the present and future servi-e areas,
Transient pormlation such as students, tourists, refugees, will
be included in these estimates,

A percentage of population served will be estimated for the
present and future systems. This estimation of percentage popula~-
tion cursently servad in the study area will be based on nmuaber
of piped water connections and averagce number of pesple per urban
household as obtained from the official census books. In the es-
tir.ation of future population gerved, cost and availability of the
water from sources other than the water district would be consi-
dered,

Land Use Projectinns

Residential, institutional, industrial, commercial and public
are. within the water service area will be designated either
from the existing master development or zonins plans of the commi-
nity or from data on other cities with similar characteristics,

A projection of the land use pattern for the study area will be
shewn on a map and cummarized in a table,

Pressure Zones

Depending on gencral topography of the weter service ares
there may be one or more service pressure zones in the water dig-



tribution systeme The maximum difference in ground levels in axv
pressure eone Will not be more than 50 meters.

Separate supply lines from the source will be provided for

each znne where economically feasible.

Unit Water Demands

DA et ————

b,

Ce

d.

Domestic: Average per capita domestic water conzumption will be
estimated for the study area. Past water distriot records and
records from similar cities will be used for early estimates,
When using the watar district records, the actual metered cus-
tomersand borrowers would be considered separately, For borro-
wers, an average unit consumption of 20 1pcd shall be assumed,
However, the final estimates will be tased on actual field
measurementy, Field measurement will be done by direct meter
reading nr iaelating certain s:rvice area seotions which will
represent diflerent economic classes of customers, This measuro=
ment will be conducted in areas which have adequate supplys

Unit domestic consumption will be increased by 1 to 2 per
cent each year to account for economic growth within the commu-
nity.

Institutional and Commercial: Institutional and commercial
water demands will be estimated as a percentage of domestio
demand based on available past records of the water digtricts
or similar cities. If no records are available a unit flow of
5 cum/ﬂay per gross hectarvwill be used in the estimates for
this purpose.

Inductrial: at prevent, there is no heavy indu.try in the study
areas, However, available zoming plans designate areas for
future hecavy industrial developments,

Past records on the water consumption of existing light
industrial establishments will bte studied to estahblish unit
flows required per unit area, If no record.: are availabley, a
unit flow of 10 cum/day/ha (~roes) will be used in the ec:.ti-
mates,

Parks, golf courses: Water demands for the public parks and
golf courses will be cstinated from the past records,

Unaccountable Water

With a review of the availabie water distri-t records or con-
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sumption pattern in similar cities, a tentative percentage of the
total supply requiremant will be established for unaccountadle
water for the oarly studies. The final estimate of unaccountable
water will be based on actual field measurements. Unacoountable
water may include waste and unrecorded usage. It is assumed that
the amount of unaccounted-for-water will be reduced gradually with
the implementation of staged improvements to the systesm,

Total Supply

A total of various water demands and unaccounted-for-water
will be the total water supply requirement for the study area,
If there is more than one pressure zone in the study area, the
required supply in each presgsure zone will be estimated.

Demand Variation

Maximum daily and peak hourly demands in each study area
will be estimated from the available records for seryice areas
with adequate supply. If no data are available the demand factors
would be obtained from other similar areas, An attempt will be
made in the field to record hourly fluctuations for a minimem
period of 24 hours for checking these assumed values.

For preliminary stulies a maximm-day to average-day ratio of
1,2:1 and a peak=hour to averu.c .y ratio of 1.5:1 « 2,0:1 will be
used.

The present and future projected water demands will be
tabuluted,

Population and Demand Distribution

The study area will be divided intc several sub-areas repre-
senting different population densities and demand patterns. loca-
tions of the existing larre demand cusiomcrs (eeg., industry, mili-
tary base, univercity campus, airport, etc.) and their water usages
would be obtained through the water district records or field mea~
surements, With these data, a demand load distribution will be
made for the existing and future water distribution systems,

Existing Water System Analysis

After gathering all pertinent data, the existing system will
be analyzed through a computer program. All the pipelines, 100 mm
and larger, will Le included in this study. Regular and iarge
demands will be distributed at relevant nodes of the system skeloton,



Average-day demands will be included in computer input data. Demand
factors will be applied for maximum-day and peak-hour flow condi-
tions. About 5 per cent of unuccountable water will be zllocated to
transmission line and the remaininz unaccountable water will be
everly distributed ‘in the distribution system. The primary systea
(pipeline 4-in and larger) will be checked for only peak hourly
demand condition to find out about areas with capacity shortage and
low pressures, Any high level area which ic being served by a boos-
ter station would be studied separately after establishing its hy-
draulic grade line (HGL).

If there is a storage tank floating in the system, the water
level in the tank wWill be assumed t» be at the middle of the opera~
tional storage portion, during peak hourly demand condjtion. In
the computer application of the cystem, either the input flow or
HGL at the source wili be fixed. The following "C" values will
be used for pipe friction losses,

a) Aslestos Cement Pipe

3ize (mm) 100-150 200300 350-300
"3 value 100 110 120

b) Cast Iron Fipe

Size (mn) 100-150 200-300 350-500
ftpe: new 100 110 120
oV
10 years 90 100 il
20 years 8o 50 1051/
30 years or
mcre 70 80 IOOL,

The internal diutribution system would be checked for fire
flow plus maximum-day demand, After computing the node pressures
in the primary system for the maximun—day demand, a typical commercial
residential area will be checked for fire protection. A fire flow
demand of 15 lps (liters per second) will be applied at each one
of two adjacent hydrants,.

Computer Studies for Future System

The proposed aystem will be studied for the design year 2000

l/Subjeot to field verifi:ation,
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first and the economy of construotion staging for 1990 shall be
ohecked specially for supply, treatment and transmission facilities,

A gystem skeleton will be prepared for each pressure sone,
Puture pipelines will follow existing roads or proposed roads as
much as possible., The maximum spacing between feeder main lines
will not exceed 1,000 meters, For sirengthening the systea hydrau=
lically all the pipelines will be looped as much s practical and
economically feasible, The primary system whioch will be cheoked
hydraulically first will inolude (200 mm) and larger pipelines.

The projected average day demand loads will be distributed at nodes,
For computer input, the pipe data will include a pipe number, connecte
ing node numters, diameter, length and "C" value; the node ‘lata will
inoclude a node number, ground elevation, and average day demand for
the design year,

The maximum hydrostatic pressure in the system will not exceed
70 meterss If the existing water supply facilities were to be used,
the pre-established HCL elevation would be evaluated carefully for
deciding whether to continue to use them or to phase them out.

If a feasible storage tank site can be located in the systenm,
a system input at a rate of maximum-day demand will be required.
If no storage tank site ic available then the system input will be
at a rate of peak hourly demand. (In the case of well supply this
means the total safe yield from the wells has to meet peak hourly
demands., )

In the proposed system asbestos cement, cement lined cast or
ductile iron, cement lined steel or prestressed conorete pipe will
be used, The following "C" values will be applied throughout the
studies:

Pipe Size ‘nm! "C" Value
200-300 110
350-500 120
600-1arger 130

A field ocleaning and lining of existing large size mains will
be oonsidered as part of the improvement program. An operational
storage volume of 15-20% of maxrimum~day demand at the desigan year
will be provided (197 for Ozamiz and Clarin). The maximum opera~
tional level fluctuation in the tank will be 7 meters. If there
is more than one storage in the system the operatioral volume
required at each site will be determined through coaputer analysis.
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Well pump capacities will be based on an evaluation of the
pumping test of the well for yield and drawdown. In determining
pump head characteristics the estimated minimum water level in
the well, head losses through suotion pipe essembly and the head
required in the system would be investigated.

Booster pumps wi.!l be selected either to meet peak-hourly
demands if there is no distribution storage or to meet maxiwum
daily demands if there is an adequate storage. Each booster
zons would be studied separately. The primary system (pipes
200 mn and larger size) will be checked for:

a) Peak-hour demand condition by applying a demand factor
of 1,5 -~ 2,0, (For this condition it will be assumed that
the system storage tank level is 2-3 m below the overflow
elevation, The selected pipe sizes will be adequate for
not creating a pressure less than 14 m at any point of
the primary system),

b) Minimum flow plus tank filling if the storage %ank site
is loocated too far from the demand center. (The minimum
flow is 30 per cent of the averuge daily dsmsand).

The internal distribution network will be checked for fire
flow plus maximum-day demand, at least at two typical areas:
(1) a high valus commercial area (for a fire flow of 20 lpe from
each of two adjacent hydrants); (2) & residential area (for a
fire flow of 10 1lps from each of two adjacent hydranta).

Computer runs will be repeated with revised pipe sizes until
the system meets the design criteria,

Special effort will be made to utilize all or portion of the
existing facilities as much as feasible. Data which would be
required on the existing facilities for thic purpose are us follows:

Supply facilities : HGL elevation and variation
Flow input capacity

Pipelines ¢ sizes, locations,”C" values

Pump Stations pump curves, rated heasd and discharge
values, HGL elevations on the suction

and Gischarge sides, pump age, oondition

Storage Tanks ¢ overfluw elevation, side wator depth,
operational depth, type, condifion

Wells t safe yield, water level
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Hydrants ¢ inlet-outlet characteristics, locations

Valves ¢ check valves, closed or throttled valves

Piges

In evaluating and selecting the pipe material for use in the
proposed improvement program of the study area waterworks system,
careful consiceration should be given to the following:

a. The pipe strength to resist both intermal and external pressures;

be Service life of the pipe material (resistance to corrosion,
erosion and disintegration);

Ce Pipe laying and jointing (simplicity, reliability);
d, Operation and maintenance problema; and

2, Zconomic consideration

Pressure class rejuirement for major transmission lines will
be investirated on a pipeline nrofile. sorking pressures will
include additional allowances for suryes and water hammer, Mini-
mum pressure clacs of pipe will not be less tran 7 ke/sqem.

Generally, concrete pipe and cement—lined pipe have a better
average coefficient of friction than unlined cast iron, ductile iron
or steel pipe.

Because of the brittlencss of the material, the use of caut
iron pipe and asbesto: cement pipe 1a generally limited to the
smaller sizes, In addition to the inability to take large bending
loads, with brittle pipe, sudlen failures can occur and discharge
large volumes of water that not only cause extensive damage, but
may -lso put the water uystem out of operation for a long period,

A high sulfate content of the soil will limit the use of con-
crete or asbestos cement pipe or require special protective coating,
When the sulfate conceatration in the s0il exceeds 0.5 por cent (or
300 mg/l) unprotected concrete pipe should not be useds Many types
of s0il can be corrosive to ferrous metal pipe. A corrosion survey
along the pipeline routes will be necessary to locate extremely
corrosive arecas so that suitable types of pipe material and protec-
tive systems can be selected,

A minimum trench wiith of 0,60 m would be specified for new
pipelines, Trench width will increase with the pipe size as shown
in the following formula:

Trench Width = 0,50 + D (m)
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. The minimum cover on a pipe shall be 0,60 meters, If there is a
traffio load, the minimum cover shall be increased to 0,90 me If
this can not be accomplished, the pipe shall be encased in comorete.

Recommsnded Pipe Materials

A final pipe selection can be based on economic cost comperison,
which may be made among the recommended pipe materials for ihe
Trequired service and capacity as shown in the following table:

Diameter (mm Servioe
Pipe Material 10-100 150-400 45 o"-Zb‘oTLz""oo-"—"moo Distribution Transsission

Prestressed Conorete = - - X - x
Steel xg-/ X - b 4
Cast Iron - x x - x x
Ductile Iron - x X x x x
Asbestos Cement - x x - b 4 -
Polyvinyl Chloride

or lolyethyleneo pipe3 x - - -

Pipe class should be in accordance with the required oporas
tional pressures in the system,

Pipe Cleaning and Lining in Place

It is posasible to increase oapacity of old transmission and
distribution pipelincs by 20 to 50 per cent with cleaning and
lining prucess, This is specially true where extensive intcrnal
scaling has occurred in the pipeline. FExperience shows that
cleaning and cement lining in place of 150 mm diameter and larger
water mains are more economical than installing new mains to obtain
the same capacity increase., Therefore, cleaning and cement lining
in place will be included in the improvements program where extensive
capacity losses in the water mains are observed.

Valves

To isolate and drain pipeline seotions for test, inspection,
cleaning and repair a number of valves are generally installed in
the lines The most commonly used valves are gate and buttertly
valves followed by check, cone valves, blow-off and air reloase
valves, Deapite the wide ranre of designs, all valves have only
one purpose: to slow down or stop the flow of water. In a
distribution system, large numbers of shut-off valves (gate and
butterfly) are utilized, Gate valves are more applicable to pipe
sizes up to 300 mn in diameter. For larger si.e pipelines butterfly

%alvanized steel pipe.
Service connections only.
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valves will be used,

Valves in a distribution system will normally be located at
street intersections. The valve spacing in high consumption areas
would be closer than low comsumption areas. A maximum valve spacing
of 300 to 500 m will be considered in prelimirary layouts, How
ever, the final determination will depend on judgement of condiiions
in a particular systenm, .

Valves shall bo equipped with handlever, handwheels, chains or
hand, phematic or electric operations.

The minimum Working pressure of valve will be in accordauce
with the service rejuirements, Valve design an¢ manufacture will
conform to the current AWJ{A or ASTY -vecifications,

Fire Hydrants

Fire Lydrants will be located at street intersections as much
as possible, Spacing and sizes will be as follows:

a) High value resicential, :ommercial and industrial arcas:

Spacing 3 150 m, maximum

Connecting pipe size 1 100 mny, minimum in looped syctems
150 mm, minimum in dead—end svetems

Hose outlet ¢ 1x 60 mn (21-in

Pumper outlet $ 1 x 100 mm (4-in

b) Normal sinzle fumily residential arcas:
Spacing : 250 nm s Miirum

Connecting pipe si:e : 100 mm (4-in)
Hose~Puaner outlet i~100 mm (4-in)

The exterior surface of fire hydrant will be painted for pro-
tection and easy location.

Flow Meters

A, Differential Head lMeters

The flow of fluid through a constriction in & pressure
conduct results in lewering of pressure at constriction, The
drop in piezometric head betwezn the undisturbed flow and the
constriction is a function of the flow rate, The venturimeter,
flow nozzle and orifice meter are constriction meters which
make use of this principle. The head loss through a venturi-
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meter is comsiderebly less than for the other two types of
-moters, Pitot tubes and pitometers may also be typed as differ-
ential head meters,

B, Ncohanical Meters

Mechanical meters are widely used in water distribution
aystems, Two types of mechaniocal meters in common are positive
displacement and propeller msters, The positive displacement
type meters are more aoocurate in measuring ssill flows, This
type of meter is not recommended, however, for waters having
fine particles as it is likely to become inoperative due to
ologging.

uab Code

The Philippine National Flumbing Code shall be appliocable,

Distribution Storege Teaks

Distribution storage tanks are used to provide storage volume

. to meet fluoctuations in water use, to provide fire storage, and to
stebilize pressurec in the distribution system, The tank in rela-
tio» to the service area, should be located as muoh on the opposite
site from the source as possible; on the cther hand, the tank loca
tion should not be too far away from the demand oenter, A storage
tank is normally looated at a sufficiently high point so that water
level in the tank can control the hydraulic grade line and fluotuate
with the variation of system demand. A tank refills when the demand
is low and feeds into the sysiem when the demand is high. With an
adequately sized storaged tank it ie possihle to have supply and
tranamission fanilities operating, more or lese, at a steady rete
which is normally to be around maximum daily demani for ths design
year,

The total effective storage volume required in a servios sone
should be at least equal to the required operational storage. PFire
and emergency strrage may be provided if economically justified,

A8 mentioned p:eviously, the equalising or opsarational volume ie to
be equal to 15 to 20 per oent of the maximum daily cumand in any
design year., A maximum side water depth (or level fluctuation) of
7 m will be assumed for the operational storage,

The maximum hydrostatioc pressure in any pressure sone in the
distribution system shculd not exocued 70 msters. The tank overflow
elevation, therefore, will be set at a level which will B¢ & saximm
of 70 m higher than the lowest ground level in the servioe area,

A storege tank ocan be a ground typs, elevated or a stand-pips, all
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oovered, A tank shape can be rectangular or ciroular, Roef slad
of a tank will be supported on interior columms. The tanks are
normally oconstructed from rcinforced conorete or steel, Reinforced
conorete tanks would have less maintenance costs and also will mot .
require foreign exchange.

Piping » a tank will consist of incoming flow pipe, overflow
and drain pipe, and outgoing flow pipes. From those, all uf the
pipes, with the excepiion of overflow pipe, are valved.

F/r large cities within a same pressure zone there may be a
need for more than ene tank site, In this case voluwe distribu-
tion ¢t each site can be determined through computer analysis,.
Sufficient land shomld be takem for the tank site to accommodate
short-tare as well as future storags unita for the service area,

Boogter Pump Stations

A pump station structure and related piping will be designed
for a period of 25 years, On the other hand, the equipment includ-
ing pumps znd motors shall be designed for abeut 15 years.

Seslection of pumps will be based on system—discharge curve,.
With development of composite pump ocurve for the muaber of existing
and proposed pumps at a station and application of this ourve oa
the systems, the head-discharge curve indicates rated flow and head
for the pumps. Where pump is pumping directly into distribhutioa
system, the system curve shall be studied through computer analysis.

To prevent excessive pressures in the pumped supply system
(specially during minimum demand periods), pumpe will be selected
with a shut-off head which will not be greater than the rated head
more than 10 per cent,

If the water has to be pumped through a long transmission line
before it reachee the distribution system, an economical study may
be necessary before deciding on pumping head versus transaissioa
pipe size., In this study, pressure limitation in a distribution
system has to be taken into aoccunt. If there is an adequate sto-
rage in the eystem, the pump station can be designed for the maxi-
mum daily demands estimated for a particular desizn year.

If tliers is no feasible site available for a storage tank,
pump stations will have to be designed for peak hourly desands.

The total design head of a pump should include static head

and dynsmic head which consists of friction and turbulence losses
in suction and discharge piping.

A=11



Pump drive will be either an electrical motor or a diesel
engine, Economy and practicality of electric or diesel pover
will have to be studied for the study area.

Electricity is 480 volts, three~phased with 60 cycles. Loocal
needs for additional power transmission line and a substation will
have to be investigated,

In addition to manual start-stop, each pump station shall
be equipped with high pressure sensing device to automatically
stop the pump on a high discharge or low suction pressure, For
proper operation, maintenance and safety of a pump the following
quipment generally provided on the discharge line are: shut—off
valve, check valve, surge relief valve, pressure gage, flow meter
and air and anti-vacuum valve,

Each pump station should have a superstructure oonstructed
from locally available material to help provide security from
" theft and vandalism and to minimize the poise probvlem in residon-
tial areas.

Sufficient land should be taken for a pump station to aCConMO-~
date short-term as well as future facilities,

Pumps are to be constant speed single s8tage, horizontal or
vertical centrifugal type. The minimum number of pumps in any
station will not be less than two. Pump ratings, make anl model
in the system will preferably be the same for simplification in
operation and maintenance, A stand-by capacity equal to the
largest pump in a pump battery will be desirable for assuring
the firm capacity of the station even when one pusp iz out of
service, Where electricity is not reliable, consiceration should
also be given to having one of the larper punp motora close—ccupled
with a diesel or gas driven engine. By this, at least part of
gtation capacity will be availabie in the ewent of power failure,

Water Quality Criteria

The water provided by a public water supply system should
be free from substances harmful to human }salth and should be
of the highest quality that ia economically feasible, An accept
able water should have the following general qualities:

as Water should be free from patbogenic organisms and at

all times free from suspicion of being a means of
conveying disease}
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b, Toxic substances in the water should be below the
concentration that would be injurious to health,

Ce The water chould be free from encrusting cr corrosive
properties and should be clear, colorless, tasteless
and cdorless.

Maximum acceptable concentrations of some of the moet signi-
ficant constituents of water, as established by the Philippine
National Committee on Drinking Water Standards, and by the World
Health Organization (WHO) are to be used as guideline,

Surface dater Sources

The treatment of water from a surface source must be economio=
ally feasible and should meet the current requirements of Philippine
Drinking dater Standards with respect to bacteriological, physical,
chemical and radiological qualities,

The quantity of water at the source(s) shall be adequate to
supply or supplement the water demand of the service area at least
until the year 2000,

Hydrolosical Studies

Daily or monthly streams flow records, if available, should
be used in the safe yield egtimates, If stream flow records are
not available, correlations with similar basins with lonrer period
of recocrds, based on drain.se areas, should be made. Recommenda~
tion should be made for the establishment of stream gauging stations
for use in desigmn, For extension of stream flow records for a
longer period, rainfall-runoff correlations can be useds, The minimum
recorded flow minus riparian rights would give tha minimum amount of
water available from a particular source for the study area. This
minimum flow rate will be compared with the estimated total gross
water demand in the study area to decide whether any impoundment
is needed ani when needed. Mithout a need for impoundment reservoir
a water diversion and intake structure woull be required for the
supply. If an impoundment is necessary to meet the demand an invest-
igation will have to be carried out on possible dam sites, Dam sites
can be located, first, on 1:50,000 topo-maps. As a result of a
preliminary field investigation covering area geology, accessibility
and major relocation due to reservoir impoundment, some of the sites
can be eliminated. For the selected sites mass inflow curves will
be plotted coverinz at least one significant dry period. Mass inflow
curve should be adjusted for evaporation and riparian rights. Desand
lines drawn tangent to the high points of the mass curve represent rate
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of withdrawal from tne re-arvoirs fssuring the reservoir to be fuil
wherever a demani line intersects the mass curve, the marimmm
departure between the demand line and the mass curve represents

the net reservoir capacity required to satisfy the demand, Usually
some volume in the reservoir, which may be also called dead volume,
is allocated for siltation,

In order to determine the basic dam height, area~voiume curves
are drawn up for each feasible dam site, From these curves a dam
height can be selected which wouli create enough volume of reser=
voir to satisfy the demand and dead volume requirements, Estimated
reservoir volume will be increased by 25% for supply safety. In
some cases one stream may not yleld sufficient quantity of water,
Then it will be necessary to look into other river basins or ground
water, for supplementary supply.

In other cases the same stream may be considered for multi-
purpose basin development including power, irrigation and naviga~
tion. This will require olose cooperation with the other authori-
ties to make sure that adequate amount of water will be available
for municipal usage. In accordance with the gnvernmental require-
ments in the Philippines any proposed dam 60 m or higher must be
communicated to the National Power Corporation.

Raw Water Pump Stations

location, arran;ement, type of equipment and structure are
important aspects of a pump station to be investigated in the
design. Before deciding on a raw water pump station, an economical
cost comparison will be made for gravity flow though a tunnel alter—
native if area topography is suitable, A raw water puap astation
usually requires an approach channel, intake structure which will
be equipped with stop logs, bar screen and control gates, and pump
wet well,

The station will be designed for the maximum daily demand in
the desisn year, Pumps will be capable of delivering the desigm
flow at the maximum head which is the sum of differential statio
head, suction 1ift (if any), and suction and discharge head losses.
Selection of pumps in the station will be based on the application
of pump curves on system head—capacity curve,

Electric motor or diesel enrine driven vertical turbine pumps
will be uged for the raw water pumpage,
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St of Source Development

During source development studies a demand versus supply
ohart will be prepared to show a timely staging of facility
construction. A demand-supply chart will include the supply
from the existing sources which, in some cases, may be phased
out if economically justified, following the development of
new sources,

The staging of construction will be in accordance with the
following demand conditions:

Facility Demand

Dams Averace-Day

dater Treatment Plant laximum-Day

Diversion and Intake NMaximum=Day

Transmission lines a) Peak-Hour if no distribution
storage

b) Maximum-Day if thers is an
adequate storage

A suffioient time chall be allowed for planning, design and
construction of future facilities,

Survexs

Water quality surveys are important as they would indicate
cost of treating the propoved source of water, Water samples
will be taken from all the sources and laboratory analysis will
be made. Toposraphical surveys at 1:2000 scale will be required
at dam sites for facility layouts,

Grounr]water-f?gri nus

Springs can be developed as gravity or pumped supply. In
both cases suffioient period of flow measurements will be needed
for determining the minimum yield, The yield of some springs
may be increased by direct pumpage; however, before doing this a
careful evaluation of aquifer and recharge area should be made to
avoid possible damage to the spring. The major works needed for
spring development would be construction of a collection chamber
with necessary piping arrangement, Water quality must be checked
to see whether any treatment would be required; the most likely
quality problem with spring water bein; either excessive hardness,
or iron and manganeses The spring recharge area must be protected
from pollution,
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In the construction staging of spring development, the measured
minisum yield should meet the maximum daily demand of the study area,
if adequate storage is provided for peak-hour demands. With no
storage in the distribution wystem conetruction staging should
correspond wiih peak-hour demands,

Croundwatei' Wells

All the available data pertinent to existing welle in the
study area will be collected and evaluated for the purpoae of
determining well and aquifer parameters including water table
elevations, well yields and drawdowns, well geometries, inter—
ference between wells, ani water quality. In addition, geologio,
hydrologic and meteorologic data will be evaluated with informa=-
tion on current withdrawals to estimate recharge to aquifers and
to estimatn the overall safe yleld of the source.

In many cases, it may be necessary to construct and test
several welle to obtain the necessary data., Teat well gites
and deptha will be chose~ to provide data on unexplored important
sections of the aquifer. For each test well, a minimum number of
two observation wells would be demirable.

Based on available information and tect well results, the
aquifer coefficients will be estimated, With this and hydro-
geological appraisal of the area, practical design yield, weill
size, depth and spacing can be planred. Water quality analysis
will indicate treatment requirements of the source.

Construction stacinz of wells should follow the same criteria
as explained for spring developmant,

Jater, in general, has to be pumped from a rrounivater well
with tho exception of flowing artesian wells with adequate yie«ld,
Pumps normally used for this purpose are either multi-etage
vertical turbine pumps which are shaft driven by motors or sngines
located on top of well or pubmersilile pumpe in which the pumpe
ant electric motors are combined in one unit placed below the water
surface of the well, The pump bowls may be set at approximately
5=10 m below the lowest anticipated pumping level, The lowering
of the water table in a given aquifer and the specific capacity
of the well must be taken into consideration when calculating .
the antiocipated ultimate pumping level.
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dhere the source of eleciric power is not reliable, diesel
engines will be considered fo): pump drive units, Pumping head
will be determined by pumping level in the well and minimum
pressure requirements in the distribution system during peak—
hour demands or by tank filling operation during minimum kour
demands,

Hater Treatment Works

Objectives of ilater Treatment. In the design of water treate
ment plants, the provision of safe water i« the prime goal, The
treated water must be clear and colorless and pleasant to the taste,
Water quality obtained at the plant shoulc be preserved in the
distribution systems The control point for the determination of
water quality is the consumer's tap and not the outlet of the
treatment plant. Another basic objective is that water treatment
be accomplished using facilities that are reasonable with respect
to capital and operating costs. In plant design the various alter-
natives will be investigated including plant performance and cost
studies,

General Design Considerations. Where previous experience
with treatmeni of the same or similer source is lacking, special
studies would be necessary for design purposes, These special
studies may include tests conducted in the laboratory, in exist-
ing plants or in pilot plants., The rated or nominal design capa~-
city of the treatment plant will be the maximum daily water demand
of the system for the design year. Using water demand projections,
a logical pregram for development of treatment facilities may be
establisheds Decision will have to be made about which units to
be built initially for ultimate needs or to provide for develop-
ment in stages, The following are factors which have a bearing
on the period of design of treatment facilities: (1) the useful
life of facilities, (2) the ease of extension, (3) the rate of
growth of the service area, (4) the rate of interest on tha loan,

5§ the change of purchasing power during the debt period, and
6) the performance of facilities during the early years,

Punping station and chemical building structures are to be
constructed for ultimate capacity; pretrecatment and filter facilie
ties are to be built in stages as the need develops,

For operational safety, even in the initial stage of construote

ion, none of the important units such as flocculation, settling and
filter basins is to be less than two. Stand-by units will be pro=
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vided for specially when the plant treats a water that is highly
contaminated.

An evaluation of available sites will be made to determine

the moat

favorable location for the plante An accurate estimate

of the ar:a required for the ultimate development of the site
is specially important.

In plant sizing and layout, the following points will be
oonsidered:

(1)
(2)

(3)

(4)

(5)

(6)
(1)

Frequency of basin cleaning, length of filter runs
and effluent quality will be oarefully evaluated,

An economic but durable construction: outdoor type
filters can te adopted in the Philippines. Conutructe
ion items will be selacted for a minimum servioce
period of 50 years.

The smallest number of units that is feasible will
be chosen, bhut the number will be suffioient to
provide stand-by capability.

Operation of filters, flocculators and chemical feed=
ing equipment requires the most attention of operators.
It i~ therefore desirable to arrange the plant so that
these functions are ~lose together, rather than widely
separated.

Chemical feed lines are to be as short and direct as
reasonably possible, For this reason, it may be
necescary to place the rapid mix barin {n the

chemi:zal building.

Chemical handliny and feeding system will be simplified.

Unessential instrumentation will be avoided,

gzgge of Water Treatment Plants

The quality of raw water varies greatly from source to

source,

Acocordingly, the type of treatment to produce a safe

and palatabls water will vary. The World Health Organization
has established treatmeat requirements in relation to the
coliform bacterial content of raw water,
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Application of treatment methods in relation to raw water
characteristics is shown in Appendix Table A-l.

Classification of treatment plante ascording to raw water
qualily is a useful guide to the designer. However, such classi-
fication is not a substitute for encineering studies including,
in some instances, experimental and pilot plant work as the
basis for plant design.

In a modern conventional plant, rapid mixing, flocculation,
sedimentation, filtration and chlorination are employed to re=
move color, turbidity, tastes and odors, and bacteria from sur=
face water supplies. Bar racks anl coarse screens are provided
if floating debris and fish are a problem; aeration is beneficial
and economical for treatment of tastes and odors; presedimenta=
tion would be required if the water is highly turbid,

dater fillers can be designed hydraulically as slow or rapid,
depending upon the rate of flow per unit of surface arca, The
processes of a trcatmenl plant are briefly explained in the
following sections,

Aeration. Aeration is uced tu reduce the concentration of
taste and cdor producing substances in the water and to remove
iron and manganese from the water by oxidations Aeration can
be accomplished by waterfall aerators, spray nozzles, cascades,
multiple trays, diffusion o compressed air through the water,
and mechanical aerators. Approximate area requirements for
different types of aeration are shown in the following tablet

Area Requirement

Type of Aeration sqm per 1,000
cum/day
Spray 2450
Multiple Tray 1.¢5
Cascade 1,25
Diffuser 1.75

Inclusion of aeration process can be useful and economical
in the treatment of sround water which has a high content of
carbon dioxide, iron and manganese and hyldrogcen sulfide,

Mixinge Coagulation of particles in the water with the

addition of chemicals is accomplished during mixing processes,
Where only a coagulant is uced or where sequence of application
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APPENDIX TABLE A~1

APPLICATION OF TREATMSNT METHODS4

Hater Quality Pretreatment Treatment Special Treatments
2 —
g sy i, g2 %
5 g g3 i 58 B 3
5 8§ 83 wag g 49 % § € 28 %
. . (%) Bt o -t 3 o O £ (3] g O o g
Constituents Concentration = a p o E 23 558 9 5 8% 8 B 83
2 85 4 & § EE o% 4% 2 33 48 3%
s % 5 % 85 3E 5 2 88 5 8% .8
& p 2 5 & 43 BEZ S5 8 B.E % 2% 4%
02 a, <z =
Coliform HPN per 100 ml 0-20 B
(monthly average) 20-100 0 0 0 0 E
100-5,000 B E E 0 E
>5,000 g ol E E E O
Turbidity-units 0-100 (o) 0
10--200 0 E E
>200 C Oa/ E E
Color-mg/1 20-70 ) 0 0
>70 E E (o]
Tastes and odors noticeable (o) 0 0 0 E
Caloium carbonate-mg/1 > 200 0 B E E E
Iron and manganese-ng/1 £ 0.3 0o o0 s
0.3~1.0 0 E E 0 ‘
>1,0 E E E E o 0
Chloride-me /1 =250
250- (v}
E
Phenolic compounds-mg/1 ﬁg.OOS o o o 0
> 0,005 E E (v} E 0
Toxio chemicals E E E 0
Jess oritical chemicals _ 0 D o 0 —
alternate, dilute with low~chloride water.

kummu; O—optional; S—special justificatioa required, ©
pe

rchlorination shall be followed Yy dechlorination.

Souroe:

ble settling shall be provided for coliform

exceeding 20,000 M.Be.lNe
Q/Fbr extreme muddy weter, presedimentation by plain settling may be provided.

Hater Treatment Plant Design, ASCE, AWHA, CSSE, 1969 edition



is not critical, chemical mixing may be obtained by injectiun -
of chemicals into a point of high velocity flows, such as the
suction of a low=lift pump, a parshall flume, or a hydraulic
pump., In other cases power may be put into water to secure
mixing either by mechanical agitators or by use of gravity in
baffled basins. The rectangular baffled basins are usually
designed for horizontal flow with a detention time of 60
seconds at the design flow., Basimswith mechanical agitators
may be designed for a detention time of 30 seconds. Design
of mechanical rapid mixing basin is based on the rate of powexr
input into the water as measured by the velocity gradient,
Because the best velocity gradient may vary from time to time
at given location, variable speed equipment is desirable for
agitators. Power requirement is about 1.3 hp per 10,000 cumd
flows A recent trend in chemical mixing favors use of in=line
blenders.

Coagulation and flocculation are greatly influenced by
physical and chemical characteristics of water, including
particle size and concentration, pH, water temperature,
exchange capacity and electrolyte concentrations. The behae
viour of water to be treated in a proposed plant can be best
determined by: (1) laboratory testing using "jar test" tech-
nique, followed by laboratory filtration orn%Z) pilot plant.

The sequence of addition of chemicals for coagulation ie
often important and multiple points of application of the
chemicals are therefore requireds The chemicals ordinarily
used are a pH-adjusting compound, such as lime or an acidic
substance, the coagulant (normally aluminum sulfate or a
ferric compound), and a coagulant or flocculation aide Pre=
chlorination treatment is commonly applied to water before
or after a coagulant, Activated carbon for taste and oder
control is usually applied at raw water intake to provide
sufficient period of detention time,

Flooculation. Flocculation process follows chemiocal
mixing. Detention time used for the design of flocoulation
basins will be 60 minutess To increase floc strength, usage
of chemical agents such as activated silica and polyelectro-
lytes may be considered, For the provincial areas in the
Philippines non-mechanical type of baffled flocculation
basins may be economical, A distinct advantage of baffled
flocculation basins is elimination of short oircuiting of
flow, However, the mixing intensity in this type of basin
is dependent on flow rate,



. The easiest way to manage flocoulated water is to build the
flocoulation and sedimentation basins integrally, with a perme-
able baffle discharging the flocoulated water into the sedimenta~
tion basin to assure uniform horizontal and vertical distribution
of settling tank influent,

Sedimentation, This process usually finds application in
two principal ways in water treatment: plain sedimentation and
sedimentation following coagulation and flocculation, Plain
sedimentation’is usually used to reduce heavy sediment loads
prior to complete treatment; therefore it is often referred to
as presedimentation,

Sedimentation following chemical cosgulation and floooula=
tion is used to remove color and turbidity by adding coagulants,
and to remove hardness by adding lime and soda ssh, This type
of sedimentation follows presedimentation (if used) and asration
and precedes filtration.

In the design of sedimentation tanks, ideally, four zones
are considered:

a) an inlet zons to provide smooth transition from the
influent flow to the uniform, steady flow desired in
the settling zone. In general, the flocoulation and
settling basins are located in the same rectangular
tank to eliminate the need for a chamnel inlet.

b) a settling zone to provide tank volume for settling,
free from the other three zones.

¢) a sludge zone to receive the settled material and
prevent it from interfering with the sedimentation
of particles in the settling zone,

d) an outlet zone to provide smooth transition from the
settling zone to the effluent flow. The water level
in settling tanks is usually controlled at the outlet.
Basin outlets are often of v-notch weir type, and
these are quite often provided with means for vertical
adjustment to aid in control of tho overflow,

Most sedimentation tanks used in water purification today
are of the horizontal flow type. The other types are kmown
as upward-flow solids contact units and upward=flow sludge



blanket type clarifics*ion basins. DBecause of simplicity in
construction, operation and maintenance the horizontal-flow
type basins are expected to be applicable in the Philippincs.

Horizontal-flow tanks may be either rectangular or circular
in plan. Circular horizontal-flow tanks are usually center feed
type with radial flow. In a reotangular tank the flow lines aras
parallel and all in one direction. The flow usually enters one
end of the tank through a periurated or diffusion wall, travels
the length of the tank, and then exits over some type of effluent
weir, The choioce of rectangular or circular horizontal-flow type
is usually based on designer's preference and site limitationn,.
Many sedimentation basins are equipped with mechanical equipment
for the continuous removal of settled solids.

The standard approach in designing a sedimentation basin
is to satisfy design criteria that have been arrived at through
experience with full-scale plant operations and from pilote
plant research. Raw water quality varies from one source to
another, therefore, only tentative design criteria can be estab=
lished for preliminary Jeuign works,

The temperature of the water, the srecific gravity of mate=
rials in cuspencion, and the size and shape of the suspended
particles inflluence sedim:niation process. Experience has shown
that hirher tank overflow rates can be uced in warm waterse A
particle with hisher specific gravity will settle faster., The
time of retention in the sedimentation tank is important, because
longer time permits more [loc contacts and, hence, more floc
growth,

The purpose of the settling tank ic to hold the water for
a period of tim: during which the velocity of flow through the
tank has been greatly decreased to allow sedimentation to occur.
The main characteristics of sedimentation tank involved include
the tarnk surface arca, which is dependent orn the surface overw=
flow rate, the tank depth, which is deypendent on the detention
time, the velocity of flow through the tanks, which is a funo=
tion of the cross-sectional area of the tank, which in turn is
a function of the length/width ratio of the tank, its surface
area, and depth,

Preliminary design parameters of settling basins ara shown
in Appendix Table A-2,
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APPENDIX TABLE A-2
DESIGN PAFAMETERS OF SETTLING BASINS

Velocity Tank

Raw Water Treatment . Overflow Rate Detention Through Depth

(om[g‘{m} Time shr} Basin ;{-in ‘.!

Surface  Alum flood 25-50 2-4 0415-0.50 34

Perrous floo? 30-50 2-4 0.15-0.50 34

Surface or Lime softening 40-60 1=3 0.,20-0.60 34

ground

Without subsequent

filtration 10-20 8-12 0.05=0,20 4-5

Plein sedimentation 100 1-4 0.3 =1.0 35
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Rectangular tanks can be constructed with practical lengths
up to a maximum of about 80 meters., Generally, a length to width
ratio between 3:1 to 511 is used, Rectangular tanks will havs a
minimum depth of about 2.5 m and a recoamended depth range from
2.5 to 5 meters, Where area is available, the shallower depths
are preferable, In addition to the calculated settling basin, a
provision for inlet, outlet and sludge collection zones, will be
made.

The number of tanks to be provided is determined by the total
flow, desired degree of flexibility of operation, and eoconomy of
design. A minimum of two basins must be provided. In larger
plants, the number of units provided may be determined by the
maximum practical size of a single tank,

The calculated width or diameter of a tank would, later, be
adjusted to the next standard size of tank, for whioh mechanical
collectors are available, and for rectangular type the length
would be adjusted accordingly. Basins not provided with sludge
removal equipment will be made deep enough to provide sufficient
volume of sludge storage capacity. Typical basin outlet overflow
rates are shown in Appendix Table A-3, In reotangular tanks, the
overflow weir length required cannot usually be obtained with a
single weir across the end of the tank. The required length is
usually provided by a weir extension in the third outlet of the
$ank,

9dith subsequent filtration.
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APPERDIX TABLE A}
TYPICAL WEIi . VERFLOA RATES

Weir Overflow Rate

m of Treatment O\HZMI
Light alum floo ' 150

(low turbidity waier)

Heavier alum floe 200
(higher turbidity water)

Heavy floc from lime softening 300

If gravity discharge of the sludge from the mechanically
cleaned sedimentation tank is not feasible, sludge pumps of
sufficient capacity must be installed.

Filtration. The goal of water treatment is to obtain the .
greatest clarity (or lowest turbidity) of the filter effluent.
Water filtration is a physical and chemical process for separa~
ting suspended and colloidal impurities from water by passage
through a porous mediun, usually a bed of single or multi-layer
granular material,

Filtration may be olassified hydraulically as slow or rapid,
depending upon the rate of flow per unit of surface arsa, Slow
sand filters operate at a rate as high as 9 o /sql, and rapid
or high rate filters operate as high as 20 cum/hr/eqm. One of the
principal drawbacks to the use of slow sand filters is the large
land area required. Another is the difficulty of getting good
results under all raw water conditions. Slow sand filters are
cleaned by scraping a surface layer of sand and washing the re-
moved sand and returning it to the bed. Algas growth is another
problem with slow sand filters specially in hot climates. 4is
slow sand filters require minimum amount of mechanioal equipment
it may be oconsidered in the provinocial areas of the Philippines
where plenty of land is available and when it is justified economio-
ally.

In the design of new plants, the gravity rapid filter with
coarse-te~fine media (dual media) is the obvious cheios for ths
great majority of installations. The best example of this is
the coal-sand filter with a coarse coal layer of abeut 18 in
deep above a fine sand layer of about 8 in thick. The filter
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medis are supported bty an nnderdrain system, The most importaat
function of the filter underdrain is to provide uniform distrido-
tiom of backwash water, It also serves to collect the filtered
water. With many types of filter bottoms or underdraims, a support-
ing bed of gravel is used to keep the sand out of the underdraim

and olearwell during filtration and to assist in uniform distribue
tion of washwater during cleaning of beds, A gravel depth of 12

in is usually adequate. The silica sand used in the fiiter media

is specified to have an effective sisze of 0¢35~0.50 mm and uaiform=
ity coefficient of about 1.7. Crushed anthracite coal has a specific
gravity of 1.5, as compared to 2,65 for silica sand, Bffective sizes
of coal up to O.7 mm are used in filters.

Efficiency of dual media filters can be increased by the use of
polyslectrolyte filter aid in emall dose, usually 0,01-0.05 ng/1e

Warm water ie easier to filter than cold water, Filirability
i the most important property of the applied waier, Pilot plant
studies are strongly recommended in preparation to filter plant
design not only for filtrability of raw water and filter design
but aleo for the measurements of wash rates and expansion required
to fluidize the proposed bed,

The usual number of filter units is four, except in small
planta where it may be two, The maximum size of individual filter
units is governed principally by the rate at which washwater must
be supplied and by problems in securing uniform distribution of
washwater that increase with larger areas., The largest filter
unit normally employed is about 200 sqme. A unit of tbis size
would be divided into two wnits of equal size, so that each half
could be backwashed separately, For the preliminary design a
filtration rate of 10 cum/hr/sqm will be used,

Filters are usually laid out side by side in rows along one
side or along both sides of a pipe gallery, Omne end of the row
of filters should be kept unobstructed to permit future expansien.
In proposed planta in the Philippines the filter tope will be openm
a8 there will be no freezing problem. Clear-well storage will be
located not undernsath the pips gallery but in an area adjacent to
the filter basins,

Depth of water over the filter media for warm water may be
sbout 1.5 meters, This much of adequate water depth above the
media would reduce the possibility of air binding during loss of
head operation,
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. Pilter backwashing is done to remove from the bed all of
the forelgn matsrial ccllscted im ths bed during tke preceding
filter run, In wamm climates a maximum upward backwash flow
of 50=60 oua/hr/aqm musi be provided. Wastewater from backwash
is colleoted in washwater troughs and conveyed into a waste
drain.

Pilters are equipped with a means of controlling the rate
of flow through each bed.

Baoterial removal by filtration is never 100 per cemt, and
the filtered water must be chlorinated for satisfactory disin-
feotion., Provisions should be made to chlorinate filter influent
and effluent.

Appendix Table A-4 shows the recommended welocitisa for
water filtration unites

APPENDIX TABLE A4
RECOMMENIED VELOCITIES FOR PILTRATION UNITS

Location Velooit
‘.zug. E

Influent 1.0
Effluent 105
Backwash 35
WHaste 2,0

Cost Estimates

The oonstruction cost estisates of proposed improwmsents
will be based on projected July 1976 unit prices. The estimates
will show foreign snd looal ocost componments of the projeot oost.
Construction cost projections will be made for al) items which
will be included in a water supply projecte When using a source
information outside the Philippimes neoessary adjustment will be
made to reflect the local labor cost, All estimates will be
based on an exchange rate of P7 to 1 US dollar. It will be
assumed that no custome duty will be charged on items iaported
for publio water supply projects. Separate ocost indices for
looal and foreign cost components will be developed. Cost tables
will be prepared to show a breakdown of the estimated construotion
coat for major items.
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The total project cost of axy alternative schems will de
bomputed in the following manners

1le Construction Cost: ' A
2. Bngineering and Contingencies 0425 A
Sub=-total B
30 land Cost __c-
Sub~total D

4. Mministrative and legal Feest 0,03 D
Sub~total E

5¢ Interest During Construction (at 12_) P
Total Project Coat Lt}

Tconomic fost Comparison

In the determination of the lecast cost water supply scheme
present worth cost comparison will be utilizeds The present
worth cost estimates will be based on the following criteria:

Base Year: 1916
Discount Rate: 12j.
Service Life of Facilites:

a) ‘tructures and Pipeliness 50 years
b; lechanical tquipment: 25 years
c) Lland: infinite

Total prnject cost will include construction cest, engineering
and oontingencies, land cost, administraiive and legal fees )
and interst during construction. Present worth of capital
costs will be calculated backward from completion time of cons=
truction,

Construction period will be estimated on the basis of simi-
lar type of faclility construction in the Philippines.

Annual costs will include personnel, povWer, chemicals, and
maintenanze costs. These estimates will be carried out for the
years 1975, 1950 and 2000, Present worth cost of annual expendi-
tures will be based on gradient series at 12). interest rate,

Cost of any facility to be replaced during design period
(1975-2000) will be included in the present worth cost analysise
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Po escalation facter will be applied to July 1976 prices as
all of the schemes will be affected in the same rate.

Salvage value of a facility will be estimated by weing linear
depreciatien for its valus throughout its service life,

Economic compariscn of alternatiwe schemes amd selsctien of
the least oost scheme will be Dased en present worth of met dis-
bursements during the peried of 1976-2000,
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APFENDIX B
BASIS OF COST ESTIMATES

General

Cost data presented here refer basically to estimated
construction costs, which include all materials and labor
tog:ther with some allowance for related misoellaneous work
and ocontractor's overhead and profite The cost data have been
converted to unit prices in table or curve form for easy appli-
ocation during feasibility studies. In developing the esti-
mates, data and information from various sources including
local engineering consulting fiims, materials and equipment
manufacturers and suppliers, and construction contractors have
been utilized.s In some cases, prices and oost estimates from
the U.S., modified and adjusted to suit local conditions, were
also usede The cost figures have been projected to prices
likely to prevail in July 1976.

Construction costs undergo short and/or long-term changes
reflecting fluctuation in the local (national) economy and world
pricess In the United States, construction cost trends are
printed weekly in the Engineering News Record (ENR) and used
extensively as a guide for construction cost projections. Based
on prioce movements of structural steel, portland cement, lumber
and common labor, and beginning with base of 100 in 1913, this
index has risen steadily and had a value of about 2,100 in
mid—1974.

Cost analysis includes the development of construotion
cost indices (CCI) for local and foreign exchange component
(FEC) of the cost. Price indices furnished by the Department
of Economic Research, Central Bank of the Philippines (CBP) were
applied to labor (skilled and unskilled), local materials, cone
tractor's overhead, and profit.s The CBP Consumer Prioce Indices
for all items were applied to the labor and profit components
of construction worke For local materials, the Retail Price
Indioces for construction materials were used. For imported
mechanical and transportation equipment the ENR cost index was
adoptede The resulting projections to July 1976 are shown in
Appendix Figures B-1 and B-2,

The unit costs which are developed for this study are for
construction costs only. The toial project cost would include
other items as surveys and engineering, contingencies, land and
easement costs, administrative and legal costs, and interest
during constructions A typical breakdown of the total project
cost is shown in Appendix Table B-1,



_ Construction
iten —loried _ loogl FEC  Totad
1l¢ Source Development 1978-81
Material and miﬂﬁt ¢ s 0 e o
Civil and Struotural Work s -9 2 2.0
Construotion Cost: s o 0 N )
15¢ Contingenoies: a2 s 239
Sud~Total e o o e o o
10% Engineering [358) (6%%)
&l‘-!otll e o 0 e o 0
Land Costs ats aass
Snb-'!'otal s o @ e o0
3% Administrative and Legal Fees St .
Total Preject COlty e o 0 o s 0

2¢ Water Treatment Plant PP

,L/ Excluding interest during construstion,
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ngg and Appurtenances

Dams and appurienances are special structures and as such,
they must be treated individually in developing estimates for
construction costs. Unit cosis for iteas of work that normally
enter into the consirwotion ef earthfill dams and appurtemances
are listed in Appendix Table B-2. Application of the unit ooats
to estimated quantities for a given dam projeot will yield esti~
mates of the construction oost for the project or components
thereef.

Tunnels

The construction costs of tunnels are heavily dependent on
a large number of variables including the types of rock or other
material encountered, the physical or structural defects of the
recks, tke extent to which water is present in the formations
along the route of the proposed tunnel, length of tummel tu dbe
driven, the size and shape of tunnel, the method ef attacking the
tunnel headings or faces, method cf drilling (oonventional vs,
machine), ventilation and dust control requirements, the mucking
operation employed, timbering, steel supports and rock bolts re-
quired, design and thickness of cenorete lining, the skill and
ability of workmen, and on the knowledge and experience of their
supervisors, Reasonably accurate construction costs of tunnels
are difficult to estimate, more se in the absence of cost data on
oxisting installations, Reliable estimates can be made only after
therough investigrtion of the tunnel route by berings, geologioal
study =ad consultation with specialists in tunnel construotiom,
The umit price approack,i.e., cost per unit length of tumnel, to
tunnelling cost estimates is risky and can result in substantial
errors,.

Per the purposes of this study, estimating prices developed
for tunnels are those for component or appurtemant work for tunnele
ling rather than for the completed tunnel, The cost figures are
presented in Appendix Table B-3, Construction cost for each tunmel
project must be estimated individually,

Deep Wells

Cost data for deep well construction are presented in Appendix
Pigure B-3. The costs are based on aoctual construotioa ocosts, bid
prices, and contract prices for deep wells.

The estimating prices inolude materials and labor costs and
are for non-gravel packed wells with perforated casing in lieu of
a well soreen, Costs of materials are based on the use of imported
Schedule 40 black iron pipe casing. Labor costs include mebilise-
tion and demobilization charges, drilling, installation of casing,

B-3



APPENDIX TABLE B-2
UNIT COBTS POR DAN AND APPURTENANCESS/

Ae Dam Esbankment .

iten

Ualt
Clearing and grubbing ha
Common excavation oun
Hard pan excavatien oum
Rock excavation oum
Rockfill fer embankment

quarry sxoavation oum
Hauling and placement oun/\oe
Flacement of cearse aggre-

gate onm
Plaoce of fine aggregate onm
Impervious earth core

hanling oum/kom

placement oun
Backfill

oun
oum
oum
sqgm
ton

dump

oompacted
Crushed roock (material)
Riprap (placement)
Steel sheet pile in place

Under water add 13%
Under water add 15%
Under water add 15%
Under water add 15%

g/ Foreign sxchange componeat of dams and appurtenances is

30 per oeat of total oconstructien cost.



Ce

APFENDIX TABLE B2 (Conmtimmed)
UNTT COSTS FOR DANS AND APPURTENANES

Spillway

Excavation (vee previous mmit ocosts)
Cencrete (Plain) oun 500
Reinforced oonorete owm 900

Nobilisatien and Demobilisation 3 5% of Total Censtructiom
Cost



APPENDIX TABLE B-)
TUNNEL CONSTRUCTION Cos™ BSYDNATES
{July 1976 prioes)

Iten e " Total Unit Cost
~Jos  _Mork Desoription_ (% of total) (
Ao Ttems with Unit Quantities
1 Open Excavation
a) Rock 45 25/om
») Hard pan 45 20/ oum
o) Soil 40 16/cun
2 Tunnel Excavation 50 200/com
3 Tunne }-Conorete Lining 35 1,000/ oum
4 Tunnel-Steel Supports 35 See page B-7
S Rock Bolts 20 Ses page B-7
6 Grouting 45 See page B-7
7 Drainage 25 Ses page B-7
8 Nisoellaneous 50 See page B-7

3/ Doss mot inolude engineering and oemtingencies, lamd oest,
administrative and legal fees,



APPENDIX TABIR B=3 (Coxtimued)

TUNMEL COST ESTIMATES

B. Unit Prices Varisble With Tunnel Inside Dismeterd/

(A21 unit prices in pesos per meter of tunnel)

Item
Noe

{Frop previeus page)  _Nork Desoriptiom

Rook Boltly

arouting?

o ~N &6 U

Niscellaneocus

&/, For foreign exchange Components see page B=b,

For required length only.

Steel Supportly

Drainage & Ventilatien

22

€88 % 8

“D® in meters

Dugpel DY in meters
320 4,0 32,0 1,0

900 1,100 1,300 1,550

400 450 500 550
500 650 800 900
550 600 650 650
600 750 900 1,000



pirforating, developing the well, test pmmping, well disinfestion,
and grouting the upper 15 to 30 m of the well.

Deep Well Pump and Pumphouses

Construction cost estimates for deep well pumps and pumphouses
are shown in Appendix Figure B~{. The estimates im Appendix Pigure
B-4 are based on the use of diesel engine driven dsep well turbdine
pumps and inolude diecharge piping amd valves, controls, miscella~
neous materials, and installation, The pumphouse is assuwed te be
oconstructed of masonry or cast-in-place reinforced concrete walls
and roof of wooden members and corrugated galvanized iron roofing
sheets, Alternatively, cast-in-place reinforoed ooncrete flat slad
roof may be employed. Costs do not inolude the cost cf the land
and other site improvements,

¥ater Pump Stations

The cost curves whioh are shown in Appendix Figure B-5 are
for a pump station adjacent to a river or lake, The cost of this
type of pump station inoludes an approach channel, intake structure
and a pump wet well, A superstruoture for housing pump, motors and
oontrols and necessary piping are also inoluded. Cost of land, power
transmission and substation, acoess road must be added to the cest
obtained from Appendix Figure B-5,

Water Treatment Plants

Fumerous waver treatment plants with various capacities have
been built in the United States, Therefore, it was possible to
develop cost curves for the treatment plants based on plant ocapa-
oities used in the preliminary cest estimates. However, it was
neoessary to modify U.S. costs to refleot differing censtruction
cests in the Philippines., The resulting construction costs are
shown in Appendix Figure B-6, Costs related to land purchase,
access road and power facilities will have to be added to the
costs obtained from these ourves,

Nater Mains

Cost studies have been made on pipe of various materials includ-
ing cast iron, asbestos oement, steel, ductile iron and prestressed
conorete. The unit costs of pipelines are based on the asswmptien
that the least cost pipe, whether locally manufactured or imported,
vill be utilised, The estimated umit in-place coste based on lewer
1limit of oost envelope, are presented im Appendix Table B-4. The
costs include pipe, fittings, jointing materials, excavation, pipe
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APPENDIX TABLE B4
PIPELIEE COSTS (P/m)

(July 1976)
Unit Cost -
Sise (mm Material Local recS/ Tota)
100 AC, CI 47 33 8o»
150 AC, CI 78 72 150 '
200 AC, CI, DI 96 104 200#
250 AC, CI, DI 148 182 330
300 AC, CI, DI 190 250 440
350 AC, CI, DY 216 324 540
400 AC, CI, DI 264 396 660+
450 AC, CI, DI 277 453 130+
500 AC, CI, DI 296 504 800
600 AC, CI, DI 342 608 950#
700 PSCP, S, DI 448 672 1,120
800 PSCP, S, DI 520 780 1,300
900 PSCP, S, DI 588 882 1,470
1,000 PSCP, S, DI 672 1,008 1,680
1,100 PsScP, S, DI 780 1,170 1,950
1,200 PSCP, S, DI 912 1,368 2,260
1,300 PSCP, S, DI 1,000 1,500 2,500
1,400 PsSCP, S 1,160 1,740 2,900
1,500 PSCP, S 1,260 1,890 3,150

*Based on ocontractor's bid prices for San Pablo and Bacolod City water
supply system improvementis in November and December 1975«

!/Bs ’1 = ”.m



bedding, baokfill, laying and jointing, conorete thrust blocks,
pressure and leakage testing, disinfsctiom and flushing, pave-
ment replacement, clean up, tramsportation, contingencies, and
contraotor's overhead and profit. Cast iron pipe costa assume
AWWA class 150 pipe with inside ocement lining, outside tar coat-
ing, and bell and spigot lead caulked joints, Costs for asbestos
cement pipe are for Class 25, 150 R160 specifications, with sleeve
typs coupling joints, Costs for steel pipes are based oy pipe
with a wall thickness of 0.25 inch, with inside cement-lining amd
eutside double enamel coating.

Boeoster Pump Station

Cost ourves for booster pump station are shown in Appendix
Figure B-7. Development of these curves is based en availadble
local information and U.S. costs with some adjustment for the
labor component., Booster pump station cests include pumps and
motors, necessary controls, piping and a superstructure. Depend-
ing on location of the pump station, cost of access road, power
transsission line and a substatiom and land woumld have to be added
to the coats obtained from this curve,

Ground Storage Reservoirs

Construotion cost estimates ef ground etorage reservoirs are
presented in Appendix Figure B-8 including steel, reinforced comoret
and prestressed concrete tanks. The costs for steel and reinforced
concrete tanks are based on updated costs of actual constructioen in
the past in the Philippines and in other parts of the world,

Por tanks constructed of prestressed concrete, the costs were
based on prices of similar tanks constructed in the United States
adjusted to reflect local prices of waterials and labor and on the
assumption that local expertise, equipment and faoilities for swoh
construotion are avallable. At present, prestressed concrete tanks
are not oonstructed in the Philippines,

Tank costs include ordinary piping, valving, and tank acocee—
sories suoh as vent, access manhole, ladder rungs, etc. The costs
do not inoclude special valves and oontrols, laad taking and access
roade

Gate Valves
Gate valves up to 600 mm diameter can be manufactured im the
Philippines. Unit costs for gate valves are based on the prices ef

locally manufactured valves, Hewever, studies indicate that ths
prices of imported (U.S.) gate valves cenforming to AWWA Standard

B-10
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0500 are only slightly higher tham the locally mamufactured
valves. The in-place estimating prices for gate valves wp te
300 mm diameter are shown in Appendix Table B-5. The unit priees
include & lecally mamfactured cast irom valve box and oever.

Batterfly Yalves

Current local practice uses butterfly valves instead of
gate valves for sises 350 mm and larger. Batterfly valves
are not manufactured in the Philippines and therefore cost
data for this type of valve are based on the assumption that
these valves will be imported. The unit in-place costs are
given in Appendix Table B-5.

Pire Erdrasts

e unit in-place costs for fire hydrants assume the
use of dry barrel, compression type, traffic model hydrant
with 2§-in hose oonnection and one 4~in pumper conneotion. The
cost figures are shown in Appendix Table B-6 and inolude fire
hydrant, gate valve, tee fitting, jointing materials, comarete
thrust blocks, miscellaneous materials, and installation.

Servioe Connections

Cost data for service connections developed for this
work are for two types of service lines. In the first {ype,
the service line consists essentially of flexible poly-
ethylens (PE) plastic pipe without a wgooseneck". The other
type consista of a servioe line made up of GI pipe and
employs a PE plastic pipe gooseneoke

The unit in-place estimating prices are for servioe connest-
ions from # in to 2 in as shown in Appendix Table B-7. The oest
figures are based on the assumption that all materials and
components of the service oonnection would be locally manu-
factured. The unit costs also assume oonnection to asbestos
ocement water distribution mains and include a service clamp
~in all cases.

Not included in the unit ocostis are ourb etops, curb boxes,
and water meters. The in-plaoce prioces of these items should
be sdded to the tabulated unit ocosts should it be desired te
jnolude them in the installation and estimating prioes.



APFENDIX TABIE B-5
IN-PLACE VALVE 00STS

A« Oate Valves

8ise In-Flnce Cogt (P)

) ' lacal me Ieial
100 630 10 1,400
150 760 1,140 1,900
200 990 1,610 2,600
250 1,360 2,400 3,700
300 | 1,580 3,220 4,800
350 3,040 6,466 9,500
400 3,900 9,100 13,000

B. Butterfly Valves

300 : 2,035 3,465 59500
350 3,370 6,260 9,630
400 4,370 8,870 13,240
450 5,083 11,315 16,398
500 5,890 14,410 20,300
600 6,700 18,100 24,800
700 79500 22,500 30,000
800 8,800 27,600 36,400
900 9,600 32,400 42,000
1,000 11,200 39,800 51,000
1,100 12,600 347,400 60,000
1,200 14,200 56,800 71,000
1,300 15,200 64,800 80,000
1,400 16,200 73,800 90,000
1,500 17,300 84,700 102,000



APPEDIX TABLE D§
FIRE IIINRANTS

—Iniaes GoatY (Penna)

ise
(dalet esamectien) e Y ma
100 m=m 1,572 2,202 3,714
150 am 2,304 3,173 5417

1/ Nydreats are imported.
y Oosts are for July 1976.

’/‘.d oa 7 %o $1.

3o}



APPRADIX TABLE B~
OOST OF SERVICE CONNRCTIONS

(%1y 1976)
150 216 366
5/8 - 3/4 160 240 400
1 180 3% 510
W 360 840 1,200
2 450 1,350 1,800

W The abeve estimated ocosts include all the material and work
necessary for a servios conzaction frem water main to the
meter (5 to 15 m long) with the exception of pavement re-
placement and the meter,

J.I/ Poreign exchange component is based om comtreotor's
bid prices for San Pablo and Bacelod City water sapply sys-
teu improvements in November and December, 1975, with an
exchange rate of US $1,00 - P7.00.
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APFENDIX C
CONSTRUCTION MATERIALS AND METHODS

General

The oconstruotion of water supply system components such as
source of supply facilities, transmission mains, treatment and
distribution system works requires a wide range of construoction
prooedures and specific materials designed for each purpose,
Construction may vary from the laying of small underground pipe~
lines to the construction of relatively large structures including
the conetruction of buildings. installation of oomplicated mecha~
nical and eleotrical equipment, excavation of all types, construot-
ion below ground level, pavement reamoval and replacement, and a
host of other types of construction depending on the nature, magni-
tude and complexity of the waterworks projeoct. This ohapter des~
oribes certain materials and methods of importance in obtaining
the class of construction needed to oarry out the intent of preli-
minary design, Construction must be such that proper and economioal
operation is assured in order to protect the large investment that
must be made to achieve the goal which is to make am adequate supply
of safe and potable water available to the people,

Faotors Affeotlgg Construction

Factors affeoting the facility and cost of construotion of
water system components include olimate and weather conditions,
availability of comstruction materials, availability of skilled
and common labor, special conmstruotion eoqui pment requirements,
existing developments, and soil conditions.

The climate of the area will influence the construction
methods to be used and the speed with which work can prooeed,
For example, protracted periods of intemse rainfall will cause
interruption and delay in construction work and may require
shoring or bracing trenches for water mains to prevent their
oollapse and trench dewatering facilities. Adverse weather
oonditions will also affect the loglstiocs of construction as
the delivery and transportation of materials may be prevented
or delayed.

A significant climatic factor in many parts of the Pailippines
is the frequency of tropical ayclones. 4n average of 19 tropical
oyolonss form in or enter the Philippine area of responsibility
annually. Some areas in the Philippines are more susceptidble to
tropioal oyclones than others. Aside from Preventing proseocution
of the work, tropical cyclones may also inflict significant damage
on work already completed or in progress.
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Other phywical factors that could grestly affect the censtruste
1on of water system facilities, partioularly water distributien main
oonstruotion proocedures, are the width of streets; presence or ab-
senoe of sidewalks, curbe, and gutters; traffic demsity; and ether
existing or proposed underground utilities.

Soil conditions are expected to vary for differest arecas eamd
from place to place in axy given area. Pertinent seil inferwatioa
for the construction of the various ocomponents ef the water systea
improvements should be gathered and evaluated in order that asy
spesoial ocnstruction problea or requirement cam be preperly detere
ained ani provided for., Por example, seils with high sulfsia cem~
tent may climinate censideration of asbestos ocement pipe for water
sains, Ia cases where tranmsissicr and distributican mains are te
be laid in umnstable s0ils, acress streams, swamps, or marshlamds,
the seil comditicns should be thoroughly checked that thay cam with=-
stand the load, or the pipeline materisls and joints sheuld be
selected and designed with provision for any excessive settlement
that way ocour,

There is a large reservoir of labor and skills ia the Failip-
pimes to carry out the vast oonstruction werk involved im water
supply systeam development or improvement. It say be mecessary,
however, to bring in to the project area certaim techaioal persemmsl
and specialists to supervise the work and installation, aad to ine~
truot in the maintenanoe and operation of ocoaplicated items of machi~
nery and equipment,

In some large Failippine cities, there may be local comstruct=
ion oomtractors with the competence and resources to undertake all
or portion of a waterworks project. In the event that local ocems-
truotion expertise and capabilily are mot available or are deficiemt
in some respeots, several Mstropolitan Nanila - based censtrwctiea
firas can be utiliszed for any and almost all of the work nesded fer
water supply projeots,

Other types of work require the use of specialised equipmemt
not only because it is virtually impoesible or extremely diffiemlt
to acoomplish the work with human power bhu{ slse for faster, mere
efficient, more economiocal, and better quality of werk, In gemeral,
however, the use of equipment-intensive oconstruction proocedures fer
watervorks improvements in the Fhilippines should be avoided if
possible., Common construction equimment such as trucks, orames, eto.,
may be available in sowe project areas. Government-ewned comstreetioa
equipment for infrastruoture projeots assigmed to highway regiomal eor
distriot offioces may be available for use by private comtrectors ea
a rental bdasis.



Existing and prepesed developments in a preoject area would aer-
nally oreste some problems with respect to the omsetruction of wa~
ter supply facilities; For economy and ease in comstructien, the
implementation of waterworks projects must be planned with due
oansideretien of other utilities and public werks comstruction

ProgTaRso

Sonutyyotion Materinly and Metheds fer Natexweris Preiocts

In any ecmstruotion work, materials and precedures are twe eof
the moet important iteme necded for the suocoessful prosscution and
completion of the prejects Many constructien materisls and pre=
oodures are common to severul types of oonstruotione Others are
were specialized in nature and apply enly to oertain types of struoture
or worke In the following sections are discussed some of the mae
terials and proocedures that are normelly needed and employed in the
ommstruction of water supply systems, Information is presented em
materials that ge into concrete work, various pipe materials and
valves, fire hydrants, mervioe lines, pumps, and water meters,
With the expanding aotivities and progrems in water supply develop-
ment in the Fhilippinss, the engineering and oconstruction of large
oapacity water supply works, such as trensmission tuxnels, water
nains, water treatment plants, pumping statiens, and storage re=
servoirs are expected to increase, Common practioes in the oonstructe
ion of theee faoilities are discuused Lriefly in this report.

S2pd apd Grevel

Sand and grevel way be nveded in large quantities in a water
supply development prejeot area for use as oomcrete aggregates,
pipe bedding, road surfaoing, etce Unavailability ef these materials
in the amounts needed within reascnable hauling distanoce to a pre=
Ject area occuld add meterially to the ocemstruction oosts, In any
water supply feasibility study and construotien pregrea, investigatien
should be carried eut to lecate ceurces of sand and grevel and de=
tornine their suitability for the various werks,

Comept

Coment is mapufactured in large quantities in the Fhilippines
and in reoent years has been ome of its export products, As of
1974, there were 18 operating eemsnt plants in the Philippines, 11
loeated in Luson, two in the Visayas, and five in Mindanas. The major—
ity of the existimg cement plants started original eperatioam or under=
want oxpansion within the last decads. In addition, 24 osment pro-



Jeots were registered with the Securities and Exchange Commiesioa.
The operating plants have a total capacity of 173.4 million bage
of oement of 43 kg each. Total productien in 1974 ssounted to
about 85 million bage, or about 3.6 million metrio toms, of which
approximately 20 per cent was exported,

No serious or special problem is likely to arise with respect
to ocement requirements of any water supply prejest in the Pailippines,

inforoi Steel

For reinforced conorete oenstruotion, steel reinforoing bars
are fabricated by 27 steel mills in the country., Reporteld product=
ion of reinforcing aieel of the plants for 1974 amounted to 240,000
metric tons. Steel manufacturing normally oonforms to ASTN standards.
Reinforcing bars in sizes from 6 to 25 mm are readily available, Por
the larger sizes, bars are available in plain and deformed sectiems.

Concrete

Froa the foregoing, it oan be concluded that all the principal
materials needed for good quality concrete can be furnished from
looal (Puilippins) sources. The quality of comorete needed for
the various components of the development plan will have to be
determined during ithe final design stage of the project,

Asbestos Cement Pipe

Asbestos cement pipe was first made in Europe in 1913, and was
introduoed in the United States in 1929, Howewer, its extensive
use for water system piping in the Philippines started only in the
early sixties.

Astestos cement pipe is manufactured from simple ingredients:
asbestos fiber, silion sand, and cement. Asbestes fibers make up
the amallest percentagy of the total volume of pips material ingre-
dients but their high tensile propsrties add significantly to the
overall pipe strength. Tus amoant of each element unsed varies but
is usually in the following ranges: asbestos, 15 to 20 per oent,
silioa, 32 to 34 per cent, and cement, 48 to S1 per oent, By virtws
of its methods of manufacture, asbestos cement pipe is smooth om the
eutside, and due to the polishe! mandrel wsed in its formation, it
mormally has a very smeoth interior bore, Therefore no coatings of
any kind are used. Because of its chemical compesition, asbestos
osment pipe is not easily affected by ocorrosive waters; however,
it requires a special outside ocoating for soils with high eulfate



oontent. With its smooth bore, it has a high "C" value at imstalle~
tion that oan be expected to remain high throughout use, The low
content of uncombined caloium hydroxide ensures that the leaching
effects of soft waters will be at & minimum. Purchasers may speoify
a limit for uncombined calcium hydroxide. Disadvantages of this pipe
inolude low sirength, brittleness, disintegration, leakage, and low
duotility.

Asbestos cement pipe which has been used for over a decads for
water mains in the Fhilippines is widely accepted in this country
and often has been the pipe material of choice for small sises (80 mm
10 300 mm) primarily because of ite relative economy compared to fer-
rous pipess The pipe is produced by two manufacturers with faotories
in Metrepolitan Manila, and under the trade name Etermit and Italis,
respectively, Prossure pipe is readily available in sizes from 80 mm
to 600 mm for rated working pressures up to 130 mm. Pipes are general-
ly wanufactured acoording to IS0 R-160 specifications and supplied in
4-meter lengths. A significant feature of asbestos cement pipe manu-
factured under the IS0 spucifications is that the regquired test pres~
sure is only twice the rated working pressure,

Inquiries as to whether asbestos pipe conforming to AWWA stamd-
ard C-400 can be manufactured by the local plants revealed that the
pipes can bes manufactured but at higher costs than ISO pipes becanse
of the stringent requiremants of the AWWA standard. Mor example, the
AWWA standard requires a hydrostatio teat pressure of 34 times the
rated working pressurs,

The AWWA standard vovers two types of asbemtos ocemént pipes Type
I - for use where contact with aggresaive waters and/or soils with
sulfate content is not expected, and Type II - for use where contaot
with aggressive waters and/or soils with sulfate content is expected
to ooour, The standard limits the unnoombined calcium hydroxide (free
lime) for Type II pipe to one per cent, To meet this requiremsent,
the looal manufacturere indicated that the cement to be used might
have to be imported if looally produced cement would not prove suite
able, For Type I pipe, there is no prescribed limit for unoombined
calcium hydroxide.

Looally produced asbestos cement pipes are normally joimed with
a coupling of the vame composition and strength as the pipe and joints
are sealed with double "O" rubber rings. MNeochamiocal joints (Gidanlt
Jointe) for joining asbestos cement pipes, or asbestos cement-to-cast
iron pipe are also produced looally.



In recent years a guestion has been raised with respect to the
possible health hazard that may be asscoiated with drinking water
which has flowed through asbestos cement pips. In am effort to
determine the scope of the problem, the A/C Fipe Producers Assocois~
tion (U.S.) contracted with the American Water Works Assooiatiom
Research Feundation to study the problea of asbestos in water, speoie
fioally with relation to the use of asbastos cesent pipe. One oon-
colusion of the recently completed study is that though asbestos in
water has become a potentially serious health hasard the proper use
of asbestos cement pipe for water does not pese a hasard to health
by reason of ingestion of ashestos fibers, Highlights of the other
findings and conclusions of the study are:

(1) Asbestos can cause granulomatous and fibrotic reaotions
in the lungs but there is no evidenoe that it does soc in the
gastro-intestinal tract.

(2) The general prevalence of asbeatos in soil results in ite
presence in most waters of lake, river, and well origin, and
in dietridbution syutems whether fabricated of asbestos ocement
or other materiale.

(3) Asvestos cement pipe systems have serviced large popula~
tions for 40 or more yeare im Rurope and the United States
with no apparent increase in peritomeal mesotheliomas among
the publiv during this period despite the faot this ‘umor
has heen the focus of greal interest among the pathologist
for the past 10 years.

(4) Mo firm evidence shows that the proper use of asbestos
cement pipe peses a hazard to health by reason of ingestion
nf asbestos fibere. Caloulations comparing the probable
drgestion exposure in occupational groups to that likely o

r. 4> a8 & result of ingestion of potable water from asbestos
et I pipe syetems suggest that the probability & risk to
henith from the use of such systems is small appreaching sero,

Based on the above, it is safe to assume that asbestos oement pipe
is still an acoeptadble material for conveying and distributing
publio water supplies.

Cast Iron and Duptile Iron Pipe

General., There are two types of cast iron available for
water systems: gray cast iron and duotile irom. Oray cast irem
has a history of use that dates back more than 300 years. Ductile
i;z: was develeped in 1948, and its use has been inoreasing simoe
1960,




Gray Capt Iron. (lray ciwrk irom has shacacter:stica of long
11fu, toughness, imperviousn.sd, snd ease 01 tappinz, that are pro=
vidad by the chemicsal compos.ition of the meuul., Curryine oapacity
is ensured by proper linine.

The production nf gray viat iron pipe consists of melting the
metal in a furnace (cupolu), the additich of such other materials
an necded for the final desired composition, and the actual casting,
usually by a centrifu/mal process. A8 a wolten iropn ig withdrawn
Trom tho cupola to o ladle, rmall amounts of praphite and forro=-
silicon are added to wijugt the carbon and silicon content; this is
termed inoculation. ‘1ae .wiourts of eurvon, nilicon, mangsnene, atc.,
#lthough small, materially aftfect the ctructure of the irons Each
of the chemicals added 15 coutrolled in ameunts to produce the de-
wired qualities in the caatii;s.

In pgray cant irun, lne sogor part of tue carb n content occurs
an froe carbon cr praphite in the form of flakes iuterspersed throughe
out the metal. An apurecriic volume of gruphite {lakes makes £TRY
cutit iron more resictunt to corrvaion than the purer rforms of irom
becoauge graphite duvs not corrode,  Graphitec an caut iron also affeots
the machinability «f thu pipe, thet is, 1t nakee the pipe more easily
tapped and threud«d f¢r inuertuien of a curporation cocke

Cavt irom pipc has bewn used for water eupply oystems in the
Philippines for mcre than hodf o centurve IPrior to the imtroduction
of unbestos cewont pire, canl i1ron dominated the mirket for water
supply pipinge [htrl locallv manufacturad cast iron pipe became
avallable in the 1950's, o1l cust iron pipes used were imported,

At preaént, centrifugaliy cast iron pipe is manufactured by the
Filipino Pipo and Fuundry Corporation and murketed urdes the trade
nane "Silva Pipes". ‘hiu company's plant 1s located in Mandaluyong,
Itizal and has an annual capicity of aboat 33,000 matric tons. Pipes
urc centrifugally cast in wmeial molds aimd are avaslable in sises from
150 1o 600 mm unlined or cement lined, The pipe s manufactured with
betl and spigot ensu r'or ieatcanlked juint:.. Bel! ard spigot iron
pipey are mado in contformunce with (UeS.) Frderal spevifioations or
AWWA Standardn. The Silva plant aleo marufactures cast iron fite—
tinga, and Gibault jounts for anbestos cement pipe Lo cast irun pape.

Dyctile Irop Pipw. lmctile iron pipe 1o strenger, toughor, and
more duotile thun rgray cant iron, JIte churacterintics are due to
tha configuration of the freue oarbon or graphite in the irom. Duotile
iron is defined as osnt iron with graphite in spheroidal (nodular)
forms It is produced by adiang an invculant, ususlly magnesium, to
molten iron,
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fuetide iron 15 chemically akin to iy cast iron of low jphog—
phorous and low sulfur ocomtent, tihe laiter cbtainei by desulfurizing
in the cupola. Magneeium cun be alded, aftcr the removal of sulfur,
i a post—inoculation treatmont, with a silicon-baie magnesium alloy,

buctile iron pipe ie centrifugally cast in the same manner as
Fray cast iron, bul tte meltins and invculetion phase of the process
15 moie conplex; the casting phise is the samee At preasent, this
type of pipe is not mamufactured in the Philippines,

Steel Pipe

Farly use of stec) pipe for carryine witer wac in large, long,
and exposed transmicsu:ion lincn in relatively dry arcas where corro-
101 was not a probtems Other applications in other areas, bhecame
more: common &8 coal-tir coatling, becamc available. Steel pipe is
used in the Fhilippinos in maw distyibuticn and transmission linos
4s wWell as in anplant ayster:, The fmerican Water dorks Association
(AWWA) has preccribed standurde for rtecl pipe oy use in water
systemss The local Weter Utilaties sdonnistraticn (LWGA) of the
Philappines has sdoptod {Uel.) iederal Specificativns $SS-P=3B84a
dated January 31, 1904 wl Anerdment 1 dated February 27, 196E,
with some modificalions tuercof, as ite stundarde o1 steel pipe
ani opeocials.

As described by AWwa Stundardg, there are twe typos of ateel
wuter pipe: fabricatad, olectrically weidod steer pipe and mll-
lyy-¢ nteel pipes Doth tywos ray be coated and linad,

Mabricated electrically weldod vipo nay be produced by autoe
mallc welding machineu or Ly aamual operations, Anwh Standard
CoO1 gaves detarled specificutions for this type «f pipe, Mill-
type steel pipe may be furnuce welded \contiruous tutt-selded or
furnace butt—welded), electricilly weldwi, or ssunless. AWWA
Stiundard €20 sets torth the specificaiions for mll-type steel
pipess An AW&A conmittee has been working to combine the above
two standards into & sinple standard.

Large and smaid diamcter steel pipes are manufaotured an the
Philippines, ‘ihe Internativnal Pipe Induslries Crrporation with
plant in Pasig, Kizal manufictures spirai welded yype from 100 to
1,:00 me diameter. An of Jumuary 1975, this plant had a capacity
of 15,000 metric tonen par yuar tut was undegoing expansion to
double its present capacity. Pipe can be manufactured and cement
lined accordings tc ARWA Standards C202 und 205, respectively.
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Five other plemts produce small size plpe from 10 1o 200 m diameter,
Both black and galvanirzed ircn pipe can be produced according to IS0
or 45TH Standards, In 1974, the total production of these five plants
asowntled to 31,600 metric tons,

Yrestreused Concrete Fressuce Pipe

There are four uxual types of concreie water pipe, claswified
according to the method of reinforcement., Thesme types are: oylinder,
not presiressed; steel oylinder, presireased; non-cylinder, not pre-
eircarad; non-cylindor; prestressed,

AWWA has get forih deslgn requirements for the first three types
of plpe including minimum sali and lining thickness, reinforcing
Bpacing, and ovore coat thickuess specifications.

The steel cylindesr, not pvestreseed concrete pipe is oovered
under AWYA Standard C100.

Tne prestresued concrate esmbLiadded oylinder pipe consiste of a
water tight steol cylinder steel joini rings, a cencrete core, high
tensile wire reinforcing and i cement-mortar or ooncrete coating,.
Rauging in diameter from 16 to 144 inches, it is considered highly
tuttable for major water nup;iy and transmission linem, Thise type
of pipe is alse recciamunded ror unusualiy high pressure distribution
Jinase  AWWA Standaird €301 covers this type of pipue

The non-oylinder, not prastressed reinforoe voncrete pipe ise
norwaily produced in diumeters from 600 to 3,500 mz, It is a ver-
tically oast pipe with dense concrete walls reinforced by one or
mors steel cages, AWWA Stancard covers this type of pipe.

The fourth type of concrete pipe (prestreased, non-cylinder
tyre) is not covered by Arda Stundards. This pipe consists of a
coricrete core manuiactursd by oentrifugation, both longitudinally
and circumfersutially presirusased by high tensile wire, and protected
by a4 dense coating of premixcd cement-amortar,

Althowgh preetrassed conorete pipe ia not yet manufactured and
ussd in the Philippines, ii is recommended that this type of pipe
where it is applicable, be considered in the fimal design of f8°1ii‘
tics. Uroffiolal informetion has revealed that two Philippine
companiog are planning to put up faotories to manufacture prestressed
concrete pressure pipes,

Plastio Pipe

Plastio pipe as a commercial product was firat intoduoed im
Germany in 1930 and in the United States in 194C. Folyvinmyl ohlo-
ride (PVC) was the first type produced. Later oame cellulose acetate
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butyrate (CAB) and polyvinyladiss chloride (Saran). Volume produote
ion of plastic pipe began in 1948, when polyethylene (PE) was acoept-
ed fcpy various water uses.

Early production of plastic pipe was in sizes below 50 mm, and
moast of the plastioc pipe #0ld was for service lines and household
plumbing sysiema. As developments in the plastics industry progrsessed,
larier pipe sizes becume available, and plastioc pipe is today used for
water distribution mains in many localities tkroughout the world, as
well ag for services and in plant piping systems,

There are about a dozen plastic materials that are, have been,
or may be used in water systems., Only three, however, are in cowmon
uge: PVC, PE, and ADS (Acrylonitrile Butadieme Strynene). ABS has
been used primarily for drainage, waste, and vent (IMV) pipe and fit-
tings for interior application. ABS has been popular a few years
azo for water systems, but because it has only half the available
hoop stress of PVC when subjected to internal pressure, the latter
produot ie considered ito be a better material for water lines,

Available U.S. standards for the manufacture of plastic pipe
for use in water systems inolude ASTN, Department of Cowmerce,
Comnercial Standards, and USASI Standards.

FVC and Pk pipes for use in water systems are manufaoctured ia
thie Philippinen, A PVC piant 15 Iligan City supplies most of the
raw materiale for FVC pipe *2 i{he local manufacturers, PVC pipe
is avajlable in sizes from 10 to 300 mm in 3 to 6 m lengths and
standard thermo-plastic pipe dimension ratio (SDR) from 9 to 32.5.
The CDR is the ratio of pipe diameter to wall thickness. In the
case cf AB5 and PVC pipe, the outside diameter ie used; for P8,
the inside plpe diaseter 1o useds The SDR and hydrostatic design
8tresa of the pipe affects its pressure rating which is defined as
the estimated maximum operating internal pressure at which the pipe
can function without failure.

Classes of PE pipe available inolude Mediwa Density, Schedmnle
40; and LEigh Density, Sohedule 40, 80 and 120, Pipe sizes are froas
10 to 40 mm, 60 & rolls for sizes 40 to 60 aom, and 25 to 30 m length
tor pipe 75 to 300 mm in diameter,

To date, plastic pipe har not been used extensively in the
Fhiliprines for water mains., Limited experience with PVC pipe
water mains used in a high pressure distributivn system has mot
been satisfactory because of frequent failures and leakage parti-
cularly at the jointe. One problem that has discouraged or daterred
some sngineers to speoify PVC pipe is the non-standardisatiom of
fittings and connections among local plastic pipe manufacturers,
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Thus, a project becomes a capiive market for a particular brand of
pipe onoe the project atarts to use the particular brand,

Plastio pipe materials soceptable to INUA are PVC, PR, and PB
(Polybutyhno§ and tentative standards therefore have been adopted

by this orgenization., PB pipe, however, is mot ourrently sasufactured
in the hilippines,

Valves and Fire Hydrants

Gate Valvea, fate valves for water systeme are noraally of
the double-disc type, with purallel bronzes-mounted soats, cast iron
body, gate rings, wedgus, anti a non-rising etem with or without
handwheel, or outside sorew snd yoke (05 & Y) type. Valves used
for amall lines (100 mi to 300 mew) in distribution systems are
frequantly furnighed with ar cperating nut and instailed with a
valve bor ertending to the ground swrface, providing ucoessibility
to the operating nut. For valves, 400 mn or larger, which are in
gonurel power operated, vaultu with manhole access are genarally
provided to facilitale cieration and muintenance. Alsc valves
larger than 400 mm are often equipped with wmaller by—pass valves,
to reduce the pressvure differentials and the power required during
oponing and closing ojeratione., Gate valves for water servioce ars
oovared by AWWA Stundard ¢500. At present,; most of the gate valves
used in the Philippinen are imported mostly froa the .Sy or Japan.
Valves up to 300 ma diameter conforming to AWWA requireeents, how-
evur, can be wanufactured in the FPhilippines.

Butterfly Valves. 1In rouent years, butterfly valves have been
increasingly usei for water nystems. Advantages of this type of
valve are:s driptight whut off, little maintenance, low hesd loss,
8nzl]l space requirement, reliability, and gensrally less expensive
than gate valves, particulariy of the larger cizes, The MWA has
two standards for buttorfly valves: ANWA Standard C504 whioh covers
rubber—eeated valven from 100 to 1,80C am diameter for preasuree up
to 10 kg/o.z, and AXWA Standard 505 whiob sovers wmetal lOQted valves
frow 100 to 1,800 mm dra-eter for pressuree up to !5 kg/m .

Butterfly valves are not currently manufaotured in the Pnilip-
pPinecu,

Alr Valves. Mir vaives should be installed at high points in
transmiseion lines, to rermit the esoape of air whea the pipeline
18 being f112ed and to udmit air when the pipe line is being emptied
for maintenance or repair. It is usual to install air valves of the
sutoratio type which open to release air accumulating during normal
opsration of the pipeline.
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Blow-off Valves. Dlow-off valves are generally installed at
low pointe of transmission pipe lines and at low pcints and dead-
ends in distribution systems to provide an outlet tor removing sedi-
ments that may accamlate in those places, Ordinary gate valves may
be used for this purpose, wilh provision for oonveying the water and
gediments "blow-cff™ to a surtable point of discharge,

Miscellaneous Valves. HMiscellaneous and special valves for
water gystems include check valves to permit only une direotion
tluw of the water, surge relief valves lor surge und water hammer
protectaone altitude valves for controlling water levels in resers
voirs and/or pump operations, and pressure reducing or regulating
valves for diesipsatins exces: pressures, nNone of these valves is
manutactured in the Philippines.

Fire Hydraptg. iire Lylrants that are in coumon use in Philip=-
pine towns and cities are of two types. Une 15 u wet barrel type
consisting of a €0 mm or 75 m riser pipe, usually ul pipej a €0 or
75 mm GI tee ur 90% elbow; und 8 60 mm firce hose valve. A shut-off
valve is genvrally installed between th¢ hydrant uind the water main
to which it 18 conrected, This type can be fubr.cated and assembled
in the field, or in lhe thep ready for ingtallaticn and connection to
tto water main.

The other type of Lydrant 1s similar Lo thal ccomenly used an
Muropean and North Americon commnities. This hydrant is a dry
barrel type, witr compres.ion type maimn valve, 100 am or 150 mm
iniet connecticrn, ud one or tWo 60 mm huse cutlel: and ome 114 mm
pumpuer conneutiun.

e first type of hydrant nhas o dinwivantage in that unless
suit) .ent pressure in the nuan for the fire flow can be provided,
1t w 1! not be efrvctive for fire=fighting, For this reagon the
second type of hwdrant appeara to be alvantageous,

Water Cervice Linco

A ter service:r or rerv.ce conneetinns are p1, s of usually
¢mail dianeter thal ron Jros distribution naine or uvranch mains to
custenmer premiscs.  The water service conrcection s usually attached
to the street rain by weans of 4 corporaticn stop which may be in-
sertod while the main is 1n gervice ani undaer pre:iure., Where the
rorvice connections are cxpected te be larger than 50 mm in diamcter,
tees, wyes or special hrancheg dare installed, alcng with the water
main construction. VYrdinarily, water servige to the customer's
premigses is turned on or off at a curb stop, acce:scible through a ourb
box. Various pipe materiuls have been and can be used for the service



lines, Nom=flexible materials require a flexidble "goesemeck®™
connaction to the corporation cock. Coescneck connections may be
lead, copper, or flexible plastic,

At present, galvanized iron pipe ie used in the Philippines
for moet water service connections, Oalvanized iron pips has a
rolatively short life hecuause of ite susceptibility to the ocorro-—
sive action of s0il on the outside and the wuter inside the pipe.
The use of plaatic pipe material for service oconnections may
reduce this oorrosion probvlem to & minimum,

Water Neterp

Any modern water supply system should be equipped with the
proper typs of water metera so that the water produced and deli-
vered can be accurately measured, Ksy looations in the system,
at supply sources, treatment plants and pump stalions should be
provided with venturi tubes, orifice plates or olther types of
metering devices., Because such metering devices are not ocurrently
sanufactured in the Philippines, thege items will have to be im-
ported.

Every service comnection to a distribution system should be
squipped with a meter to reduce wastage and to obtain the proper
billing, Omall-eize turbine type water meters are manufaotured
by the Liberty Manufacturing Corporation in the Ihilippiness An—~
other local company, Domingo 5. Jose, Ince, is ir the proocess of
putting up a factory to manufacture various sizes uf meters under
the trade name "XIMMON" under liocense by the Kimmon Manufacturing
Company ltd., a Japanese firm, Kismon water meterus of the turbine
or rotary piston type are available in small eizes 10 to 50 mm.
Propeller type meters up to 400 mm are also manufactured by Kimmon
plante in Japan,

In recent yeare, locally manufactured meters have been the most
commonly used meters for service connections, Limited information
indinates that these maters cun be expected to function satisfao—
torily for only about one year after installation and have poor
registration capability, Improvements in the characteristics and
rerformance of these matere are obviously desirablca

Construotion Methods For Wat: r System Components

In the precedin; sections, common construotion materiala for
waterworks have been briefly discussed. The remainder of this
report will be devoted to a general description of constreotion
practices for deep wells, tunnels, water treatment plant, water
maina, pumping stations, and storage reservoirs.
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Trench Widthae Sufficient {rench widths are provided to permit
ingtallation of the pipe, with room for the workmen to make up the
Jointe and to tamp backfill under and around the pipe. Tremch widths
are governed by type of svil, pipe size, and excavating equipmen’,
For asbestus cement and concrele pipes, unnecessarily wide trenclies
are avuided to minimize excessive backfill loads on tlie pipes For
asbestos cement pipe, the following widihs are used:

Trench Width (cm)

Pipe Djameter (mm) Minimm Maxjmm
100 45 70
150 or 200 50 80
250 or 300 60 90
350 or 400 75 100

For cast iron pipe 100 ¢ 450 mm in diamater, the trench width
is the diameter plus 40 cm; for the larger uipe up to 1,500 mm in
diameter, the width is the pipe Jdiameter plus 45 cm,

Wide trenches for small diameter pipe are avoided, particularly
in hard clay soile. Otherwine, the weight of back{ill becomes out
of proporticen e the beam strength of a umasll pipe,

Where pipe 13 to be laio on & ourve, 11 utilizes the available
deflection characturistics of the joint. Many joints have an ine
herent ability to be deflected to some umall degree, permitting pipe
to be laid on a long-radius curve, kor pipe laid on a curve, the
trench width ie somewhat wider than normal.

Excavaticon. Whether excavation 1s done manually or by machine,
the excavated material 15 pried un one 3ide of the trench at & dis=
tance away from the trench. The distance should b. sufficient to
prevent excavated material firom rolling back into the trench and also
to provide room for walking ulong the trenche In congested aress,
it 18 usually necessary to haul and ctockpile the excavated material
temporarily at some other lccation and excovated naterial suitable
for backfill is tranaported back during buckfill operations. MNate-
rial unsuitable for backfill is disposed oft the site,

Sheeting and Bracirg. The need for cheeting and bracing to pro=
tect against cave-in dependu on 80il conditions and tremch depths.

They are installed whure required not only to prevent delay in pipe
laying but also to protect the workmen and the public.
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Pipe Bedding. All types of pips are bedded or supported properly
at the trench bottom. Pipe is lald directly on the tremoh bottom if
the bottom has deen levelled properly. For greater load
ability by the pips, the trench bottom is shaped to matoh the exterior
ciroumference of the pips. Care is taken to prevent woids or high
spots under the pipe. High spots are shaved off, and voids filled
with well temped soil. Por irenches in rock, unsuitable seil, or
soft or wet soil, special bedding im provided. Thie is apecially
important for AC and C1 pipes becauss of their lower tensile strength
and brittleness,

For formations of rock or unsuitable soils, the trench is ex-
oavated to a depth of about 15 om below the grade line of the pipe
bottom, and the overexcavated material replaced with sand or good
soil free of olods, levelled and tmmped to grade.

Joint Holes. Provision is made in the trench to permit proper
jointing of the pipe with the type of joint employed. For asbestoe-
oement pipe laid directly on the treanch bottom, a ocoupling hole
about 8 om deep and 15 om longer than the coupling is dug at the
joint location, For cast iron pipe joints of the bell and spigot
type which are made with lead caulking, the trench must be excavated
wider and dseper at the joint locatlon sufficient to provide room
for the caulker to work. '

Stringing, laying and Jointing Pips. To avoid unnecessarily
handling, pipes and fittings and other acoessories are placed as
mear as possible to their final looation in the line, with due
regard to safety requirements, [ipes are placed as closs to the
trench line as possible and on the side opposite where the excavated
material is to be piled, Asbestoe cement pipe is urually not strung
in advanos of laying and jointing operstions but is delivered from
storage to trench as needed.

The procedure for laying pipe and making up pipe joints varies
with the type of pipe material and type of joint. For asbestos
oement pipe, general procedures are given in ANWA Standard C60)3
whioh are followed in the Philippines. The laying and jointing of
oast iron and steel pipes conform with applicable portions of AhA
Staadard C600, C603 and C206, Federal Specifiocations and in acoord-
ance with the recommendations and directions ef the pipe mamufao—
turers., As part of the final design, detailed specifications are
included in the jointing procedures for all types of pipe to be
installed. Murthermore, to have trouble-free service from a pipe=-
line the resident inspector insists on strict compliance with the
speoifications and construction drawinge.
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leakage and Preseure Tests. All pipelines are subjected to
leakage and hydrostatioc teasts, Such tests are usually done after
the trench has been partially baockfilled. Test procedures and
requirements, allowable leakage, etc., vary with the type of pipe
and joint. Procedures and requirements for asbestos cement pipe-
lines and cast iron pipelines are specified in relevant AWNWA stand-
ards.

Backfilling. Backfilling ies an important part of proper pipe-
line inetallation and is given considerable attention. Backfilling
is usually a two-step procedure consisting of partial baockfilling
before leakage tests and completing the backfill after the tests.
Select backfill material is placed at both sides of the trench
uniformly for the full trench width up to the horizontal cemterlins
of the plpes The backfill muterial usually is tamped by hand under
and on each side of the pipes to provide a void=free support.

Where vivual inspeotion during leakage teats 1o not required,
backfill is placed to the depth indicated above and then a cushion
of backfill material, hand-placed and tamped, ie added to ocover the
plpe to a depth of 30 cm,

Where visual inapection is required, joints ares left exposed
or sovered only by a relatively shallow layer, After leakage teste
are completed, the expcsed joints or couplings are covered with hand
placed materiai to a depth of 30 cm,

The remainder of the backfill material is deposited im the
trench by hand or muchine in layers and tampeds This baokfill
should be good soil free frum rocks, debris, clods and other un-
suitable materials.

Dieinfeotion. All newly installed or repaired water mains are
oleaned and disinfected before they are accepted and placed imto
servioes, The main is first rlushed clean of foreign matter at a
scouring velocity of ut leaat 0,75 m/sec. The flushing may be done
after the pressure tests.

Suggeated disinfection procedures are as described in AWA
Standard C601, The usual dieinfectante are chlorine, caloium hypo-
ohlorityu or sodium hypochlorite golution or chlorinated lime solue
tion. The disinfecting eolution is applied at one extreaity of a
Plpe section amd drains at the opposite extremity of a properly
segregated seotion, The rate of application givez a unifors dose
of at least 25 mg/1 at the end of the section being treated. The
average contact period ie 24 hours and should produce not less than
10 ag/1 at the end of the line after the contaot periods. If shorter
contaot periods are used, the chlorine concentration is increased to
50 or 100 mg/1, '
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Water Service Connections. Components of a customer's service
connection include a connection to the main (corporation cock), curb
egtop or turn~off valve and box, and the line itself, The service
connection may be installed when the water mains are laid, Installa~
tion operations consist (f trenching, main tapping, laying the line,
installing the valves, and hackfilling.

The trench may be dug by hand or by small backbone, When dug
by hand, the width mst be sutficient to accommodute the digger,
The trench botiom should be relatively flat and on the necessary
grade, Upecial bedding is nol required unles:s the soil is corrosive
in nature and the pipe ip not corrosion-resistant. Where the service
line is made under & pavement, the pavement is resoved and replaced
after the installation is completed,

Methods for tapping service lines to mains varv depending on

the service line size wnd matcrial. Where the size and the wall
thickness of the main arc sufficient to provide adequate full threads
tor the corpcration cock, small~size service lines ure connected to
the main by direct drilling, tapping, or by other methode, and in-
sertion of tho corperation cock into thie main, If the main is under
preiysure, the tapping, drilling, and insertion operations are done
with a special tapping device. This operatiuon is known as a wot tap,

If the pipe wall is too thin for direct tapping or will not
provide the roquired number of full threads, service clamps are
used, In such cases, dralling iuv done through a corporation cock
that has been screwed into the service clamp, For connecting larger

service lines, tees, wyes or special branch connections and larger
drilling machines ar< usged,

laying the service line involves not only the laying of the
pipe on the trench bottom iut the installation and comnection of
the curb stop und box neur thw property line, It also involves
the connection of the linv to the corporation cock and sometimes 1o
the shut-off valve or meter in the custcmer's premises. Where water
metere are set outside the building, tho operatiorn is frequently done
45 a part of the gervice linc installation operation, Whem the final
connection is completed, the installation 1s tested under pressure.

Backfilling of trenches may be done manually or by machine,
In either case, large stones or boulders arec not placed directly
cn the line, Backfilling without tamping is usual ly done to tome
roasonable level above grade to allow for settloment. In areas to
be paved or repaved, ‘he backfill is tamped to at least 90 per cent
of the compaction value of the surrounding aroas, then allowed to
stand with temporary pavement for at least three months before
permanent pavement 18 raplaced,
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Pipe Cleanigg and Linigg

Genergl. Although pipe cleaning and lining per se aay not be
coneidered part of construotion but rather of maintenance and reha~
bilitation of existing pipelines, many water systoa development
projects imn the Philippines will include such work as part of the
initial water supply improvemeut program.

Pipe oleaning is the process of removing corrosion deposits
and slimes from the inside of pipelines, The primary objective of
pipe cleaning is to increase the oarrying capacity of a pipeline,
which has diminished because of deterioration effects and, if
possible, restore the carrying oapacity of the pipe close to its
original capacity,

Lining refers to the process of placing a protective ocoating
on the ineide of a pipeline that has been cleaned. lining of the
pipe in-place after the line has been cleaned not only prevents
reourrence of internal surface deterioration but also eliminates
red water and stops leakage. Cleaning without lining in effective,
but there ocan be no assurance that the pipe's carrying oapacity will
remain at its improved level for very long because clsaning doee not
remove the causes of pipeline deterioration. Cleaning alone is an
expensive means of maintaining carrying capacity.

Cleaning, Three basic teohniques are used for in-place pipe-
line cleaning. These are (1) drag, (2) hydraulio, and (3) mecha-
nical. The choice of methods depends on ths pipe dizmeter, water
volume and pressure available, length of pipe to be cleaned, amount
of enarustation or sediment, ease of acceas, distance between access
pointe, provisions for disposal of wastewater from cleaning opera-
tions, and other local conditions.

1l Drag Clcaning, Dreg cleaning is uswally iimited to pipe
& ameters of 100 to 600 mme The oleanin: equipwent is pulled

by a power winch through a line that has been removed from
service, The method utilizes a spring-steel cleaning tool
that is composed of a series of scrapers, followed by an
assenbly of tight-fitting squeegees. As the tool moves
through the line, accumulated deposite are loosemed by the
sorapers, and then mechanically removed by the squeegees.
The separate drag operations are repeated until the pipe
#wall 18 clean, Accees openinss are made in the Pipeline
at intervals of 90 to 150 m depending on pipe size, line
configuration, and condition of pipe.



2.

3.

Lining

Hydraulie Cleaning. The hydraulic methcd of pipe ocleaning
18 most practical in leng, comparatively straight runs of
tranmmission or arterial msains. The method requires an
adequate supply of water at a given pressure, The volume
of water available and the required pressure depend on
Pips size, The yreater the volume of water available, the
lower the pressure required,

The tool used in the hydraulic cleaning prooess consists
of apring scrapers so arranged that part of the water pushing
the tool is released through it to Ilueh the scrapings and
debris ahsad of it. The tool usually truavels at a rate of 10
to 30 m per minute. The travel speed is oontrolled by regula~
ting the rate of discharge of wastewater at the end of the
pipe run being cleancd.

The operation begine by cutting out a section of the
pipe, incerting the tool, replacing the removed section,
and making up the joints., At the ditcharge end of ihe run,
a cut is made into the pipe and a epecial line attached to
digoharge the wastewiter and debris above ground for ulti-
mate disposal to sewers, storm drains, or acceptable runoff
areas. If the tool cannot be dischurged through the dis-
oharge line, 11 is atopped in the wmain and a cut is made in
the pipe to remove it, lydraulic cleaning is relatively
rapid, effective, and economical.

Nechanical Cleaning. In pipelines greater than 660 ma in
diameter, hyiraulic cleaning becomes less practioal, and
mechanical cleaning is used. Mechanical cleaning 1s
accoaplished by an electrically-driven and manvally-
operated machine with rotating soraping blades which re-
move tuberoulation, Jebris, and existing ooatings by a
honing action, These machines are driven by an operator
vho actually observes and comtroln the entjra cleaning
operation,

o There are throe methods of applying cemont-mortar

lning to pipelinee in place: élg centrifugal mcthod, (2) rein-

>rced centrifugal method, and

l.

3

Centrifugal Process, After the Pipe has been cleaned,

acoess openings are cut every 190 to 200 m (less in small
pipes where bends occur). Bends cannot be negotiated in
100, 150 or 200 mn pipe sizes, After placement, the
lining in these Jiametera may te troweled; for pipes

above 200 mm diameter, trovweling ie alwaye done to provide
a smoother finish and the extra carrying capucity that
resulte,

Mandrel or tate processe.
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The field equipment for centrifugal lining includes
a variable speed winch for pulling the lining machine with
its mortar houe and v!eotric cable through the pipes an
electric goncrator to supply power to the winch and to the
revolving head thut dispenses the mortar; a specially-
idesigned mortar mixer cf the cajucily needed to ensure
ample mixing timej and a feeder to pump the sortar to the
lining machine,

The linlng muterinl ie usually a 1:2 portland cement~
nortar, and the velume ! mortar applied to the wall ie
controlled by the travel apeed of the machine. A lining
thiokness of % tu /O mm i~ common on cast iron pipelines,
but it may be @s little ag 3 mn, The thinner the lining,
the smaller the reduction of the original cross-sectional
area of the pipe, Thin coatings may be sufficient in
egmuller piyelinars, 7The thickness of liping for steel pipe
lines depende or we, plate thickness, and condition of
the metal,

In larpge mains that contiin few service tape or lateral
copneclions, 11 openings are plugged priocr to lining and
opened after lining Ly men workin,: in tre pipe, In lines
balcw 400 pm dismeter, where ven cannot work, very little
mortar lo lhrown into lateral oj+nings, and any obatruction
a8t the corporaticn cock in remnved by blowing out the ser-—
vice line hefore tie mortar setn completelyas

Srall me:ng tapped for gervice lines are usually by—
passsd by o tesporary atove goound Jine to maintain ocustomer
varvioe,

The cout ot cerntrifugal 1n—-pliace lining depends on a
namber of f.ctor-, ;. incijpully: pipe diameter, pipe length,
condition of the line, pian an- crofile of the line, bendws,
locaticn ana type «f walves, iewnpth of section that can be
romeved from gervice during the operation, by-pass require-
menta, dopth und tyj« of soil couver, acrers, and traffio
wotlems, Tha gieator the lengih that can be lined at one
time, Lhe srreater the production rete and the lower the
cnBte

Centrifuesal in-ula-a linin: {a applicable tn pipe
alses up to 3,65 mn, One of 1ts advanta;ve ia that the
iine can be placed in nervice 24 hours atter the lining
process, The pruceg- has also tcen used on newly=-installed
ateel pipelines,
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Reinforced Lininge When pipelines of 600 mm or greater
diameter are badly deteriorated, it may be desiradble to
reinforce the cement-mortar lining. This reinforoing
process consints of three steps., Kirst, a course of
mortar one--half the final lining thickness is placed by
centrifugal muchine, without troweling, Next, spirally-
wound reinforcing rod is placed. {(The rod spacing depends
on pipe size and strength requirements of the equivalent
steel area. ‘The size of the rod varies with the site of
the pipe and the required reinforcing.) After the steel
rod is placed, a sacond course of mortar 13 spun into
place to the final desired thickness. The spiral rod has
two advantages over prefabricated cuge steel: it requires
less steel, and it conforme to the inside contour of the
line.

The Tate Process. The mandrel procesa, commonly known as
‘he Tate procery after its Australian inventor, cleans and
scours ou! encrustation from the pipe, then lines the pipe
with cement mortar, An advantuge of the Tate process is
that road opening is kept to @ minimum. Only two major
dgging operationn take place at both ends of a 90 m section
of main, and only emull openings are required to disconnect
and temporarily bypass service connections., The exaot loca~
tion of each service oonneotion is obtained by electrifying
the household system and sweepins the "live" area with a
detector which tell:: the operator through headphones where
the connection i. located, Customers sul'ter only little
inconveniance, with full service restorable in 24 hours.

The Tate proceun can be descrided briefly as followss
At both ends of a Y m section, a hole {s dug and a 1 m
length of main 1:: cut and removed. Flexible steel rods to
which a wire rope 1 attached are purhed through the main
from one end an: druwn out from the other. An assembly of
coll scrap:rs and steel bhrushes tu scour the pipe, and
rubber force cups te cloan and dry it, 15 connected to the
wire rope and ihi. 1 pulled through about 90 m seotion of
main from oix to 17 timea, until it is completely clean,
A apecial cemert-moriar mixture of a relitively high initial
water-cement ratio 15 then introduced intu one end of the
seotion and deawn Ly 2u.tlon aleng the 90 m length o" main,
A “oament ¢ whick wpreads the mortar evenly over the
walls of the -lesnsc pipe is then drawn through by winch,
A smoulis lininy, snrc.ximately 3 mm thiak 1s left inm the
main, excens :aler e=s8capes through the rear of the "gun®,
and th- surplus mortar s removed and used to put a mutch-
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ing 3 mm lining in the 1 m longth cut from the main at the
start of ihe operations Thie section is reconnected, the
road surfaces at the opening are repaired, and the crew
moves on to the next section to be cleaned and 1lined.,

Pipe Cleaning in the Fhilippines

Until recently, pipe cleaning and lining in place have not been
practiced in the thilippiress The Metropolitan Waterworks and Sewe=
rage System (M¥SS) has included theso activities as part of its
improvement program. A New Zealand-based company which can under—
take these types of work i: currently available locallye Thiy firm
employs the Tate process ¢f in-place nleaning and lining.

Tunnel Constructicn Method:

Tunnels for water transmission linwe may bLe constructed by
oonventional or machine tunnelling, ‘onventiona! tunnelling in
rock formation involvis the cynlical repetition of the following
operations: drilling, tlacting, loading, and removal of excavated
materiale; installation of primary supportn where necassary; and
the mixing, hauling, and piacing of aoncrete to form the secondary
Hnings It in sometimes desirable to derver the installation of the
geocondary lining until driving oper (isus have becn oompleted or are
remote from the )ining vperations.

In the machine tunaeliing method, a tunnel oxcavating machine
would be employed wut une Lunnel face minu) taneounly with oconventional
tunnelling at the other frn-e, There wara many variations of mechanical
rock excavators. HMcst wicpt the pame principle in which the machine
bores a pilot hole into which an exyanding "packer™ s placed to
form an anchor by which the machine pulls itseif forward, enabling
a larger rotating cuttier head to bore the tumnel. The cutter head
may be moved forward from (.5 to 1, w within th«- frame by hydraulio
Jackss When the cutter nus been advanced to 1ts full distance, the
cutter head is retracted and thon the rrame ir pulled forward and
locked in place ready Lo tepin the next advinca. The cuttur head
ia fitted with teeth ¢r rollers which cut or #ptil the rock faces
as the cutter head revolven, cutters munt he replaced frequently
depending on the hardness of the rook balng: evcavated. Tunnel
excavatione are normally electrically rowsred. ixcavated matsrial
1e picked up by a series of revolving: buckets, discharged into a
belt conveyor and carrted to rail hauliye trucks. 4 tunnel driven
by a mechanical excavator has a smooth bore as contrasted to a
Jagged, broken rock surface that results from conventional tunnele=
ling methods.
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The average rate of tunnelling Ly either conventional or machine
tumnelling would depand on the nature of the materials and conditions
encountered, Higher rates can be obtained with a high degree of
mechanigation and o carefully organized and executed procedure, On
the other hand, convent!onal tunnelling, although it may be slower,
will require less foreign exchange costs,

&'.'EEM Stations

General. Water supply pumping stations may be classified imto
deep well pumping stations, booeter pumping stations and raw water
pumping stations, The mecond type may be installed as part of a
treatment plant or part of tne water distribution system,

Centrifugal and turbine-type pumps are the most commonly used
pumping units in waterworks applications., Prime-movers may be
electric moter, diesel engine, gas engine, or other suitable energy
source which can develcp”the requircd power, Because of their ree
latively low cost compared to other types of prime movers, elactric
motors are the favored type where clectric power 1s aveilable at
reasonable costa. Dual drive pumps can be used for opcration by
electric motor or by enrine,

Pumping installations are usually housed in a structure that
wWill provide proteciion from the elements and security from theft,
tampering, etc. Each stetion is provided with the nEecessary SuC—
tion and discharge pipins and valving, conirolg, and a metering
aystem With suitable indicating, totalieing ard recording facilitiess
Attention in also givem to water hammer,

The structure which will house the punps and appurtenant equip—
ment is constructed frow locally available magonry, wood and reine
forced concrete matcrials, 1In gome installations, deep well pumpe
equipped with weatherproof rotors are not provided with pumphousee
The interior flanged pipes and valves are made from locally avail-
able valves and cement-lined steel or cast iron pipes, wherever
possible,

Deep Well Punmps. Two typea of deep well pumps in common use
are the deep well turbive pump und the submersible (or submergible)
deep well pump, The first typo cuncists of impellers in series
installed below the minimum expected water level during pumping.

Bach impeller in encased in a housing or bowl and is called & stago,
The munber of stages necessary for any given installation depends

on the heai that each stage can develop at a Zgiven rumping ratc

and on the tota!l pumping haad. Power is transmitted to the impellerso
through suitable shafting from & prime mover ugually installed at the
ground gurface,



The submersible deep well prmp ie usually equipped with sn
electric motor drive, In this type the motor is installed in the
well itself,

Bgogter Punping Stations, The most widely used {ype of pump
for hooster pwnping stations, whether in a trestiment rlant or in
a distribution system, is the centrifugal pump, & centrifugal pump
consiste essentially of a roiating impeller which draws water into
a center and a stationary casing whioh guidas the water into the
diocharge outlet, Advantages of the centrifugal mmp include sase
of operation and repuir, low starting torque, increase output with
pressure dropé or vice-versa, and smooth flow and upiform pressure,

In the FLilippines, the wanutacture of centrifuzal pumps and
wotors 1s still 4n its infiscy. Fur zout caterworks projects,
it 18 anticipited that purping units will be iaported items, If
and wher. Fhilippine-menufa:tured squipzont with the capatility,
efficiency, and quality desired Lecoimc avallable in the fature,
looal product should le cunsidered in the finad design and cong-
truction phases,

Raw Water Puaping o.ot! me

Raw water pumping stalaicns, - tsed ii:rein, are intended to
mean punp installation: that draw water from a surfecce source such
as a spring, river or loxe.  Such pumping atations are similar in
@any respects ton bocuier puaping uinticus but smay 1nolude some
featurss and facilities rot norr.ally noeeded in tioster stations
such as intake screcarn, protecticn ¢omiust flood watara, etc,

Water Storage Tonle

In tho PRilippaz.s, walsr 3tovese twice, borh elevated and
ground ianks, ore usuallr conetrocted of either cupt-in—place rein-
foreoed coiorute or of sieni. [woatrasyd conorste tanks, althouvh
galning in use aud populrrity in other countriey, have not been
used in the Philipjines., The volative cesno.los between reinforcsd
oonorete and atesl lunks dap-afs zoruwhat on the tank site and towasr
height for elevated teakes Gone:ully, in the larger sizen, rein-
foroed concrets trake acs voy ceviemical than steel tanks unless
steel plater and oiher foriign-aade ccu,onents can be im,orted tax-
free. In cwnllor eies, the con.irvction cocts of steel tanks are
coapareble to that c” roinsorced concrote. Howaver, maintenance
oosta of sto2l t.. ke vy sercrally highsr, Thie faotor canm make
the total arnuel ccuis oF ste:l tasks g-irtier than ihose of reine
foroed ooncrets ‘ankz,



Hater !!gg;;gg! Plants

Water that is to be used for drinking and puhblic water supply
parposse must satisfy certain minimur quality requirsements with
respect to safety, potability, etc. The water is subjected to treat-
mont to upgrade iis quality if it does not meet prescribed or desir-
able standards. As 2 general rule, all water fruwm surface souroces
such as rivers, strecams and lakes should as & ainimum be given
“complete™ treatment to minimize the risk from water~horne diseases.

Modern “complete® weter treatment plante employ the processes
of flocculation, sedimentation, filtration, and disinfection. Other
additional treaiwent may be given depending on the quality of the
raw water and other fuctors,

The construction of a modern water treatment plant providing
at loast complete treatment or its equivalent will require the
building af several components utilizing a multitude of skilled
tradesmen versed in certain specific fields. The major construot—
ion fields which must be utilized to build the trestment plant
inolude:

(1) General construotion consisting of all earthwork, rein-
foroed concrete work civil works, and building oons-
truotion,

(2) Mechanical work consisting of installing pusps, motors,
treatment plant equipment such as mechanical feeders,
sludge colleotors, emergency generators, and other
process mechanical equipment, Also, all large size
flanged pipes and valves required within the plant may
be installed by this specialty.

(3) Electrical work consisting of general wiring of the
entiry plant for lighting and power. The furnishing
and inatallation of simple controls, instrumentation
and communications equipment may also be included as
part of the electrical works coniract. Whare suoh
oquipment are complicated and extensive, it may be
desirable for this work to be undertaken eeparately
from the general eloctrical work,

(4) Pipeline and plumbing works including piping for the
in-plant water system, sanitary sewers, atorm drains,
and bullding plumbing,

With good construction supervision, all these oconstruotion

work can be dons by qualified Philippins contractors, Special
material and equipment for the plant will have to be imported.
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APFRENDIX D
OUTLINE SFECIFICATIONS

Struo

All spring intake struotures shall be comstructed of re~
inforved concrete. The intake struoture shall be of a sise suf-
ficient to ocapture the maxiwum spring flow. The spring intake
may be circular, reoctangular or of other suitable shape. It shall
e covered and provided with outlet pipe(s) and valve(s), over-
flow(s), vent(s), drain(s), covered access manhole(s) and other
necessary appurtenances and site works. The intake facility shall
also include a weir or other suitable devioe for flow measurementsj
seourity fencing; chlorination facilities (1r neocessary); gemeral
site improvement including drainage favilities for possible surfass
runoff; and ‘an all-weather acocess road. Reinforoed oonorate oonm
truotion, piping, fiicings, valves, and all other materials and
attendant work shall conform to LWUA Standards. (The water dis-
triot shall acquire ownership of the intake structure site.)

Hydraulic Control Structure

Hydraulic pressure ocontrol structures on trassmission lines
for diseinating excess energy shall be impact type in which pressure
dissipation is aocomplished by the impaot of the incoming jet of
water on a vertiocal baffle and by eddies or turbulence formed from
the directional change of the jet after it strikes the baffle, The
hydraulic control chamber shall be constructed of reinforoed oon-
crete and shall bs covered. It shall be designed such that it can
handle the design maximum flow. The chamber shall be provided with
the ne.essary piping, overflows, and other protective devioces. Tha
work shall include general site improvement and seourity fencing,
if necessary. (Ownership of the land on which the vontrel chamber
will be built shall be acquired by the distriot.)

Dams _and Appurtenances

The construction of dams and appurtenances chall be performed
by firms and personnel experienced in this line of work. The COen-
tractor shall furnish plant and equipment which will s affioieat,
appropriate and large enough to secure a satisfactory quality of
work and a rate of progress which will imsure the oompletion of the
work within the stipulated time.

The dam construction will inolude the main dam structure, upstreaa
and downatream cofferdams, tunnels, diversicn channels and spillwey.



The sened embankment das will cemsist of a vertioal eere
preteocted by filter and trancition senes, asd relled reck-rill
shells, The upsiream face of the dam is pretected by riprep

againet wave action,

Naterials for the dams shall be as designed and speoified
and shall be obtained from designated borrow aress, excavatieus,
or mamufactured from rock ebtained in required excavations.

The areas to be ecompied by the required permament ocenstrwst=
ien and the surfaoes of all borrow pits shall bs oleared of all
trees, stumps, exposed reots, brusk, rubbish, and other objeotien-
able matter. Excavation shall be made to the specified lines,
grades, und dimensions, All necessary precautions shall be taken
te preserve the material bdelow and beyond the established lives
of all excavation in the soundest possible conditiem. All exoava~
tions for embankment and struoture foundations shall be made in

the dry,

The diversion tunnel shall be conorete lined. The portal
struoture will be provided with a slot for installation of step
logs for closure of the tumnel. The spillway will consirt of am
ungated overfiow concrete structure and a concrete lined chute,

The raw water intake will be multi-ported and shall be oons-
tructed of reinforoced concrete,

Diversion Dums

The construction of the diversion dam shall be performed by
firms and personnel experienced in this line of work, The Con~
tractor shall exeroise care to preserve the natural landsoape
and shall conduct his construction sc as to prevent any unneces=
sary destruction, mcarring, or defacing of the natural surround=-
ings in the viocinity of work,

The Contractor shall construct and maintain all necessary
sofferdams, channels, flumes, draims, sumps, and/or other tempo-
rary diversic~ and protective works; shall furnish all materials
roquired therefore; and shall furnish, install, maintair -3
eperate all necessary pmping and other equipment for r . .»' of
water from the various parts of the work fres from wuai:~.

All concrete work shall be in accordance with INUA staadard
speoifications and supplementary specificatiens,

Aooe Servico

The construction of ascess and service roads to water supply
facilities shall include all necessary olearing and grubdbing, ex-
oavation, £ill and backfill, roadbed preparation, imstallationm of
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base oourse, surface finish or paving, bridges, and all drainage
structures aad facilities. The work will imvolve improvemsat and/
or extension of existing roads and the oonstruction of new acoess
and servioe roads.

A1l roads shall be construoted in conformity with the speoified
lines, sections and grades. MNaterials and their installation shall
be in aocordance with the latest revision of the Bureau of Publio
Highways Standard Specirfications for Highways and Bridges, loocal
requirements, and supplementary specifications.

Nater Transmissjon Pipelines

Raw and treated water iransmission pipelines may be construct-
¢d of cast iron, ductile iron, asbhewtos ocement, steel or prestressed
concrete (with steel cylinder) pipe. Soil znd corrosion gtudies
shall be conducted prior to the final selection of pipe material.
The transmission lines shall be equipped with all neocessary valves
and appurtenances such as shut-off and seotioning valwes, dr/
vaomm and air release valves, blow-¢ffs, inspeotion manholes, ex~
panaion joints, flexible couplings, anchorages, thrust blocking,
and surge arresters.

Pips, fitiings, valves, other materials and installation, joint-
ing, testing and disinfeotion shall be in acocordanoce with INUA Stan—
dard Specifications, where such specifications are appliocable to the
particular material or work. Available Standard Specifications of
LWUA include those for cast iron, asbestos cement and steel pipes;
gate and butterfly valves; blow—offs; air valves; and work relating
to their installation.

Duotile iron pipe shall be manufactured in acoordance with AWWA
C151 "Duotile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-
Lined Molds". PFitiings shall be either ocast iron or ductile ironm
oconforming to AWWA C110 "Gray Iron and Ductile Iron Mittings, 2 in
through 48 in ", All pipe and fittings shall have a cement mortar
lining and bituminous seal coat on the inside in acoordance with
AWWA C104 "Cement Mortar Lining for Cast Iron and Ductile Iron Pipe
and Pittings",

Prestressed oconcrete oylinder pipe shall conform to AWWA C301,
"Reinforoed Concrete Water Pipe-Steel Cylinder Type, Prestressed”.
Pittings shall conform to the specifications for cast iron, ductile
iron, or steel pipe.

In general, all pipi.ni shall be designed for a minigum working
pressure of 10,5 kg/sqom (150 psi). The pressure olass of fittings,
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oouplings, special castingz, znd valves shall bé at least oqual te
the pressure class of the pipe to be imatalled., Joints shall have
the zame ¢r greater strength than the oonneoting pipe.

Shut-ofr and sectioning valves shall be either gate valves er
butterfly valves, depending on the size and other faoctors. 4 suf-
fiolent mumber of air valves shall be provided to insure full
proteotion of the pipeline.

All pipeline installation shall be in striot conformance with
applicable AWWA and/or LWUAL Standards and with the respective
manufacturer's instructions and recommendations.

Nater Treatment Plant

Water treatment plants desigmed to provide complete treatment
would generally include facilities for chemical mixing, fleocculation,
sedimentation, rapid sand filtration, post chlorinatiom, chemiocal
storage, backwashing, treated water etorage, and waste washwater
and sludge disposal.

Chemical mixing chambers, flocoulation and sedimentation tanks,
filter boxes and treated water storage tanks shall be oconstructed
of reinforoed concrete,

Filter materials shall consist of filter sand and anthraoite
oonforming with apecified requirements with respeot to composition
and grading., For each filter unit there shall be installed the
neoessary oontrol valves, rate of flow controller, loss of head
gage, flow meter and recorder. .

Instrumentation shall include suitable equipment to vary chemi-
ocal fe>d rates in proportion to flow.

Conorete work, yard and in-plant piping, and painting work shall
be in accordance with LWUA Standard Speoifications and supplementary
speoifiocations.

Piling (if required), struotural steel, architectural works,
instrumentation and eleotrioal works, mechaniocal equipment, and all
other items not ocovered by INUA Standards shall be construoted as
specified.

A stration Buil

The construotion of administration btuildings shall be of the
materials and workmanship called for in the drawings and specifioca~
tious. The administration building will generally ocusist mainly
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of offioss but may inoclude a water analysis laboratory, meter testing
and repair shop, general work shop, and storage facilities. Items

of work shall includs site preparation; foundations; concrete and
masonry work; roofing and metal worki ocarpentry and joinery; plumb-
ing, ventilation, and air-conditioning systems; lighting and power
systems; architeotural and other special finishesjpainting work,
landscaping and general site improvement work. Applicable LNUA
Standard Specifications eghall be employed in the comnstruction worke.

Well Construction

Deep well construction shall include the furnishing of all
materials (excapt those that may be furnished by the Owner), equip-
ment, tools, labor and all appurtienances and incidental work for
construction of the deep wells. The work shall includs drillings
installation of temporary casing, conductor pipe, well screeng
developing and testing of the well; gravel packing; grouting, well
completion and disinfeotion; and site work and olean-up.

The well shall be drilled using the cable tool (Percussion)
and/or rotary process, or other process acceptable to and approved
by the Engineer. Well casing and/or conductor pipe ahall ba of the
diameters, materials and class apecified, or better.

For gravel packed wells only clean, washed gravel composed of
well rounded partiocles and of specified grading ahall be used. The
proosdure to be employed shall be as approved by the Engineer.

The topmost 12 m of the annular space between ths conduoctor
pipe and hole shall be filled with cement grout. The mixtures,
method of mixing. and consistency of' grout shall be as approved by
the Enginser,

Devuloping of the well shall be done with care and by methods
that will not cause damage to the well or cause advcrse subsurface
conditions that may destroy barriers to the vertioal movement of
water between aquifers, Upon completion of well development, test
pumping shall be done in aocordance with a test prooedure that will
be furnished to the Contractor by the Engineer, The pump shall be
operated continuously for specified durations and pumping rates.

Jemadiately following satisfactory oonstruotion and development
samples of the well water shall be collected and analyssd in a
laboratory acceptable to the Owner,



After completion of all construction, development, testing
and related vork at each well site, all equipment and residual
materials shall be removed from the site, The site shall then de
restored to a condition as nearly as possible to that which exist-
od before the well construction work, unless otherwise spooified.

) 4 Meters inline Meters

Flow meters for mainlines shall be differential pressure
type, propsller meters, or other suitable and acoeptable devices.
Differential pressure type meters may be venturi tubes, Dall flow
tubes, orifioces or nosiles. The flow meter shall include suit~
able instrumentation for remote indicating, recording and totalling,
Flow meter and accessories shall be products of reputable manufao-
turers that have manufactured such devioes for fluid measurement
for at least five years.

The venturi meter tube shall be of standard or long form
design, the included angle of the outlet cone being aprroximately
8% - 10'. The tube shall have a body of high tensile gray iron or
close grain, high tensile iron. Both inlet and throat shall have
integrally cast annular pressure chambers with multiple even spaced
vents communiocating with the intzrior of the meter tube.

Propeller type meter shall have the same nominal inside dia~
meter throughwut its length to offer minimum obstruction to the
flow. The meterhead shall be connected to the tube by means of a
flanged connection, designed for easy removal from the tube for .
inspeotion and repair. The meter shall be furnished with a propel-
ler of plastic or other suitable material mounted in the meter
tubs. The meter shall register within 2 per cent of the trus flow
of water at all flows within the minimum and maximue rating. The
propeller type meter shall oconform to AWWA C704~70 "Standard for
Cold Water Meters - Propeller Type for Main Line Applications",

The flow ntoS shall be designed for a minimum working pres=
sure of 10.5 kg/om¢ (150 psi). Range of flow will be specified
by the purchaser. Ends shall be flanged 250 1b American Standard
unless otherwise specified,

Deep Wel) Turbine Pump

Deep well turbine pump shall be water lubriocated, line shaf$
vertical turbine pump, eleotrioc motor or diesel engine drivenm or
both (dual drive). as required. Pump characteristiocs and operating



oonditions will be speoified for each partioular installation, Pomp
shall oonfors to ANSI B58,1 - 1971 (AWWA E10} = 71) “American National
Standard for Deep Well Vertical Turbine Pumps -- Line Shaft and Submere
sible Types", Diesel engine and accessoiies shall conform to the speci=
fications for diescl engine, sxcept as modiffed herein, :

For motor—driven pump, the motor shall be full voltage start-
ing where the electric powsr system capacity and regulations permit;
otherwise the motor shall be star-delta starting. The motor shall
be vertical hollow-shaft squirrel cage induotion type complying with
ARSI 050.2, The motor shall bes of ample sise to drive the pump oon-
tinuously over the specified range at the ambient temperature without
the load exoeeding the service faotor. MNotor operating characteris-
tios (voltage, phase, frequency, speed) and ocontrol and protective
devices shall be as specified. A suitable base of high grade oast
iron or fabrioated steel shall be provided for mounting the meter,
and with discharge elbow having above-ground discharge outlet with
companion flange.

With an engine drive, the power shall be applied to the pump
shaft through a right angle gear set. The horisontal shaft shall be
connected to the engine by a flexible-shaft ooupling.

Pump bowls, impellers, pump szhafts, line shafts, discharge
column assembly, suction pipe and strainer shall conform to ANSI
B58.1 - 1971,

A suitable air line of galvanised iron pipe or ocopper tubing
of suffioient length to extend from the surface to the top of the
bowl assembly shall be furnished with altitude gage reading in meters
and connections for air pump.

The pump and prime movers shall be products of reputable mamu-
faoturers which have been regularly engaged in the mamufacture of
thess equipment for the last five years. The manufacturer shall, if
required, furnish a oworn statement that the equipment furnished and
installed comply with the requirements of the applicable standards
and the speoifications. The equipment manufacturer/supplier shall
furnish the services of competent personnel to superviss the installe~-
tion and testing of the equipment. Epare parts, operation and main-
tenance manuals shall be provided. The pump equipment and ocontrols
shall e housed in a suitable permanent struoture that provides
protection from the elements, damage, or vandalism.

Submersible Deep Well Punp

Submersible deep well pump shall conform to ANSI B58,1 = 1971
(AWWA E101 - T1) "Amorican National Standard for Deep Well Vertiocal
Turbine Pumpe = Line Shaft and Submersible Types", Operating condi-
tions and requirements will be specified for each partioular installe=~

tion.
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The motor shall be of the squirrel cage induction type, suit-
able for across-the-line starting and shall be capable of reduced
voltage starting. It shall be capable of continuous operation under
water at the specified conditions. Motor operating characteristios
(voltage, phase, frequency, speed and control and protective devioes)
shall be as specified,

Submersible oable, surface plate, stralner, discharge pipe,
pump bowls, impellers shall comply with the requirements of ourrent
ARSI B58,.1.

The pump and acoessories shall be products of reputable manufao=
turers which have been regularly engaged in the manufacture of these
equipment for the lagt five years, The manufacturer shall, if re-
quired, furnish a swWorn statement that the equipment furnished and in-
stalled comply with the requirements of the applicable standards and
the specifications. The equipment manufaoturer or supplier shall fur-
nish the services of compatent personnel to check the installation and
testing of the equipment, Spare parts, as specified, and operation
and maintenance manuals shall be he furnished,

Diesel Engine

The engine shall be of the vertical in-line, or V-type multi-
cylinder, full diesel, mechanical injection, heavy duty rating type.
The engine may be either two or four stroke cycle and shall have
specified rotative speed and piston speed, It shall be a model
which has been in satisfactory operation in similar service at the
same or higher rating and speed for at least five (5) years. The
engine's continuous duty rating, after deducting power consumed by
all engine~driven auxiliaries, shall be not less than the horse-
power required to ~norate the driven equipment at its speoified full
rated load, The ¢ ;ine rating shall be adjusted for operation at
specified conditions of elevation and ambiemt temperature,

The unit shall be furnished for battery starting. Starting shall
be acocomplished by a 12 or 24 wolt electric starter, as recommended
by the manufacturer, which shall be capable of withstanding five (5)
minutes' continuous cranking.

The diesel engine shall be furnished with complete fuel systea,
lubrioation system, governor, safety devices and controls, engine
instrumentation, cooling system, exhaust system and accessories as
will be specified. Accessories to be furnished include starting bat-
tery, automatic battery charger, manufacturer's standard spare parts,
detailed operating and maintenance manuals and parts lists, coaplete
set of gaskeis and spare set of matched V-belts, and one spare set of
fuel injeators,



Diesel Generator Unit

The diesel generator unit shall be complete with excitation
system, controls, steel subbases, exhaust silencer, fuel system
and all essential and desirable auxiliaries for a complete installa~
tion. The unit shall be arranged for manual pushbutton starting
and stopping and manual transfer of load to the unit when it has
attained rated frequency and voltage. The engine-genmerator set
shall be a factory assembled unit especially designed for operation
on No. 2 diesel fuel oil,

The engine generator set shall be the standard product of a
manufacturer regularly engaged in the production of this type of
equipment. The diesel engine and accessories shall be as speci-
fied under Diesel Engine, The diesel engine shall be arranged
for direct connection to the alternating current generator.

The generator shall be especially designed for direct connect-—
ion to the diesel engine and shall be for the specified phase, fre-
quency, and voltage, Tropical insulation with fungus protection
shall be provided. Each unit shall be properly screened to prevent
the entrance of rodents. The complete gencrator unit shall be frae
from oritical speeds and torsional vibration that will endanger its
satisfactory operation, or cause undue vibration in any part of the
equipment, throughout its entire operating range of speed and load.

The generator control panel shall be either shock-proof mounted
on the generator unit or a free standing enclosed unit for floor
mounting adjacent to the generator unit. Tt shall have at least the
following instrumentation and equipment: AC voltmeter, AC ammeter,
frequency meter, indicating KW meter, combination ammeter-voltmeter
phase selector switch, 3 pole line circuit breaker of suitable amper=
age, and elapsed running time meter,

Chlorination System

Chlorine gas, in 150-1b cylinder or ton oontainers, whichever
is most suitable for the particular installation, shall be employed
in all chlorination stations. (Hypochlorite solutions are an aocepte=
able substitute.) Chlorine solution shall be added to the water to
be treated through chlorination equipment and accessories specifically
designed and suited for the purpose.

Chlorinators shall be the vacuum operated, solution feed type
which meter the chlorine gas under vacuum and dissolve it in water
forming a concentrated solution that is then injected into the water,
Direct feed chlorinators will not be permitted.
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Chlorinators may be directly mouanted on 150-1b oylinder or ton
container, wall - or floor-mounted units. Models of a desiga that
permit onlarging the capacity by replacement of : “rwx @il M -
the flow meter will be preferred to those with fixed maxisrm oapa-
oity. The chlorinators shall also bt of = ‘aeigm that will permit
either manual or automatic operation, the latter with the use of
suxiliary equipment. At least two unitc shall be provided and in~-
stalled, ome werving as stand-by. The oompleted inatallation shall
include all necessary piping, valves, controls and aoocessories in-
cluding chlorine scales, gas masks, and gas leak detection and alarm
systens,

Chlorinators and acoessories shnll be housed in a separate
building or rooms specially designed for the equipment and their
functions. (The site for the chlorination faoilities shall be ao-
quired by the district and neosssary improvementis and protective
features shall be incorporated. )

Installation of Equipment — General

Special care shall bs taken to ensure ‘lat all equipment are
installed in proper alignment and level. Tiis applies to, but is
not limited to, pumps, drive units, gears, sluios gates, mschanical,
electrical, instrumentation and communications equipment, and their
appurtenances. Equipment contractors will be required to supply
the neocsssary anchor bolts, drawings and templates of anchor bolts.

The general and equipment contractors shall bc responsible for
the equipment they supply. They shall use only oompetent psrsonnel
and appropriate equipment meosssary to properly align, level and
secure squipment in place.

T™he installation of the major equipment specified in the Cen-
tract shall be performed under the supervision of competent repre—
sentatives of the manufacturers. The manufacturer's representative
shall not only supervise the installation of the equipment, but shall
also mupervise the adjustments and testing of the equipment to in-
sure that it will operate in a satisfactory manner as specified or
intended. These ropresentatives shall also instruot personnel and
mechanios of the Owner in the operation, care and maintenance of the
equipment. Complete sets of operating and maintemance instruotions
shall be furrnished as required,

T™he Contractor shall submit a certificate from the mamfacturer
staoting that the installation of the equipment is satisfactory, ihat
tLs unit is ready for operation and that the onerating perscemel
hawo heen sufficiently and thoroughly instructed in the proper opere-
tion, iubrication and care of the umnit,
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Installation of desp-well verticsl turbine pumps is partiocularly
oritical if long servioce-free life ix to be expeocted. Installation
should only be done bLy experienoced parsonnel following specificstions
of ANSI B53.1 - 1971 (AWWA E101 ~ 71) and paying particular attention
to straightness of lins shafts and proper aligment of all parts.

hutor Bg'g Statioas

Booster pump stations shall be deasigned and construoted to
oomply with established criteria and standards of the LWUA aa we'l
as other requirements peculiar to each site. Booster pump facilities
will generally oonsist of pumphouse, pump units, suotion and discharge
pipirg, ocontrol valves, gauges, 'low meter and r1woorder, control srd
proteotive equipment, site works ard security fenoing.

Pump units shall be ocentrifugal, turbine, ur submersiblo typs.
Centrifugal and turbins type pumps shall be either elsotris motor or
diesal engine driven. Submersible booster pumps shall be motor dri-
venr. Each pump shall lrave optimum efficiency at the dpecified duty
point. Motors for electrically driven pumps .hall be of adequate
horsepower for the full operating range of t° - pump.

Storage Tankp

Elevated and grounl storage tanks shall be generally oonstruoted
of reinforoed concrete. PFor small capacity elevated tanks, steel
tanks on steel towsrs may prove to be more economical and should be
given consideration in the final design phase, ({round tanks may be
cirocular, rectangular or other shape acceptuble tc anl approved by
the Onmer. Tanks shall be designed in accordanoce with applicable
national and local structural and sanitary codes. It shall be struo~-
turally sound with ample provisions for wind and/or seismio stresses.
Conorete and reinforoed conorete work including waterproofing, dis-
infection, painting, and all other incidental wcrk shall be in striot
compliance with LWUA Standard Speoifications ar i Supp.dmentary Speci~
fications. All tanks intended for storing potable water shall be
covered and watertight. ior both elevated and ground tanks, svail-
able LWUA standard tanks shall be used to the fullest exient posseible,
Becessary piping, valver and aooessories for operation, maintenanoce
and safety shall be provided. Piping shall include inlet-ocutlet,
overflow, drain, und vent. Shut—off valves, cheock valves, autozatio
flow control valvea, water level indiocators and instrumentation,
shall be provided as required.
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Distritution System Piping snd Components

General requirements with respect to materials, installation
and u.Jher appurtenant work for water transmission pipelines are
applioable to distritution system pipelines. Other distribution
syciri ~osponents, irnciwiing fire hydrants, servios oounectioms
and oustomer water < :.sre, w#~all be installed according to LWUA
standard details an’ standsr- epecificatiouns.

Pips Cleaning and l.n~ing

Fipe cleaning and lining shall include all materials, labor,
oquipment and all incidental work necessary toc clean and line the
interior of pipelines in-situ and restore the pipelines in ser-
vios. The work shall bs performod by trained worlkmen under the
supervision of personnel experienced aad competent in this parti-
oulo~ line of work,

Interior lining shall bs cement mortar. The interior of pipes
to be lined ahall be thoroughly cleaned of all rust, incrustationm,
dirt, oil and grease and other foreign matter, Necessary repairs,
including replacement, shall be xade to pipe sections that have
suffervd severe deterioration and/or corrosion. Any section of
pipe that shall be cleaned and lined shall be restored to servioe
in as short a time us possible, preferably within 24 hours.

Al)l work shall be performed in coccordanos with AWWA Standard
C602-67, except as may be modified in the specifications. The work
shall include all excavation and backfill; installation and removal
of temporary by-pass pipes, service connections, plugs, closure
pieces; making and olosing required acocss openings; surfaoce res—
toration; clean-up and dieposal of debris and other waste materials.
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APPENTIX TABLE VII=BR=l
WATER 4ZLL DATA SUMMARY
Nominal Depth from Ground Surface (m) Test Specific Year

Number Location Diameter 1/ 5 Yield Capacity Completed
(mm)  Total <Cassd SWI~ Test w12 (1ps) (1ps/m)

LC=1 Pinastongulan 100 38 36 28,9 30,5 0.6 0.4 1960
Lo=2 Adya 100 37 31 9.2 9.8 0.5 0.8 1960
LC=3 Tangway 100 162 160  131.1 132,3 0.6 0.5 1958
Lc4 Fernando Air Base 150 93 9C 19.8 4442 3.2 0.1 1958
15 Pagulingin Bata 100 37 16 24.4 25.9 0.3 0.2 1959
LC~6 Pangao South 75 37 32 21 21.3 0.8 2.5 1964
1C~7 Sitio Barandal .
San Francisco 75 45 38 30.5 32,0 0.3 0.2 1962
LC-8 San Salvador 5 77 57 44,2 0.6 1956
LC=9 Inosloban~Karauoy School 37 8.8
1Cc-10 Antipolo 112 79 31 47 1955
1Cc-11 Malalim na Gulod 75 63 45 16.5 0.6 1956
1C=12 Mataas na Lupa 15 37 1 10.7 12.2 1.6 1.1 1964
1£-13 Malabanan 75 114 113 1964
1C=15 Tambo School 75 51 51 18.6 20.4 0.4 0.2 1956
1£~-16 Rizal 150 42 34 18.3 21,0 0.4 0.2 1956
1C~17 San Jose School 50 29 287 32,0 0.4 0.2 1956
1£-18 Marauay 150 56 55 12,2 1.0 1955
1C~19 Bolboc School 100 52 35 13.7 0.6 1956
1L=20 Cumba near Chapel Ip) 24 21 12,2 1466 0.3 0.2 1959
1C-21 Sto. Toribic near RR Track 100 2 29 15.9 17.4 1.6 l.1 1961
LC=22 San Carlos near RR Track 100 36 32 22,6 23.5 0.4 0.4 1y61
LC=23 Anilao 100 92 86  50.3 51.2 0.6 0.6 1959
LC-24 Pasulingin (dest) 100 32 25 15.2 15.9 0.3 0.5 1959
LC=~25 Anilao, Labac 100 38 3 25.9 2645 0.3 0.5 19€1

/
%/Static sater level
Pumping ater lavel



APPENDIX TABLE VII-B-1
WATER WELL TATA SUMHMARY (Continued)

Fominal Depth from Ground Surface (m) Test Specific Year

¥umber location Diameter Yield Capacity Completed
(mom ) Total Cased S4aL  Test WML  {(ips) (ips/m)
LC=26 Labac 100 39 38 27.4 29,0 0.3 0.2 1961
1C=27 Tambo 100 32 32 15.2 18.3 1.6 G.5 1959
1C=-28 Tipacan 100 75 72 5845 60.1 0.3 0.2 1959
10-29 Antipolo School Site 100 70 59 4247 <8.8 0.6 0.1 1962
1C-30 Paninsingin School Site 100 26 26 13.1 0.6
1C-31 Lipa Experiment Station 150 72 €3 13,7 35.1 3.8 062
1C-32 Masiit Mabini 100 32 32 17.7 18.3 0.6 1.1 1961
1C~33 Bulacnin 112 159 156  131.1 0.6 1964
1C=34 Pinagkawitan 100 29 44 32,0 335 0.3 0.2 1961
1C~35 Camp Malvar 200 101 59 16.8 22.9 3.8 0.6 1953
1C=36 Balint awak 32 15.2 18.3 1.0 0.3 1953
1C=37 San Celestine
1C=38 San Benito
1C=-39 Buctong na Pulo 78 1955
LC~40 Fernando Air Base 150 92 92 18,2 25.0 9.5 1.5 1962
ml Bo. Ady& School Site 100 21 20 14.0 15.2 006 005 1”9
1042 Bo, Halang 152 1961
1043 Pernando Air Base 200 36 89 2249 4743 6.3 0.2 1962
LC=44 Lipa City-City Hall 200 75 €0 15.2 1958
1C-45 City Hall Compound 150 92 61 14.6 19,2 15.8 3.4 1974
LC-46 Banaybanay, Lipa City 150 61 61 18.6 1971
1C-47 Dagatan, Lipa City 150 152 146 48.8 8045 1.3 0.1 1970
LC-48 Marauoy, Lipa City 200 92 92 11.4 1969
1£-42 Lipa Cathedral Compound 150 61 53 14.3 18.8 1.6 0.4 1969

1C=50 Fernando Air Base 200 R 88 20,1 37.8 4.2 0.2 1968
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APPENTIX TABLE VII-B-1
WATER WELL DATA SUMMARY (Continued)

Nominal Depth from Ground Surface (m) Test Specific Year

Rumber Location Diameter Yield Capacity Completed
{mm ) Total Cased SAL Test WL (ips)

1C=51 Fernando Air Base 200 92 92 18.0 4244 59 0.3 1968
LC=52 Bo, Bagong Pook, lLipa City 150 R 64 22,9 1968
1C=53 Marauwoy, Lipa City 200 61 37 10.7 3.8 1966
LC-54 Bugtong na Pule .

Elementary School 100 152 152 70.9 1.5 1960
LC-55 Lipa City, Batangas 200 93 43 13.7 1367 1.3
LC=56 Pernando Air Base,

Lips City 150 102 41 19.2 2044 1.3 1.1
LC-57 Pernando Air, Base,

Lipa City 200-150 93 =) 18.3 39.6 3.8 0.2
1c-58 Marketplace, Lipa City 150 12.6 14.2 SeT 3.6



APPRNDIX TABLE VIL.B-2
TEST WELL DATA - LIPA CITY

Datas Start Pumping Test 9151 pm, April 19, 1976
Start Reoovery Observation 6120 pm, April 21, 1976

Original Statioc Water Level 51,118 m

Oheservation Vell =« None

Cumulative Time Water

Irom Start (min) leyel (m) Recovery (s) Prom

0 (Start
Pumping) 51,118
1 -
2 540548
3 554056
4 564225
5 57393
6 57876
7 58,232
8 584333
9 584359
10 58,283
11 584 308
12 580359
13 58.384
14 58.435
15 58,486
16 584512
17 58.537
18 58,588
19 58.638
20 58,664
22 58,766
24 58,893
26 59.096
28 59.273
30 594375
32 59527
k7 59,680
36 59781
38 59.858

#Reocovary determined from final pumping water level

Drewdown/ Cumulative Time
From Start (min)

0

3.430
3938
50207

64275
64758
7114
714215
Te241

Te165
7190
Te242
74266
Te317

T+368
Te394
T+419
14470
Te521

Te546
70648
1775
7.978
8.155

8.257
8.409
84562
8,663
84740

\ge s

110

120
150
180
240
300

360
420
480
540
600

660
720
760
840
900

960
1020
1080
1140
1200

Water

Level ‘n[

59959
60,213

60,341

. 600290

60,341

60315
60.976
61,001
63,085
60.468

61.433
63,542
60.595

58,181

58,461
58,817
59.045
59197
59375

61,484
61,966
61,687
60.544
594756

61,661
61,230
9944176
59197
60.442

Reogyery (=)

8.841
9095
9.223
9.172
9e.22}

9.197
9.858
9.883
11,967
9.350

10,315
12.424
9.4T7

74063

Te343
7.699
Te927
8.079
8.257

10, 366
10,848
10.569
9+426%
8.638

10.543
10.112#
8,358
8.079*

90324



APPENDIX TABLE VIL.B-2 (Comtimmed)
PEST WELL DAM = LIPA CITY

Cumulative Time Water  Drewdown/ Cusulative Time ¥ater  Drewdown/

Beogvery (m) JProp Start (mip) lsvel () Regovery (w)

1260 59,603 8.485 10 51,676 74268
1320 60,137 9,019 1 514549 7395
1380 594553 8.435 12 51e474 7+470
1440 59.071 7953 13 514398 Te546
1500 584508 74190 14 514372 7572
1560 58,105 6.987 15 514296 7.648
1620 58,156 14038 16 51,271 7,673
1680 57952 6.834 17 51245 7+699
1740 60,061 8,943 18 51.245 74699
1800 60,596 9.578 19 51195 T+749
1860 60,137 9,019 20 51.144 7.800
1920 594654 8,536 22 51,093 7.851
1980 59.781 8.663 24 51,017 74927
2040 60,747 9.629 26 504966 7.978
2100 60,798 9,680 28 50,940 8,004
2160 594324 8.206 30 50,915 8.029
2220 604366 9,248 32 50,839 8.105
2280 60.188 9,070 M 50,813 8.131
2340 604391 94273 36 50,788 8.156
2400 604366 9.248 38 50,762 8,182
2460 60.569 9.451 40 50,712 8,232
2520 60,366 9.248 45 50,661 8,283
2580 59.451 80313 50 50,610 8.334
2640 (S‘top 55 ' 50, 585 84359
Pumping) 58.944 T.826# 60 50559 8.385
0 (Start 70 506407 8,537
Recovery) 58,944 0 80 504356 8.588
1 53.684 54260 90 504280 8,664
2 53.888 50056 100 50,203 8.741
3 53583 50361 110 504152 84792

4 53.100 5.844
5 524337 6,607 120 506102 8,642
6 524337 6.607 150 49.949 8.995
7 52,185 64759 180 49,873 9,071
8 524,007 6.937 240 49.720 9224
9 51.753 7.191 300 49.4%2 9.452

*Reoovery determined from fimsl pumping water level

VIl-85



APPENDIX TABLE VIL.3=2 (Contimued)
TEST WELL DA™ - LIPA CITY

Ousmlative Time Water  Drewdown/ Cumnlative Time ¥ater  Drewdowm/

Prom Start (min) level (m) Recovery (m) From Start (min) Level (w) Becovery (m)

360 494237 9707
420 49,161 9.783
480 49,110 9.834
540 48,932 10,012
600 48,882 10,062
660 48,882 10,062
720 48,806 10,138
780 48,756 10,188
840 48,578 10,366
900 48,552 10,393
960 (Stop

Reoovery 46,552 10,392

NOTES Recovery determined from final pumping water level.

V11-B-6
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DESCRIPTIVE DATA

GRAPHIC LOG

SPECIFIC CAPACITY = 0.5 LPS/M

WATER QUALITY DATA:
WATER IS FRESH WHEN DRILLF

SUPPLY “OF" Ten " FbvinciL Seens CDM-LWUA

<
M

4]

n

CASING STRATIFICATION
WELL NO- { COM ) LC-3 (M) | (FT)
(OTHER) BPW 17122 o~~~ GROUND SURFACE
BARRIO TANGWAY -—= ==
LOGATION ==| |==| srown cLar
CITY LIPA cel [ -
PROVINGE BATANGAS ©6 @@_f?_oie_ cLay
CONST. BY 7, 7~
DRILLER AGUILAR /;‘ 4
STARTED MARCH 1958 7 /.
COMPLETED . _APRIL_ 1958 “4 %
4
OWNER s /// HARD ROCK
2R
STATUS /| /
2
A
CASING DIAMETER ___!00 MM 4 1
//.f % r'/'/" A
Ll L L4 - - v e
' -.;%
DRILLERS TEST DATA: ]
DATE APRI 1958 3 ADOBE cray
STATIC WATER LEVEL 1311 M
PUMPING WATER LEVEL __132:3 M HARD RQCK
e e . e e
TEST PUMP YIELD __ 06 tPS
REMARKS:
CASING DEPTH = 1601 M
OPEN HOLE = t6GC.I ~-i6I 6 M

SCTSTr Y0,
QCCOT

\
st

000

ADOBE

Te
9i8i

O

QLD

D)

- —————e e e e e ———

SARD ROCK
7 s Rock ]
T

o0
ol

APPENDIX FIGURE ¥II-B-2
WEL!. DATA SHEET

WELL LC-3




DESCRIPTIVE  DATA

GRAPHIC LOG

DEPTH
40 CASING STRATIFICATION
WELL NO- (COM ) __LC-4C (M| (Fm)
{OTHER ) 3PW B-62-22i
LOCATION FERNANDQ AR BASE [’-'G"'_?OUND SURFACE
. 3 " ==! YELLOW CLAY
cITY CIPA _ st A
PROVINCE BATANGAS ) f\PQF_E___.STONE
6.7 22
CONST- BY ._.
DRILLER ROSALES SANDSTONE
RUARY 1962 =
pioviis Ziim 1962 5 ) 4l =30 "
gm::ereo O | HARD ADOBE
168 55 3 L2 S
STATUS N "] [ "3 sanpsTonE
- 553 | 73 77 R b7y e e e
CASING DIAMETER ___ 200 MM | C T4 souip Roek
256 | 84 x4 o e e o
‘ s ~i BLUE ADOBE
, 287 | 94 | s R L —
ORILLERS TEST DATA: | o I R s
UATE APRIL 1962 ! afay r__:
STATIC WATER LEVEL 2z9 M E: ~ SANDSTONE
, g .
| ] o -
PUMPING WATER LEVEL . 473 M | i I e
! P b
T 412 | 135 R E -~ - R
TEST PUMP 7iELD _ . 85 LPS ; - -
T ] Lo S
e e o e o o o 8+ - — . + 4 s
| - 21 ADOBE STONE
FERARKS . ; . “ “‘5
CASHIG DEFTH : HET M ; l g
SIMG s E0d ~8BRT M 54.9 ‘ o) . - ::: —
BH T - 96 T M ! -
T 3R LRSSN ' rol
! |- SANDSTONE
611 220 - 7 S e
Co ]  AUOBE STONE
20280 - Ay be s SREEREEE
; LT :x RLUE CLAY
784 0 257 A W -
e
: P [ »
: b 4] || F = apose sTonE
| - -
887 29 L g B
899 | 295 F—d k= SERIEEIEIE
i —4 T3 sanpstone
seo | 38 71 FT

SRSy oF" renwrovinciat aneas CDM-LWUA

APPENDIX FIGURE Y1I-B-3
WELL DATA SHEET

WELL LC-40




ODESCRIPTIVE

DATA

GRAPHIC

LoG

WELL NO- (CDM ) Lc-42

DEPTH

My [ (1)

CASING

STRATIFICATION

(OTHER)

BPW 8-60-6

LOCATION BARRID HALANG | , o~ "GROUND. SURFACE
1.5 5 —\JOP SOIL
cIry LIPA SRR
7] [ =71 apoBe $TONE
PROVINCE BATANGAS o s *'”—_j__
C.ONST- BY 0. 7 Fv} R
ORILLER oA 1
STARTED DECEMBER 1960 s /| ADOBE ROCK
COMPLETED . JANUARY (96l ey 4
OWNER 244 eI i i |
==] |7 vELLOv cLav
STATUS 32.0 105 A rr—;)vIl" —— -
r:/ . ‘
s r A r
CASING DIAMETER ;73| ) hUOBE ROCK
az? | a0 pL4 b -
) e
DRILLERS TEST DATA: o
DATE s
STATIC WATER LEVEL ! == 7T YELLOW CLAY
PUMPING WATER LEVEL — ! -- -
— S S I
TEST PUMP YIELD I ol g 220 ;r‘: sPdie - e e e
R
! . i
| S N
REMARKS : . - - -7, ADOBZ ROCK
THIS WELL WAS ABANLONEL Fii { S ‘
LACK CF WATER i v p
Q5 @ 300 _:_‘_“ - _'; - - -
i - 20 ,
{ ot B
: b . YELLOW CLay
| i
nes ' 160 4 b ~-
. 3
- £ -1 |~ -5 apoBe STONE
! - - q
| F’_ 1 L
1220 ¢ 400 -~ Lt - e
| S
i _— - .
; =1 1 == vewow cuay
: b =
' Raibod I Bulis ;
1418 | 365 == oot T
a8 | avs [25] |SZis0FT aooee clay |
¥ - ——
i "?': : :;‘5 STICKY CLAY
i52.4 | 500 L ]
APPENDIX FIGURE YII-B8-4
o o WELL DATA SHEET
IBILITY T FC ATER
SUPpLY oF TEN ProvincuL areas GDM-LWUA WELL LC-42




DESCRIPTIVE DATA GRAPHIC LOG
DEPTH
WELL NO. (COM ) LC—45 TIRRGE CASING STRATIFICATION
{OTHER) BFW 5868 R
LOCATION CITY RALL ~~GROUND SURFACE
o) 7 =] BROWN CLAY ]
cITy LiPA P s : w| CLAYEY BROWN SAND
PROVINCE BATANGAS 61 00 1] Jiiti| PEBBLES OF SCORIA
CONST. 8Y “U ] N\SRAY_TO BLACK
DRILLER CAMARADOS v g s
ITARYED QOCTOBER 1953 - " B v ‘ TUFF
COMPLETED DECEMBER 1553 14.6 48 _,."h* " ,,'
OWNER LIPS CITY WATER DISTRICT e }
183 60 b P:__:y DARK BROWN - CLAYEY
STATUS OPERATIONAL oy L) SAND, FINE TO COARSE
[ 20.4 67 o P o e S
== == | BROWN CLAY & SAND
CASING DIAMETER 15¢_ MM 24.4 80 /“- = -;'F e e ]
’ v r v 4
v v et
\ ‘ s L
DRILLER'S TEST DaTA: | L
DATE DECEMGER 1953 LI I P
STATIC WATER LEVEL __i46 M Ll i P f
l 4 "l 7 v I
b " | TUFFACEOUS SAND,
PUMPING WATER LEVEL __192 M [7"] |, | POORLY CONSOLICATED
i) . ! BROWN SANC GRAINS
TEST PUMP YIELD ___/6._LFS L :
." "i l‘ I
i v co
REMARKS: R oo
CASING DEPTH = 6.3 1 s S o |
OPEN HOLE = 6L3 - 91.5 M. SRR LA seeh BN B T
SPECIFIC CAPACITY = 3.5 | pS/%y | " | GRAY TUFF
’ e IR
60i | 97 —ud - e e e e
613 | 201 Tz ‘Lﬂl e *
BOR B
: i Tz . -
! -1 V23 rurraceous
| e 2| | - = CLAY, BROWN
' [l BNt
PR B
| L;":i
75.3 ! 247 E';;] RREE EEEEEE e e
i I‘__ 1=z i
: e I b n
| pe I by
{==>1 == .BROWN TUFFACEOUS
I }3-=" SANDY CLAY; SAND
22| JEZZ /1S FINE TO COARSE
izzl '135]
el 2 l
91s | 300 =1L

FEASIBILITY STUDY FOR  WATEM
SUPPLY OF TEN PROVINCIAL ARLAS

COM - LWUA

APPENDIX FIGURE YI-B-5
WELL DATA SHEET

WELL LC-48




DESCRIPTIVE DATA GRAPHIC LOG
H e
oEm CASING STRATIFICATION

WELL NO- (CDM) LC - 47 (M) | (FT)

(OTHER) 0.3 M+,
LOCATION CAGATAN \\x “‘t,.l_: GROUND SURFACE
03 3 r==1 ps=pNJorsow ]
cITY LIFA 37 2 IRE IEET BowN car ]

PROVINCE BATANGAS QR KD HARD ADOBE

CONST: BY 07 1 35 eyl I ——

DRILLER KATIGBAK 15.2 50 |E=wi % BLU_E,._SEEFE._-__.._~..«

STARTED '_MARCH 1970 == —~—1 BROWN CLAY

17 1970 =zl |== —_
coumeres Tu a| o e —
259 | 85 HARQ PALK;D“_SEND“
STATUS
CASING DIAMETER 50 MM SANDY ClLAY
427 | 140 :

DRILLERS TEST DATA: 473 | 185 e Fne s T
DATE 503 | 165 ‘| e e e ]
STATIC WATER LEVEL . 988 M S

I|| - — | BROWN CLAY
PUMPING WATER LEVEL _. 805 M o =
625 | 205 [‘| e .
TEST PUMP YIELD 3 LPS ! QL
O I(‘ ADOBE
=3l
76 1 250 L'b iz -
) fetO)llifeloN
. P G l NG HARD ADOBE
REMARKS : R .
| 5 1463 Bl 1 ce7 b T SaN DS TakE N
CASING DEPTH = 146:3 1 83§ | 275 i |\ .'} : -
PERFORATED CASING = 427-143.3 M. sni | oag L |’| 22 CEMENTED GRAVEL ]
OPEN HOLE = 146.0 - 152.4 M. N H § BLUE SHALE ]
SPECIFIC CAPACITY = C.04 LPS/M. g 30 ||| | BROWN CLAY
960 | s + - -~
¢ o N
22138 lnolliso! e
‘ Lo R RR HARD ADOBE
82 | 345 [l e
l 21| £3 BLUE SHaLe
1098 | 360 H"c SANDY CLAY o
. 37 g : —
23 SR SSHIED ! wcon
I,’f,',"‘ |17 cemenTen oraveL
12385 | aos ,lffgii« lil »x—' A T
SN, (\m MARD ADOBE
128-} 420 paighin "-"' B it
== I'l SZ sanov cLay
1342 1 440 Ili LA CEMENTED GRAVEL |
1372 | 450 E” 3' BLUE SHALE —
LUE SH
t41.8 6% »E:—‘-ll' — - e
143.3 R70 pr—eme p——t FlNE SAHD R
146:0 | 479 | ==t =T
==! == sanpy cuay
1524 | spo LT T
APPENDIX FIGURE YII-B-6
WELL DATA SHEEY
FEALIBILITY TUDY ATER
WPy or Ten PRovinea.  anes  CDM -LWUA WELL LC-47




PR,

DESCRIPTIVE DATA GRAPHIC LOG
DEPTH 4
WELL WO (COW ) _ L0-%4 TG CASING STRATIFICATION
(OTHER) c-45
LOCATION BUGTONG NA PULO = y~T GROUND SURFACE
ELIMENTARY School ws | s |22 [E=]cuay, umomTic, YELLOW
cITY Al : — —=
PRO BATANGA xE E2| TUFF, PUMICE W, CLAY
cou:‘:c:v W Z=2| |ZZ| DarK GREENISH ~ GRAY
DRILLER , 5.2 50 t=ir{ ==Y LAY, LIMONITIC
STARTED |_JUNE (960 198 65 |-=if |Z=|LIGHT OLIVE-ORAY
2% CCTOBER 1960 ' ¥ | CLAY WITH GRAVEL
gm‘iﬂw 244! 80 XL _S_lf YELLOW GRAY
== |==] sanpy cuav
STATUS g~ ITI| YELLOW- GRAY
354 15 — e
CASING CIAMETER 100 MM, s =l e e SILT, SLIGHTLY SanDY,
. ~ + ! LIGHT OLIVE-GRAY
ORILLER 472 | 185 po Foe S ——
ILLERS TEST DATA: " o
oare. 22 0CToecn 1960 S| s s
STATIC WATER LEVEL TI9 M. VARIABLE s6.4 | 185 b4 beod
BECAUSE OF NEARBY PUMPING 594 | 195 [E={ |Z={OLIVE-GRAY CLAY
PUMPING WATER LEVEL 754 M % s o
671 | 220 |/ |mo s | TUFFACEOUS SAND
TEST PUMP YIELD I.5_LPS ,# vy | LIGHT OLIVE - GRAY
rae v
747 | 245 b= | P e e P
== [IN[==! cLaY, SLIGHTLY SANDY
793 | 260 p=== == | YELLOW - GRAY
v < f. s s e
REMARKS: v l v
PERFORATED CASING = 67.1 - 1006 M AND
103.6 - 1158 M ' . | TUFFaceous SA_:o_
TOTAL PERFCRATION : 45.7 M Ll | HIOHT OLIVE - GRay
TOTAL LENGTH OF CASING = 152:4 M. T
GROUND SURFACE FELEVATION = 3071 M 1006 330 il " B e
TRANSMISSIVITY DERIVED FROM 1036 | 340 [T — =
TEST DATA = 50 CUMD/M ( APPROX:) ==\ ZZ1 cLavey sano
SPECIFIC CAPACITY = 0-4 (PS/M = I = TUFFACEOUS
27 [hl =3 | L1eHT OLIVE - GRaY
115.€ 380 el man ot
z F 4
120.4 | 395 ST LT SN
WATER QUALITY DATA: )
pPH = 7.6 AL¥ *LINITY = 166 00 v
ODOR = NiL B CARBONATE = I68.36 by N
COLOR = SLIGHTLY  ACIDITY = NIL v v+ | TUFFACEOUS SAND
TASTE = BLAND CHLORIDES = i0.0 .
TURBIDITY = 3.50 IRON = 0.20 v -
CaC0y = 84.00 v
182.4 500

PHENOLPH. ALKALINITY = 14.00

GOOD FCR DRINKING , LAUNDRY & BOILER

EXAMINED - OCTOBER 20,1960

FEASIBILITY  STUDY FOR

WATER
SUPPLY OF TEN PROVINCIAL

AREAS

CDM -LWUA

APPENDIX FIGURE XI-B-7
WELL DATA SHEET
WELL LC-84




BROUND SURFACE
— Ve

GRAVEL - FiLL —— _ SANITARY SEAL
PIPE — T {CEMENT GROUT)

ISM DEPTH —™~¢

<
o S8

[SEadide

e 250MM CASING AND
PERFORATED CASING

— CENTRALLIZERS

- GRAVEL PACK

---~ 450MM BORE HOLE

O i
o [ ]
9IM DEPTH Ty &09 o J

FEASIBILITY STUDY FOR

TER VEL L
SUPPLY OF TEN PROVINCIAL z:zis CDM-LWUA LIPA CITY




N

DESCRIPTIVE DATA GRAPHIC LOG6
DEPTH
4 CASING STRATIFICATION
WELL NO. (cOoM) . TEST WELL (M) | (FT)
(OTHER! _—GROUND SURFACE
LOCATION , z
L5 5 S IWERY FINE-FINE SHTY
CITY LIPA o0 OO { DARK BROWN
PROVINCE  BATANGAS 88 00 taoosE)
CONST. BY __KATWELL , INC. 70 23 :
DRILLER __ R KASTLE 86 | 290 2O [OO LIGHT BROWN VESCULAR
STARTED 10 FEB. 1976 '// -’.'_
COMPLETED IATE ol
OWNER 7
v A
STATUS B A I A
— PRV e o o o s e v’ . ' .
CASING DIAMETER __ 250 MM a3 A “<ll -
2 il
N / I /'V
DRILLER'S TEST DATA MII S
DATE . . — v v
STATIC WATER LEVEL S L .| FINE TO VERY
335 L IH “ | COARSE TUFFACECUS
T T oo . SAND SUB- ANGUL AR
PUMPING WATER (EVEL .. __ " o VV. TO SUB-ROUNDED
— - o : DARK GRAY TO BROWN
TEST PUMP YIELD __ . _______ |36 130 . Il | WTH Some cLay '
e | s ”l AND FINE GRAVEL
Lt Y
Al
REMARKS i -l
CASING DEPTH : 890M i ",|“¢;
PERFCRATED SECTIONS 518 ’ 170 .
213-335M PR ENE
396-5 8Mm ! A I
S579-67.1 M s79 | w0 1 Tt
7% 2-884M ’ e iile
GRAVEL PACKED | el
PERFORATED SECTION LOCATIONS L Il -
DETERMINED FROM ELECTRIC LOG [l
L L
671 220 . -
P
! -
e .
Lo -
' .
762 | 250
88.4 { 290
9.4 L 300
APPENDIX FIiGURE Vii-B- 2
FEASIBILITY STUDY FOR WATER D
sueLy of TEn paovmour angas COM - LWUA LIPA CITY TEST WELL




SELF- POTENTIAL DEPTH RESISTIVITY
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ELECTRIC LO6
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APPENDIX FIGURE WViIi-B-11
DRAWDOWN AND RECOVERY

CUPPLY “OF ren PRovinciaL aacss COM-LWUA IN TEST WELL




NOTE:

PROVIDE OPENING FOR WELL SOUNDING IN
PUMP DISCHARGE HEAD OR SURFACE PLATE7
4

7
f,,
2
7
5
2
7
2
7
zZ
7
7
?
7
YA
P
7
%

I5M- MINIMUM DEPTH —-Y

POSITICN SCREEN
OPPUSITE PRODUCTIVE -
FORMATIONS

- __CONCRETE PUMP BASE
T CASING HANGER

__———STEEL SURFACE CASING { 5OMM- OR
MORE LARGER IN DIAMETER THAN
UPPER PRODUCTION CASING.)

___-GROUT SEAL

- STEEL PRODUCTION CASING ( 200 MMm.
TO 400 MM IN DIAMETER DEPENDING
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SUPPLEMENT TO APPEFDIX FICURE Y TI-B-12
GENERAL CONSTRUCTION SUGGESTIONS

KNatural Development Well « Rotary Drilled

1.

2,

3.
4.

Se

7.
8.
9
10,

Drill oversized hole to 15 m depth (more if conditions require)
set and grout surface caaing,

Drill clearance diameter hole insids surface caasing to antici-
pated maximum total depth (or drill small-diameter pilot hole
and enlarge it after logging).

Run electric log.

Examine samples and eleotric log to locate nuitable permeable
zones. Abandon site if sufficient permesble material is not
founde Enlarge (ream) hole to accept casing if necessary.

Install string of casing and screen, with screen of slot suited
to formation grain size oppoaite permeable zones.

Clean and develop well thoroughly,
Test well,

Design pump.

Conetruot well head faocilities.

Install pump,



FEASIBILITY
SUPPLY OF TEN PROVINCIAL AREAS

NOTE:

PROVIDE OPENING FOR WELL SOUNDING IN
PUMP DISCHARGE HEAD OR SURFACE PLATE7

ISM. MINIMUM DEPTH -—

!
CENTRALLIZERS ——-{

\

STUDY FOR  WATER

COM -LwuA

/—PROVIDE 0.08M. GRAVEL-FILL PIPE
IF DESIRED.

|_— CASING HANGER

Ay ®-

CONCRETE PUMP BASE

.o e
e ©m

Q-
. *

STEEL SURFACE CASING (200 MM. OR
MORE LARGER IN DIAMETER THAN
PUMP HOUSING CASING.)

Y
-

GROUT SEAL
.
’
1]
S . —GRAVEL PaCK
'..
‘s __ STEEL PUMP HOUSING CASING
o (200 MM. TO 400 MM IN DIAMETER

DEPENDING ON ANTICIPATED
PRODUCTION RATE.)

T~ REDUCING CONE

[}

v ! r- --—— CORROSION RESISTANT STEEL SCREFN
. PLACED CPPOSITE PERMEABLE ZONES
!

’ .~ STEEL BLANK CASING { 2M. MINIMuUW
WS S LENGTH )
°

| OVERORILL ( BACKFILL IF EXCESSIVE )

APPENDIX FIGURE Vil-B-13
GENERAL DESIGN

GRAVEL PACKED WELL
ROTARY DRILLED




SUPPLEMENT TO APFENDIX FIGURE VII-B-13
GENERAL CONSTRUCTION SUGGESTIONS

Gravel Packed Well — Rotary Drilled

ls Drill oversized hole to 15 m minimum depth (more if conditions
require), set and grout 550 »m surface casing.

2, Drill small diameter pilot hole inmide surface casing to 300 meters,

3. Run electric log.

4. Examine samples and clectric log to locate suitable permeable
zones, Abandon site if suffiolent permeable material is not

found,

5¢ Ream pilot Lole dlameter to largest diameter that can be drilled
inside the surfsce casing to a depth about five meters below the
lowest permeable sone.

6e Install string of casing and screen with screen opposite all
permeable zones,

Te Place gravel,

8¢ Clean and develop well thoroughly.
9¢ Test well,

10, Design pump,

114 Construct well head facilities,

12, Install pump,



1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

APPENDIX TABLE VII=C~l

MAXINUM AND MINIMUM DAILY FLOWS

PANSIPIT RIVER
Maximum Minimum

"Flow (1ps) Date Flow (1lpe) Date
16,100 2. Octobver - -
11,150 18 November 1,460 22-23 June
44,420 14 October 5,950 22 April
25,140 13 October 8,250 5 May
63,400 6 September 7,530 16-18 May
24,900 2 October 8,170 16 May
35,660 29 November 6,520 29 May
34,200 28 September 10,820 23 May
31,880 19-21 Septembar 4,190 5 May
49,530 10 November 6,140 16 May
23,190 17 Cctober 54390 5 June
14,520 24 October 5,390 16 May
19,770 23 October 4,510 1-8 May
30,530 12 October 7,080 26 April
42,080 3 August 12,900 22 May



1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1570
1971
1972

AVERAGE:s

JAN

22404
28464
42472
41.00
40465
38.19
51.31
29,22
5593
40.05
33627
85.38
31.52
59417

3845

FEB

14.24
22445
3C.88
Z27.10
29.62
29422
36461
18.91
33.29
29.03
20656
17.81
21.03
48.28

27407

LOCATION:

13,01
20,52
27.89
24499
29.78
27.48
34.14
14.66
27,22
23.77
18,81
16.33
23.56
44463

24.80

8402
i€.76
23.36
22,68
25,35
20076
29.95
12490
20.18
18.31
17085
12.74
20,06
37493

20449

MAY

6,06
18,72
24.05
21.33
22491
18.41
30.91
21404
18.17
15439
15.04
12653
22453
36423

20424

AFPERNDIX TABLE VII-C-—2

TOTAL MONTHLY STREAN FLOW
(IN MILLION CUBIC METERS PER NONTH)

PANSIPIT RIVER, POBLACION SAN NICOLAS, BATANGAS
DRAINAGE AREA = 644 sqkm

JUNE JUL
4446 1i.93
26437 37.25
28445 5427
23019 33,30
26457 33.68
22,34  40.02
32457 38.73
3160  35.89
27.01 37.49
17.03  24.19
14.93 21430
14.66  21.85
29.48 47.40
36,88 57493
23.97 35.37

AUQ

19.28
50464
53233
55675
43081
50.08
4E.74
39.46
46,17
26.69
30.83
25.20
73.00
106435

48,52

SEFT

22042
6Ce41
60.26
136,08
58.92
51.44
56415
5764
6475
36.36
13,14
31.22
63.74
96484

59.24

24437
£6.72
6513
110,40
53¢26
66011

58437
68413
53.03
36.21
39475
70.51
85.18

62427

) [0) 4

33.36
25023
69.84
56037
69.98
38.52
68.75
43.48
4795
104039
45.34
28,95
44.74
64049
T2048

55.T5

DEC
26457
26478
56.24
52055
56441
45000
83.70
3715
524,02
64.82
41.86
28487
49065

65.38

47.18

TOTAL

198.24
494.96
519.26
622.21
448.13
516.5

493.81
419.66
56755
381.05
299.76
311.86
467.33
T47.00

4634
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APPENDIX VIILC
WATER TREATMENT ALTERNATIVES

Diginfection of water supply may be acoomplished through
ohemical application of chlorine, iodine, osone, ultra-wiolet
radiation and oxidizing agenta.

Chlorination is & universal disinfection process used in most
municipal water systems. Chlorine, a potent oxidizing agent, destroys
bacteria when mixed under certain time oonstraints and when applied
in correct dosage.

Jodine has chemioal properties that nake it an effeoctive agent
against virug and certain haoterial cysta, However, research indi-
catea that iodine treatment in excess of three weeks may have deiri-
mental effects upon individuale afflicted with ‘thyroid diseases,

Ozone, a blue gas and active form of oxygen, is rated to be a
more vigorcug sxidizing agent than chlorine., This versatile element
not only disinfects tut aleo sterilizes. It also helps in coloxr
reduction, iron and manguneae oxidation, taste and odor oontrol,

Despite its impressive kmown qualities, ozone is yet to achieve
universal acceptanoce,

Ultra~viclet radiation is another method of disinfection appli=-
cable to small water systems, It involves high-cost equipment and
requires oonsiderable amount of power, Moreover, this type of treat-
ment requires high quality water, otherwise the ultre-violet rays
may be absorbed by substances present in the water supply.

The use of metal ions with baotericidal properties such as copper,
silver and rercury is limited by their cost, svailabiliiy and potential
adverse healtn etfects if not properly dosed.

Bromine as a water disinfectant is costly and scarece, Liquid
bromine produces irritating fumes and causes severe burns.

Oxidizing agents such as potaseium permanganate and hydrogen

peroxide have weak purifying qualities that require long contaot
time and high dosage,

The economics of disinfection serve as an important, if not

- s0le, basis for the selection of a treastment method suitabl-. to a
particular water system, Selection is not necessarily based upon
the cheapest method available but on its dependability, effective-
ness, suitability and reesonableness in cost, From this viewpoint,
ozone and chlorine merit further consideration,
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Oncne, as earlier indicated, lacks extensive praotiocal appli-
cation but its versatility makes it advantageoua over chlorine under
cartain conditions, It can be more effective and economical when
used for two or more stages of water purification, When taste amd
odor in water are organic, ozone mey be as effective as ohlorine,
When disinfection only is required or water supply is olear, however,
ohlorine will be much more economiocal,

Plant-scale studiee on ogzonation show that it enteils bigger
capital inveatment than chlorination by the ratio of 3 or 4 to 1.

While ogone appears to be an efficient disinfectant, its prac-
tical application is supported with scarce data, This leaves chlow
rine, a proven disinfectant, as a more dependable method. Although
considered a less rapid agent than ozone, chlorine fits well in
large water supply systems,

Since the early 1990's, chlorine has been widely used in water
treatment but recently in the United States, it has developed into
a oritical issue, Studies done by regulatory agencies revealed the
presence of cancer—producing chlorine ocompounds in the drinking water
of several cities in the eastern part of the United States as a
result of treating river waters contaminated by certain organic and
chemical wastes, The studies indicated that through chlorination,
the hagard levels of man-made chemicals and pesticides that pollute
the river sources are increased,

Howsver, the critical aspect of chlorination does not apply
to the study area at this period of its development. Rivers are
not generally contaminated by agro-industrial chemiocals, a condi-
tion foreseen to remain for quite some time,



AP, 77DIX ¥III-D
DISTRIBUTION SYBYEN ALTERNATIVES

Qenersl

The distribution system, in general, is oomposed of a network
of distribution mains, internal distribution networks, storage faoci-
lities, booster pump stations, booster chlorinstion stations, amd
appurtenances such as valves, fire hLydrants, meters, and servioce
oonnections. The disiribtution mains are the larger pipelines whish
take the water from the transmiseion lines to the dsmand areas. The
internal network system conmiets of the mmaller street mains which
distribute the water to consumers along smaller streets of the city
and subdivisioas., Booster pump stations are required to raisc water
from lower pressure sones to higher pressure sones where consumers
are usually at higher ground elevations. The booster chlorination
stations are required at ths frings areas of the water distriot te
keep the chlorine residual at the dosired concentration. The die—
tribution storage facilities provide supplementary flows during the
peak—demand periods. The transmission lines convey the water to
and from the storage facility depeading on whether it is filling er

emptying.

The valves are placed throughout thes distridution system to
keaep #mall servioe arsas isolated by closing the valves at times
when mainterance is required. The fire hydrants are connected to
the distribution eystem at regular intervals depending upon the type
of ares served. Tha servioe counections convey the water from the
internal distribution system to the consumer. MNeters are placed on
the servioe connsction line to meaaure the amount of water oonsumed
by the customer. ilie components of the distribution xystem describded
above are i{llustrated in Appendix Figure VIII-D=1,

The major alternatives for the components of the distrimutiom
system can be grouped into two categories:

(1) Sise and Staging. For moat componsnts of the distributien
systom it is possible either to install the capaocity required
for the design yesar or to stage the construction of the ocomponent
by installing part of the required capacity in an early ocons=-
truction phase and the remaining capacity in a sudbsequent phase.
Examples would be: a 10,000 oum storage tank built in 1980 for
the design year 2000; or a 6,000 cum storage tank duilt in 1980
and a 4,000 ocum storage tank built in 1990, Installing a small-
er size component initislly has the advantage of reducing capital
oost in the initial oconstruction period. Also, staging provides
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flexibility as more data will be available at a later date and
the assessment of population and economio growth may indiocate
& new location is preferable to that originally planned., In
any ocase, studies should be made to indicate the economioc
feasibility of staging.

(2) Lgoatign. Sometimes, more than one location exist for
the comstruction of the distribution system component. In
some 0ases, economic studies will aid in the selection of the
most desirsble site, and in other cases, practical consider-
ation and engineering judgement will be of primary importanoce.

Each oomponent of the distribution system and its respective alter-
natives are disourssd in subsequent sections,

Distribution Mains

The alternatives for distribution mains are location, sise,
staging and the spacing in the network. To avoid land costs and
also to plaocs the mains as close to the demand ocenter as possible,
the aliguments for future distribution mains ahould be chosen along
existing and planned road and street rights~of-way. Whers the
service area will extend to sreas without planned or existing road-
ways and streeits, the location of the dietribution mains is deter-
mined by topographic features. As much as possible, the distribu-
tion mains should be looped to aveid dead-end servioe areas; to
minimize the number of ooncessionaires affected when valves are
closed for mainterance; and to pr¢ -ide adequate pressure at times
of maximum demand as the demand oan be supplied from more than
one dirsotion,

The distribution main network system is deaigned to provide a
minimum pressure of 14 m during peak-hour ocnditions. The minimum
sise of distribution mains has been taken as 200 mm, In general,
this sise is large enough to provide adequate pressure during peak-
hour and fire~-flow conditions. In some resj=sntial areas, slter—
nating 150 ma and 200 mm pipe sizes is adequate. Staging of die-
tribution mains is econowical at 10-year intervals in areas having
wide streets and low population densities. However, in high~density
areas having small streets, it is usually preferable to avoid two-
stage oonstruction., There is limited space for utilities in these
areas and considerable disruption ooccura when the street is exocavated
for the new water main, It is better to install the pipe sise re—
quired for ultimate design in these ocongested areas so that theee
problems can be avoided,

It is desirable to maintain the maximm spacing for distribution
mains at 1,000 meters. This will provide uniform size and spacing

VII1-D=2
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for the internal mains as well as better pressure distrituiiom through-
out the aystem. A wider spacing of the distribution sains weuld re-
qaire larger pipe sises in the intermal distribution netwerk te main-
tain sufficient pressures during fire-flow and peak-hour periods.

It is not recommended that the minimum distribution main sises
be staged. However, larger mains ocan be staged in some instanoces.
A required pips size of 250 mm for year 2000 demands can de ocom~
veniently staged with one 200 ma line in Stage I and another 200 mm
parallel line in Stage II. Hmwever, in Stage II an extra cost of
15 par cent may be inoluded in the construetion of the parallel liuve
because of the probles enocouniered with intertise to the Stags I
line and safeguarding servioce connections and sometimes transferring
the conneotions with the internal network. The sconomic evaluation
of a two~atage versus one~stage oconstruotion of a 250 mm line is
shown below:

EVALUATION OF DISTRIBUTION MAIN STAGING

1976 Present Uorth2

Construction Pipe Construo}- Projest Annual Capital Annual Salvage let

Alternative Period Size ion Cost Cost Cost Cost Cost Value
() _(&/m)  _2/p) (*/n) (2/m) (2/w) _(¢/m) f.:éal
Single~Stage 1980 250 475 648 3 412 V3 19 407
Total 407
Two-Stage 1980 200 360 491 2 32 9 14 307
1990 200 414 565 2 116 2 19 99
Total 406

Comparison of the two alternatives shows thai construoting two
parallel 200 mm linee in @ach stage ooste almost the same as a single
250 mm line in Stage I, In this case, it would probably be better to
install a 200 mm line initially because of the lower capital oost and
added flexibility. Similar calsulations for staging a 300 mm line
with parallel 250 mm and 200 m@ lines indicate only alight savings
with two-stage construction. Seleotion of distridution mains which
should be staged wust follow an analysis of the peak=hour and fire

1990 construotion cost inolnasa 15 per oent penalty.

zniloount rate is 12 per cont,
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flow eonditions to be sure that the smaller line oconstructed in
8tage I will de hydraulically sdeguats until the second lins is
installed.

The timing of the construction of the distribution main systems
shoald be such that an attainable level of growth in the distribution
system is maintained. Areas having higher demsitiss of potential
customers should be conneoted in the early oonstruoction periods
beocause the cost per oonmection will be lower and more revenues will
be generated. Alsc, extension of service to large demand customers
sach as industries and oommercial arsas would be desirable when a
reliable water supply is available. Service to thia type of customer
would have a positive impaot on the economy of the study area.

Disiribution Storage Tanks

Distributiorn storage tanke provide supplementary supply during
peak-hour demand periods, during fire-—flow demand periods and during
emergenoy periods when source supply is reduoced., The recosmended
distribution storage volums is 15-20 pear oent of maximum daily supply
requirements. The storage facility is designed to empty during peak-
hour demand periode end to fill overnight during minimum demand
periods. The storage tanks should be looated as close to the demand
centar as pomsible and on the opposite side of the servioe area from
the souroé. By locating the storage in this manner, the peak-hour
pressures will be higher ams the supply can be provided from two
directions.

It 18 recommended that storage facilities be constructed on-
grade with an operational level fluctuation of 3 to 7 m. The storage
tanks should be of reinforced concrete and covered to prevent oon-
tamination. Initially, adequate land area shculd be purchased so
that the ultimate storage capacity of the site can easily be accommo-—
dated. The storage facility ie designad and oonstructed in incremeuts
so that the desired capacity is available when needed. It has been
observed that staging at 10-year intervals ie an economically appro—
priate time increment based on the discount rate used in thia study.

For operational purposes the storage overflow elevation should
he the same elevation as the HOL oontrol at the source. Locating the
storage at the amme elavation as the souros is sound engineering prao-
tice. The range of operating pressures within the distribution systex
is reduced. This keeps the pumring heads at booster stations and wells
at more constant levels, simplifying operaticn of the pump station.
Ho maintenance of double-acting altitude valves at the storage faoli-
1lity is required unlike when the storage is at a lower elevation
than the source,
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Tank filling will take place “uring the minimun demand periods,
Amount and duration of miniram demand can be determined by 24~hour
consumption records, Since these data are not swailable, it is
assumed that the minimum demand is sbout 30 per cent of the average
demard for a period of 8 hours, Assuming a tank with 7 m water depth,
the differentisl head between the source HGL elevation and ‘he storage
tank is a maximum of 7 m when the tank is empty and 3,5 m when the
tank is half full., Because of this swall head differential, care
must be taken in choosing location and size of the supply lines,

Placing the storage HGL at an elevation lower than 70 m ie not
recommended because this will mean that areas at the extreme ends of
the distribution system will have insufficient pressures unless in-
ordinately large distribution mains are provided. If locating the
distribution storage tank at a lower elevation than the source is
considered, & double-acting altitude valve mist be placed on the
supply lire tc the tank, The ‘ralve closes when the water elevation
in the tank reaches the cverflcw level and opens when the pressure
drops in the distrilxtion eystem, permitting water from the storage
to enter, If the valve is not maintained at all times, it could
fail to operate properly and ca .3 lower pressures in the distritation
system than required, DBecause the atorage is at an elevation less
than the source, it is difficult to obiain the required flow from
the storage during peak flow demands as most of the supply will
oome from the directicn of the scurce, the location of the highest
HGL.

When suitable ground storage sites are not available, it is pos=
sible to utilize elevated storage tarks or standpipes. If possible,
the overflow elevation should e the same as the HGL oontrol on the
source transmission line. The operational range of elevated atorage
may be reduced to 5 me In the case ¢f standpipe storage the volume
lower than the top 7 m should not be oconsidered as part of the cpera-
tional volume. Eoonomic studies ocan aid in the selection of the best
location. The present worth cost of thz storage tank and the storage
transmission line for several alternative sites shculd be evaluated
to determine the least—coat alternative,

In scme cases it is rore economical to locate a portion of the
distribution storage volume at the source HGL oontrol. This reduces
the pipe diameter required to fill the distribution storage tank
located at the other end of the system, However, locating storage
. at the source will mean that more supply must come from the souroce
during peak-~hcur demand periods., Several alternative distribution
and source storage schemes should be evaluated to determine the best
apportionment of the required storage volume,
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Jpterng]l Network System

The internal network systes is the network of pipes within the
1,000 m grid spacing of the distribution main network. Tho imtermal
network consists of pipe sizes usually of 150 mm or smaller dismeter,
valves, fire hydrants and servios connections. The alternatives in
the internal diatribution network are dspendent on the level of water
servios provided. A system designed for fire flow demands may require
larger internal distribution pipes than a sysiim designed omnly for
peak~hour demands. The fire-flow requirements ara:

of Area Fire-Flow Demand
Commercial, Industrial and High- 20 1ps at each of itwo adjaoent
Value Residential fire hydrants
Single Family Residential 10 1ps at each of two adjacent
fire hydrants

The internal network design is controlled by either of two oconditionss
peak-hour demands with minimum main pressure of 10 m or fire-flow
demand coincident with maximum—day demands with a minimum hydrant
pressure of 7 meters.

In order to determine the response of the internal network to
several flow conditions, a detailed study of ihe internal network wus
made. Commercial/residential areas in several cities in the Philippines
were analyzed to determine a composite 100 ha area. A typical 100 ha
ares in the core city or fringe of the core oity has 8-12 km of roads
and streets. Since the internal network is installed along stireet
righte-of-way, the total length of intermal network pipe will also be
8-.12 km for a 100 ha arca. An average of 8-12 km per 100 ha area
corresponds to 80-120 m of pipe per heotare served. The 80 m per
heotare would be in less densely populated, high-value residential
areas, and the 120 » per heotare would be in densely populated, mixed
residential and cesmercial areas. The 80 m of pipe per hectare
was used in the damign study in order to evaluate the internal net-
work under the mcat stressing conditions - less pipe per heotare
will oause higher flows for the same areal demand. Three alternative
internal network designs were studied. The three alternatives are
shown in Appendix Pigure VIII-D-2 and listed below:

Alternative 1. 41l internal network pipe is 100 mm in
diameter,

Alternative 2. All internal network pipe is 150 mm in
diameter.

Alternative 3, The ratio of 100 mm pipe to 150 mm pipe is

331, i.e., 6,000 @ of 100 ms pipe and 2,000 m
of 150 mm pire.
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The three alternaiive systems were evaluated by using the oomputer
to solve for preasures and flows for varying population densities.
The 100 ha area was assumed to have a mixed residential and cosmer-
cial land use., The domestio flow requirement was assumed to be

175 1pod, and the commercial and institutional demand was assumed

to be 10 per cent of the domeatic demand. The unacoounted-for-water
was assumed to be 25 per ocent of the area's total demand. The demand
was applied uniformly over the entire area. The alternative networks
were analyzed under peak-hour cendition (peaking faotor of 2.0) and
maximum day plus fire-flow condition. The minimum pressure in the
internal network is listed in Appendix Table VIII=Dwl,

APFENDIX TABLE VIII-D-1

MININUM PRESSURE IN ALTERNATIVE
INTERNAL NETWORK SYSTEM

Ninimum Pressure (n)y

Alternative Population  Peak  Commercial  Residential
Systen Density Hour Fire Flew Fire Plow
1-4A1 100/ha 11 7 11
100 mm Pipe 200/ba 10 ¢/ 10
300/ha 84/ 44/ 8
0o/ = All 100/ha 11 12
150 m Pipe 200/ha 11 11
_ 300/ha 11 n
3% - Ratio 100/ha 11 8
of 100 mu to 200/na 11 8
150 wm i@ 3.0 300/ha 10 7

37
@Aversge proasure in distribution mains is 14 m.

4/

less prussire than the criteria:t Feak-hour ainimum is 10 m}
fire-flow minimom is 7.0 meters.

/
Z’No residential fire test was analyzed because the minimum preassure
oriteria were satisfied in ths commercial fire test.
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The data indicate that Alternative 1 can mset minimum pres-
sure requirements for all oonditions for a population density of
100 people per hectare. However, pinimum oriteria cannot be main-
tained for higher densities. Alternative 2 meets the pressure
oriteria for all population densities studied. Alternative 3 also
satisfies the minimum criteria for all population densities studied,

The only difference between Alternatives 1 and 3 is the two
150 »m lines which are placed in the middle of the 100 ha area.
The two 150 mm lines add congiderable carrying ocapacity to the in-
ternal network as indicated by the data in Appendix Table VIII-D=1.
Alternative 3 can meet minimum pressures during commercial fire-
flow test. Even though a 150 mm fire hydrant might be connected to
a 100 mm pipe, it is possible to support the commercial fire~flow
because water oan be supplied from at least two directions and the
larger, supporting 150 mm main or distribution main is no more than
250 m away.

Other computer atudies were oarried out on Alternatives 1 and
3 by increasing the total length of internal network pipe to 120 I/ha‘
The peak hour pressures were inoreased approximately 2 m as the peak
hour flow was spread among more pipes. However, the fire-flow pres—
gures inoreased only siightly as the fire-flow was applied to a much
smaller area of the system.

The construotion costs for installing the internal network
piping for each alternative, and savsral sub-alternatives of total
internal network piping are listed belows

Length of Pipe Ratio of Conltructiug

Alternative »/ha 100 mm 3 150 om Cost (P/ha)
1~ 411 80 8030 6,400
100 mm Pipe 100 10010 8,000
120 12010 9,600
2 - All 80 0180 12,000
150 mm Pipe 100 0:10¢C 15,000
120 01120 18,000
3 = Nixed 80 60120 7,800
100-150 xm Pipe 100 80120 9,400
120 100320 11,000

6Colts do not inolude valves or fire hydrants.
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Alternative 3 is 15-22 per cent more than Alternative 1 and
35=39 per cent less than Alternative 2. Though Alternative 1
provides sufficient service for residential areas up to 200 peoplo/h;,
Alternative 3 is the recommended internal network system. Alter-
native 3 can meet minimum pressure requirements for higher density
levels and during coammercial fire-flow conditions. This alternative
can gerve an area which is initially residential but gradually becomes
commercial without requiring reinforcement. Also, further tests in~
dicate that Altermative 3} can meet minimum pressures up to 400 peoplo/
ha when 120 m/ha of internal network pipe i required.

The minimum recommended pipe size in the internal network is
100 ma, Smaller pipe would reduce peak-hour pressures =nd would
severely limit fire~fighting potenuvial. Though pipes less than 100 mm
are oheaper, the installation costs are not signiticantly leas than
that for 100 mm pipe. Alsc, tiw =ipacity of smaller pipe is con-
s8iderably less. The installation price per unit of capeoity is shown
in Appendix Figure VIII-D-3 for pipe siges renging from 50 to 350 mm,
The curve turns upward very sharply for pipes smaller than 100 am.
On a capacity basis, the 75 wm pipe costs 80% more than the 100 mm
pipe and is thus not recommended for internal network pips.

Staging cf internal network pipes is not usually economiocal or
practical. Streets and utilities should be provided in accordance -
with development and zoning plans, The internal network should be -
designed with ths ultimate nlan of the area, fixing the required
demands and fire rlowe. ‘hus, the period for staging to be economical
would have to be 10 yoears or more.

The valves in the distribution main uetwork and the intermal dis-
tribution system should be spaosd so that interruption in service due
to maintenance would affect as few customers as possible, BEach in-
ternal network conneoction to a distribution main should have a valwe
80 that repair ts an internal main would not require olosing of valves
on distribution mains, High-demand areas should have more frequent
valve spacing than low-demand areas. Valves should normally be placed
at street intersections with a minimum spacing of 300 m to 500 m depende
ing on the character of the snrea.

Fire hydrants will be placed at strect intersections to permit
quiock looation and enable fire-fighting in several direotions. In
high-value arvan, hyirants will be spaced a maximum of 150 m apart
with two outlets -~ 1 x SO mm hose ocutlet and a 1 x 100 mm pump outlet,
The hydrant will be conneoted to a main with a minimum diameter of
100 ma. In single-family residential areas, hydrants will be con~
neoted to 100 mm mains and spaced a maximum of 250 m apart, The out-
let will be connected 10 & 1 x 100 mm pump or hose.
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Customer servioce conneotions consist of a oconnecotion to the
internal network main and s service line to the oustomer. Tiw
servioce line will be provided with a "gooseneok" for connection
to the main and a service meter will be provided for continuous
measurement of water provided to the customer. A valve should be
inserted in the servioe ahead of the meter to enable the Hater
District to terminate mervios when it becomes necessary.

Booster Zane

Portions of the servios area at slevations which are too high
to be served from the same HQL control as the servioce area at lower
elevations, muct be served by booster pumpage. The booster pump
station raises the HGL to suffiocient levels to merve the conoces—
gsionaires in the booster zone. A storage tank should be located in
the booster zons to supply peak-hour demand. The storage tank should
be located on the opposite side of the boostor zone from the booster
pump station. The booster zons storage should have an overflow ele~
vation no more than 70 m above the lowest ground slevation in the
booster zone. The tooster pump station should be designed to pump
maximum day supply requirements,

Booatar pump station should have at least two pumps to permit
maintenanoce without interrupting service. One of the units should
be diecel-powered to permit a minimum level of servioe during power
shortages,

Hand Pump Wells for Urban Areas

An alternative to a piped water system in urban areas is hand
punp wells (HPW). Under existiug conditions in the Philippines,
HPW will probably provide, at the pump, drinking water not signi-
ficantly less safe than a piped water system. Water from the HFW
may be contaminated while being carried from the pump to the point
of use. In this respect, safety of the piped water is not guaranteed
if also oarried.

Benefits from personal and domestic hygisne occur from any water
system in proportion to the amount used. This amount depends prima~
rily upon the couvenienos with which water is provided. A HPW in the
yard immediately adjacent to the house, or in the house, will ordina-
rily be found reasonably oonvenient to use.

Water from a HPW is ordinarily not ussd in adequate gquantity
to support a sanitary sewer system and would not otherwise be wery
helpful to public or neighborhood cleanliness. HFW is, in this
respeot, inferior to a piped water system. This specific advantage
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of a piped water system over HFW is less important if there is no
sanitary sewer system, or if the urban area in question does not
have the funds to provide private water—borne waste system as mabe-
titute for the public sanitary sewer cystem.

Similarly, water from a good piped water system is ordivarily
much more convenient and useful for non-essential uses then water
from a HPW. A hand pump well is much inferior to a good piped
water system for fire prevention.

In summary, water supply from HPW does not have the advantages
of a piped syetem installed in the house, Water from a convenient
HPW (whioh means a HPW adjacent to the house) is usually preferable
to water from a piped system located away from the house. A piped
water supply not available continually during at least the day-time
hours or available only at a distance from the house is generally
inferior to a HPW located in the premises.

Therefore, the HPN may provide a valid alternative to the piped
water system in oertain urban areas if funds are not suffiocient for
& modern urgraded piped water servioe.

Types and Costs of HPW

Hand pump wells may be classified in two categoriess

ls Water level high enough for suction pump use (within 6 to
8 m below ground surfaoce);

2. Water level too deep for suction pump use (below 8 m).

The depth of' well required to reach a good aquifer at any
particular site im a oritical factor which influences costs.

High Water Level HPW. A high water level HPW includes the
following oomponents;

l. A simple pitcher nump, which should be brass lined and
comneoted to a 32 mm pipe. It may have a piston diameter
between 60 to 100 mn (2% to 4 in) and a stroke of 25 to
125 mm (3 to 5 in). Whateaver the stroke and piston dia-
metsr, replacement cup leathers must be readily availabdble
to the people using the pump, A PVC lining is acceptable
instead of the brass lining.

2. A well screen, commonly called a "well point” whem used
with a hand pump, as it commonly has a point on the end,
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3¢ Galvanized ateel pipe, of 32 mm (14 in) rominal diameter
to oonneot the well screen in the aquifer to the pump,

A conorete or magonry platform may be provided around the pipe
at the ground surface. It is not essential for sanitary purposes
if the oonnecting pipe is 10 m long or more, When not essential,
platforme are comwonly left to the pump user to provide, and are
therefore not an expense to the public program. If s platform is
provided, a ghort drain is usuelly also provided to carry waste-
water away from the immediate vicinity of the well,

The cost of a hand pump well is the cost of the materials at
site, plus the cost of labor of installation and the cost of super-
vision, The average cost of wueh a HPW will vary from 1,000 (at
20 m depth) to P3,000 (at 75 m depth).

Deep Water Leyel HIW., A deep water level hand pump well
ahould have the pumpirg element, the pump piston, installed below
the pumping water level, If the pumping water level is at 15 m,
for instance, the pump pieton muet be 15 m or more under ground,

The essential materials of auch a well would include:

1« A pump, or more properly, & pump cyiinder, which should
be brass linad steel, of 57 mm (24 in) or 54 mm (2 3/16 in)
diameter, The cylinder should include the piston, of
three-oup tyre, and the bctiom valve assembly, The qylinder
should oonnect on the top to 62 mm (24 in) diameter pipe
and on the bottom to a 62 mm (2% in) diameter pipe,

2e The well soreen, which will be the same as that of the
other wells described here,

3, Galvanized steel pipe cf 62 mm (74 in ) nominal diameter
to connect the well soreen to the pump cylinder and serves
as well as casing.

4. Oamlvanized steel pipe of €2 mm (23 in) nowinal diameter to
oonneot the top of the pump qylinder tc the dischar-e head.

5« A pump rod to oonnect the pump piston through the discharge
head to the pump handle. If the rod ie not more tham about
12 m long it may be of 11 mm (7/16 in) steel, If more $han
about 12 m long the pump rod should be wood,

The average vost of an HPW will vary from P2,500 (at 20 = depth)
to P8,000 (at 75 m depth).
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Petentjal Application

In the five study areas, there are certain fringe areas’ that
could potentially adopt the HMW as an interim meagure for water
supply until such time as the permament oonventional system sxtends
toward those areas, The following table shows such areas and
probable per ocapita oosts if a HPW were provided for each homei

Water Pumping Well HPW Per Capita
District Community Level Depth Cost Cost
D (o
MOWD Clarin near 40-50 P2,000 P290
surface
CNWD Basud 36 20-60 P1,800 P260
MCWD Liloan 8~15 20-30 P3,000 P430

MCWD Compostela 15 30=-50 P4,400 P630

The HPW has a per capita cost which is 50-100 per ocent of the
per capita cost of a piped water systeme DBeoause of the better level
of service and fire~fighting potential of the piped water asystem,
the HFW alternative is not recommended in areas where a piped water
system i8 a viable alternative, Henoce, those areas within the Water
District which have a population density of 100 people per hectare
should be served by a4 piped water supply.

Z/Hhere groundwater conditions are favorable for HPW.

Q/Baned on T persons per house.
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APPRNDIX VII1-E
WATER RESOURCES CONSEFVATION MEASURES

Alternatives available to countersct future (and present) water
shortages oonsist of the following: reuse of wastewater, desalting,
precipitation augwentation, land management, and dual plumbing
aystem . These alternatives are disocussed below,

Nastewster Reuse

One of the potential alternatives in meeting future wvater demsnd
is the reuse or recyeling of wastewater (sewege). In Singepore, re-
oclaimed wastewater is used in the ceoling proocess in industries, A
full-scale mmicipal remse facility in Windhoek in Southwest Afriea
Wuilt in 1969 provides a major source of potable water,

- Reune of wistewater oan be accomplished in two ways: %y naturel
self-purification which makee reuse porsidble for irrigetion and re-
charging of ground and surface waters, and by technelogioal process.
The techmnology of reuse involves treatment of wastewater fream the
cemsnmnity for domestic, industrial, irrigetion and other purposes.

Complex treaiment processes are necessary to remove the objeot-
ionable charscteristics of wastewater and make it suitable for a
particular use, There sre three basio phases of treatment - primary,
secondary and tertiary., One of these or all may be applied depending
on the types of use and pollutants present in the wastewater.

Studies ¢n wastewater reclamation deal with enbanoing its eoco~-
nomio feasibility for large—soale use and tecknelogiosl expansion.
Achieving these objectives will depend en several faotors,

It is technologically possible to prodnoe water of any desired
quality from any source, FHowever, the ocontrolling factor is eocemomics,
For instanoe, beoause of its lesser solids ocontent, wastewater recle-
mation is sixpler than seawater desalting as an alternative souroe of

supply.

The feasibility of wastewater reclamation as a source ef water
supply will de limited in the study area since wastewater volumes
are currently minimal, and future increases in sewerage are expected
to be slow.
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Desaltisg

Desalting ia the precess ef ocenverting seawater inte fresh
water, It invelves remsving substantial amsumnts of the ecean's
salts and mimerals,

There are three baaic metheds ef desaltismg: distillatiem,
freesing and electredialysis, each with seversel variatiens,

Over G0 per cert of the present appliocation ef desalting is
dens Yy distillation. In this preceas, seawster is evaperated amd
the vaper is condensed. 3alt depesits form en the surfaces ef the
evaperating equipment and the dasalinated water is the resulting
distillate, The least cestly distillatien unit wses selar ensrgy
as heat seurce.

Eleoctredialyeis ebtains fresh water Wy using am electrio ocur-
rent te separete the iens of the centaminating salts.

In the precess ef freesing, ice is ferwed frem & saline selw-
tien and iw melted te preoduce fresh water. However, the melted ioe
semstimes has & Balty taste.

In 1970, 33 easll desalting plants were put inte eperation
threugheut the werld, with a cembined oapacity ef 226,000 cumd. Kuwaeit
has the largest plant with & 113,600 cumd oapecity which is suffi-
cient te supply a pepulation ef 150,000, Other plants are feund
in the Netherlands, the Umited States, Venesuela and Aruba,

Fer ths most part, desalting is still experimental, At present
it i net technically and ecenemioally fesasible te oceavert meaningful
ameunts ef seawater inte fresh water. A4ll the precesses bave imherest
defeots fer general use, including the preblem ef dispesing abeut 50
por oent ef remeved salts and minersls ef tkhe tetal treated seammater,

These presesses are alss cestly because they ‘nvelve eignifioaat
quantities of energy. Whereas treatment ef erdima.y water supply
cests abeut five oents per 1,000 gallens ef fresh water, desalting
cests about $1.00 per 1,000 geilens of desalted water. This cest
oevers enly the plant itself and excludes necessary trensaissien faoci-
lities, (These are pre-energy crisis costis.)

Precipitation Augmentation

Rain can be artificially induoed te increase water supply
(altheugh it does not diminish the need te cellect it). The mest
cemnen methed of stimulating rainfall is cleud seeding.
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The theery behind cleud meeding is that under ocertain ocendi-
tions, air centaining much meisture will net yield precipitation
that might pessibly eccur because ef the absence of particles of
dust, oryetal er chemical dreplets. In cleud seeding, such par~
ticles are artificially implanted in supersaturated cleuds te
stimulate rainfall. The perticles used in the methed are ususlly
silver iedide crystals,

The cests sf cleud seeding in 1971 renged frem $0.81 te $1.86
per thousand cubio meters of additienal run—eff. This ocest range,
however, was derived frem planning reports and aa such, might met
represent actual eperatiens,

Cleud sseding dees net always yield the desired effscts ef
increased rainfall, Experiments shew that the methed alse results
is decreases im the ameuni ef expected precipitatien, These effecta
have net beem sufficiently explaired altheugh a theery advanced is
that the smeust ef rainfall depends em the typos ef cleud systens
b.in‘ seeded,

Increases im precipitation de net neceasirily preduce preper-
tienal increaess in usable water supply. The sppertunities te
increase preocipitatien depend on climatic cemditiems such that
during the dry eeacen, water supply incresses are lees frequent.
Precipitation augmentation encourages the grawth of vegetation that
ocan reduce usable water yield.

Land Management

Land management can affect the amoumt und quelity ef water
available fer use, It is & methed of beth increasing and censerw

ing water supply.

Twe peiential techniques ef land managemwent that apply te
Philippine condiiiens are forest managesest snd ceatrel of stream-
bank vegetation., Ferests impact upen water supply in & number ef
ways, They intercept rain en the surface ef the leaves. Trey draw
Beisture frem the seil and relsase it inte the atmesphere Yy trans-
piratiou, Threugh their reets, leaves and ether parts, ferests
facilitate the infiltsstiem of precipitatiem imte the seil. They
alee tend te shade the soil and slew dewm wind veleoity, thus
reduocing evaperatieon frem tue £3il surface, Any alteratiem em the
amount and type ef vegetation, such as deferestratien, will affect
water supply.
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Fareatoplytes or dssp-ricted vegetation elong the bdanks of
eanals and rivers eensume much water in their growth. Bspeeially
in oases where precipitation is low, this vegetatien may reduoe
the streamflow and the discharges of springs. Semetimes, it alse
tends to inoveass flood stages wher it invedes stream shamnels aad
reduoces ehanmel ospacity. Fareatophytes are wseful in the sense
that they previde aa important wildlife habitat; etherwise, they do
not have food value, Based on these wses and effects un the water
supply, they have to be minaged carefully as uproeting them is met
necessarily the hest answer to inoreasing water supply.

Dual Plusbing System

A relatively small increment of the total public water supply
demsnids highly potable and olean water such as that required for
drinking, ocooling, wething and weshing olethes, It is pessible, for
ingtanoe, te use ssawster for teilet flushing, washing streets, fire-
fighting. Where fresh potable water is in short supply, such as inm
Singepore and Hongkeng, & dual system has demonstrated its effective-
ness. For example, in Hongkong during the severe drought of the
oummer of 1963, water servios was ratiomed into the various eity
gsectors 4 hours every 4 days. Extiraneous uses of water sueh as teilet
flushing were therefore severely curtailed. In soms of the high-rise
government houaing in Hongkeng, dual plumbing ayatem has been used,
with sea water for toilet flushing,

There are iwo main objections that have been identified in the
use of dual system - cross~-oconnections and associated cost. Dual
water supply system where ¢(ne aystem delivers potable water and the
other system furnishes untreated water can very well lead to water-
borme diseasc eutbreaks. Where preposed, the dual water supply system
should have the non-potable supply clearly indicated and separated
from the pctable supply. Proper pluxkismg eodes and supervision eof
plumbing installation oculd miniwmise this health hasard,

If an existing system is to be replaced entirely by a dual systea,
the oost may well e wnressonable, However, if the existing water
supply piping is retained as a potable (drinking) system and a new
non—-potable pipe network utilising sea water is added, there is a pos-
sibility that the soonomios msay prove the dual system to be worthwhile.
Savings result where the non~potable syztem serves high-rise multi-
family dwelling units with high populatica demsity. The inoreased eest
recalting from the independant system may be offset Wy elimimating the
need for developing new water resources and abeve all, retaining premiwms
high quality water for demestie esnsunption. Avcerdingly, the fessidi-
114y of the duwal system has already Been proven., Deesuse the potadble
water system will mot be wsed for fire pretectiom, its distridwtiea
system need not be designed for high pressure etherwise required ia a
aystem with high fire demand.
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APPENDIX IX~B

NISCELLANBOUS (EARLY ACTION) IRFROVEMENTS
TO THE FXISTING SYSTEM

Item 1, In order to maximize wstar production from the existing
wells, it is recommsnded that aspacific capucity tests b
performed to determine the possibility of vbtaining addi-
tional water by installing larges pumps.

In addition, it is recommunded that the pumps presentily
installed in the exicting welle Le tosted to determine
the iwed for repair or reoplacement. The coust of tuc rop
gets has been included in the Early Action Program.

Item 2, In order to maximize the tranemisolion ocapacity of ths pipe—
line from the existing spring facilitira, it is recormended
that air relief valves be muvchiwad znd installed at ADPro-
priate high pointe along the pipelins. Three such losntions
have been noted by the projoect ntaff. The repair of laaks
along thie pipeline will alno inoremss ltw efficiency.

Item 3, It is recommended that the piping arramnmunt of the Mataag
na lupa storase tank be modified to permit the flown from
both the storare tank and the adjacent walls (No. 1 snd 2)
to enter the dintribution nmyatem during: periods of ,nak
demand. At pragsent only ths storam tank is diroctly cope
nected to the sysiem, the wolls nerving only tu £ill 4ha
tank. By conneoting tho resarvoir divratly to Lhe ijacent
200 mm diametor distrilu+iorn Pipoiine, via the well discharge
Piping, water from bLelh ihews sources will be availabla when
required, The following matoriala apr~ re wired for this works

b} One - 150 x 150 mm diametler Top
c One - 15¢ mm dinmator Valyn
d) 50 m ~ 150 mm diancter Pipo

ga Ore — 200 x 150 um d3amelor Tes

Ttem 4e In crder to ;roacive thes coailty of waiar from the oxlsting
apring sources, cartain imprevemcnts should bhe carried oute
Thesa elepr are as follows:

(a) Provide surfaso drainew fucilities at the exiute
ing spring collection chamboru, to divert musfice
runoff,

(b) Seal the walls and rocfa of ‘ha collection chambers
with a coating of ~ement peortar,

(c) Provide drain valves and manhole covar loowst.
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item 5. Eliminate public faucets where possible. If the munici-
pality or barangay concerned is willing to pay for such

services, the existing public faucets should be provided
with water meters and retained,



APPENDIX IX-C
DISTRIBUTION SYSTEM GROWTH

General

It is necessary to project the growth of the distribution
system in order to estimate the required expenditures for internal
network piping, service connections, and requirements for fire
hydrantss The projection of distribution system growth is based
on (1) an apportionment of the population served into several
sectors within the study area; (2) a gradual decrease in the
number of people served at each connection; and, (3) the number
of connections anticipated per hectare of area served. Each of
these items is discussed in detail in subsequent seotions,

Population Served

The population served projections given in Chapter VI are
divided into present service erea, 1990 study area, and year 2000
study area, These projections are tabulated belows

Population Served Proieotion
1975 1§§5 199 2000

A. Present Service Area

1., Poblacion 4,800 16,600 24,400 30,300

2. Outside Poblacion 4,300 10,100 15,600 25,800

B, 1990 Study Area 4,400 10,200 23,900
Ce TYear 2000 Study Area 3,200 8,700
Total 9,100 31,100 53,400 88,700

Number of Consumers Served per Connection

The present average number of consumers per oonnection in the
LCWD is estimated to be 12,8, Over the next 25 years, this figure
is assumed to decrease gradually because of (1) decreasing populae
tion growth which will reduce the number of persons per household;
(2) increasing economic growth which will enable more households
to own or rent dwelling units; and (3) more reliable water service
and supply which will eliminate the practice of non-ooncessionaires
"borrowing" water from ooncessionaires. The average mmber of per=
8ons per connection ie projected as follows:
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Number of Persons per Connectio:
195 1955 1990 ...@

A Present Service Area 12,8 7 6.5 6
B, 1990 Study Area 6.5 6 5.5
Ce Year 2000 Study Area 6 55

The number of persons per comnection is assumed to be higher in
the present service area than in the service ares extension. The
marked reduction in the number of persons per connection in tlie
present service area between 1975 and 1985 will be achieved by
oonverting the present secondary users to primary userse

Number of Connections per Hectare

Projecting the number of concessionaires to be connected per
hectare of area served enables the estimation of the total number
of hectares serveds At present the LCWD serves approximately 130 ha
in and around the oore city. There are approximately 570 concession=
aires or an average of 4.4 connections per hectare., This is a low
figure for ouvnnections per hectare and reflects the poor water ger—
vice and high number of secondary users per connection. Such condi-
tions indicate that as service is improved the water district should
expect a signfioant increase in the number of concessionaires, The
number of ccnneotions per hectare in the poblacion ie expeoted to
inorease to 35 by 1990 and to 47 by year 2000, The number of cone
nections per heotare in the poblacion in year 2000 will increase
because of an expsoted increase in the number of multi-family dwell-
ings. The method used in calculating the number of hectares to be
served in the 1990 study area for the year 1685 is 1llustrated
below:

Number of People Served
Number of Hectares Served = Number of Consumers per Connection x

Number of Connections per Hectare

00
- B 56 ha

The 56 ha represents the net area served, This area should be ipe
oreased by 20 per cent to reflect the land whioh will ve usoed for
schools, churches, and other institutions. Thus the total area
served in the 1990 study area will be approximately 70 hectares,
The projected service area for the ICAD is listed in Appendix
T&ble ]I-C-l.
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APPENDIX TABLE IX~C-l
PROJECTION OF AREA SERVED

1385 1990 2000
Number of Area Served Number of Area Served Fumber of Area Served
Connections (na) Connections (na) Connections (ha)
Study Area per Hectare Net Uross per Hectare Net Gross per Hectare Net Gross
A. Present Service Area
l. Poblacion 22 108 130 35 108 130 47 108 130
2. OQutside Podbdlascion 15 104 125 17 153 185 20 234 280
B. 1990 Study Area 12 56 TC 14 121 145 17 256 10
Ce Year 2000 Study Ar:a 15 44 50 14 113 140

TOTAL 325 510 860



Area Served by Internal Network System

The present iCJWD servioce area cf 190 ha can be separated into
two types of service ~ service by onnneotion to the intermai net-
work system and service by connection to distribution mains and
transmission lines. Concessionaires served by mains of 100 mm in
diameter or smailer are those served by the internal network systeme
Those concessionaires connected to pipe 125 mm in dismeter and larger
are congidered to be served by distribution mains and transmission
lines, Of tlie present service area of 190 ha, 140 ha is served by
the internal network system and 50 ha is served by distribution mains
and transmissior lines. It is assumed that the practice of making
direct connection to distribution mains and tranamission lines will
oontinue, and therefore, the area served by distribution mains and
transmission mains is subiracted from the totrl service area tn deter-
mine the area which will rsceive internzl network piping. It is esti~
mated that 25 m can be served on each side of transmissior lines and
distribution mains. No service area is atiributed to those trans~
miasion lines passing through areas of very low density population
or tc mains parallel to existing mains, The arecas served by trans—
mission lines and distribution mainc are listed belows

1985 190 2000

Length (m) of transmission
and distribution mains likely
to support ooncessionaires 19,900 27,000 36,200

Corresponding area (ha) 100 135 180

The expansion of the service area and the area served by the internal
network system is given in Appendix Table IX-C-2., Ry 1990, the LCWD
will have extended internal network service to serve a total of 37 ha
anc by year 2000 to serve a total of 680 hectares.

In additien to the instellation of new internul network Bystem
in the recommended program, it will be necessary to reinforce or
replace the exiating internal network., Thiz will consist ©f Zurm
stalling new 100-mm and 150-mm pipes to replace old pipe or pipes
of too omall a diameter to provide adequate service. Dead-end pipes
will be looped, valves will e repaired or new valves will be ine
stalled, and new fire hydrants will algo be installed.

In order to manage the growth of the system and to obtain finan-
oing in approximately equal increments, the expansion of the internal
network system is divided into five comstruction periods between 1978



APPENDIX TABLE IX~C-2
PROJECTED AREA SERVED BY INTERNAL NETWORK SYSTEN

Area Served
s 1390 2000
A+ Area served by transmission
lines and distribution mains 50 100 135 180
Bs Area served by internal
network sysiem
l. Existing 140 140 140 140
2, Few Systenm 85 235 540
3. Total 140 225 LY ) 680
Ce Total service area 190 325 510 860

and year 2000, The firet three periods are four-year intervals,
the last of which ends in 1920. The final two periods are five—
Year intervale, the last ending in yoar 2000, The oconstruotion
program for tha intermal network is listed belows

Area (ha) of Internal Network
Conatruction Period Reinforosment New Service Area

I. First Stage

A. 1978-87 80 40
B. 1982.-86 40 10
Ce 1986-50 20 125

Sub-total 140 235

Ao 1950-13% 150
B. 1995-2000 155
Sub-~total 305
Grand Total 140 540

The cost of reinforcing the existing internsl network syestem
is listed in Item A of Table VIII~d. PFor estimating the cost of
internal network extension, a total of 100 m of internal network
pipe per hectare served was assumed. The cost of intermal network

IXeC=5



extension is listed in Table VIII-4yItem B, The 80 ha of internal
network reinforced in Fhase I-A will be in the poblacion area. The
internal metwork reinforoed in Phases I-B and I-C will be outside
the poblacion, Because the existing internal network systeams out-
side the poblacion are so inadequate, the cost of the reinforvement
ies assumed to be the same as that for internal network extended to
new servioe areas,

Area Receiving Pire Proteotion

Beoause of the financial impsot of the overall construction
program on the concessionaires in the servioe area, it is proposed
that in Phase A of Stage I (1978-82) only the poblacion arsa be pro-
vided fire hydrants. This will ocorrespond to the 8C ha of %he
exigting internal network which will be reinforoed.

The areas outside the poblacion will receive fire protection
at later stages, The extension of fire proteotion will gradually
increase, so that by Phase B of Stage II the installation of hydrants
will coincide with the construction of the internal nctwork, The 0One
struction oost of hydrants is listed in Item C of Table VIII~4. Pro-
vision 1s also made for upgrading 50 ha of residential fire service
to high-value fire pervioe, The schedule for fire hydrant installa~
tion ie listed below:

: Area éhaz Having Fire Proteotion
Construction Period High-Value Ar_eg sidertial Area

I. Piret Stage

A, 1978832 40 90

B, 1982-86 30 100

C. 1986~90 30 130
IIC Second Stw

A, 1990-19%5 40 L/ 220

B, 1995-2000 50 180

Rumber of Connections

The projection of the rmumber of oonnections is obtained Yy
dividing the pom-lation served in the study area sub-aeectors bty
the average mumber of people per connection. The mumber of oon=
neotions projected for ceak sub—ssctor is listed as followss

U Corresponds to upgrading residential fire service to high=
value fire service,

IXe C=6



ber of Service Connect

L 5% 90 200

A. Present Service Area 714 3,814 6,154 9,350
B. 1990 Study Area 677 1,700 4,345
Ce Year 2000 Study krea 533 1,582
Total 714 4,491 8,387 15,277
Rounded 4,500 8,400 15,300

Between 1975 and 1978 the number of connections is projected to
increase from 714 vo 950, The water supply for the new concession
aires can be obiained by an effective metering program to eliminate
waste at flat-rate connections, by reducing leakage in transmission
lines and distribution maine, and by increase in supply when the
Market Well is connected tu the distribution system. The schedule
for installation of service connections is listed as followst

Total Number of
Number of Connections Connections at

Construction Period pexr Construction Period End of Period

I. Early Acstion and
Immediate Improvementa
Program (1976-1978) 236 950

II, First Stage

A, 1978-82 2,050 3,000
B. 1982-86 2,700 5,700
C. 1986-%0 2,700 8,400

A, 1990-19% 3,450 11,850
B. 1995-2000 3,450 15,300

During the leakage survey which will be conducted as part of
the Early Action Frogram, it ie anticipated that existing service
connections will be identified as a major leakage problem. The
service conncctions are made with GS pipe. Experienoce with the
GS pipe (espeoially Sohedule 20) indicates that severe corrosion
causes leakage in 10 to 20 yeara, and in even less time in corrosive



wsoils, Though no data are available it is assumed that all of the
existing connections will require replacement by 1990 The replace=
ment schedule is listed belows

Number of Existing Servioce
Construction Period Connections to_ be Replaced

I, PFirst Stage

A, 1978-82 200

B, 1982-86 200
Ce 1986-90 34

The cost of servioe connections will be shared between the
water district and the concessionaire, [The cost of a 5/8-insh
or 3/4-inch service connection is rsooz/ based on 1976 coet esti~
maten, The water district will pay one-third of the service con—
nection cost and the concessionaire will pay two-thirds of the
cost. The concessionaire will also pay for the water meter (r190
for 5/8—inch meter), The service connection costs for the replaced
connaction and new connections are itemized belows

New Connection
Replacemant Coat (t);/ Cost (?)

A, Service Connection Line

l. Concessionaire | 333 333
2, Water District 167 167

B, Water Mcter

1. Concessionaire - 190
TOTAL 500 690

The foreign exchange component of the meter is ssswmod to be
85 per cent of the total cost of the meter or P160.

Summary

The recommended improvemeat prosram for each component of the
distribution system hag been presented in this section. For each
component of the distirihution systemythe recommended schedule of
improvements has bean described. The projections for population
served and number of connections are shown in Appendix Figure IX-C-1,

E;Connection cost lnoludes PlO0 for pavement replacememnt,
Mo

ter ocosts for exist unmetered connections are inoclude
in the Early Action Program.ing oluded

IXeC=38
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The total ocomstruction oost YWy phass is susmarised below and inm
Appendix Tadble IX=C-3,

Construction Period Construotion Cost !Pl

I, Pirst Stage

B. 1982-1986 3,255,000
C. 1986-1990 31692,000
Total 9,783,000

II. Second Stage
A, 1990-1995 4,204,000
B. 1992000 : 4,256,000
Total 8,460,000

In each consiruction period the service connection costs are at
least 50 per cent of the total costs for that period. Since two-
thirds of the connection costs are charged to the ooncessionaires,
the portion of the distribution costs which must be financed by
the water dintrict will be considerably less than that summarized
above.,



Construction
Period

I, First Stage
A. 1978-82

B. 1982-86

Ce 1986-90

APPENDIX TABLE IX~C-}

SUMMARY OF DISTRIBUTION SYSTEM COSTS

Unit Total Construo-

Item/Description  Quantity Cost  tion Cost (P
Internal Network

Reinforcement 80 ha P 9,000/ha 720,000

New Service Area 40 ha P10,200/ha 408,000
Fire Hydrants

High-Value Area 40 ha ® 3,100/ha 124,000

Residential Area 90 ha ® 770/ha 69,300
Service Connections

Replacement 200 P 500 100,000

New Connections 2,050 P 690 1,414,500

Sub=total (Rounded) 2,836,000
Internsl Network

Reinforcement 40 ha ?10,200/ha 408,000

New Servioce Area 70 ha P10,200/ha 714,000
Fire Hydrants

High-Value Area 30 ha ® 3,100/ha 93,000

Residential Area 100 ha P 770/ha 77,000
Service Connections

Replacement 200 P 500 100,000

New Connections 2,700 P 690 1,863,000

Sub-total (Rounded) 34255,000
Internal Network

Reirforcement 20 ha P10,200/ha 204,000

New Service Area 125 ha P10,200/ha 1,275,000
Fire Hydrants '

High~Value Area 30 ha P 3,100/ha 93,000

Residential drea 130 ha P 770/ha 100,100
Service Connections

Replacement 314 P 500 157,000

New Connections 2,700 690 1,863,000

Sub-total (Rounded) P3,692,000

Grand Total P9,783,000

IX=C=~10
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312,000
180,000

12,000
40,500

48,000
820,000

1,473,000

180,000
315,000

54,000
45,000

48,000
1,080,000
1,722,000

90,000
562,500

54,000
58,500

75,350
1,080,000

P1,920,000
?5,115,000



APPENDIX TABLE IX~C-3 (Contimued)
SUMMARY OF DISTRIBUTION SYSTEM COSTS

Total
Construotion Unit Construotion

—DPerjod ~ Itep/Desoription  Quaptity  Cost _ Cost (P)

II. Seoond Stage
A 1990=95 Internal Network

Now Servioe Area 150 ha #10,200/ha 1,530,000
Fire Hydranise . '
High-Value Area 40 ha P 3,100/ha 124,000
Residential Area 220 ha P T70/ha 169,000
Service Connections
New Connections 3,450 P 690 2,381,000
Sub-total 4,204,000
Be 19952000 Internal Network
New Service Area 155 ha P10,200/ha 1,581,000
Fire Hydrants
High-Valus Area 50 ha P 3,100/ha 155,000
Residential Area 180 ha P 770/ha 139,000
Service Connections
New Connections 3,450 P 690 2,381,000
Sub-total (Rounded) P4,256,000
Grand Total #8,460,000

e
[}

675,000

72,000
99,000

1,380,000
2,226,000

€97,500

30,000
81,000

1,380,000
$2,249,000
$4,475,000
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. FHEODUNE SO . 1

LIPA CITY 2009 PZ1 FILLINC CONDITUICN

INPUT AND OQUTPUT IN LPS
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MEASES B 3
SYFEE M™

LIPA CITY 2000 PZ3 PEAK HOUR CONDIYION .

INPUT AND OUTPUT IN LPS
NO OF “NODES 14
NO OF PIPES 13
MAX NO OF ITERATIONS 20
PEAKING FACTOR 1.50000

ALLOW P-DROP FR/STATIC - PCT 50.0
STATIC HGL FGR P-DROP CALC 383.0

MAX UNBAL - LPS 0.100C0
MAX ALLOW VEL -NPS 3.000
MIN ALLOW VEL - MPS 0.400
MAX ALLOW HL - M/1000 M 10.00
MIN ALLOW HL - M/1000 M 1.50
MAX ALLOW PRESS -~ ATM 7.000
MIN ALLOW PRESS - ATM 0.700
NO OF HEADS TO BE READ 2
NO OF UNKNOWN CONSUMPTIONS 2
SUM OF FIXED DEMANDS 9.51
BANDWIDTH 1

ITER 1 UNBAL 9.34 LPS
ITER 2 UNBAL 0.64 LPS
ITER 3 UNBAL 0.00 LPS

SOLUTION NO. 1 REACHED IN 3 ITERATIONS
0.0007 LPB UNBALANCE '

=C=24
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MT MT/1000 CK
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2,91 1.94
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2.44 2elrhy
0.0 0.0
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JOOR DN
NODE GROUND FLOW HGL HEAD ==eeeo- PRESSURE~==w=~-
ELEV ELEV MTRS ATM---CK PCT DRCP—=CK
1 365.0 -3.67 382.61U 17.01 1.70 2,19
2 360.0 ~6.45 383.11U 23.11 Le24 -0.,46
3 355.0 ~6e45 386,02U 31.02 3.00 -10.77
4 35%.0 ~4.T4 386.40U 31.40 3.04 -12.15
6 350.0 ~4,45 Jd3. 72V 33.72 3.26 -2.18
? 370.0 -17.25 384.840 14,44 lo44 -l4.14
9 300.0 -5.22U 383.00 23.00 2.23 0.0
12 345.0 0.0 382.40U 37.40 3.64 1.58
61 370.0 30.00 386 1bU l6.18 1.57 -24 .46
66 355.0 30.00 387.75U 32.75 3.17 -16.95
68 365.0 14.73U0 1383.00 18.00 1.74 0.01

IX=C=26
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345.0
370.0
355.0
355.0
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FLONW

-0.73
'1.29
-1.29
~0.95
‘1088
-0.89
~3.45
~13.51U
~6.42
0.0
30.00
0.0
15.00
'14.58U

Wm M

HOL HEAD
ELEV MTRS
3gz2.0%U 17.09
384.11V 22.11
385.C6U 30.09
385.13U 30.13
385.1¢€U 27.16
3d%.05U 35.09
385.5¢€U 15.56
381.5¢C 21.50
3g2.05U 22.09
3g2.09U 37.09
386.%0U 16.90
365.13U 30.13
38¢.8%V 31.89
3d1.5C 16.50

IX=C=-29

——==~-=PRESSURE~==———=
ATM-=--CK PCY DRCP---CK
1.65 5.07
2.14 3.86
2.91 -7-47
2.92 -7.59
2.63 ‘8066
3,40 -6.,34
1.51 -19.68
2.08 6.52
2.14 3.9¢
3.59 2.40
1‘64 -30.01
2.92 -7.59
3.09 -13.90
1.60 8.34



APPENDIX IX.H
MAKAGEMENT OF GROUNDWATER RESOURCES

The basic problem related apeoifioslly to groundwater resources
mansgenent in LCWD oomcerns preserving the primary water scurces for
permanent use. The wells of the Lipa City area are hy far the most
inportant sources, thus various msasures smst be adopted 0 preserve
their usefulness.

411 LOKD wells eonsirnoted in the area should be equippad with
flow meaguring devices. 4 con¥imiovs program of flow and water
level measuremant, as well as water quality detarminstion, shomld
be isplesenied. Thiz will determine any variations in well and
aquifer pertormsnce or water quality, which may indicate the reed
for maintenance or cthar corrective measures, The maintenance of
aspccieted rainfall records may assist in detersination of the
long-tera prospeots of the respeciive wall fields as water supply
sources,

The senagsneut considerations with regard o wells should ine
olude & monitoring progrem of flow ratec, pumping time, pumping
water levols, atutic water levels and water quality. These re-
corda ahould bs waintained on a daily basis. WNater quality analy-
ses, cousisting of the parameters indicated in Chapter Iv, 2hocld
be psrformed &t lesst cnoce & moath,

The ncde=paih cstwork shown in Appsndix Pigare IX-H~1 illus~
tratas the develupzent and transcission cf water quality monitoring
and flow guging data fros tho stree= to ihe level of mAnagement
dwisionﬁ.

Nedes 1 and 2 ropreseat functione to be performed hy the water
diatriot. These two functions involve the motual field sampling
and laboratory aualysis &nd the recording of dats in field and
laboratory notebooks and eventuslly ocomputer input file forms.

Node 3 represents the storage funciiou., Data may be stored di-
rectly as field and laboratory notes, then published in sonthly
reports and oopies senti to LWUA and the National Water Rescuroes
Cownoil (NWRCj, One of the future pians of NWRC is to compmterise
its data gsresm.

The dissominating node, represented as 4, involves the re—
trieval from the NWREC computer file, or copies of field and labo-
ratory notes, anmal, zonthly, or other periodic reports and
sumsaries. The processing node, 5, represents data summary by
technioal perconnel and oonsultants for derivation of water
quality/quantity relationships, for the definition of long-tera
trends, probles arsas, ard derivation of alternative solutions to

IX-H=1



water quality/quantity prodlens. This leads to the desisiom-msking
step, 6, vherein plamaing decisions are m~de, based on sound water
quality/@uantity knowledge.

Updating and review of the sampling progrea shizld e performed
W the water distriet and their cemsmltants as the geals amd noeds
of the area change, Thise agencies shomld bs respemeible for main-
Sainiag communication among all the involved agencies., All data amd
information sheunld be rowied through ILWUA apd FMRC,

Xel-2
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APPENDIX IX-%
UPDATING THE HATER SUPPLY MASTER PLAN

After the water supply muster plan has been adopted and
initially implemented, it will be neocessary to undertake & progres
for continuowsly updating and keeping the plan current, Flan up~
deting should take place at least once every five years, or sooner
ir signifiocant changes occur. Updating is required to aseess the
effectiveness of the current plan, the beuefits geined, the actual
oosts, the problems encountered, and to provide overall review,
refinement, and direction for the future,

In time, oertain aspescts of the plan may change, Thess sspesnts
directly conoern or are related to the followring areas: techno-
logical ohanges, social goal changes, land use conoept ohanges, and
population projection changes,

One of the first steps in the updaiing procedure is to deter-
mine to what degree the previous plan has been implemsnted and the
direction of implementation., Thuis determination has a dual purposs.
First, it will reflect the bas‘c msuitability of the original plan
and second, it will serve as tne basis on which to update the plan.
Technological changes in the vater supply field way result in improved
design oriteria and contemporary construction methods enough to alter
the alternative syesiems analysis results, Sooial goals will une
doubtedly change and tiiere may be more or lees emphasis on environ-
mental and ecoulegical control.

The use of land may change in aome areas therehy altering
popmlation distribution and the need for previously unplamed-for
water servioes, Population projections may also be altared as
refined irformation becomes available., Trannportation networks
and employment opportunities will te majcr determinante in the
patterns of pcpulation distribution.

An updeted report should oortain sectisns or chapters similar
t0 the current plan. The first ohapter should be a summry of the
updated findings, conclusions, and recommendations.

The second chapter should include the objectives of the up-
dating exercise and the major events that leud into the need for
updating. The third chapter should contain an updated description
of the study area,

Chapter IV sbould include the implemented facilities of the
mster plan, deviatioms thereof and reasons for the deviation from
the master plan., It should inolude present updated water use and
souroe flow date, and should describe water quality problem areas,
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Data oonocerning former water quality problem areas should be assessed
to find what improvements have been made and to dooumsnt any need
for additional improvement. These data should have beoome available
through the recommended monitoring and surveillance program.

The fifth chapter should present new planning the design ori-
teria that might have evolved aitor the master plan weg adopted,

Ohapter VI should contain the projections and future oomditions,
In the areas of eoonomic and demographic change, & review of all up=
dated projeotions should be made to compare them with the previous
plan, bWhere signifioant changes have oocurred, the data should be
used for an updated alternative analysis.

Chapters VII and VIII should contain & re~evaluation of water
resources and alternative systems, Where significant changes in
projections of future conditions have taken place, it will be neces-
sary to re-evaluate the economio comparison of the alternatives.

Chapter IX should explein in detail the updated plan. In the
area of economio and financial feasibility analysis, re-evaluation
of the internal rate of retwrn as well as the rate struoture should
be made.
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APPEDIX IN-J
ENVIROKMENTAL ASSESSIENT
Ao OENERAL

The oonsideration of oertain enviromnmental faotors has teen
& naoessary part of the desision-making prooess in analysing the
project. On a maoroscale, the project is a means of controlling
and providing one environmental asset = water -~ for the needs of
people in a developing community.

To provide basic water supply, the project wi’l involve the
installation of deep and/or shallow wells; diversion or intake
struoture; treatment facilities; distribution system storage
facilities; pumps, valves and other machinery; ocustomer meters
and fire hydrants; and a network of pipelines along sireets,
roads, highways and other rights-of-way (generally following
normal routes of transport) specifically acquired for these pur-
poses., Each oomponent of the projeot, as it is oconstructed, will
have a looal environmental effeot in terms of land use, oons~
truoction activities, and final assthetics, In the sense of a
treatment plant's use of chemicals and power, and in the use of
power for pumping water, there will be the wider environmental
effect of depleting natural resources.

B. PROBABLE ENVIRONMENTAL EFFECTS

Erosjion

A short~term adverse impaot will result from soil erosionm
and dust during construotion of transmission and distribution
pipoelines.

Aotivities such as urban, roadway and pipeline oonstructiom,
and agricultural development inocrease the sediments ocarried into
the streams, Agriocultural development may inorease erosion four
to nine times while urdban construction may increase erosion 100
times. When surface water has excess quantities of sediment, the
following adverse conditions are experienceds

1, Impaimant of recreational valuss

2+ Reduction iz fish propagation
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3¢ Inoreased ocost of water treatment

4. Reduotion of sunlight penetration

5¢ Clogging of stream channels

6. Loss of storage capacity in reservoirs

Inoreased attention has been given recently to the offects
of urbanization aad construotion activities on soil erosion. Con~
ocern oenters on the remulting ssdimentation, i.e., the transport
and deposition of soil sediment in rcoeiving waters. Urbanise~
tion and oonstruction activities inocroeass sedimentstion in two
major wayse First, the general inorease in peak storm runoff in-
oreases the erosion potential, Seocond, the oclearing, leveling,
and tulldozxing of land for construction expose soil to srosive
foroes. Certain construction practices tend to inorease erosion
much more than is necessary,

Good planning oannot eliminate all potential sedimentation
problems and oertain physical controls may be desirable. Per-
manent physiocal ocontrols should be installed as quickly as possible
in construction areas. Those may inoluds sodded diversion ter-
races, sod on steep cut or fill banks, and ponds that can ba drained
and oleaned as necessary during and after coustruction. Recog-
nition should be given io the limited adility of small ponds or
detention basina to remove the clay-sised partiocles which inoreass
turbidity. More effective methods may be necessary. Where per-
manent oontrols cannot be used because of heavy traffio, delays
in installing utilities, etc., then mulch, temporary seeding,
straw bales, and temporary detention dams, or some comlinatica
thersof, may be appropriate.

Dust prodblems during coustruction may be minimised dy routine
sprinkling of the construction area and returning the exocavated



ares to its original state as soon as possible,

The erosion and dust probleam can be minimised dy the inclusion
of striot erosion and dust oontrol oriteria in the contract speci-
ficatioas.

Eoise

During the construmotion period, noise associated with heavy
oquipment and traffio will ocoour near the comstruotion sites. This
teaporary disruption will have only a moderate short~term impaoct.
Nells with eleotrio motors or engines and treatment plants will be
moderately noisy. Such equipment must be housed within conorete
(or Blook) structures so that noise transmitted is minimal.

g-thotiol

The transminsion and distribution linss will be installed be-
low ground level, the surfaoces of which will then be returned to
original oondition. The treatment, storsge, pumping, and other
supporting facilities and equipment are relatively inoconspicuous
and will have little or no adverse effect on the existing environ—
mont. To minimize the adverse effect on the existing enviromment,
the design of physicesl facilities wuat be done unobtrusively and
in harmony with the surrounding areas.

Increase in Wastoewater

A long-tern adverse effect of the water supply projeot is the
unavoidable inorease in wastewater. As the svailable water supply
inoreases, so will wastewater inorease. Water—flush toilets are
expected to inorease in use as looal economy progresses.

The sdditional volumes of wastewater that improved waterworks
will generate are antiocipated to be disposed of througk the same
means bein~ used throughout the Philippines, i.e, septio taiks,
cesspools, and through surface drains in ditches or » “~rs. In

terms of being a burden to the existing surface drair . -~ - 3=
lities, or causing flooding, wastewater is imsignii:. -~ 'y oot~
parison with run—off from even a minor rainstorm; al. .~ minmor

revisions to surface drainage facilities may be neocedsary to
prevent unsightly or undesirable acoumulations.

There are no current provisions for wastewater ocollection,

treatment or dispesal on a nationwide basis. While knowledgeable
offiocials recognise this problem must be addressed in the future,
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there are no formal plans to meet the requirement at preseant, If
loft unattendad and unresolved, unsatisfactory disposal of waste-
water oould present an additional hazard to public health, and
ocould oonosivably produoe an adverse visual effsot on the enviroa-
mont. The potable water system will not be in danger of oontami-
nation from the wastewater sinoe, assuming proper installatiom and
opsration of the new improved distribution systems, the water
supply will be under sufficient oconstant pressure ito provent in-
filtration. In fact, the incidence of waterborne diseases should
decline sinos many present water systems are subjeot to comtami-
nation by infiltration owing to occasional negative pressures on
distribution systems.

In the Philippines, wastewater kas not been given the sig-
nificanocs or priority it enjoys in more developed countries. Im
the contemplation and order of priorities, local decision-maskers
conaider basic water supply and distribution to be far more
important than sewage disposal and at thias point are simply un-
willing to consider investing an equal amcunt, and possibly more,
of capital funds in sewerage as iEEVataruorks improvemerts. In
the highly urbanized oocastal area such as Manila, Cebu and
Zamboanga, the order of priority appears to be water supply,
drainage/flood control and then wastewater disposal.

Before planning the implementation of drajnage and/or waste-
water faocilities, & policy decicion mmst be made on whether the
works should bo designed on the basis of separate piping for sur-
face run-off (storm) and (sanitary) wastewater, or of a combined
system, This can only be acoomplished through a feasibility
study. It is, therefore, esssntial that sewerage feasibility
studies be conducted as expsditiously as posaible after the
initial phesa of water supply implementation is underway.

l/In the Philippines, ocnly Manila and Zamboanga have some form
of wastewater dispoeal system. At present Manila is basically
served by an antiquated sewage disposal syatea designed to serve
220,000 (Metrc Manila is now about 4,9 million in population).
Praotically all other liquid wastewater is transported to natural
drainage systems through open ditches, gutters, canals, etc. Yet
there iw no evidenoe of intolerable or unacoeptable public health
oonditions as a result. Zamboanga has a system which was Duilt
in 1913 and has had ro significant improvements since then. It
slexrves about 20 per osnt of the core city area.



Environgental Effects of an Impoundment

- The coastruction of a water supply impoundment will have
positive and negative impacts ou the environment. Evaluation of
these impaocts on the environment indicates a met environmental
benefit.

Positive Impacis. A woter supply impoundment will provide
safe, adequate :ﬁ‘ esconomical water supply to an urban area, The
alternative to thie impoundment/iransmission/treatment schewe is
brackish water treatment of pumped groundwater in the speocific oase
of Metropolitan Cebu. Besides being over four times more expensive,

the brackish water treatment scheme involves very high 8NSTLY URS,

The lake or impoundment created behind the dam will provide
& soenic and sesthetio asset to the coamunity. This lake will
attraot tourists to view the waterscape which would have then re-
Placed the currently demmded and eroding hillaides.

Regervoir storage, if properly opsrated, will alao reduce the
destructive effect of flash floods in areas downstream of the dam.

Nogative Impacts. The impoundment will:

1. inorease the lcss of water due to evaporation;

2, ohange the habitat of any wildlife and other fauna

3s sorve as a nutrient trap, holding nutrients wiich other—

wise would have moved downastream.

4. need to relocate psople/homrs from the watersheds

Loss of water from evaporation is a relatively minor impact
sinoe water in the uncontrolled rivers aventurlly gets lost to the
20a8,

While inundation means a loss of some non-aquatic spscies,
the reservoir will provide o new habitat for waterfowl and other
lake=oriented species.

Nutrients "trapped” in the impoundment may accelerate entro-
phication within the lake, stimulating the growth of algse and
aquatio weeds.

With careful consideration during final design, these negative
impacts of ithe projeot can be significantly reduced.



Inorears in Migration to Urban Areas

In the Fhilippinea, migration from rural to urban areas is
inescapable., Rursl migrants seeking new economio opportunities
usually have two distinot choioes of destination: the Metropolitan
Nanila and the other wrban areas. Being the most favored migra~
tion point, Metropolitan Kenila, however, has reached a level
Wwhen present government poliocies inoline towards migration res-
traint. In the msanwhile, other urban areas of high growth po-
tential await further development, ’

Matropolitan Yanila is troubled with "people™ congestion,
"traffio" congestion, lack of housing, environmental problems
(water and air pollution), unemployment, slums, poor quality of
life, eto. For these reasons, plans for regional developmaut in
seleoctive urban areas and growth contera such as Batangas, Dagupan,
Baguio, Tuguegarao, Legaspi, Iloilo, Cabu, Butuan and Davao (in
the order of dietance from Metropolitan Manila) are currently
being discussed.

The regicnal dovelopwent plan offers an opportunity to
minimize population demsity in already congested areas. It helps
aveid overarowding that olearly has been detrimental to the health,
safety and welfare of the realdents, It intends to maintain a ba~
lance between quality of iife and city living. Suoch development
plan intends to intercept rural aigration to Metro Manila and
redirect this to the variocus regional development oenters,

Infrastructure projects including water supply projects are
strong stimuli t{o urban growth. It ie uounlly admitted that a
potadble water supply is a neocessary condition for economioc growth
and development of an urban area. Infrastructure projects
such as publioc housing, roads, communioations, markets, etce,
become more benefiocial when an adequste water supply projeoct accom~
panies such investiments,

Therefore,; the provision of water supply projeots to
selected and dispersed urban areas in the Philippines will assists

(1) in the ourrent policy of discouraging migration into
Motro Kanila;

(2) in enhanoing in & meaningful way the various regiounal
developmant oentars throughout the Philippines,
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C. IRREVERSIBLE COMMITMENT OF RESOURCES

The primary impaot of the recommended plan on natural re-
souroes is the use of chlorine, power and fuel during the operating
phase, and the use of materials, foreign exchange, etoc., during
the oonstruction phase. The labor time for construction and opera~
tion is also a natural resouroe. However, in view of high unemploy-
ment in the siudy area, the use of this resource has a beneficial
impact.

Secondary resource commitment occurs as a consequenoce of new
development encouraged by expansion of the water supply systeme
As the population continues to inorease, areas of land will be
irreversibly committed to residential, commercial, and industrial
usesa., Well-developed and successful land use planning will mini-
mise the loss of opsn space and related natural biota.

D. EENEFITS OF THE PROPOSED ACTION

Health Benefits

The establishment of a water supply system in a community will
necessarily bring about health benefits to the population. Un-
doubtedly, the provision of safe, potable water to the population
is a prerequisite for the maintenance of minimum health standards,
These health benefiis are ordinarily manifested in the following:

l. A significant reduction in the inoidenoe of waterborne
diseases such as cholera, dysentery, gastro—-enteritis,
and typhoid/paratyphoid. As a result, there will be a
decroase in the amount of time lost by income earners
who are afflioted with such disaases.

2. A subsequent reduction in premature deaths due to the
lower incidence of waterborne diseases.

3. A corresponding reduction in medical expenses dus to
lower incidencs of waterborne diseasas.

Other Benefits
The water supply projeot will generate other benefits as shown

in the following table. This table indicates the implication of
having (with) or not having (without) the water supply project.
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1.

2¢

3o

4

5

6

Te

8.

9.

10.

11,

Hypothesis

Water Adequacy

Water Quality

Personal Hygiene of
Served Population

Personal Satiefao-
tion

Employment Benefits

Fire Protection and
Fire Insurance

Water-Using Indus-
tries in Area

Looal Tourism

Development of Areas
Ad jacent to Core City
Aree into Housing
Subdivisions

Wastage of Water - a
Valuable Natural
Resouroce

Land Values

'"Without" Projeot

will continue to become
in short supply; servioce
will be intermittent and
unreliable,

vill contimue to provide
unsafe water and waterw
borne diseases will cone
tinuously be a threat.

because of ocurrent water
shortage, personal clean-
linessn is expected to
range from marginal to
la.cking.

will be minimal; signifi-~
cant time spent in fetoche
ing water.

no improvemsnt,

no improvement; area vul—
nerable to extensive fire
damage becuuse of water
shortage; no reduction in
insurance because the le-
vel of fire risks will re-
main essentially the same,

ne inducement to indus-
tries which use water as
a primary or secondary in-
put to locate in the area,

non-availability of piped
potable water and poor
sanitation facilities will
be & deterrent to loocal
tourism,

no impetus to the develop-
mant of areas adjaoent to
core city since not muoh
economic activity ocan
occur without adequate
water supply.

wasteful consumption of
water will continue be=
cause of the absence of
safeguards to check its
uBd,e

market value of land will
remain at present levels
exoept for effeoct of in-
flation,

X-J-8

supply will be adsquate at
oontinuous pressure,.

supply will be safe, whole-
someé and healthful,

will enhanoe personal hygiene
and overall appearanos and
cleanliness of the population.

release time for other pro-
ductive aotivities; provides
"modernization" benefits;
enhances self-relianoce.

will provide short and long-
term employment benefits,

will improve the fire-fight-
ing capabilities of the area;
reduction in fire insurance
cost since availability of wa-
tor with adequate pressure
will reduce fire risks,

water-using industries will
be encouraged to expand faci-
lities, or reloocate in the
aroae

availability of water, if
accompanied by sanitation
program, will help boost

local tourism.

will help apur the development
of areas adjaocent to core city
into housing subdivisions
because water supply availe
ability somehow enhances
standard of living.

undertaking of metering prog-
ran and adoption of new
realistic water rates will
definitely minimize water
wastage.

will increase land values by
at lsast 10 per cent sinoe
water availability is a major
oonsideration in market
values of land.



B. ALTERFATIVES T0O THE PROPOSED ACTION

Alternatives to the preposed (conventional) water supply
project oomsist of the following: desalting of sea or brackish
water, wastewater reuse and dual pluabing. These are discussed
below.

Desalting

Desalting is the process of converting seawater into fresh
water. It involves removing subatantial amounts of the oosan's
salts and minerals,

There are three basic methods of desalting: distillation,
freeszing and electrodialysis, each with several variatioms.

Over 90 per cent of the present application of desalting is
done by distillation. In this procesa, seawater is evaporated
and the vapor is oondensed. 3alt deposits form on the surfaoces
of the evaporating equipment and the desalinated water is the
resulting distillate. The least oostly distillation unit uses
solar enargy as heat sourom,

Electrodialysis obtains fresh water by using an eleotric
ocurrent to separate the ione of the contaminating salts. In the
prooess of freesing, ioe is formed from a saline solution and is
molted to produoce fresh water. The melted ice, howsver, sometimes
has & salty taste.

In 1970, 33 emall-eised desalting plants were put t0 opers=
tion throughout the world, with & oombined capacity of 226,000 cumde
Kuwait has the ’rgest plant with a 113,600 cumd capacity sufficient
to supply a po; lation of 150,000. Othar plants are found in
Netherlands, United States, Venesuela and Aruba.

For the most part, desalting is still experimental. At pre-
sent it is not technically and economically feasible to convert
meaningful amounts of seawater irto freah water, 41l the prooesss—
o8 have inherent defeots for general use, inoluding the problem
of dispoeing adout 50 per oent of remeved salta and minerals of
the total treated seawater.

These processes are slso costly bocause they involve signifi-
cant quantities of ezorgy. Whereas treatment of ordinary water
supply ocosts abhout five centn per 1,000 gallons of fresh water, de-
salting ccets about $1.00 per 1,000 gallons of desalted water.

This cost covers only the plant itself and excludes necessary
trm-i).uion facilities. (Allo these costs are pre-energy orisis
coste.



Roonomic factors cannot be ignored if desalting is to bs con-
sidered for application in the Philippinee. Existing oonditions,
especially the continual inflationary effect of the worldwide oil
orisis and technologiocal limitations, do not allow the immediate
use of desalting to augment water supply in the Philippines, Un-
t+il1 a technological breakthrough oocurs which will require the
minimal use of energy, desslting appears to be economioally im—
practical at present.

Hgtenter Reyse

One of the potential alternatives in meeting future water
demand is the rsuse or recyoling of wastewater (sewage). In
Singapore, reclaimed wastewatsr iz used in the indestrial cool-
ing prooess., A full-scale municipal reuse facility in Windhoek
in Southwest Africa built in 1569 provides a major source of
potabls water.

Reuss of wastewater can be accomplished in two ways: by
natural self-purification which makes reuse possible for irrige~
tion and recharging of ground and surface waters, and by technolo~
gioal proosss, The technology of reuss involvee treatment of
used water supplies from the community for domasiio, industrial,
irrigation and other purposes,

Complex treatment prooesses are necessary to romove the ob-
jectionable characterisiios of wastewater and make it suitable
for a particular uss. Thers are three basio phages of treateent -
primary, secondary and advancad. One of these or all may be ap-
plied depending on the types of use and pollutants present in the
wastewatcr.

Studies on wastewater reclawation deal with emhanoing its
sconomic feasibility for large-scels usa and technologioal ex-
pansion. Achieving these objectives will depend on soveral faotors.

It is technologicelly possible to produce water of any desired
quality from any source. However, the controlling factor is sco-
nomicss Deoause of its lesser sclide ocontent, wasiewater ivclama~
tion, for instance, is simpler than seawater desalting as an alterw
native souroe of supply.

The feasibility of wastewater reclamation as a souroe of water
supply will be limited gince wastewater vclumes are currently mini-
mal, with futurs increases in sewvage expected to be slow.



Existing wastewater treatment technology is curreatly
applioable for purposes other than potadle drinkimg water
use. Drinking water standards have not been designed to apply
to recyoled wastewaisr and for this liquid, ro potable water
standards have been established yet. Even by advanced treat-
ment, oertain toxio elements in tle wastewater remain. Tw
tochniques are not yet fully developed to treat adaquately cer-
tain objeotionable charaoteristios of wastewator.

The advanced wasiewater treatment plant is not simplu to
operate. Joreover, the problem of tresatment is accompanisd by
another technologioal problem -~ disposing the significant quan-
tities of solid matter removed from the treated wastswater,

The wide application of wastewater reuse in the future will
depend heavily on technological progress and on public aocoeptanoe,
in the case of using recycled wastewater for ‘irinking.

Any future consideration of westewaler reuse for municipal
water supply will require thorough studies. %he ;roseat and
near future condition of minimal sewer collection facilities
(and therefore sinimal wastewater) in the Philippines preoludes
the possibility of harmesuing wastewater as ~ major souroe of
water supply.

Dual Plumbing Syutem

A relatively small inorement of the total publio water supply
demands highly potable and olean water wich as that required for
drinking, cocling, bathing and wunshing clothes. It is possidle for
instance to use sea water for toilet flushing, washing strests, and
fire-fighting. Where fresh potuble weter is in short supply, such
as in Singapore and Hongkong, & dual eystem has demonstrated its
efficacy. Por example, in flangkoag during the severe drought of
summer 1963, water servioo was raticned into the variocus oity seotors
four hours every four days. Extraneous uses of water such as toilet
flushing were therefore seversly curtailed. In some of the high-
rise government housing iu Hongkcng, dual plumbing system has been
used, with sea water for toilet flushing.

There are two main objecticns that have been identified in ihe
use of dual system — cross-connections and associated cost. The
dual water supply system where one syatem delivers poteble water and
the other systea furnishes untreated water can very well lesd to
serious waterborne disease ocutbreaks. Where propesed, the dual water
supply systes should have the non-potable supply clearly indicated
aad separated from the potable supply. Proper plumbing ocodss and
supervision of plumbing installation oould minimise this health hasard.
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If au exienting system is i0 be replaced entirely by a doal
system t2e¢ cost may well be unressonable, However, if the exist-
ing water supply piping is retained for potadle (drinking) sys-
ton and a nev mon-potable pipe network utilising sea water is
added, thore is a possibility that the economios may prove the
dual system to be worthwhile. Savings accrue where tae nan~potadle
system server high~rise multi-family dwelling units with high
density. Ihe inoreased cost resulting from the independsat uystem
maYy be offset by eliminating the need for developing new water
resouross aud above all retaining high quality premium water fov
domestic ccasumpiion. Acocordingly, the feasibility of the duul
system has already beem proven, Beocause tha potadle wuter system
will not be used for fire protection, its distritution system nevd
not be designed for high pressures that otherwise are required ir
a system whioh has a high fire demend. Nowever, because mest
existing pipe systoms have very marginal useful life remainiag,
ths economics will most likely mitigate against a dual systes.

Conolusion

The above stated alternatives are like’y to be ¢conomically
less favorable than the proposed conventior . water evyply project.

Wastoewater reuse and dual plumbing have significant health
hasards wuen comparad with the proposed project.

Desalting way eliminate impo:indments and long tranemicsion
lines thereby lessening the adverse effeots such as erosisn amd
noise, and on acstbetics. However, desalting will oonsume ub~
usually large quantities of power and energy.

In all csses, wastewater will be generated and handlirg fa-
oilities will still be required (except for the wastewater re-
use alternative)., Rescurces will still be committed such as land,
power, fuel and bhuman rescuroces.

From the overall (soonmmiocs, heslth,and technology) viewpolint,

the propoaed water suppiy projsot is still the mest reliadle and
esomncmical solution to the water swpply needs of these comminitiss,
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F. SOULRY

The probable environmental effects are summarised inm
table form below:

SUMMARY TABLE
FRORABLE ENVIRONMENTAL EFFECTS

dten ey Fositive JNegative ~Sojufiom
8011 Krosion Smort v tight oonstructiom
Space

rd
Dust Short v "do"
Noise -~ Construction Short \/ "do"
Noise - Operaticnal Long v’ proper design
Aesthetios Long v’ "do™
Inoreass in Wastewater Long Unavoidable solve sewage problem
Impoundment Long \/x/ v’ careful dssign
Migration Long \/ v’ careful planning
Rescurce Use Long/Short Unavoidable

1, Careful design ani construotion will miniwkisze enviroumental
disturbances while these will alsn creats assthetic and xlturally
pleasing conditions under which man can develop his most desiradle
potantialities.

2¢ The recommended plan will enhance publie health, improve
the quality of life in the communitiy, and guide its long-tarm growti
and productivity,

3¢ The peso costs and the short—term alverse effects are offset
by the long-term benefits. When compared to the general benefits,
particularly those of the health aspects and aocial uplift, the amovwnt
of upset is relatively minor.

4. The commitment of resources is small compared with the snti-
oipated benefits. Resocuroce use ic neoeseary in the construction and
operation of a water supply system, but the overall benafits show the
overwhelming advantage of oarrying on with the project.
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APPENDIX TABLE X-E-2

SCHEULE OF NEPRECIATION EXPENSES
LIPA CITY WATER DISTRICT
( x 1000)

Total Accun, Vet
Anmal Deprec, Book Value of Asgets Acwl.

e Cate Deprec.  Prior ___mmmxx____

Iesr 20 Yoary 25 Years 15 Years 7 Years [Expepses Year 20 Years 23 Years 15 Years 7 Ysars 7Toial Im'.l:l
67 - - - 67 2,143 - - - - - 2,210
70 11 2 9 92 2,210 - - - - - 2,302
60 23 5 18 126 2,302 - - - - - 2,428

104 23 10 18 155 2,428 - - - - - 2,583
134 23 19 18 194 2,583 733 - - - 733 2,044
329 113 30 18 490 2,044 - - - - - 2,534
366 113 43 18 540 2,534 1,127 - - - 1,127 1,947
464 113 57 9 643 1,947 - - 11 61 72 2,518
518 113 74 16 721 2,518 - - - 66 66 3,173
576 113 91 33 813 3,173 - - - - - 3.986
763 211 112 33 1,119 3,986 - - - - - 5.105
904 211 175 33 1,323 6,327 - - - - - 7,650
976 211 210 33 1 ,/30 7,650 - - - - - 9,080
1,052 DY 246 17 1,526 9, ’ 080 - - - 13 113 10,483
1,093 211 265 25 1,594 10,493 - - 18 119 137 11,9%
1,093 211 266 51 1,621 11.950 - - 41 - 41 13,530
1,093 211 269 51 1,434 13,530 - - 47 - 7T 14,887
1,093 211 217 51 1,632 14,887 - - 142 - 142 16,317
1,033 211 301 51 1,656 16,377 - - 186 - 156 17,877
1,093 21 328 51 1,683 17,877 - - 196 - 196 19,364
1,093 211 366 26 1,696 19,364 - - 231 176 40T 20,653
1,088 211 416 38 1,753 20,653 250 - 251 183 684 21,722
1,111 211 476 77 1,875 21,722 - - 249 - 249 23,348
1,111 211 535 77 1,934 23,348 - - 327 - 327 24,955



APPENDIX TARLE Z-E~3

WORKIEG CAPITAL REQUIREMENTS
FOR REVOLVING PUXD FOR WM OOXNECTIONS
LIPA CITY WATER DISTRICT

kX .J00
Total Payiag MNonthly c
Susber of Busber of I-M:- of Nomtkly Installsemt " Augmal Norking Camistive
Jast:illeant tallaemt Installment Plan Incr Faysants Paymenits Total Osmstrugtiem Capital Capital
- /
78 47 [} 1y 5463 3 [ | 17 2 19 4 24 24
79 a 94 6.22 4 19 9 24 48 24 48
79 1 141 6.84 4 21 S » =3 23 n
475 288 426 7.51 26 120 24 164 3% 186 2571
as 283 m 8.25 28 154 51 205 384 179 436
550 359 1,041 8.93 35 193 83 276 482 206 642
530 3 1,311 9.66 38 209 119 328 522 194 836
300 300 1,671 10.45 38 208 157 362 512 1%0
500 300 1,971 11,24 &0 220 196 a6 551 135 1,122
500 300 [} 2,211 12.1% 44 s 238 238 476 596 120 1,24
780 468 24 2,715 12,88 72 2 394 294 obo 903 1,538
780 468 a 3,136 13.65 n 4 a8 365 783 1,085 262 1,800
760 468 a 3,597 14.46 8 4 442 440 1,106 224 2,024
700 468 166 3,659 1%.31 86 13 458 508 976 1.1 195 2,219
78 a8 285 4,082 16.27 9 27 498 570 3,068 1,244 176 2,395
] 308 3,734 17.2) y 32 ] 58) 583 [ 4 583 1,812
330 3,404 16.24 37 546 S46 1,266
ns 3,089 19.38 38 508 508 508 58
300 2,19 20.51 39 459 469 469 2’3
300 2,45 21.7% &2 47 7 271
.7 2,105 23.0% 58 369 35 36
o8 1,637 24,46 75 294 294 294 801
o8 1,189 25.9) 79 213 as 215 1,006} .
o8 T01 21.46 84 11 pRYY 131 1,347
$ 8 23 29.10 s & § I ’ s Q2 1,009
iastellnemt pagments ere ealemlated em 8o tmsis of 100 per ot iacrenentdl sdditisn duriag previous years agd 30 per ccmt of %he last yeawry

ea the ascmnpiien et iastallsest plam will be paid tiek is 10 years,
% %o 4O par omt of ssmstrasiim

oet
-nu—u-dwmwm'uznmmmwmmmm.

-84



APPERDIX TABLE X-B-4

REVENURX DNIT FORECAST
LIPA CITY WATE® DISTRICT

TR M tise  commtiesl coprertied cyavmttes pater B3 Sommctions Comruptiss Gommptisn Partor E)s. Comectisus Ctsmpites Bin. emesiitie Comomiiing B

Damsstie
1/2=4nok 708 100 sT0 1 5TQ 1,698 100 1,840 1 1,80 4,021 3,90 3,900 7,506 7,200 7,200
Sub-tetal 708 100 s10 570 1,69 1,840 1,40 4,01 3,900 3,900 7,506 7,200 7,200
Commsrala] ssd Iadnsirial
1/2«1n0h a 100 112 ? 224 164 14 214 2 428 3% 322 644 29 $% 1,1%
3./4-:-:- 19 r 38 2 76 4 58 16 86 106 212
10 13 a2 2 84 2) <} 124 @ 14 228
z-un (wholosals) 1 8 28 3 1 1 ;) 14 2 T 210
Seb-4etal 8 100 12 224 19¢ 100 320 666 466 4% 998 859 0 1,8%
Iastitutional
1/3-1seh 3 100 28 2 36 6 56 2 % T a 134 29 123 2644
RY/STo 1 1% 12 2 2 ? 18 3% 4 3 [
Jednoh 1 29 2) 2 46 1 » ) 2 “ 11
Sub-4etal 3 100 28 Y3 8 10 160 19 120 200 » o e
TOTAL R ne 0 1,900 2,240 2,666 4,50 4,900 5,138 S0 8,300 94

1/"” figares are -\-l. 1980, 1905 and 1950 are estimated with the propertiies of comections

% u—c-n-nmu-u
bhho --vuo-'-c--uvn'm.ma-rnn—-mmm--muumw-n—
30  owme enstenere 2ot msing the bantis quantity of wetar allewsd within the sinimes priew.



Rate/RU
Tear _ P _
1976 1.00
1977 1.00
1978 1,00
1979 1.90
1980 1.90
1981 1.90
1982 2.45
1983 2,45
1984 2.45
1985 2,80
1986 2,80
1987 2,80
1988 2,95
1989 2,95
1990 2,95
1991 3.00
1992 3.00
1993 3,00
1994 3.30
1995 3.30
1996 3.30
1997 3.70
1998 3.70
1999 3.70
2000 3.70

APPENDIX TABLE XPF-1

REVENUE FORECASTS
LIPA CITY WATER DISTRICT

Egtimated
Fuxber of

RUs

(Yearly

310
476
641
807
973
1,153
1,334
1,514
1,695
1,875
2,191
2,508
2,824
3,142
3,457

3,457

lQ/ Other income |isrived frommeter r
tingency fees of new cranections, service

two per cent of sales.

Income
from
Saes  (Bad Dobt)
310 6
476 5
641 6
1,533 3l
1,849 18
2,191 22
3,268 65
3,709 37
4,153 42
59250 105
6,135 61
7,022 70
8,331 167
9,266 93
10,198 102
10,371 207
10,371 104
10,371 104
11,408 228
11,408 114
11,408 114
12,791 256
12,791 128
12,791 128
12,791 128

D2 D

beal

Other 1§’ Het

310
481

648
14533
1'8“
2,213
3,268
3,746
44194
59250
1,092
8,331
9,358

10.3&
10,371
10,474
10,474
11,408
11,522
11,522
12,791
12,919
12,919
12,919

eplacement charges, con~

fees, etc.) is about



Fiscal Capital

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

683
1,193
3,249
6,377
41806
3,158
3,627
4,911
7,040
51954
4,113
3,892
4,116
4,361
2,312

(" x 1000)
Loan Disbursements
‘ ir__2222.§2!£2§l__....___._!ﬂﬂ#ﬂ!hl.ﬁ!t!iﬂl.........
Total evolving Outstanding Amortiged Outstanding
Fand  Awount Debt Start During  Debt End
Bevemuon Digtursxd .of Yor _Year  .of Year Interest

24 1,169 664 - 1,833 60

30 3,219 1,833 - 5,052 165
205 4,601 11,265 - 15,6 1,014
2716 2,882 15,865 - 18,748 1,428
328 3,299 18,748 - 22,047 1,687
362 4549 22,047 165 26,431 1,984
416 6,624 26,431 165 32,800 2,379
476 5,478 32,890 165 38,203 2,960
688 31425 38,203 248 41,380 3,438
783 3,109 41,380 248 44,241 3,724
882 3,234 44,241 248 47,227 3,982
GEOME 2R m B i

’ ) ’ 'O 4,51
'S g 51,028 81313/ 50,216 4,592
50,216 812 49,404 4,519
49,404 976 48,428 4,446
48,428 1,092 47,336 4,353
41,33 1,092 46,244 4,280

46,244 1,092 45,152 4,162
45,152 1,493 43,659 4,064

{ 53,659 1,493 52,166 31929

1 42,166 1,726 40,440 3,795
# g 40,490 1,726 38,714 3,640

APPENDIX TABLE X~G-1

FINANCING PLAN AND DEBT SERVICE

LIPA CITY WATER DISTRYCT

ll/Includespayments for second loan (1983-1990).

Total
Debt

Servise
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APTENDIX TABIE X~G~)

PROJECTED SOURCES AND APPLICATION OP PUNDS
LIPA CYTY WATER DISTRICY

r x 100G
19716 1977 1978 1979 136y 198l )982 196) 1384 1985 1986 1987 1988 1999 1990 1991 1992 1353 Ak 1995 1996 1997 18 190 Mg
SOORCEY OF FOND0 .
Bet Insome Befure Imtervet 84 207 306 1122 1245 1216 2141 2439 2722 M3l IR0 4526 5672 4696 TI11 TOTR TO90 T204 1856 52 7710 %8y OT@R a3
Mds Deprecistion 41 e 126 359 194 430 M9 &0 721 8131 9 1222 12 A 1526 1S 1671 1AM 26R 1656 150 A5 AaTR) puiry
Totel Istersal Cash Gumsretism 131 299 432 1277 1435 1706 2681 2082 343 4214 5039 5848 ¢99% T5R6 0637 8663 8711 6638 490 9508 9393 10534 10521 10394 m;”
loug-Ters Berrewing 664 1169 3219 621 4601 2882 3295 4549 €624 S4TB 3428 3109 3234 3385 1244 f
Gapital Ccatridutisns i3 24 JO 164 _209 _276 _3°B 2362 416 476 B2 E76 1068 523 46 08 449 427 369 _2M _ 219 _1u 2
Total Ertersal Cash Gemerstiem 683 1193 3249 6377 4806 3158 3627 4911 7040 5954 4113 332 4116 4381 2312 583 546 0B 469 427 369 24 213 131 42
e — —  —— — A Croni— — — — —— S—  elemay  Aea—" . A ERARA e GGt e A Ee—  SW—
TOTAL SOURCTS OF re'TS 8 mmmmmmmmmmmmmmmalwmmmmmmm
AZTLIC4TIONS OF 8
tal Fxponditwres 53 1193 3249 6YTT &% Y18 AT 4710 TO T A4 4113 392 4116 4361 232 f [ ]
:ﬁum.u Istersst f 60 165 454 1014 1428 1687 1984 2379 2960 I8 3724 I 4250 4518 45R 4513 4446 4358 4260 4162 3064 IWY ITYS a0
Prinsipal S aSe S WS S s e AN QSR I AR 200 218 414 a)4 B 812 976 O 1092 J092 493 MY 1T2¢ 1R€
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Eeplagasents - - - - 1.0 - 127 13y - - - - - - 176 238 122 264 515 601 B00 1264 2573 o 1604
De:~sas 13 Werkiag Canital S5 4 S S % 8L o U2 oA 3V 220 B (88) (W) 2y 12 278 21 .21 22 3¢ Q)R
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Ceeh Bulemes Sad of Teur =8 262 43 M1 01 e (M0 {79 4 LN LR 4T S LS D) M08 200 2eo6 20z 00 36l gy G046 AN MR
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PIIED ASSEYS)
Groas Valus of Plxzed Aseets
less: Asommlated Dopwrecintien
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Dabb
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APPENDIX TALLR X-0-4

PAOJECTED BALASCE SHEEY
LIFA CITY WATIR DISTRIC?
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1976
1977
1978
1979
1980
1981
1982
1963
1984
1985
1936
1987
1967
198y
1990
1991
1992
1993
1994
1995
1996
1997
1998

2000

Debt

165

454
1,014
1,428
1,687
2,149
7”344
3,125
3,686
3,972
4,230
4,664
4,932
59404
5:331
Ly422
59450
5352
51254
54557
5,422
59521
51366

APPESDIX TABLE X-G-5

RATE OF RETURN ON TOTAL INVESTMENT
(DISOOUNTED CASH FLOW KETHOD)
LIPA CITY WATER DISTRICT

RATE OF RETURN = 9,6%

-J/Includea net asset value of P10,666
P 99,102
Total Liabilities (39,555)

Total Agsets

Cash

Net Asset Value P 10,666

(* x 1000)
Net Total Het 1st Trial 2nd Trial
Increase Cash Present Value: 8% Present Value: 10%
fear Seryige _ip Cash ln:lgz.lnxezizsnxa.lnil._ —factor TValye _ Pacior Value
{6s)  (65) 683 5618) 1.000 ésxa) 1.000 618
197 257 1,193 936) 04926 867; 0.909 851
173 338 3,249 (2,911) 0.857 (2,495 0.826 2,404
502 956 6,377  (5.421) 0.794 (4, 304; 04751 4.071
(132) 282 5,876 51594) 04735 (4,112 0.683 3,82
187 1,615 3,158  (1,543) 0.68% (1,051) O0.621 nga
(1,238) 449 5,554 5,105) 04630 (3 216£ 0,564 2,879
68" 3,777 5,004  (1,267) 0.583  {139)  0.513 (
666 3,210 7,159 3,949) 04540 2,132 0,467 (1 8A4
813 3,996 5,954  (1,95) 0.500 (978) O.424 183
1,647 7,619 3,892 1,727 0.429 741 0.350 6C4
24463 1,767 40116 (2,349) 0397  (933)  0.319 (749)
3,010 7,674 4,361 3,313 0.368 1,219 0.290 9€1
3,617 8,549 2,488 6,061  0.340 2,061 04263 1,554
3,894 9,298 238 9,060  0.315 2,854 04239 2,165
3,773 9,104 132 8,972  0.292 2,620 0.218 1,955
3,448 8,870 264 8,606 04270 2,324 C.198 1,704
3,716 9,166 515 8,651  0.250 2,163 0.180 1,557
3,965 9,317 601 8,716  0.232 2,022 0.164 1,429
3,681 8,935 800 8,135  0.215 1,749 0.149 1,212
3,675 9,232 1,264 79968  0.199 1,586 0.135 1,075
2,703 8,125 2,575 5,550 0.184 1,021 0,123 623
3,787 9,308 1,210 098,,/, 04170 1,377 0,112 oc?
32048 Biala 10684 17996k OIS 2,749 0002 1,774
+ 74626 - 1,734
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APFRNDIX XI-C
QUANTIFIABLE BENKFITS

Inorease in land Values

Appendix Table XI-C-1 shows the present worth of benefits
assooiated with inorease in land values, based on the following
assumptions:

l. In accordance with the staging program of the construstion
of facilities, the service area was projected to increase
annually by 19.3 ha from 1978 to 1985, by 37 ha from 1985
to 1990 and by 37 ha from 1990 to 2000,

2. The land use distribution of 20 per cent commercial,
industrial and institutional; and 80 per cent residential,
was used from 1979 to 1985. From 1985 to 2000, the land
use was assumed to be 13 per cent commercial, industrial
and institutional, and 87 per cent residential. This
classification was based on the water demand projections
in 1985 and 1990 by consumer category, as shown in Table
VI-8, Chapter VI,

3¢ The 1975 costs of land arei
Residential and Industrial s P 36 per sqm
Commercial s P78 v 0w

These costs were assumed to be constant over the pro jection
period,

4. The portion of the total cost of land specifically attribut-
able to the provision of water supply was assumed to bo
20 per cent of the cost of land,

5s A discount factor of 12 per cent was used to obtain the
present values of the benefits, This is believed to be
the opportunity cost of capital and is commonly used for
pudblic investment projects like water supply dsvelopment,



APPENDIX TABLE XI=C-1
PORTIOR OF LAND VALUES ATTR.BUTABLE TO WATER SUPPLY PROJECT

¢

20% Benefit Present
Land Use (sqm) Cost of Land Cost of Due to Discount Valus of

Year Comm./Inst,/Ind, Res, Comm./Inst./Ind, Res, Served Land To Project,  _Factor® Benefit
1979 38,600 154,400 P 2,991,500 ® 5,558,400 P8,549,900 P 1,709,980 0,712 P 1,217,506
1980 38,600 154,400 2,991,500 5,558,400 8,549,900 1,709,980 0.636 1,087,547
1981 38,600 154,400 2,991,500 5,558,400 8,549,900 1,709,980 0.567 969,559
1982 38,600 154,400 2,991,500 5,558,400 8,549,900 1,709,980 0,507 866,960
1983 38,600 154,400 2,991,500 5,558,400 8,549,900 1,709,980 0.452 T12,911
1984 38,600 154,400 2,991,500 5,558,400 8,549,900 1,709,960 0.404 690,832
1985 38,600 154,400 2,991,500 5,558,400 8,549,900 1,709,980 0.361 617,303
1986 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.322 986,360
1987 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.288 882,210
1988 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.257 787,250
1989 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.229 701,480
1990 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.205 627,962
1991 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 C.183 560,571
199 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.163 499,306
1993 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.146 447,232
1994 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.130 398,220
1995 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.116 3559335
1996 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.104 318,576
1997 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0,093 284,880
1998 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.083 254,248
1999 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.074 226,679
2000 48,100 321,900 3,727,750 11,588,400 15,316,150 3,063,230 0.066 202,173

TOTAL 13,755,100

"Discounted at 12 per cent,




alth Benefitis

To determine the amount of benefit arising from the reduction
of income lost of those afflicted with water—borie disecases, perti-
nent statistios on morbidity rate were gathered from the Department
of Health. From 1963 to 1973, an average of 155.,5 out of every
100,000 population in Lipa City were afflicted with prinary water-
borne diseases every year, regardless of age, sex and income class,
The morbidity rate in the study area was asswmed to remain constant
during the 23-year projection period.

Since not all of those afflicted with said diseases are wage-
earners, an adjustment was made accordingly. Based on the 197¢C
Census on Population and Housing of the National Census and Statis-
tics Office, 36 per cemt of the city's population was eoonomically
active.~/ It was assumed, therefore, that only 36 per cent of 1555
per 100,000, who were afflioted with primary water—borne diseases
were economically active. Hence, this is the only segment of the
population who would suffer a reduction in income due to said
diseases, Furthermore, these aiflicted wage—carners were assumed
to be earning P8 a day and unable to work for 15 days on the ave=
rage because of their illness. The final figure corresponding to
the economic cost of time lost due to water-borne diseases was
thereby arrived at by multiplyin; the number of peopls afflicted
with water-borne diseases by 36 per cent, by P8 a day and then by

15 da‘yso

Another health benefit that could te associated with the estab—
lishment of a safe publis water supply system is the reduction of the
economic cost of the premature death of those afflicted with water—
borne diseases in the study area, Obviously, the reduction of the
life span of the population caused by said diseases is an economic
loss to the community,

This economic loss due to premature death was determined by
multiplying the number of people who die because of water—borne
diseasas (nssuming that a water supply improvement program were
not undertaken) by 36 per cent and then by P11,629, The projected
number of such deaths was based on the average of the ll-year mortal-
ity rate for primary water-borne digeages in Lipa City, as gathered
from the Department of Health. These figures indicated that 24 per-
sons died of the 155,5 per 100,000 who were afflicted with water-
borne diseases, This mortality rate was assumed to be constant over
the projection period. The 36 per ceni corresponds to the portion
of the study area population who are income—earners. The 1,629,

l/bconomically active population includes those who are 10 years
old and over, whether employed or uneuployed, excluding retired por=
sons, students and housewives,

XI=C=3



on the other hand, represents the memetary valws of each death, Tis
vas derived from the cstimated income te be earned by the wverege wage-
SATEer over a peried of five years discemmted ¢t 12 per cent plus

20 per oemt asseciated sesmemic cests swoh as Swmeral expsases md
Wurial plot (summaticu 6f P200 & wemik x 12 menths x discowst faster +
20 per eent asseoiated oosts).

Te2 suird health benefit that cam be derived from the inpreve~
ment of *Ls water supply im the study area is the reduction of the
medical expenses of persoms afflicted witk water-borme dhnp-.
docording to the Lipa City pilot survey on "Ability to Py, & =
afflioted persem spends P113.00 on the average for mediocal expemses,
which include hespitalisation, medicine and decters® fees. Dased
on tiis finding, the total medical expemses inmcurred dse io wvater-
boras diseases were arrived at Wy multiplying P113,00 by the mamber
of people afflioted with suck diseases in the study area.

The sum of all three scomemio ocsts related to health bonafits
had to undergo two final adjustments to arrive at more ssaningful
figures, Pirst, 40 per osnt of the total ecomomio loss due te vater—
borne diseases was taksa as the health benefit direotly resulting
from the water supply improvement pregram. This reduotiom was made
te socount for the fact that not all water-borne diseases are cassed
By & poor water system and may also be dus te less than ideal persemal
hygieme or lack of sewerage facilities, Seoond, the 40 per oext
health bemefit was discownted to its present warth at 12 per oemt,
dppendix Table XI-C-2 shows the oaloulations assoeiated with the
hoalth benefits for Lipe City. The tetal present valws of said beme-
fits aftor the adjustments amounts to P275,900,

ng Refer to F.thedology Nanual, Chapter 20 for "M 1lity to Puy”
st 8e
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APPREEDIX TABIE XI-C-2
HEALTH BENEFITS

Study Area Cost of Time Eoonemic loss Cest of Total

Year Population Lost Dus t0 Dus te Premature Nediocal Losses
Illness Death Expenses w/o Pro jest

1978 67,254 3,356 - P 67,573 r 8,778 ® 79,707
1979 69,375 3,462 69,704 9,054 82,220
1980 T1,565 3,57 T1,995 99340 84,816
1981 73,225 3,634 4,175 9,635 87,494
1982 76,155 3,50 76,516 9,939 90,255
1983 78,560 3,920 78,933 10,253 93,106
1984 81,040 4,044 81,425 10,577 96,046
1985 83,600 4,171 83,997 10,911 99,079
1986 85,945 4,288 86,353 11,217 101,858
1987 88,355 4,409 83,774 11,532 104,715
1588 90,835 44532 91,266 11,855 107,653
1669 93,380 4,659 93,823 12,187 110,669
i.g;g 96,000 4,790 96,456 12,529 113,75
1992
1993
1994
1995
1996
1997
1998
1”9 L < J} - o
2000 96,000 4,790 96,456 12,529 113,775

"Discounted at 12 per ocenmt,

bﬁm Diseownt Fresent
A9]6 Prices _Facter* _Valme

31,883
32,888
33,926
34,998
36,102
37,242
38,418
39,630
40,743
41,886
43,061
44,268
45,510

<
454510

0.797
0.712
0.636
0.507
0.452
0.404
0.361
0,322
0,288
0.237
0.229
0.205
0.183
0.163
0.146
0,130
0.116
0.104
0,093
0,083
0,074
- 0066

T0TAL

» 25,411
23,416



Beoause of the unavailability of specific informtion, oertain
assumptions had to be made in order to quantify the benefit due to
the reduotion in fire insurance costss

l. Aocording to the 1970 Census on Housing, there were 18,301
dwelling units in Lipa City of whioh 13,212 units were made of oone
orete and galvanized iron.

2, Since not all of the 15,301 units are within the service
area which will be provided with fire hrirants, 1% was asswmed that
90 per cent of the 13,212 units made of conorete and galvanised
iron (equivalent to 11,890 units) are looated in the servios area,
This 90 per ocent assumption wss based on the fact that the searvioce
area covers almost the entire poblacion of the oity whera thLere is
usually a big concentration of dwelling units,

3¢ These 11,890 dwelling units are all made of conorete and
galvanired iron and may be considered insurable. However, only
20 per cent (2,378 units) were assumed to be actually insured,
These were olaszsified into 20 per oent commercial, industrial and
institutional and 80 per oent residential from 1978 to 1965, Mor
the rest of the projection period, they were classified into 13 per
oent commercial, industrial and 87 per cent residential, This
olassification was based on the pro jeoted water demand by oconsumer
oategory in 1985, 1990 and 2000, as shown in Table VI-8, Chapter VI,

4. Based on the study area population projeotions in Chapter
VI, it was assumed that the mumber of insured commercial, industrial
and residential units would inorease by 3.2 per cent from 1970 to
1985 and by 2.8 per cent from 1985 to 2000, These are the rates by
vhioch the number of households in LCWD service area have been Pro-
Jeoted to increase, on the assxmption that each household consists
of 6,5 members,

5¢ Th¢ assumed stendard value per unit and the corresponding

preaium rate for buildings in provinoial areas (vased on the gonsral
Sariff rates set by the Philippine Imsurance Rating Assooiation)

are as follows:
Yalue/Unit  Presium/Tear

Residential P 75,000 P 422,25
~ Coameroial 100,000 1,250,00
Industrial 100,000 1,250,00

Institutional 100,000 500,00


http:1,250.00
http:1,250.00

6. The level of fire insurance cost was derived by multiply-
ing the mmber of insured dwelling units in the sore oity by their
corresponding premiums and summing their ~oducts,

To It is probable that the level of fire insurance oosts nay
be expected to be rednced by 20 per cent because of an improved and
plentiful water supply system and inoreased fire-fighting capabili-
ties,

8. With the development of the area, specifically its urban-
ization, additional dwelling units made of stronger materials are
expected to be constructed, Accompanying this activity, other fire
proteotion teohniques in buillding construction would be considered,
While preaium rates in general resain oconstant over a period of
years, the quantifiocation of the reduotion of fire insurance costs
from 1979 to 2000 i nevertheless presented in Appendix Table X1=C=3
to 1llustrate the impact of an improved water supply system. This
benefit for LCWD amounts to P2.6 million,

XI=CT



APPENDIX TABLE XI=C-3
REZDUCTION IN FIRE INSURANCE COS3TS

Insurance Costs Insurance Total 20 Reduction PY of

Insured Com./Ind./ Com./ Ind./ Costs Insurance Due to Project Discount 207 Reduotion
Year _Units _Inst. __ Domestic Inst, Domestic _ Cost  _(1976 Prices) _Factor® '
1979 3,146 630 2,516 787,500 ®1,062,381 #1,849,881 P 369,977 0.712 » 263,424
1980 3,245 649 2,596 811,250 1,096,161 1,907,411 381,482 0.636 242,623
1981 3,348 670 2,678 837,500 1,130,786 1,968,286 393,657 0.567 223,204
1982 3,454 691 2,763 863,750 1,166,677 2,030,427 406,085 0,507 205,885
1983 3,563 713 2,850 891,250 1,203,413 2,094,663 418,933 0.452 189,358
1984 3,675 135 2,940 918,750 1,241,415 2,160,165 432,033 0,404 174,541
1985 3,792 758 3,034 947,500 1,281,107 2,228,607 445,721 0.361 160,905
1986 3,898 50T 3,391 633,750 1,431,850 2,065,600 413,120 0322 133,025
1987 4,007 521 3,486 651,250 1,471,964 2,123,214 424,643 0,288 122,297
1988 4,120 526 3,584 670,000 1,513,344 2,183,344 436,669 0.257 112,224
1989 4,235 551 3,684 688,750 1,555,569 2,244,319 448,884 04229 102,790
1990 4,353 566 3,787 707,500 1,599,061 2,306,561 461,312 0.205 944569
1991 0,183 84,420
1992 04163 15,194
1993 0.146 67,4352
1994 0.130 59,971
1995 0.116 534512
1996 0.104 47,976
1997 0.033 42,902
1998 0.083 38,289
1999 & 4 4 4 4 i J 0.074 34,137
2000 4,353 566 3,787 707,500 1,599,061 2,306,561 461,312 0,066 30,447

TOTAL $2,559,045

#Discounted at 12 per cent.




Reduotion in Fire Damage

Based on the records of the Lipa City fire department, the
average ammal loss due to fire in the oity, was estimated to be
P440,000, It is reasonable to expect that in time, as urbaniza~
tion of the study area develops, further inoreases in fire inoi-
dence will be oxperienced, However, the amount of damagss per .
year will decrsase oonsiderably dus to a oombination of festors,
inoluding the presence of water supply. Other factors are fire
prevention oonsoiousness; adherenoce of households, oommercial,
industrial and institutional establishments to fire prevention
regulations; and intelligent urban planning within the study area,

In the computation of the reduction in fire damage bemefit,
the following factors were considered: proposed fire hydrant
sohedule, average anunual fire loas in the study area and assumed
reduction in fire loss due to the project.

Sinoe installation of fire hydrants will be undertaken on a
staggered basis over the projection period, the extent of fire
proteotion was assumed to be directly related to the portion of
the study area with fire hydrants.

Every year from 1978 to 1982, fire hydrants will be installed
in 32,5 ha of high-value and residential areas in Lipa City, or a
total of 130 ha during the four—year period. Prom 1982 to 1986,
another 32.5 ha every year in both high~value and residential areas
will be extended fire protection. Prom 1986 to 1990, additional
40 ha every year will be covered, Hence, by the end of Stage I
Construotion, a total of 420 ha of the study area will be provided
with fire hydrants.

Stage II Construotion which will extend from 1990 to 2000 will
involve the provision of more hydrants as well as the reinforoement
of a number of existing ones. Over this 10-year period, 480 addi-
tional heotares will be extended fire proteotion. However, this
area is not oonsidered in the computation of the bemefit because only
the construotion costs that would be incurred up to 1990 were in-
oluded in the cost analysis, Henoe, the lewvel of fire—protected
area in 1990 (420 ha) was maintained up to 2000 for parposes of

this study,

Aocording to the records of Lipa City Pire Department, the
average anmual fire damage from 1972 to 1975 in the oity is P440,000,
8ince P440,000 represents the annual fire damage to the entire stuly
area and not to the portion provided with fire hydrants, an adjust=-
ment was necessary using the following forsmlas



¥o. of s with installed fire
« of heotares in study area x $440,000
This vas done for each year from 1979 te 1990, Thereafter
up to 2000, the 1990 level of anmal fire damage was maimtained
inasauok as project costs comsidered were up to 1990 only.

After determining the annual fire loss in the portion of the
study area with fire hydrants, it was then azsumed that this loss
would be redmoed by 75 per cent because of the proposed project.
Obviously, the increazed fire-fighting capabilities in the study
area in the form of new fire hydrant and rehabilitated old fire
hydrants with adequate water pressure and in suffiocient quantity
will go a long way in oontrolling fires, The existing 84 fire
hydrants in the study area were not taken intc oonsideration be—
cause their effectivity is praotically nil.

Lastly, the reduction in fire damage was disoounted at 12 per
oent to its present worth., Appendix Table XI-C-4 shows the fire
protection benefit in LCWD, In the first approaoch where 1976
prices were used and then discounted, reduction in fire damage
amounts to £225,000. In the seoond approach where inflation was
considered, the same benefit amounts to £550,000.

XI-C-10



APPENDIX TABLE XI~C—4
REDUCTION IN FIRE DAMACE

Annual 754 Reduotion ™ of FV of
Fire Due to Project 75% Reduction Discount  Bonefit Esoalated

Year Damage ‘;216 Prioee[ ‘Escalatedz Factor* ‘]216 mcen! Benefit

1979 ® 7,217 P 5,458 * 7,265 0,712 * 3,886 P 5,172
1980 14,554 10,916 15,981 0,636 6,943 10,164
1981 21,832 16,374 25,887 0,567 9,284 14,678
1982 29,109 21,832 37,289 0.507 11,069 18,906
1983 36,387 27,290 51,323 0,452 12,335 22,746
1984 43,664 32,748 65,234 0.404 13,230 26,354
1985 50,941 38,206 82,181 0.361 13,792 29,667
1986 58,219 43,664 99,554 0,122 14,060 32,056
1987 67,176 50,382 121,773 0.288 44510 35,071
1986 76,132 57,099 146,288 0.257 14,674 37,596
1989 85,089 63,817 173,327 0,229 14,614 39,692
1990 94,046 70,534 203,067 0,205 14,459 41,629
1991 0,183 12,908 37,1€1
1992 0.163 11,497 33,100
1993 0.146 10,298 29,648
1994 0,130 9,169 26,399
1995 0,116 8,182 23,556
1996 0,104 74336 21,119
1997 0.093 6,560 18,885
1998 0.083 5,854 16,855
1999 | l d 0,074 5,220 15,027
2000 94,046 70,534 203,067 0,066 4,655 13,402

TOTAL P224,535  P548,883

¥Discounted at 12 per cent,
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Aigrepexial Revegue

Since waier is essential to human life, all members of the
served populstion in the stwdy area presumably would be willing
to obtain it in sufficient quantities at seme given prioce, With
the presert water supply system, the oconcessionaires of LOND are
paying an aversge of PO,27 per oubio meter, with & present aggre-
gste consmmptien of 259,000 ocubic mestera per annum, With the o=
posed improvements of the systea's faoilities, the volrme of water
consumption is expeoted to increase considerably to serve the nesds
of the growing population. This will bring about additional revemue
to the water distriot,

In the first approach adopted for the eoconomio analysis, the
following steps were taken in the ocomputation of this benefits

l. The projected water conswmption of the served population
of LOWD from 1977 to 2000 was obtained from Table vi-8,
Chapter VI, Since these figures are in oubioc meters per
dxy, they wers first converted to cubio maters per year
by multiplying them by 36 aays.

2o 7The present oonsumption of 259,000 ubic meters of water
per annum was deducted from the p.ojected anmal water
oonsumption to obtain the inorememal volume of water
oonsuaption that is directly attributadle to the proposed
projeot, The inoremental volume was further brekesn down
by type of oconsumer oatsgory: domestio and oo-oroid/
industrial,

3¢ The inoremental volume for each oconsuner oategory per
Jear was then mmltiplied by the proposed water charges,
ag determined in Chapter X, Finanoial Studies. The water
charges used here, however, do not reflect the effeot of
inflation, Lastly, the bemefit was discounted to oktain
its present worth.

The seound approach involves the oonoept of “oonsumer's sur-
plus™, as well as, inoremental total revemue rather than inoremental
volume as used in the first approach,

"Consumer surplus™ in the case of a ocommodity like water refers
to the excess of what the consumers are willing to pay for water oom~
sumed over what the water district is oharging them. It is believed
‘hat the true value of water is aotually higher than the water distriot
rates, This true valus (or economic value), therefore, shomld be con~



sisored in the determination of this bemefit. It is estimated that
the economio value of water i 5O per oent higher than the proposed
water rates in the case of ¢.:.rvtioc water and 20 per ocemt higher im
the case of cemmercial and indwsirial water,

The steps followed in the seoond approach are similar to those
for the first approach sxcept for the fact that the revemues of the
present system were dedwotied from the revemues of the aggregate sys-
tem to arrive at the net benefit, It is believed that the proposed
project will bring about not only an increase in the volwme of pro-
duotion (and oonsumption) but alse an inoresse ir the water rate,
Comsequently, this will result in higher revenus for the water dis=
triot. The propossd rates used in this benefit (plus 50 per cent
or 20 per oent consumer's surplus as the case may be) are those
oontained in Chapter X and reflect the effect of inflation uwp to
1990,



Projected
Delivered
Jear _VNater
1976 259
19717 330
1978 420
1979 535
1980 681
1961 867
1962 1,105
1983 1,407
1984 1,791
1965 2,281
1986 2,511
1987 2,764
1968 3,043
1989 3,349
1990 3,687
1991
1992
1993
1954
199
1996
1997
1998
1999 <
2000 3,687

Inoremental

Yolume

APPENDIX TABLE XI-C-5
INCREXERTAL EEVENUER EENEFIT

FIRST APPRCACH

Prioe per oup Total
Esvermes Disoount Jovenmes

_of Wster® Dogestic Coms/Imd, Domestic Come/Ind, £ x 1,000

n
161
276

1,148

-

3,428

58
133
231
358
522
135

1,011
1,367
1,828
2,030
2,251
2,495
2,762
3,054

-~

3,054

13
28

374

1.00
1,00
1.00
.30
1.30
1.30
1.33
1.33
1.33
1.23
1.23
1,23
1.09
1.09

1.09

2,00
2,00
2.00
2,60
2,60
2,60
2,66
2,66
2,66
2.46
2.46
2.46
2,18
2,18

2

2,18

TOTAL

84.00
189,00
321,00
631,80
902,20

1,244.10
1,709.,05
2,257.01
2,947.28
3,043.02
3,393.57
3,T79.79
3,T25.62
4,144.18

~ 1.
69,813.42

*The 1976 volmme of delivered water was deducted from the projected dslivered
water througheut the prejectien period to odtain the inoremental wvolume of water.

*"Disceunted at 12 per oent,

M of Total

Sactor®' 2 X 1900

1.000
0.993
0.797
0.712
0.636
0.567
00507
0.452
0.404
0,361
0.322
0.288
0.237
0.229
0,205
0,183
0,163
0.146
0.130
0.116
0.104
0.093
0.083
0.074
0.066

750
1506
228.6
401.8
511.9
630.8
TT2.9
911.8

1,064,0
979.9
971.3
9T1.4
853.2
849.6
58.4
6T5.3
605.1
538.7
400.7
431.0
305.4
344,90
306.7

dlded
14,1T7.0
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APFZNTIX TABLE XI-C-6

INCREMENTAL "=EVEINUE B NEFIT
SEZCOND PICACH

Total PV of
Projected Delivered Water Price per cum Bconomic RNet Discount Net

Year  Total Domestic Com./Ind. Domestic Com./Ind. Revesues Revenues*® Factor** Revenue

{cum x 1,000) * x 1,000 » x i’.%
1976 259 208 51 - - 1,000 -
1977 330 268 60 P1.65 P2.75 60742 53763 0.893 479.8
1978 420 346 71 1.65 275 TE62 69643 0797 5550
1979 535 447 83 1.65 2¢75 96548 8839.9 0.712 637.9
1980 681 577 98 2.85 4475 2,110,0  2,04040 0.636 1,297.5
1981 867 744 115 2,85 4475 2,666e7  2,597.0 0e567 1,47204
1982 1,105 960 136 2.85 4.75 3,382,0 3,312.1 0.507 1,6792
1983 1,407 1,239 160 3.68 4413 5954003 5,470.4 0452 2447246
1984 1,791 1,598 188 3.68 6e13 7,033.1 6,963.2 04404 2,813.1
1985 2,281 2,062 213 3.68 6413 8,930.6  8,860.7 0.361 35199.0
1986 2,511 2,263 247 4420 700 9,521e9 9445240 0.322 34043.5
1987 2,744 2,484 279 4.20 7.00 12,3858 12,315.9 0,288 3454740
1988 3,043 2,727 315 4,20 7.00 13,658.4 13,588.5 0.257 3,49242
1989 3,349 2,993 356 4443 7.38 15,886¢3  15,816.4  0.229 3,621.9
1990 3,687 3,285 402 4443 7.38 17,5193  17,449.4 0.205 345771
1991 0.183 3,193,.2
1992 0.163 2,844,2
1993 0.146 24547.6
1994 0.130 2,268.4
1995 0.116 2,044
1996 04104 1,814,7
1997 0.093 1,622,8
1998 0,083 1,448.3
1999 < 4 4 4 4 4 4 0.074 1,291,3
2000 3,687 3,285 402 4443 T.38 17,519.3 17,449.4  0.066 1,151.7

TOTAL 274,483.1 52,094.5

#*The present economic revenue amountins to P69,900 (259,000 cum x P.27) wag deducted from the total
economic revemues every year taroughout the projection period to obiain the net revenue (benefit).

*Digoounted at 12 per cent,



APPENDIX TABLE XI-B~1

CONVERSION OF FINANCIAL COST 70 ECONOMIC COSP
LIPA CITY MATER DISTRICY

# x 1,000
Pisamsisl Foreign Domestic  Unakilled Delanoe Tazmms  Otbere irv%—" Sesasute Sesnsnde
Project  Compoment Cowpomnt Labor of 5% 99% Companent Labor x o8 Others Pre Jood Semsteuniion
Cost Domestio —_— —— X h2 Sle®@  _Copt U S
Seurse Joweleyment
a} Nrustures $4200,0 1,462,0 3,738.0 1,597.0 2,141.0 10761 24033.9 1,75%4¢4 798.5 2,033.9 4,586.8 3,500
» m—" 2.“9-0 2.378.5 27042 115.4 154.8 TeT 147.1 2.85‘.6 577 UT.1 3’“9" !'nx
Transnissien Distribution
Naias & Valwes 8.450.0 4.32205 4,127.5 697.0 3,430.5 17145 3'259)Q- 5;18700 3-4805 3,259.0 8.7”0’ ‘.7"07
Sterage Tanks & Appurt. . e
a) Structure 1,058,0 1757 882,3 133.0 74943 3745 711.8 210.8 6645 711.8 969,1 T T8%1
» h‘_ﬂ" 283.0 218,6 6404 9.7 54T 2.7 52,0 262.3 4.8 5.0 319,11 mo’
Intersal Network %,585.0 2,579.2 3,005.8 575.1 2,430.7 121.5 2,309.2 3,095.0 287,.6 2,309.2 5,691,8 4,368.4
Service Cammections 7,164 4,034,9 3,129.1 843.0 2,286,1 114.3 2,171,8 4,841.9 421.5 2,171.8 744352 5,708.4
a) Pipes 4,255.9 2,410,8 1,845.1 497.1 1,348,0 €74 1,280,6 2,893,0 248.5 1,280.6 4,622.1 3, 93.9
B) Neters 1,844.5 1,563.1 261.4 75,8 205.6 10.3 155.3 1,875.7 3749 19543 2,108.9% 3,88.6
e) Other 1,063,6 61.0 1,002.6 270.1 732.5 36.6 65549 1342 13541 695.9 9042 4.0
Water Distriot Building 1,407.0 535.0 872.0 18643 685.7 3.3 651.4 642,0 9342 651.4 1,386,6 1,064.2
Barly Actian Works
a) BServics Connections 190.4 9243 98.1
Pipes 160,2 92,3 61.5 6e7 61,2 3,1 5841 110.8 3.4 581 172.3 U2.7
Neters - - - - - - -
Other 30,2 - 30,2 6.0 2442 . la2 2340 - 3.0 23,0 26.0 21.%
¥») Vehioles 121,0 7245 48,5 - 48,5 244 4501 87.0 - 46,1 1331 10,2
e) Other Bquipment 55540 458.8 96.2 5e2 91.0 4.6 86.4 55046 2.6 86.4 639.6 529.7

d) Risosllansous Sywtes
Isprovecenta 14540 . (-5 3 I 73§ —t21 —Alad —22d -3 § —23d:2 Y S —22d ~162s3 comdal

SUB-TOTAL 32,607.4 16,433.0  16,374.4 4,175.5  12,198.9 609.9  11,589.0 19,7156  2,087.5  11,589.0 33,39%.4 31,406.4
land —£d040 = 430 = 24520 —td2t] = = ——baRe] —bdis] emdiRal

roTAL 3340524  16,433.0  16,619.4  4,175.5  12,443.9 622.2  11,821.7  19,719.6  2,087.5 11,8217 33,6291 31,9953



APPENDIX TABLE XI-B-2
REPLACEMENT COST (1976 PRICES)

P x 1,000

VEHICLES METERS TOTAL
67.1 671
6640 66,0
67.1 2342 90.3
6640 82.2 148,2
13540 135.0

16244 162+4

1793 17943

177.1 177.1

177.1 177.1

200.3 200,3

67.1 202.5 26946
33343 1,3391 1,672¢4



1976

1917
1978

1979
1980

1961
1982

1983
1984
1985
1986
1987
1988
1989

1990

1991
19%

198
19%
- 19%
199
199
198
1999

2000
TOTAL

0 I
14946
51649
1,620.6

2486340
2,08407

1,46944
1,440.4

1,647.9
2,073.4
1,743.1
1,271.0
1,133.8
1,133.8
1,133.8

56505

20,846.9

APPENDIX TABLE XI-E~3
SALVAGE VALUE (1976 PRICES)

Yrs

264.8
3252
38262

70244
3528

4347
28140
572.8
25648

3'121.7

® x 1,000

15 Yrs
1/25
2 /a5
3/25
4425
3/25
1425
8/25
9/25
10/25

139,2

139,2

139,2

6946

17.8

63.1

103.6

103,.6

12446

13746

13640

136.0

1,463+3

B}

115
2/15

315
415

S5
/15
815
5/15
10/15
M5
2/15
13/15

5548 6/
55¢5



AFPPREDIX TANIE XI-B-4

SALVAGE VALUR IN 2001
19762001
P x 1,000 in 1976 Prices

41

55.0 10 I%.0

Years 25 Yoars 15 Yegrs —— -
ico. Salvage *o0, Seltage Rooe : vage Eooe Salvage Booe
Yalne £ Galve.  vabe £ _Yugpe  VYamus £ Value.  _Value Jalve.  Yape %
149.6 52 T7.8 26448 4 10,6 137.3 100
51609 54 27901 25-2 8 26.0
1,620.6 56 9075 382,2 12 45.9
2,863.0 58 1,660,5 7024 16 112.4
2,084.7 60 1,250.8 352.8 20 T0.6
1,465.4 62 911,0 - - -
1,440.4 4 921.9 43.7 28 12,2
1,647.9 66 1,087.6 281.0 2 89.9
2,073e4 68  1,409.9 512,8 s 184.6
1,743.1 70 1,220.2 356.8 40 102.7
1,271.0 T2 915.1 -
1,133.8 76 661.7 - 139.2  13.3 1.5
1,133.8 18 884.4 - 139.2 20,0 2.8
5635.5 80 4524 - 69.6 2647 18.6
17.8 40 Tel
63.1 @ 29.7
1036 53 54.9
103.6 60 62.2
124.6 67 83.3
13746 13 1004
136.0 8o 108,8
136,0 e 118.3
153.8 93 143.0 355 477 —
Potal 20,846.9 13,4789 3,121.7 654.9 1448342 82,0 353 477 192.3

£l



APPENDIX TABLE XI-E-5

SUMNARY OF TOTAL ECOMOMIC COSTS
FIRST APPROACH

PV of

PY of

PY of

Project Replacement Salvage O and N Total
Yalue GCost  Cogt

 x 1,000
Total FY of PY of
Pro ject Replacement Salvage O and X Cost Disoount
Cost Coget Valuse Cost 1976 Prices _Factor* _Cost Cost
T35.2 10 74542 1,000 73542
1,147.7 20 1,167.7 0,893 1,024.9
2,691.6 40 2,731.6 0,797 2,145,2
4,780.6 &0 4,840.6 0.712 3,403.8
3,311.0 1T 3,488,0 0.636 2,105.8
2,077.0 214 2,921.0 0.567 1,177.7
2,179.6 252 2,431.6 0.507 1,105.1
2,690.5 284 2,974.5 0.452 1,216.1
39547.0 67.1 316 3,930.1 0.404 1,433.0 27.1
2,806.3 66,0 429 3,301.3 0.361 1,013.1 23.8
1,858.7 487 2,345.7 0.322 598.5
1,658.7 516 2,174.7  0.288 477.7
1,65847 546 2,047 0.257 42643
1,658.7 575 2423367 0,229 379.8
827.7 646 1,473.7 0,205 169.7 18.6
646 646.0 0.183
90.3 736.3 0.163 4.7
148,2 T94.2 0.146 21.6
135.0 781.0 0.130 17.6
162.4 808.4 0.116 18,8
179.3 8253 0.1C4 18.6
177.1 823,1 0,093 16.5
177.1 823.1 0.083 14.7
200.3 846.3 0,074 14.8
269.6 8 646 915.6 0.066 17.8
15,155, 0.059
33,829.1 1,872.4 11,032  46,333.4 17,411.9 206.0
TOTAL 31,177.6

*Diacounted at 12 per cent,

894.2

10,0 74542
17.9 1,042.8
31.9  2,177.1
42,7 3,446.5
112.6 2,218.4
1213 1,299.0
127.8 1,232,9
128.4 1,344.5
127.,7 1,587.8
154.9 1,191.8
156.8 7553
148.6 626.4
140.3 566.6
131.7 511.6
132.4 302,1
118.2 118,2
105.3 120,0
94.3 115.9
84.0 101.6
T4.9 93.8
67.2 8.8
60,1 76.5
53.6 68.3
47.8 &.‘
42,6 6C.4
2,333.0 13,%0.%
=.054,2
19,0%6.7
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APPENDOIX TABIE XI-B—6

SUMMARY OF TOTAL ECONONIC COSTS
SECOND APPROACE

P x 1,000

Escalated Escalated Escalated Escalated Escalated PY of FY of FV of IV of PV ef

Preject Replacement Salvage O and K Total Disocount Project Replacement Salvage O and A Total

Yeoar Cost® Cost® Yalue® Cost +* Coat Factor* Cosgt Cost Yalue _ Cost Cost
1976 735.2 10,0 T45.2 1,000 7352 10.0 7452
1977 1,262.5 21.¢ 1,284.1 0.893 1,127.4 19.3 1,146,7
1978 3,256.8 46,6 3,303.4 0.797 2,597 37.1 2,632.8
1979 6,363.0 7546 6,438.6 0,712 4953045 53.8 4,584.3
1980 4,847.3 240.7 5,088,0 0.636 3,082.9 153.1 3,236.0
1981 3,283,7 314.4 3,598.1 0.567 1,861.9 178.3 2,040.2
1982 3,722.8 400.0 4,122.8 0,507 1,887.5 202,8 2,090.3
1983 4,961.3 486,8 5,448.1 0.452 2,242.5 220,0 2,462.5
1”4 7.06506 13307 584.9 7'784.2 0.404 2’854.5 54.0 236.3 3'144.8
1985 6,036.4 142.0 857.6 7,036.0 0.36 2,179.1 513 309.6 2,540.0
1986 4,237.8 1,051.4 5,289.2 0.322 1,364.6 338.6 1,703.2
1987 4,009.1 1,203,3 5,212.4 0.288 1,154.6 346.6 1,501.2
1988 4,249.6 1,374.8 5,624.4 0,257 1,092.1 3533 1,445.5
1989 4,505,0 1,564.0 6,069.0 0,229 1,031.6 358.2 1,389,8
1990  2,382.9 1,897.3  4,280.2 0,205 488.5 388,9  877.4
1991 1,897.3 1,897.3 0.183 347.2 347.2
1992 260,0 1,897.3 2,157.3 0.163 42.4 309.2 351.6
1993 426.7 1,897.3 2,324.0 0.146 6243 277.0 339.3
1994 388.7 1,897.3 2,286.0 0,130 50,5 246.6 297,.1
1995 467.5 1,897.3 2,364.8 0.116 54.2 220.1 274,.3
1”7 5@09 1'89703 2'40702 00093 47'4 17604 223.8
1998 509.9 1,897.3 2,407.2 0.083 42.3 1575  199.8
1999 57647 1,897.3 2,474.0 0,074 4247 14GC.4 1831
2000 77642 3.6 1,897.3 2,673.5 0.066 51.2 125.2 176.4

2001 43' 330 00059 —— 2!57"04
5,919.0 4,707.5 29,102,0 94,728.5 25,228.3 552,0 5'4a08 3-4,“3.4
- 43,633.6 —%é
TOTAL 51,094.9 3, *

*Escalated anmnally by 10 per cent from 1976 to 1980, by 8 per cent from 1380 to 1985 and by 6 per oenmt froa
1985 to 1990, Thereafter up to 2000, the escalation factor was maintained at its 1990 level,
*Bgcalated annually by 8 per cent from 1976 to 1990, Thereafter up to 2000, the ascalation facter was

saintained at its 1990 level.
*t4Digoounted at 12 per cent.
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FIRST APPROACH

APPENDIX TABLE XI—Ew7

INTERNAL ECONOMIC RATE OF RETURN
LIPA CITY WATER DISTRICT
* x 1,000

SECOND APPROACH

Benefit
1976

84.0
220.9
29439.3
2,768.1
3,057.2
3,418.1
3,902.5
4,470,2
5,180.8
6,603.8
6'97307
T+379.8
79345.8
7,784.8

w

784,8

(4.474)

] Costs
Prices

745.2
1'16707
2,731.6
4,840.6
3,488.0
2,291,0
2'43106
299745
3,930.1
3,301.3
293457
201747
2,024.7
2423307
1,473.7

646,0

73643

T94.2

781.0

808.4

825.3

823.1

8231

864.3

~12784,8 .irﬁgixé.
139,477.0 46,333.4

(1,000)

Present Value at 23%

Discount Benefits Coate Escalated Escalated Discount
Pactor 11973 Prices ) Bensfits Costs Faotor
1,000 7452 74542 1,000
0,813 68,3 949.3 5373 1,284.1 0.820
0.601 46,0 1,505.6 69643 3,303.4 0,672
0.537 1,305.9 2,599.4 903,2 6,438.6 0551
0.427 1,209.6 1,524.2 2,056.1 5,088.0 0.451
0.355 1,085.3 813.3 2,622,9 3,593,1 0.370
0.289 987.8 702.7 35349.4 4,122.8 0.303
0.235 917.1 699.0 5452047 5,448,1 0.248
0.191 853.8 75066 7,028.4 7+784.2 0.204
0,155 803.0 511.7 8,942.9 7+036,0 0,167
0.126 832.1 295.6 9,551.6 5,289.2 0e137
0.1 711.3 221.8 12,4377 5.212.4 0.112
0.083 612,.5 183.0 13,734.8 5062444 0,092
0.068 49945 151,9 15,989.7 6,069.0 0.075
0,055 428.2 81.1 17,652.5 4,280,2 0,062
0,045 350.3 29.1 1,897.3 0,051
0.036 280,2 26.5 2,157.3 0,042
0.030 233.5 23.8 2432440 0,034
0.024 185.8 18,7 2,286,0 0.8
0,020 15547 1642 2,364.8 0.023
0.016 124.6 13,2 2,413.5 0,019
0.013 101.2 10.7 2440742 0,015
0,011 85,6 9.1 24407,2 0,013
00008 6203 2-9 gv 2927400 OGgég
0,007 5445 _17,652,5 2, 1%,5 0.

12,099.1 12,195.0 277,548.5 94 ,72845
0.066 - 90 - 43,6336 0,007
12,104,1 51,094.9
(0.999) (1.000)  (5.432) (1.000)

44006
467.9
437.7
5273
9705
1,014.9
1,369.1
1'433.8
1,493.5
1,308,6
1'39300
1,263,6
1,199,2
1’(’%04
00,3
T41.4
600,2
454.3
406.0
3354
264.8
229.5
3176.5

Present Value at 2 ‘

Berefits

Cost~

T45.°
1,053,
2’ 219: =
3,547
2,294,
1,331,
1,249, -
1,351.%
I'S%Q:--\‘
1,175.0

12865

583.1

517e

455.:

2652

96, &
9Ce ¢
79.¢
6440
54.<
45.%
36.:
l.:
247

14,2 21
19, .6347 T§:333f%

(0.991)

19,340,
(1.000)



