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FOREWORD

Volume II (Appendices) of the Technical Final Report on the
Tarlac Water Distriot Water Supply Feasibility Studies contains
detailed information relating to specific sections of Chapters VII,
VIII; IX, X and XI in Volume I,

Appendices A, B, C and D refer generally to several chapters
of Volume I. Appendix A, Design Criteria, is fundamental to studies
in all chepters of the Technical Report, Appendix B, Basis of Cost
Estimates, has been used in the preparation of cost calculations in
Chapters VIIT and IX. Appendices C and D are related to Appendix B
and to the constiruction of the recommended plan described in Chapter IXe

Appendix VII-B provides additional data on water resources.
Appendioces VIII-C, VIII-D and VIII-E are discussions of alternatives
for water treatment, distribution, and water conservation and augmenw
tation, respectively., Appendix IX-B is a list of miscellansous ime
provements included in the Early Action Programe Appendix IX=C
covers projections of areas to be servad by service connections and
internal network piping, distribution system costs and computer
studies., Clteps in the managemeni oY groundwater resources and the
updating of the water supply master plan are given in Appendices IX-H
and IX-I, Appendix IX-J asgesses the possible positive and negative
effects of the water supply project on the environment., The project's
financial and development costs projected from 1976 to the year 2000
are tabulated in Appendices X-B, X-E, X-F and X-G, The values of
eccnomic benefits and the economic costs are explainec and tabulated
in Appendices XI~L and XI-E,

The appendices are numbered according to the Volume I chapter
and section to which they refer. Thus Appendix VIII-D refers to
Chapter VIII, Section D of Volume I. The figures and tables are
numbered consecutively after the chapter and seoction designation.
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APPENDIX A
DESIGN CRITZRIA

General

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

sludy Area

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

Population Projections

The total service area population would be projected on the
bases of separate projections for the core city .. poblacion and
for the barrios within the present and future service arease
Transient population such as students, tourists, refugees, will
be included in these estimates.

A percentage of population served will be estimated for the
present and future systemso This estimation of percentage popula-
tion currently served in the study area will be based on number
of piped water connections and average number of people per urban
household as obtained from the official census books. In the es-
tination of future population served, cost and availability of the
water from sources other than the water district would be consi-
dered.

Land Use Projections

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

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

Pressure Zones

Depending on general topography of the water service area
there may be one or more service pressure zones in the water dis—
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tribution systems The maximum difference in ground levels in any
pressure zone Will not be more than 50 meters,

Separate supply lines from the source will be provided for

each zune where economically feasible.

Unit Water Demands

Qe

b.

Ce

d.

Domestic: Average per capita domestic water consumption will be
estimated for the study areas Past water district records and
records from similar cities will be used for early estimates,
dhen using the water district records, the actual metered cus-
tomersand borrowers would be considered separately., For boiro-
wers, an average unit consumption of 20 1lpcd shall be assumed,
However, the final estimates will be based on actual field
measurements, Field measurement will be done by direct meter
reading - icolating certain service area sections which will
represent different economic classes of customerse Thiy measure—
ment will be conducted in areas which have adequate supply.

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 conmercial
water demands will be egtimated as a percentage of dcnestic
demand based on available past records of the water districts
or similar cities. If no records are available a unit flow of"
5 cum/day per gross hectarewill be used in the estimates for
this purpose.

Industrial: At present, there is no heavy industry in the study
areass However, avajlable zoning plans designate areas for
future heavy industrial developments.,

Past records on the water consumption of existing light
industrial establishments will be studied to establish unit
flows required per unit area, If no record: are available, a
unit flow of 10 cum/day/ha (gross) will be used in the e:ibi-
mates,

Parks, golf courses: vater demands for the public parks and
golf courses will be cstimated from the past records.

Unaczcountable Water

With a review of the available water distrizt records or cone-


http:di:3tri.st

sumption pattern in similar cities, a tentative purcentage of the
total supply rejuirement will be established for unaccountable
water for the early studies, The final estimate of unaccountable
water will be based on actual field measurements. Unaccountable
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 systems

Total Supply

A total of various water demands and unaccounted-for-watier
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 pressure zone will be estimated.

Demand Variation

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

For preliminary studies a maximum-day to average~day ratio of
1,2:1 and a peak-hour to avera;c .uy ratio of 145:1 ~ 2,0:1 will be
used,

The present and future projected water. demands will be
tabulated,

Population and Demand Distribution

The study area will be divided into several sub-areas repre-
senting different population densities and demand patterns. loca-
tions of the existing large demand customers (e.g., industry, mili-
tary base, university 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.

Bxisting Water System Analysis

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



Average~day demands will be included in computer input data. Demand
factors will be applied for maximim—day and peak-hour flow condi-
tionc. About 5 per cent of ruwccountable water will be zliccsted to
transmission line and the remaining unaccountable water will be
evenly distributed in the distribution system. The primary system
(pipeline 4-in and larger) will be checked for only peak hourly
demand condition to find out about areas with capacity shortagze and
low pressures. Any high lcvel area which is being served by a boos-
ter station would be studied separately after establishing its hy-
dronlic grade line (HGL).

If there is a storage tank floating in the gystem, the water
level in the tank will be assumed to be at the middle of the opera-
tional storage pertion, during peak hourly demand condition, In
the computer application of the system, either the input flow or
HGL at the source will be fixed. The following "C" values will
be used for pipe friction losses,

a) Ashestos Cement Pipe

3ize (mm) 100-150 200-300 350-500
"3" value 100 110 120

b) Cast Iron Pipe

Size (mn) 100-150 200-300 350~500
Lze: new 100 110 120
10 oY
years 90 100 11
20 years 80 90 1051/
30 years or
more 70 80 1001/

The internal distribution system would be checked fopr fire
flow plus maximum-day demand. After computing the node pressures
in the primary system for the maximwn-day demand, a typical commercial
residential area will be checked for fire protection. A fire flow
demand of 15 1ps (liters per second) will be applied at each one
of two adjacent hydrants.

Computer Studies for Future System

The proposed system will be studied for the design year 2000

l/Subjeot to field verification,
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first and the economy of construction staging for 1990 shall be
checked specially for supply, treatment and transmission facilities,

A system skeleton will be prepared for each pressure zone.
Puture pipeiines will follow existing roads or proposed roads as
much as possible. The maximum spacing between feeier main lines
will not exceed 1,000 meters. For strengthening the system hydrau=-
lically all the pipelines will be looped as much as practical and
economically feasible. The primary system which will be checked
hydraulically first will include (200 mm) and lawger 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 numbers, diameter, length and "C" value; the node data will
include a node number, ground elevation, and average day demand for
the design year.

The maximum hydrostatic pressure in the system will not exoeed
70 meters, If the existing water supply facilities were %o be used,
the pre-established HGL elevation would be svaluated 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 system,
a pystem input at a rate of maximum-day demand will be required.
If no storage tank site ie 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 ocement, cement lined ocast or
ductile iron, cement lined steel or prestressed conorete pipe will
be used, The following "C" values will be applied throughout the
gtudies:

Pipe Size ‘mm} ncH Value

200=300 110
350-500 120
600-1arger 130

A field cleaning and lining of existing large size mains will
be considered as part of the improvement program. An operational
storage volume of 15-20% of maximum~day demand at the design year
will be provided (19% for Ozamiz and Clarin)s The maximum opera~
tional level fluctuation in the tank will be T meters. If there
is more than one storage in the system the operational volume
required at each site will be determined through computer 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 suction pipe assembly and the head
required in the system would be investigated.

Booster pumps will be selected either to meet peak-~hourly
demands if there is no distribution storage or to meet maximum
daily demands if there is an adequate storagees Each booster
zone weuld be studied separately, The primary system (pipes
200 mm 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 tank site
is located too far from the demand center. (The minimum
flow is 30 per cent of the average daily demand ),

The inteérnal distribution network will be checked for fire
flow plus maximum-dsy demand, at least at two typical areas:
(1) = high value commercial area (for a fire flow of 20 lps from
each of two adjacent hydrants); (2) a residential area (for a
fire flow of 10 lps from each of two adjacent hydrants),

Computer runs will be repeated with revised pipe sizes until
the system wmeets the desigm criteria,

Special effort will be made to utilize all or portion of the
existing facilities as muoh as feasible., Data whioh would be
required on the existing facilities for this purpose are as follows:

Supply facilities ¢ HGL elevation and variation
Flow input capacity

Pipelines ¢ sizes, locations,"C" values

Pump Stations ¢ pump curves, rated head and discharge
values, HGL elevations on the suction
and discharge sides, pump age, condition

Storage Tanks ¢ overflow elevation, side water depth,
operational depth, type, condition

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

Valves ¢ check valves, closed or throttled valves

Pipes

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

ae The pipe strength to resist both internal and external pressures;

b, Service life of the pipe material (resistance to corrosion,
erosion and disintegration)s

ce Pipe laying and jointing (simplicity, reliability);
de Operation and maintenance problems; and

e. Zconomic oonsideration

Pressure class requirement for major transmission lines will
be investigzated on a pipeline nrofile. Working pressures will
include additional allowances for surges and water hammer. Mini-
mum pressure class of pipe will not be less than 7 kg/sqcm.

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 brittleness of the material, the use of cast
iron pipe and asbestos cement pipe is generally limited to the .
smaller sizes. In addition to the inability to take large bending
loads, with brittle pipe, sudden fa..ures can occur and discharge
large volumes of water that not only cause extensive damage, but
may ::180 put the water system out of operation for a long periode

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 concentration in the soil exceeds 0.5 per cent (or
300 mg/l) unprotected concrete pipe should not be used., Many types
of soil can be corrosive to ferrous metal pipes A corrosion survey
along the pipeline routes will be necessary to locate extremely
corrosive areas so that suitable types of pipe material and protec-
tive systems can be selerted,

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

Trench Width = 0,50 + D (m)

A=



. The minimum cover on a pipe shall be 0,60 meters. If there is a
traffic load, the minimum cover shall be increased to 0,90 me If
this can not be accomplished, the pipe shall be encased in concrete.

Recommended Pipe Materials

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

Diameter fmm) Service
Pipe Material 10-100 150400 450-600 700~1200 Distribution Transmission

Prestressed Concrete - - - x - x
Steel xg/ X - b 4
Cast Iron - b'd x - x x
Ductile Iron - x x x x x
Asbestos Cement - b'd x - x -
Polyvinyl Chloride

or lolyethylena pipe3 X - - -

Pipe class should be in accordance with the required opera
tional pressures in the systems

Pipe Cleaning and Lining in Place

It is possible to increase capecity of old transmission and
distribution pipelines by 20 to 50 per cent with cleaning and
lining prucesse This is specially true where extensive internal
scaling has occurred in the pipeline. Experience 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 increases. Therefore, cleaning and cement lining
in place will be included in the improvements program where extensive
capacity losses in the water ma‘ s are observed.

Valves

To isolate and drain pipeline sections for test, inspection,
cleaning and repair a number of valves are generally insialled in
the lines The most commonly used valves are gate and butterfly
valves followed by check, cone valves, blow-off and air release
valves. Despite the wide ranme of designs, all valves have only
one purpose: to slow down or stop the flow ot 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 diameters For larger size pipelines butierfly

géalvanized 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 consumption areas. A maximum valve spacing
of 300 to 500 m will be considered in preliminary layouts, Howe
ever, the final determination will depend on judgement of condiiions
in a particular system,

Valves shall be eguipped with handlever, handwheels, chains or
hand, phenatic or electric operations.

The minimum working pressure of valve will be in accordaace
with the service requirements. Valve desisn and marnufacture will
conform to the current AWIA or AUTM specifications.

Fire Hydrants

Fire hydrants will be located at street intersections as much
as possiblce Spacing and sizes will be as follows:

a) High value residential, :ommercial and industrial arcas:
& ?

Spacing ¢ 150 m, maximum

Connecting pipe size ¢ 100 mm, minimum in looped syctems
150 mm, minimum in dead-end systems

Hose outlet t 1 x 60 mm (2L-in

Pumper outlet 1 x 100 mm (4~in

b) Normal single family residential arcas:.

Spacing : 250 m , maximum
Connecting pipe size : 100 mm (4-in)
Hose-Pumpner outlet ¢ 1-100 mm (4-in)

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

Flow Veters

A, Differential Head Meters

The flow of fluid through a constriction in a pressure
conduct results in lowering of pressure at constriction. The
drop in rizzometric head between 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 considerably less than for the other two types of
-meters, Pitot tubes and pitometers may also be typed as differw
ential head meters,

Be Mechanical Meters

Mechanical meters are widely used in water distribution
aystems, Two types of mechanical meters in common are positive
displacement and propeller meters, The positive displacement
typre meters are more acourate in measuring small flows, This
type of meter is not recommended, however, for waters having
fine particles az it is likely to become inoperative due to

clogging.
Plunb Code

The Philippine National Plumbing Code shall be applicable,

Distribution Stogggg Tanks

Distribution storage tanks are used to provide storage volume

. to meet fluotuations in water use, to provide fire storage, and to
stabilize pressures in the distribution systems The tank in rela-
tion to the service area, should be located as muoch on the opposite
gite from the source as possible; on the other hand, the tank locae
tion should not be too far away from the demand center, 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 fluctuate
with the variation of system demand. A tank refills when the demand
is low and feeds into the system when the demand is high. With an
adequately sized storaged tank it is possihle to have supply and
transmission facilities operating, more or less, at a steady rate
which is normally to be around maximum daily demand for the design
Jear,

The total effective storage volume required in a service zone
should be at least equal to the required operational storage, Fire
and emergency storage may be provided if economically justified.

As mentioned previously, the equalizing or operational volume ie to
be equal to 15 to 20 per cent of the maximum daily demand in any
design year, A maximum side water depth (or level rluctuation) of
7 m will be assumed for the operational storage.

The maximum hydrostatic pressure in any pressure zone in the

- distribatior system should not exceed 70 meters. The tank overflow
elevation, therefore, will te set at & level which will be a maximum
of 70 m higher than the lowest ground level in the service area,

A storage tank can be a ground type, elevated or a stand-pipe, all
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covered, A tank shape can be rectangular or ocircular. Roef slab
of a tank will be supported on interior colummns. The tanks are
normally constructed from reinforced conorete or steel, Reinforced
concrete tauks would have less maintenance costs and also will not
require foreign exchange,

Pipirg in a tank will consist of incoming flow pipe, overflow
and drain pipe, and outgoing flow pipss, From thoss, all uf the
pipes, with the exception of overflow pipe, are valved,

For large cities within a same pressure zone there may be a
need for more than one tank site, In this case volume distribu-e
tion at each site can be determined through computer analysis.
Sufficient land should be taken for the tank site to accommodate
short-term as well as future storaze units for the service area.

Booster Pump Stations

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

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

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

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

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

The total design head of a pump should include static head

and dynamic head which consists of friction and turbulence losses
in suction and discharge piping.
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Pump drive will be either an elactrical motor or a diesel
engine, Economy and practicality of electric or diesel povear
will have to be studied for the study area. ‘

Electricity is 480 volts, three-phased with 60 cycles. Lcoal
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
equipment generally provided on the discharge line are: shuteoff
valve, check valve, surge relief valve, pressure gage, flow meter
and air and anti-vacuum valve,

Each pump station should have a superstructure constructead
from locally available material to help provide security from
" theft and vandalism and to minimize the noise problem in residen-
tial areas.

Sufficient land should be taken for a pump station to accommo—
date short-term as well as future facilities.

Pumps are to be constant speed single stage, horizontal or
verticai centrifugal typee The minimum number of pumps in any
statior will not be less than two., Pump ratings, make and model
in the system will preferably be the same for gimplification in
operation and maintenances 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 pump is out of
services Where electricity /s not reliable, consideration should
also oe given to having one of the larger pump motors close~coupled
with a diesel or gas driven engine. By this, at least part of
station capacity will he available in the event of power failure,

Water Quality Criteria

The water provided by a public water supply system should
be free from substances harmful to human health and should be
of the highest quality that is economically feasible. An acoept=
able water should have the following general qualities:

a. Water should be free from pathogenic 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 should i~ free from encrusting or corrosive
properties and should be clear, colorless, tasteless
and odorlesse

Maximum acceptable concentrations of some of the most signi-
ficent constituentus of water, as established by the Philippine
National Committee o: Trinking Water Standards, and by the World
Health Organization (4HO) are to be used as guideline.

Surface Jater Sources

The trecatment of water from a surface source must be economic-
ally feasible and should meet the current requirements of Philippine
Drinking Water Standards with respect to bacteriological, physical,
chemical and radiological qualities.

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

Hyarolosical Studies

Daily or monthly streams flow records, if available, should
be used in the safe yield estimates., If stream flow records are
not available, correlations with similar basins with longer period
of recocds, based on drainuge areas, should be made. Recommenda~
tion should be iade for the establishment of stream gauging stations
for use in design. For extension of stream flow records for a
longer period, rainfall-runoff correlations can be useds The miuimum
recorded flow minus riparian rights would give the 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 and when needed, Without a need for impoundment reservoir
a water diversion and intake structure would 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-mapse 4s 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 covering at least one significant dry period. Mass inflow
curve should be adjusted for evaporation and riparian rights. Demand
lines drawn tangent to the high points of the mass curve represent rate
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of withdrawal from the re-ervoirs, 3ssuring the reservoir to be fll
wherever a demand line intersects the mass curve, the maximum
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 =iltation.

In ovder to determine tha basic dam height, area-volume curves
are drawn up for each feasible dam site. From thege curves a dam
height can be selected which woulad create enough volume of reser=-
voir to satisfy the demand and dead volume requirements, Estimated
reservoir volume will be increased hy 25% for supply safety. 1In
gome cases one stream may not yield sufficient quantity of water,
Then it will be necessary to look into other river basine or ground
water, for supplementary supplye.

In other cases the same stream may be considered for multi-
purpose basin development including povwer, irrigation and naviga=-
tion. This will require close cooperation with the other authori-
ties to make sure that adequate amount of water will be available
for municipal usage. In accordance with the governmertal 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, arrangement, 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 punp station
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 design
flow at the maximum head which is the sum of differential statio
head, suction 1lift (if any), and suction and discharge head lossese
Selection of pumps in the station will be based on the application
of pump curves on system hcad-capacity curve.

Electric motor or diesel engsine driven vertical turbine pumps
will be used for the raw water pumpage .
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Staging of Source Development

During source development studies a demand versus supply
chart 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, folliowing the development of
neW sources,

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

Facility Demand

Dams Averace-Day

Jater Treatment Plant Faximum=Day

Diversion and Intake Maximum=Day

Transmission Lines a) Peak-Hour if no distribution
storage

b) Maximum=Day if there is an
adequate storage

A sufficient time shall be allowed for planning, design and
construction of future facilities,

Survexs

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

Grounidwater-Springs

Springs can be developed as gravity or pumped supply. In
both cases sufficient 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 evaluztion of aquifer and recharge area should be made to
avoid possible damage to the springe The major works needed for
spring development would be construction of a collection chamber
with necessary piping arrangement, HWater quality must be checked
to see whether any treatment would be required; the most likely
quality problem with spring water being either excessive hardness,
or iron and manganese, The spring recharge area must be protected
from pollution,
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In the construction staging of spring development, the measured
minimum yield should meet the maximum daily demand of the study area,
if adequate storage is provided for peak=hour demends., With no
gtorage in the distribution system construction staging should
correspond with peak=hour demands.

Groundwater Wells

All the available data pertinent to existing wells 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 geomeiries, interw
ference between wells, and water quality, In addition, geologic,
hydrol:sic and meteorologic data will be evaluated with informae
tion or. current withdrawals to estimate recharge to aquifers and
to estimate the overall safe yield of the source.

In many cases, it may be hecessary to construct and test
several weils to obtain the necessary data. Test well sites
and depths will be chosen to provide data on unexplored important
sections of the aquifer. For each test well, a minimum nunber of
two observation wells would be desirable.

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

Construction stasinz of wells should follow the same criteria
as explained for spring development.,

Jater, in general, has to be pumped from a ecroundwater well
with the exception of flowins artesian wells with adequate yield,
Pumps normally used for this purpose are either multi-siage
vertical turbine pumps which are shaft driven by motors or engines
located on tap of well o: submersilile punps in which the pumps
ani electric motors are combined in one unit plazced below the water
surface of the wells The pump boulg may bhe set at approximately
5=10 m below the lowest anticipated pumping levels 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 anticipated ultimate purpine lavel,

A - 16



dhere the source of electrioc power is not reliable, diesel
engines will be considered for pump drive units, Pumping head
will be determined by pumping ievel in the well and minimum
pressure requirements in the distribution system during peak-—
hour demands or by tamk fillinz operation during minimum hour
demands,

Water Treatment Works

Objectives of iater Treatment. In the design of water treate
ment plants, the provicion of safe water is 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 alterw
netives will be investigated including plant performance and cost
studies,

General Design Considerations., Where previous experience
with treatment of the same or similar 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 pro jections,
a logical program 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 rats of interest on the loan,
€5; the change of purchasing power during the debt period, and

6) the performance of facilities during the early years,

Pumping station and chemical building structures are to be
constructed for ultimate capacity; pretreatment and filter facili
ties are to be built in stages as the need develops.

For operational safety, even in the initial stage of construot-

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 mozt favorable location for the plant. An accurate estiaate
of the area required for the ultimale development of the site
is specially important.

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

(1) Prequency of basin cleaning, length of filter runs
and effluent quality will be ocarefully evaluated.

(2) An economic but durable construction: outdoor type
filters can be adopted in the Philippines, Construct-
ion items will be selected for a minimum service
period of 50 yecars,

(3) The smallest nunber of units that is feasible will
be chosen, Tl the number will be sufficient to
provide stand-by capability.

(4) Operation of Filters, flocculators and chemical feed=
ing equipment requires the most attention of operators,
It i3 therefore desirable to arrangze the plant so that
these functions are close together, rather than widely:
separated.

(5) Chemical feed lines are to be as short and direct as
reasonably possible, For this reason, it may be
necesczary to place the rapid mix basin in the
chemiczal building.

(6) Chemical handling and feeding system will be simplified.

(7) Unessential instrumentation will be avoideds

Types of Water Treatment Plants

The quality ol raw water varies greatly from source to
source. Accordingly, the type of treatment to produce a safe
and palatablz water will vary. The World Health Organization
has established treatment 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 plants aecording to raw water
quality is a useful guide to the desigmer. However, such classi-
fication is not a substitute for ensineering studies including,
in some instznces, experimental and pilot plant work as the
basis for plant desigme

In a modern conventional plant, rapid mixing, flocculation,
sedimentation, filtration and chlorination are employed to re=
move cclor, turbidity, tastes and odors, and bacteria from sur
face water supplies, Bar racks and 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 filters can be designed hydraulically as slow or rapid,
depending upon the rate of flow per unit of surface arecae The
processes of a treatment plant are briefly explained in the
following sectionse

Aeration deration is used tu reduce the concentration of
taste and odor producing substances in the water and to remove .
iron and munganese (rom the water by oxidatione Aeration can
be accomplished by waterfall aerators, spray nozzles, cascades,
multiple trays, diffusion of compressed air through the water,
and mechanical aerators, Approximate area requirements for
different types of aeration are shown in the following table:

Area Requirement

Tyye of Aeration sqm per 1,000
cun/day
Spray 2450
Multiple Tray 1.25
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 hydrogen 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~l

APPLICATION OF TREATMSNT METHODS4

Hater Quality Pretreatment Treatment Specir% Treatments
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10200 0 E E
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Color-mg/1 20~70 ) 0 0
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Toxic chemicals E B E 0
Less critical chemicals . 0 0 0 0 o
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erchlorination shall be followed by dechlorinatione. uble settlirg shall be provided for coliform
exceeding 20,000 M.B.N.

_ Q/F'or exitreme muddy water, presedimentation by plain settling may be provided.
Source: HWater Treatment Plant Design, ASCE, AwlA, CSSE, 1969 edition



is not critical, chemical mixing may be obtained by injection
of chemicals into a point of high velocity flows, such as the
suction of a low=-lift pump, a parshall flume, or a hydraulic
punps In other cases power may be put into water to secure
mixing either by mechanical agitators or by use of gravity in
baffled basinse. The rectangular baffled basiis are usually
designed for horizontal flow with a detention time of 60
seconds at the design flow. Basimwith mechanical agitators
may be designed for a detention time of 30 seconds. Design
of mechanical rapid mixing basin is based on the rate of power
input into the water as measured by the velocity gradient.
Because the best velccity gradient may vary from time to time
at given location, variable speed equipment is desirable for
agitatorss Power requirement is about i.3 hp per 10,000 cumd
flowe A recent trend in chemical mixing favors use of in<line
blenders.

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

The sequence of addition of chemicals for coagulation is
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 odor
control is usually applied at raw water intake to provide
sufficient period of detention time.

Flocculation. Flocculation process follows chemiocal
mixing. Detention time used for the design of flocculation
basins will be 60 minutess To increase floc strength, usage
of chemical agents such as activated silica and polyelectra-
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 circuiting of
flow. However, the mixing intensity in this type of basin
is dependent on flow rate,
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. The easiest way to manage flocculated water is to build the
flocoulation and sedimentation basins integrally, with a perme-
able baffle discharging the flocoulated water into the sedimenta~
tion basin tc assure uniform horizon*al 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 trcatment; therefore it is often referred to
as presedimentation,

Sedimentation following chemical cozgulation and floccula=
tion is used to remove color and turbidity by adding coagulants,
and to remove hardness by adding lime and soda ashe, This type
of sedimentation follows presedimentation (if used) and aeration
and precedes filtration.

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

a) an inlet zone 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 chanmnel inlet,

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

c) 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 the overflow,

Most sedimentation tanks used in water purification today

are of the horizontal flow types The other types are known
as upward-flow solids contact units and upward-flow sludge
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blanket type clarification basins, Because of simplicity in
construction, operation and maintenance the horizontal-flow
t"pe basins are expected to be applicable in the Philippines.

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

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

The temperature of the water, the srecific gravity of mate-
rials in suspension, and the size and shape of the suspended
" tea..es influence sedimentation process., Experience has shoun
that higher tank overflow rates can be uced in warm waters, A
particle with higheor specific gravity will settle faster., The
time of retention in the sedimentation tank is important, because
longer time permits more floc contacts and, hence, more floc
growth,

The purpose of the settling tank is to hold the water for
a period of time during which the velocity of flow through the
tank has been greatly decreased to allow sedimentation to occure
The main characteristics of sedimentation tank involved include
the tank surface area, which is dependent on the su>face over-
flow rate, the tank depth, which is dependent on the detention
tim¥, the velocity of flow through the tanks, which is a func-
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 depthe

Preliminary design parameters of settling basins are shown
in Appendirx Table A=2,
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APPENDIX TABLE A-2
DESIGN PARAMETERS OF SETTLING BASINS

Vblooity Tank
Raw Water Treatment . Overflow Rate Detention Depth
founggl[ sqm 1 Tims Shr! Basgin n(nin (!}
Surface  Alum floc? 25-50 ) 0+15-0,50 34
Ferrous floo? 30-50 24 0,15-0,50 34
Surface or Lime softening 40=60 1-3 0.,20-0,60 3-4
ground
Without subsequent
filtration 1020 8-12 0,05=0,20 45
Plaipr sedimentation 100 1-4 0.3 =1,0 3-5

Rectangular tanks can be comstructed with practical lengths
up to a maximum of about 80 meters. Generally, a length to width
ratio between 3¢l to 5:1 is used. Reotangular tanks will have a
minimum depth of about 2,5 m and a recommended depth range from
2,5 to 5 meters, Where area is available, the shallower depths
are preferable. In addition to the caloulated settling basin, a
provision for inlet, outlet and sludge colleotion zones, will be
made,

The number of tanks to be provided is determired by the total
flow, desired degree of flexibility of operation, and economy of
designe 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 which mechanical
colleotors 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 rectangular tanks, the
overflow weir length required ocannot usually be obtained with a
Bingle weir across the end of the tank, The required length is
usually provided by a weir extension in the third outlet of the

tank,

9Hith subsequent filtration,
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APPENDIX TABLE A3
TYPICAL WEIR OVERFLOWN RATES

Weir Overflow Rate
Type of Treatment cum/ggyfh

Light alum floc . 150
(low turbidity water)

Heavier alum flooc 200
(higher turbidity water)

Heavy floc from lime softening 300

- o e e an ew ee e

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

Filiration. 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 medium, usually a bed of single or multi-~layer
granmular material,

Filtration may be olassified hydraulically as slow or rapid,
depending upon the rate of flow per unit of surface area. Slow
sand filters operate at a rate as high as -9 cum /sqn, and rapid
or high rate filters operate as high as 20 cum/hr/sqm. One of the
principal drawbacks to the use of slow sand filters is the large
land area required. Another is the difficulty of getting gqod
results under all raw water conditions. Slow sand filters are
cleaned by scraping a surface layer of sand and washing the re-
woved sand and returning it to the bed. Algae growth is another
problem with slow sand filters specially in hot climates. 4s
slow sand filters require minimum smount of mechanical equipment
it may be considered in the provincial areas of the Philippines
where plenty of land is available and when it is justified economic~
allyo

In the design of new plants, the gravity rapid filter with
coarse~te-fine media (dual media) is the obvious choice for the
great majority of installations. The best example of this is
the coal-sand filter with a coarse coal layer of about 18 in
deep above a fine sand layer of about 8 in thick. The filtex
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media are supported by an underdrain system. The most important
function of the filter underdrain is to provide uniform distridu=
tion of backwash water. It also serves to collect the filtered
water, With many types of filter bottoms or underdrains, a supporte
ing bed of gravel is used to keep the sand out of the underdrain

and clearwell during filtration and to assist in uniform distribue
tion of washwater during cleaning of beds., 4 gravel depth of 12

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

is specified to have an effective size of 0.35~0.50 mm and uniforme
ity coefficient of about le7. Crushed anthracite coal has a specific
gravity of 1.5, as compared to 2,65 for silica sande Effective sizes
of coal up to 0.7 mm are used in filters,

Efficiency of dual media filters can be increased by the use of
polyelectrolyte filter aid in small dose, usually 0,01-0.05 mg/1,

Warm water is easier to filter than cold water, Filtrability
is the most important property cr the applied water. Pilot plant
studies are strongly recommended in preparation to filter plant
design not only for filtrability of raw water and filter design
but also 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
bPlants 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 sqms A unit of this size
would be divided into two units of equal size, mso 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, One end of the row
of filters should be kept unobstructed to permit future expansion.
In proposed plants in the Philippines the filter tops will be open
as there will be no freezing problem. Clear-well storage will be
located not underneath the pipe gallery but in an area adjacent to
the filter basins.

Depth of water over the filter media for warm water may be
about 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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Filter backwashing is done to remove from the bed all of
the foreign material coliected in the bed during the preceding
filter rune In warm climates a maximum upward backwash flow
of 50-60 cum/hr/agm must be provided. Wastewater from backwash
is collected in washwater troughs and conveyed into a waste
draine

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

Bacterial removal by filtration is never 100 per cent, 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 velocities for
water filtration units:

APPENDIX TABLE A-4
RECOMMENDED VELOCITIES FOR FILTRATION UNITS

location Velocit
(l[seozs

Influent 1.0
Effluent 1.5
Backwash 3¢5
Waste 2,0

Cost Estimates

The oconstruction cost estimates of proposed improvements
will be based on projected July 1976 unit prices., The estimates
will show foreign and local cost components of the project coste
Construction cost projections will be made for all items which
will be included in a water supply projecte When using a source
information outside the Philippines necessary adjustment will be
made to reflect the local labor cost. 411 estimates will be
based on an exchange rate of 7 to 1 US dollare It will be
assumed that no customs duty will be charged on items imported
~or publio water supply projecte. Separate cost indices for
loocal and foreign cost components will be developed. Cost tables
will be prepared to show a breakdown of the estimated construction
cost for major items.



The total project cost of any alternative scheme will be
computed in the following manner:

1. Construction Cost: A
2. Engineering and Contingencies 0.25 A
Sub-~total B
3, Land Cost C
Sub-total D

4. Administrative and legal Fees: 0,03 D
Sub-total E

5. Interest During Construction (at 123) F
Total Project Cost G

Zeonomic ggst Comgarison

In the determination of the least 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: 1976
Discount Rate: 12%
Service Life of Facilites:

a) Ctructures and Pipelines: 50 years
bg Hechanical Zquipment: 25 years
c) Lanad: infinite

Total project cost will include construction cost, engineering
and contingencies, land cost, administrative 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 facility construction in the Philippines.

Annual costs will include personnel, povWer, chemicals, and
maintenance costs. These estimates will be carried .out for the
years 1975, 1990 and 2000. Present worth cost of annual expendie
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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Fo esocalation factor will be applied to Tuly 1976 prices as
all of the schemes will be affected in the sme rate.

Salvage value of a facility will be estimated by using linear
depreciation for its value throughout its service life,

Economic comparison of alternative schemes and selection of

the least oost scheme will be based on present worth of net dig~-
bursements during the period of 1976~2000,
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APPENDIX B
BASIS OF COST ESTIMATES

Ceneral

Cost data presented here refer basically to estimated
construction costs, which include all materials and labor
tog:ther with some allowance for relatel miscellaneous work
and contractort's overhead and profite The cost data have been
converted to unit prices in table or curve form for easy applie-
cation during feasibility studies. In developing the esti-
mates, data and information from various sources including
local engineering consulting firms, materials and equipment
manufacturers and suppliers, and construction contractors have
been utilized, In some cases, prices and cost estimates from
the U.S., modified and adjusted to suilt local conditions, were
also used, 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 price 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-19740

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, con=
tractor's overhead, and profit. The CBP Consumer Price Indices
for all items were applied to the labor and profit componentas
of construction worke For local materials, the Retail Price
Indices 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-l and B-2.

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



APPENDIX TABIE B-1
TOTAL PROJECT COST

-Coat in Penocs
. Construotion

Itenm Peried Looal FEC Total

1. Souroce Development 1978-81
Naterial and Equipl\ent e o @ ¢ o8 o o o
Civil and Structural Work o oo o2 e o 3.0
Conastruotion Cost: o v o e s e o o o0
15¢ Contingenoies: 2.0 s 239
Sub-Total 'K ) o 6 ¢ o o o
10% BEngineering (35%) (658) o+ oo
Sub-Total e o o o o @ ®* o
Land Costs L2 220 o2 0.8
Sub-Tetal e o @ o o @ e o
3% Administrative and legal Fees Sl St 0.3
Total Prejeot Costy . o o 0 s e e o o0

2+ Water Treatment Plant o o 0

l/Excluding interest during construction,
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Dams and Appurienances

Dams and appurtenances are special struotures and as such,
they must be treated individuelly in developing estimates for
construction costs. Unit costs for items of work that normally
enter into the construction of earthfill dame and appurtemances
are lisisd in Appendix Table B-2. Application of the unit costis
to estimated quantities for a given dam project will yield esti-~
mates of the comstri:tion cost for the project or componenis
thereef.

Tunnels

Tho construction costs of tunnels are heavily dependent on
a large number of variables inoluding the types of rock or other
material encountered, the physical or structural defecis of the
recks, the extent to which water is present in the formations
along the route of the proposed tunnel, length of tunnel to be
driven, the size and shepe of tunnel, the method of attacking the
tunnel headings or faces, method of drilling (conventional vs.
machine), ventilation and dust conirol requirements, the muoking
operation employed, timbering, steel supports and rock bolts re-
quired, design and thickness of comorete lining, the skill and
ability of worlmen, and on the knowledge and experience of their
gupervisors. Reasonably accurate construction costs of tunnels
are difficult to estimate, more so in the absence of cost data on
existing installations. Reliable estimates can be made only after
thorough investigation of the tunnel route by borings, geologiocal
study and consultation with specialists in tunmnel oconstruction,
The unit price approach,i.e., cost per unit length of tunnel, to
tunnolling cost estimates is risky and can result in substantial
Orrors.

Fer the purposes of this study, estimating prices developed
for tunnels are those for component or appurtenant work for tunnele
1ling rather than for the completed tunnel, The cost figures are
presented in Appendix Table B-3. Construction cost for each tunnel
project must be estimated indiwidwally.

Deep Wells

Cost data for deep well construction ar presented in Appendix
Figure B-3. The costs are bassd on actual c.nstruction cosis, bic
prices, and contract prices for deep wells.

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

B~3



A,

APPENDIX TABLE B-2

UNIT COSTS FOR DAM AND APPURTENANCESS/

Dam Embankment .

item Unit
Clearing and grubbing ha
Common excavation oum
Hard pan excavation oum
Rock excavation oum
Rockfill for embankment

quarry excavation cum

Hauling and placement oum/kom

Placement of cearse aggre-
gate cum

Plaoe of fine aggregate cum
Impervious earth core

hauling oun/kn

placement ouma
Backfill

dump oum

oompacted oum
Crushed rock (moterial) cum
Riprap (placement) sqm
Steel sheet pile in place ton

Doy,

30
10,000

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

-2-/ Foreign exchange componeat of dams and appurtenances is

30 per ceat of total construction coste
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APPENDIX TABLE B-2 (Continued)
UNIT COSTS FOR DANS AND APPURTENANQES

Spillway

Excavation (see previous unit costs)
Concrete (Plain) oum 500

Reinforced oonorete oum 300
¥obilization and Demobilization : 5% of Total Construction

Cost



APPENDIX TABLE B-3

TUNNEL CONSTRUCTION COSTY ESTINATES

{July 1976 prioces)

Itenm _
Eo. Nork Description

A. Itomw with Unit Quantitiss
1 Open Excavation
a) Rock

Tunnel Exocavation
Tunnel-Concrete Lining
Tunnel-3teel Supports
Rock Bolts

Grouting

Drainage
Nisoellaneous

o 3 Ol W N

FEC

‘z of tg‘tgl!

45
45
40

35
35
20
45
25

" Total Unit Cost

25/ cum
20/ cum
16/cum
200/ cum
1,000/ cum
See page B-7
See page B-7

~See page B-7

See page B-7
See page B~7

}/ Does not include engineering and contingenoies, land ocost,

administrative and legal fees,



APPENDIX TABLE B~3 (Conmtinued)

TUNNEL COST ESTIMATES

B, Unit Prices Variable With Tunnel Inside Diameterd/

Froms

(211 unit prices in pesos per meter of tunnel)

Item

No.

vious Work Description
4 Steel Supportaﬁ/

5 Rock Boltny

6 Grmtingi/

T Drainage & Ventilation
8 Xiscellaneous

‘[For foreign exchange components see page B=b,

For required length only.

202

288 % 8

220

900
400
500

550
600

Tunnel "D in meters

4.0 2:0 1.0
1,100 1,300 1,550
450 500 550
650 800 900
600 650 650
750 900 1,000



perforating, developing the well, test pumping, well disimfection,
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-4. The estimates in Appendix Figure
B-4 are based on the use of diesel engine driven deep well turbine
pumps and inolude discharge piping and valves, controls, miscella~
neous materials, and insiallation. The pumphouse is assumed to be
oonstructed of masonry or cast-in-place reinforced concrete walls
and roof of wooden members and corrugated galvanized iron roofing
sheets, Alternatively, cast-in~place reinforced concrete flat slab
roof may be employed. Costs do not inolude the cost of $he land
and other aite improvements,

Water Pump Stations

The cost curves which 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 includes an approach ochannel, ‘ntake struotare
and 2 pwp wet well, A superstructure for housing pump, motors and
oontrol.: and necessary piping are also included, Cost of land, power
tranemission and substation, acoess road must be added to the cost
obtained from Appendix Figure B-5,

Water Treatment Plants

Numerous water treatment plants with various capacities have
besn built in the United States. Therefore, it was possible to
develop cost curves for the treatment plants based on plant capa~
oities used in the preliminary ocest estimates, However, it was.
necessary to modify U,S. costs to refleot differing construction
costs 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 curves.

Hater Nains

Coat studies have been made on pipe of various materials includ-
ing cast iron, asbestos.cement, steel, ductile iron and prestressed
conorete. The unit costs of pipelines are based on the assumption
that the least cost pipe, whether locally manufactured or imported,
will be utilized., The estimated unit in-place costs based on lower
limit of cost envelope, are presented in Appendix Table B-4. The
costs include pipe, fittings, jointing materials, excavation, pipe

B8
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APFENDIX TABLE B-d
PIPELINE COSTS (#/m)

(July 1976)
Unit Cost
Sise (m)  Matertal  lpen  Fo¥ s
100 AC, CI 4T 33 . so»
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, DI 216 324 540%
400 AC, €I, DI 264 396 660%
450 AC, CI, DI 277 453 T30#
500 AC, CI, DI 296 504 800+
600 AC, CI, BI 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 PSCP, S, DI 780 1,170 1,950
1,200 PSCP, S, DI 912 1,368 2,280
1,300 PSCP, S, DI 1,000 1,500 2,500
1,400 PSCP, S 1,160 1,740 2,900
1,500 PSCP, S 1,260 1,890 3,150

#Based on contractor's bid pricas for San Pablo and Bacolod Ci‘by water
supply syetem improvements in Hovewber and December 1975

!/Us 81 L P7-00



bedding, backfill, laying and jointing, concrete thruat blocks,
pressure and leakage testing, disinfectiow and flushing, pave-
ment replacewent, clean ap, transportation, contingencies, and
contractor's overhead and profit. Cast iron pipe costs assume
AWWA class 150 pipe with inside cement lining, outside tar coat-
ing, and bell and spigct lead caulked joints. Costs for asbestos
cement pipe are for Class 23, 1S0 R160 specifications, with sleeve
type coupiing joints. Costs for steel pipes are based on pipe
with a wall thickness of 0.25 ireh, with inside cement~lining and
outside double enamel coating.

Booster Pump Station

Coat curvaes for boostsr pump station are shown in Appendix
Figure B-~7. Developwent of these curves is based on available
~local information and U.5. conts with some adjustment for the
labor componsnt. Boceter pump atation costs include pumps and
motors, necessary conirols, pipirg and s superstructure. Depend=
ing on location of the pump station, cost of access road, power
transmission line and a substation and land would have to be added
to the costs obtazined Trom this curve,

Ground Storage Reservoirs

Construction cost estimates of ground storage reservoirs are
presented in Appendix Figure B-8 including steel, reinforced concrete
and prestressed concrete tanke. The costs for steel and reinforced
concrete tanks are based on updated costs of actual construction in
the past in the Philippines and in other parts of the world.

For tanks constructed of prestressed conurete, the costs were
based on prices of similar tanks constructed in the United States
adjusted to reflect local prices of materials and labor and on the
assumption that local expertise, equipment and facilities for such
construction are available. At present, prestressed concrete tanks
are not constructed in the Philippines,

Pank costs include ordinary piping, valving, and tank acces—
gories such as vent, access manhola, ladder rungs, etce The costis
do not include special valves and oonirols, land taking and access

roade
Gate Valves

Gate valves up to 600 mm diameter can bs manufactured in the
Philippines. Unit costs for gate valves are based on the »rices of

locally manufactured valves, However, studies indicate that the
prices of imported (U.S.) gate valves conforming to AWWA Standard

B -10
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0500 are only slightly higher than the locally manufactured
valves. The in-place estimating prices for gate valves up to

300 mm diameter are shown in Appendix Table B-5. The unit prices
include a locally manufactured cast iron valve box and cover.

Butterfly Valves

Current local practice uses butterfly valves instead of
gate valves for sizes 350 mm and larger. DButterfly 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.

Fire anta

The 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 connection. The
cost figures are shown in Appendix Table B-6 and include fire
hydrant, gate valve, tee fitting, jointing materials, conorete
thrust blocks, miscellaneous materials, and installation.

Service Connections

Cost data for mervice connectione developed for this
work are for two types of service lines. In the first type,
the service line consists essentially of flexible poly-
ethylene (PE) plastic pipe without a "gooseneck". The other
type consists of a service line made up of GI pipe and
employs a PE plastic pipe gooseneoke

Te unit in-place estimating prices are for service conneot-=
jons from % in to 2 in as shown in Appendix Table B-T. The cost
figures are based on the assumption that all materials and
components of the service connection would be locally manu-
factured. The unit costs also assume connection to asbestos
cement water distribution mains and include a service clamp
~in all ocases.

Not included in the unit costs are curb stops, curb boxes,
and water meters. The in-place prices of these items should
be added to the tabulated unit costs should it be desired to
include them in the installation and estimating prioec.

Bll



AFPPENDIX TABLE B-5
IN-PLACE VALVE CO08TS

A. (Gate Valves _
In-Plaoce b

Sise
(C)) Loocal FEC Total
100 630 710 1,400
150 760 1,140 1,900
200 990 1,610 2,600
250 1,300 2,400 3,700
300 | 1,580 3,220 4,800
350 3’040 60460 9'500
400 3,900 9,100 13,000
B. Butterfly Valves . '
300 : 2,035 3,465 54500
350 : 3,370 6,260 9,630
. 400 4,370 8,870 13,240
450 | 50083 11,315 16,398
500 | 50890 14,410 20,300
§00 6,700 18,100 24,800
700 ' 74500 224500 30,000
800 8,800 27,600 36,40C
900 9,600 32,400 42,000
1,00 11,200 39,800 51,000
1,: 0 12,600 47,400 60,000
1,00 14,200 56,800 71,000
1,300 15,200 64,800 80,000
1,400 16,200 13,800 90,000
1,500 17,300 - 84,700 102,000

B-12



APPENDIX TABLE B-6

PIRE HYDRAWTS
K00 'a'/ 880,
Sise
(inlet oonnection) ey ¥ metm
100 ma 14572 24202 3,774
150 mm 2,304 3,173 5477

1/ Hydrants are imported.
-8/ Coats are for July 1976.

2/Ba.ud on P7 to $1.

e 1)



APPENDIX TABLE B~7
COST OF SERVICE COENECTIONS

(July 1976)
Diameter . In-Plac e Cost '19/ ()
_lin) oot mc Y moten
L] 150 216 366
5/ 8 - 3/ 4 160 240 400
1 180 330 510
1 360 840 1,200
2 50 1,350 1,800

M The above estimated costs include all the material and work -
necessary for a servics connection from water main to the
meter (5 to 15 m long) with the oxcoption of pavemeni row
placement and the meter.

.1.1/ Foraign exchange component is bosed on contractorts
bid prioes for San Pablo and Pacolod City waier supply By
tem improvements in Hovember and December, 1975, with an
exchange rate of US $1,00 = P7.00.
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APPENDIX C
CONSTRUCTION MATERTALS AND METHODS

General

The construction of water supply system components such a»
source of supply facilitlea, transmission maines, treatment and
distribution system works requires a wide range of construction
procedures and specific materials designed for each purpose,
Construction may vary from the laying of esmall underground pipe-
lines to the construction of relatively large structures including
the construction of buildings. installation of complicated mechaw
nical and electriocal equipment, excavation of all types, construot=
ion below ground level, pavement removal and replacement, and a
host of other types of construction depending on the nature, magni-
tude and complexity of the waterworks project. This chapter desw
oribes certain materials and methods of importance in obtaining
the class of construction needed to carry out the intent of preli-
minary design. Construction must be such that proper and economiocal
operation is assured in order to protect the large investment that
must be made to achieve the goal whioh is to make an adequate supply
of safe and potable water available to the people.

Factors Affecting Construction

Factors affeoting the facility and ocost of construotion of
water system components include olimate and weather conditions,
availability of construction materials, availability of skilled
and common labor, special construotion equipment requirements,
existing developments, and soil conditions.

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

A signifioant climatic factor in many parts of the Philippines
is the frequency of tropical oyclonea. An average of 19 tropical
cyolones form in or enter the Philippine area of responsibility
annually. Some areas in the Philippines are more susceptible to
tropiocal oyclones than others, Aside from preventing proseocution
of the work, tropical cyclones may also inflict significant damage
on work already completed or in progress.

C=-1



Other physical factors that oould greatly affect the comsiruot-
fon of water system faoilities, particularly water distribution main
oconstrucstion procedures, are the width of streests; presence or ab-
gence of sidewalks, curbe, and gutters; traffic density; and other
sxisting or proposed underground utilities,

Soil conditions are expected to vary for different areas and
from place to place in any given area. Portinent soll imformatiom
for the construction of the various components of the water system
improvements should be gathered and evaluated in order that any
special oonstruction problem or requirement can be properly deter—
mined and provided for, For example, meils with high sulfate cen-
tent may eliminate conalderation of asbestos cement pipe for water
mains, In oases where tranamission and distribution mains are to
be laid in wastable soils, aoross streams, swamps, or marshlands,
the soil conditions should be thoroughly cheocked that they can withe
stand the load, or the pipeline materials and joints should be
gselected and designed with provision for any sexcessive settlement
that may ocour,

There is a large resorvoir of labor and skills in the Fhilip~
pines to oarry out the vast construction work involved in water
supply system development or improvement, It may be necessary,
however, to bring in to the project area oertain technical persemnel
and specialists to supervise the work and installation, and to ing=
truot in the maintenance and operation of compliocated items of machi-~
nery and equipaent,

In some large Philippine cities, there may be local oconstruote~
ion comtractors with the competence and resources to undertake all
or portion of a waterworks project. In the event that looal oons-
truction expertise and capability are not available or are defioient
in some respects, several Matropolitan Manila — based censtruotion
firms can be utilized for any and almost all of the work needed for
water supply prcjeots,

Other types of work require the use of specialised equipment
not only because it is virtually impossible or extremely diffioult
to acoomplish the work with human power but also for faster, mere
efficient, more eoonomioal, and better quality of worke In general,
however, the use of equipment-intensive construction procedures for
waterwovks improvements in the Philippines should be avoided if
posoible. Coammon construction equimment such as trucks, cranes, eto.,
may be available in some project areas. Government-owned oonstruotiom
equipment for infrastruoture projeots aswigned to highway regitonal or
district offices may be available for use by private coniractors oa
a rental basis,



Exieting and propesed developments in & preject area would ner-
mally oreate some problems with reapect to the omstruction of wa-
ter supply facilities. For cconosy and easy in consiructien, the
implementation of watemsorks projects must he planned with due
oonsideratian of other utilities and publio woerke construction
Progranioc

onstruct ialg apnd Metheds for Waterw Proie
Gonut o

In any eomnetinoiion work, materials and proocsdures are twe of
the moet importaunt items neoded for the suocesaful prosecution and
completion of the projects Many censiructien materials and pro=
cedvres &re comman to several types of oomstruotions Others are
mere specialized in nature and apply emnly io ocertain types of struoture
or worke In the following sections are discuseed sows of the mae
terials and prooadurea that are normally needed and employed in the
cenutruction of witar supply systeme, Information ie presented on
materials that ge inte concrsete worky various pipe materials and
valvea, fire hydvants; service lines, puumps, and water metmrs.
With the expanding aotivities and programs in water supply develop=
ment in the Philippines, the engineering and comstructian of large
ocapacity water supply works, such as treczsaission tunnelm, water
maing, water treatment plants, pumping statiens, and storage ree
pervoirs are expeoted to increase, Common practioces in ths oconstruct=
ion of these faocilities are discuused briefly in this repot.

Sand and Gravel

Sapd and gravel nay be needed in large quantities in a water
supply developwent preject area for use ae ocnorete aggregatesn,
pipe bedding, road surfacing, etce Unavailability ef theme materials
in the amoumts needed within reasonable heuling distanoce to & pro=
ject area could add materially teo the cemstruction oostas In any
water supply feasibility study and oconetruction progrem, investigatiom
ghould be carried eut to locate seurces of sand and grevel and de
termine their suitability for the varicus werks,

Come

Cemant is manufactured in large quantities in the Philippines
and in recent years bas been ome ef its export preductsc As ef
1974, there were 18 operating eement plants in the Philippines, 11
looated in Luzon, two in the Visaye~, and five in Nindanao. The major—
ity of the existimg cement plants started original eperation or underw
went expension within the last decade, In addition, 24 oement pro-
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jocts were registered with the Securities and Exchange Commisnion,
The operating plants have a toial capacity of 173.4 million bage
of cement of 43 kg each. Total produation in 1974 amounted to
about 85 willion bags, or about 3.6 million wetrio toms, of which
approximately 20 per cent was exported.

No serious or special problem is likely to arise with respect
to oement requirements of any water supply projeet in the Philippines.

Reinforoing Steel

For reinforced conorete construction, steel reinforcing bars
are fabricated by 27 steel mills in the country. Reported product-
ion of reinforcing steel of the plants for 1974 amounted to 240,000
metric toms. Steel manufacturing normally conforms to ASTN standards.
Reinforcing bars in sizes from G to 25 mm are readily available, For
the larger gizes, bars are available in plain and deformed sections.

Conorets

From the foregoing, it can be conoluded that all the principal
materiales needed for good quality concrete can be furnished fros
looal (Philippine) sources. The quality of conorete needed for
the various components of the development plan will have to be
determined during the finsl design stage of the project.

Agbestos Cement Pipe

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

Asbestos cement pipe is manufactured from simple ingredients:
asbestos fiber, silioa sand, and cement. Asbestos fibers make up
the smallest percentage of the total volume of pipe material ingre-
dients but their high tensile properiies add significantly te the
overall pipe strength. The amount of eaoh element used varies but
is usnally in the following rangos: asbestos, 15 to 20 per oent,
silica, 32 to 34 per oent, and cement, 48 to 51 per cent. By virtue
of its methoda of mamufacture, asbestos cement pipe is smooth on the
sutside, and due to the polished mandrel wused in its formation, it
aormally has a very smeoth interior bore. Therefore no coatings of
any kind are used., Because of its chemioal composition, asbestos
oement pipe is not easily affected by corrosive waters; however,
it requires a special outside coating for soils with high sulfate



oontent. With its smcoth bore, it has a high "C" valuo at installa~
tiom that van be espscted to remain high throughout use, The low
content of uncombined calolum hydroxide snsures that the leaching
effects of soft waters will be ai @ winisum. Purchasers may specify
a limit for uncombined calcium hydroxide. Disadvantages of this pipe
inolude low sérength, brittleness, disintegration, leskags, and low
ductility.

Ashestos cement pipe whioh has bheen used for aver a decade for
water mains in the Fhilipplnes is widely sccepted in thiz country
and often has been the pipe material of choice tor small sizea (80 mm
to 300 we) primarily beceuse of its relaiive economy ocompared to for—
rous pipese. The plpe 1s produced by two manufaoturers with faotories
in Motropolitan Manils, and under the trade name Eternit and Italis,
rospactively, Prasoure plpe is resdily avellable in sizes from 80 ma
to 600 mm for rated working pressures up to 130 mms Plipes are gensral—-
1y manufactured acoording to TSO R--160 specifications and supplied in
4-meter lengths. A signifiocant feature ol asbestos cement pipe manu-
factured under the 150 specitications is that the required test pres—
sure is only twice the rated working pressure.

Inquiriea as to whother asbestos pipe conforming to AWWA stand-
ard C-400 can be manufactured by the looal plants rovealed that the
pipes can be manufactured but at higher coatg than ISO plpes because
of the stringent requiremanta of the AWWA gstandard. For example, the
AWWA standard requires a hydrostatic test pressure of 3% times the
rated working preasure.

The AWWA standard oovers two types of asbestos cement pipei Type
Y - for use whers contact with aggreesive waters and/or soils with
sulfate content is not expeoted, and Type II - for use where ocontaot
with aggressive waters and/or soils with sulfate content is expected
to ocour, The standard limitse the uncombined ocalcium hydroxide (free
lime) for Type II pipe to one per cent., To meet this requirement,
the local manufacturers indicated that the cement to be used might
have to be imported if locally produced osment would not prove suite
able. For Type I pipe, there is mo prescribed 1imit for uncombined
calcium hydroxide,

Looally produced asbestos cemont pipss are normally joined with
a coupling of the same compesition and strength as the pipe and joints
are sealed with double "O" rubber rings. MKeohanical joints (0ibault
joints) for joining asbestos oement pipes, or asbestos cement-to—cast
iron pipe are also produced loocally.



In recent years a question hae been raised with respect to the
possible health hazard that may Le ussuciated with drinking water
whioh has flowed through asbestios cement pips. In an effort to
determine the scope of the problem, the A/C Fipe Producers Assooia~
tion (U.S.) contracted with the Amerioun Water Works Assooiation
Research Feundation to study the problem of asbestos in water, speol-
fically with relaticn to the use of asbestios ocement pipe. One oon~
clusion of the recently comploted study is that though asbeatos in
water has become a potentially serious health hazard the proper use
of asbestos oement pipe for water doess nct poss a hasard to health
by reason of ingestion of anhestos fibers, Highlights of the other
findings agd conolusions of tho study are:

(1) Asbestos can cuunse granulometous and fibrotic reactions
in the lungs but there is no evidence that it does so in the
gastro-intostinal tract.

(2) The general prevalence of asbestos in msoil results in its
presence in most waters of lake, river, and well origin, and
in distribution systems whether fabricated of asbestos oement
or other materials.

(3) Asvestos cement pipe oystems have servioced large popula~
tions for 40 or more years in Furopo and the United States
with no apparent inorease in peritomeal mesotheliomas among
the publioc during this puriod despite the fact this tumor

has been the focus of greal interest among the pathologist
for the past 10 yecars.

(4) Fo firm evidence shows that the proper use of asbestos
cement pipe peses a hazard to health by reason of ingestion
of asbestos fiberse. Caloulations oomparing the probable
ingestion exposurs in occupational groups to that likely to
ooour as a result of ingestion of potable water from asbestos
oement pipe systems suggest that the probability &f risk to
health from the use of such systems is emall appreaching sero.

Based on the above, it is safe to sssume that asbestos cement pipa
ie atill an acceptable material for conveying and distributing
public water supplies.

Cast Iron and Duotile Iron Pipe

General. There are two types of ocast irom available for
water systems: gray cast iron and duotile iren. Gray cast irom
has a history of use that dates back more than 300 years. Duotile
iron was developed in 1948, and ite use hae been inoreasing sinoce

1960,
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SJray Cant lron.  Oray cool fron Lias shavcacter:stics of long
11y, toughneun, eporviousncdg, and eaxe of tappinz, that are prom
vided by the chemical compos. tyon of the mewnls Guerying capacily
ia ensured by pruper linine.

The production f pray caat iron pipe congists ol melting the
metal ip a furnace {(cupolu), the additicn of suck vther materials
an needed for the (inal desyead componition, and ihe actual casting,
nusudlly hy a cenbrirumal process.  As a wolten iron is withdrawn
rrom the cupola tu o Luble, rmall amounts i graphite and ferro-
cilicon are added to adiuct the carbon and nilicon content; this is
termed inocululion, CPae cwonnts of carbon, ailicon, manganeue, etce,
although small, materially arfect the structure of the iron. Bach
of the chemicals addal ia coutrolled in ameunts to produoe the de-
wired qualities in the cantniis.

In mray cant irun, ine mnjor part of ihe carb.n content occours
afn tragc carbon or eraphite ic thae form of (lakes (utorspersed throughe
out the metal. An ipurecinbic velume of graphite (lakes makes gray
sunt iron more regictunt o corrusion than Lhia purer rorms of iron
bocauge graphite does not corrode, Uraphite in caut iron also affeots
the machinability of ihe pipe, that is, 1t makes tho pipe more easily
tapped und threadai for inuection of a curporation cocke

Caut iron pipc has been used for water supply systems in the
Philippines for more thun half & century. TIrior io the introduction
of unbestos cement pipe, cant iror dominated the market for water
supply pipinge tniarl locally monufactured cast iron pipe became
aviaaloble in ihe 1950's, all caot iron pipes used were imported.

At present, centrifugaliy cast irom pipe is manutfactured by the
Mlipino Pipe and Foundry Corporation and murketed under the trade
nane "Silva Pipes". ‘Yhiu company's plant is located in Mandaluyong,
lizal and has an annual capicity of aboat 33,000 matric toms. Pipes
are centrifugally cast in meln) molds and arc available in sires from
150 1o 600 mm unlined or cemuni lineds The pipe is manufactured with
betl and epigol endu ror lewtcanlked juintn. Bell and spigot iron
papen are mado in conformunce with (UeS.) Fedaral Speoifications or
AHWA Standarda. The Silva plant also manufucturen cast iron r'it-
tings, and Cibaull joints for asbestos cement pipe 1o cagt irvn pipe.

Ductile Iron Pips. lmctile iron pipe is stronger, tougher, and
more duotile than gray cant irons Its characteriutios are due to
tha configuration of the free oarbon or graphite in the irom. Duotile
iron is defined as oant iron with graphite in spheroidal (nodular)
forms It is produced by adding an inoculant, usunlly magnesiuni, to
molten iron.
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Pactide aeon an chemicn! ty akin bo meay casl wron of Low phoa-
phorous and low sulrur conient, the Jabice ohlained ty desulfurizing
in the upolaes Magnesium cau Le added, at'tur the romoval of sulfur,

G posbednogulabion treatoenty with o ailicon-bace saguesium alloy,

buetile iren pipe i centrifugaliy cast in the same manner as
rray cact iron, bul ste meliine and invcaletion phase of the process
Teomcie conpler; the casting phase is the pames. At preaeni, this
tyire of pipe i not mampufactured in lhe Philippines,

St \':l-z_,:l___:\_l}. pe

Feorly use of cteel pipe Por carrying wiler wat in large, lonsr,
and exposed traveaminmion linon in pelatively dry crecas where corro—~
GA0N wWan not @ oprobiem.  Other applications in olher areas, hecame
more common as coal-tir coalings became available.  Steel pipe is
uaed in the Thilippivos io many distyibuticn and brapsmission 1inos
s well as in inplant wystem:o The fwmerican Naler dorks Associaticn
(AWWA) has preceribed standards for slecl pipe 'or use in water
systemss  The local Heter Ulilities adnanistrution (1WGA) of the
Phibippines has adoptod {Ual.) iFederal specilicativis 5S-P384a
daled January 31, 1904 aml Avcndment 1 dated Februury 27, 1968,
with some modiiications thereof, ag 1te slandards or steel pipe
ami opscials,

As deseribed by AWWA Stundards, Lhere are twe types of steel
water pipe: fabricatad, elecirically weldwd steel pipe and millw
lype steel pipee Both types may be coated and lined.

Fabricated elcctrically welded pipe may be produced by autce
mil1c welding machinen or by manual operatione, AWWA Standard
Ce01 gives detailed specificutions for this type of pipe, Mill-
type steel pipe may be Murnace welded (contiruous butt-welded or
Murnace butt—welded ), electrically weldod, or scumless. AWWA
Standard €202 sets forth the specifications for mull-type steel
pipess An AWWA commiitee has been working to combine the above
iwo ustandards into & single standard,

Large and small diamcter steel papes are manufaotured in the
Philippiness ‘The Internatiovnal Pipe Indusiries Corporation with
plant in Pasig, Rizal manufactures spiral welded pipe from 100 to
1,200 mm diameter, As of Jamnuary 1975, this plant had a capacity
of 15,000 metric tones par yuear but was undegoing expamsion to
double its present capacity. Pipe can be manufactured and cemont
lined accordings to ARWA Standards €202 and 0205, vespectively.
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Five other planic pecdvee gl nize pipe From 32 &o 200 we dlamsvers
Poth Bluck and paiwaaized i Ppipe cap be producen according to IS0
ce 91N Stapdarde. In 1974, the iotal produciion of these five plants

enesilad 1o 31,000 melyde tome,

Yeestresned Cencretu Fiesrure Pips

Mhoere are Touwr asual typ+s of conureie water pipe, classifiad
agcirding to the method of reinforcesents These types arel cylinder,
not presiresged; steel cjlind-r; prestressed; non-cylinder, not pre-—
giiruniod; non-cyilndur, ryestreasede

AWWA has sst forih design requirements for the first three iypes
¢f pipe including minimua walt and lining thickness, reinforeing
spucing, and oors coat thicknese specifiostions.

he steel cylinder, nol prestressed concrete pipe is ooversd
vader AwWA Standard <100,

the prestreswed concrate embedded oylinder pipe conelste of a
waler tight steel oylinder; steel 1iinmi rings, a concreté core, high
tensile wire reiuforcing and i cement-mortar or concrote coatinge
Raugring in diameter from 16 to 144 inches, it is sonsidered highly
wuitable for major water supily and transmission lines. This type
of pipe is alse recummended rer unuswally high preusure distribution
Yinnse AWWA Standard €301 covers this type of pipe.

The non~cylinder, not prastressed reinforced concrete pipe 1e
norually produced in dismeiers from 600 to 3,500 mm, It is a ver—
1ically oast pipe with dense concrete walls reinforced by one or
mora stesl cages. ANWA Standurd covers this type of pipe.

Tha fourth type of concrete pipe (prestressed, non-cylinder
tyje) is not covered by JddA Standards. This pipe cousists of &
concrete core manuiactared by centrifugation, both longitudinally
and circumfersntially prestrussed by high tensile wire, and protected
by a dense coating of premixcd cement-mortiar.

Although prestrasaed conorete pipe is not yet manufactured and
ussd in the Philippines, it is recommended that this type of pipe
where it is applicable, be conaidered in the final design of faciii—
tics. Unoffioial information has revealed that two Philippine
companies are planning to put up factories to manufacture prestrassed
concrete pressure pipes.

Plastic Pipe

Plastio pipe as & commercial product was first intoduoed in
Germany in 1930 and in the United Statee in 134C. Folyvinyl ohlo-
ride (PVC) was the first type produced. Later came cellulese acetate
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Thus, & projoci becones a cajilee warket for w particular brend of
pir+ once the project starty to use the particular brand,

rlaglio vips meilerisils cooeptable Lo IAUA are PVC, PE, and PB
(I'etytutiylene) and tentative standards therefore have been adopted
by this crgaalzatici. PB pipe, howevor, is not currently manufaotured
in the Miliperines.

Valves end Fire Hydrauts

Gute Valves. fate vaiven for water aystome are normally of
the double~disc typw, with psiallel bronze-wounted seats, cast iron
boity, gats rings, wedges, emi a non-rislog stem with or without
handwhesl, or outside seres nud yoke (05 & Y) type. Valves used
for smuall lines {100 ma to 300 am) in distribution systems are
frequsntly furnished with ar cperating nut and insvalled with a
vialve bor ortending to the giound surface, providing accessibility
to tho operating nmut. For valves, 400 wm or jarger, which are in
gannrzl power operated, vaults with manhole accees are generally
provided to faollitale c¢peration and maintenance. Also valves
larpger than 400 mm are ofien equipped with smaller by-paas valves,
to reduce the presvure Alffersntials and the power required during
opsuing and cloving operations. Gate vaives for wester service are
oovared by AWWA Stunderd €500, 4t present, most of the gate valves
ugad in the Philippinens are imported mowsily from the U.S, or Japan.
Vajives up to 300 mm diameter conforming to AWWA requirementa, how-
evur, can be manufactured in the Philippines.

Butterfly Valveas. In recent yearu, butterfly valves have heen
increacingly used for water nystems. Advantages of this type of
wvalve ares driptight whut off, little maintenance, low head loss,
gmzll space requirement, reliability, and generally less expensive
than gate valves, particularly of the larger sizes. The AWWA has
two standards for butterfly valves: AWWA Standard C504 whioh covers
rubler-geated valves from 100 to 1,800 am diameter for pressures up
to 10 kg/om?, and ANWA Standard €505 whioh covers wetal sogted valves
from 100 to 1,800 mm dimneter for pressures up to !5 kg/bl .

Butterfly valves are not currently manufactured in the Philip—
Pinecs.

Air Valves., Air vaives should be installed at high points in
transmission lines, to permit the esocape of air when the pipeline
is bheing filled and to admit air when the pipe line is being emptied
for maintenance or repair. It is usual to install air valves of the
automatic type which open to relemse air accumulating during normal
oparation of the pipeline.
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Blow=off Valves, DBlow-off valves are genoralily installed at
low puinta of transmission pipe lines and at low points and dead—
ends in distributicn syetems le provide an outlel for removing sedi—
ments that may accummlate 1n those places., Ordinary gate valves may
be nged for this purposd, wilh provision for conveying the water and
sediments ¥blow-o! 1" to o suatable point of discharpe.

Migcellaneous Valves. #Miscellaneous und special valves Tor
waler systems include check valves to permit only one direction
flow of the water, surge relief valves for surge and water hammer
protection, altitude valves for contrelling water levels in resere
voirs and/or pump opersiiens, and pressure reducing or regulating
valvas f'or dissipating exces: pressures. None of these valves is
marutactured in the Philipoines, '

Mire Uydrants. I'ire hydrants that are in comwson use in Philip=-
pine towna and cities are of 1wo types. Cuc is a wet barrel type
consisting of a 60 wm or 75 m riser pipe, usually ul pipe; a 60 or
75 mm GI tec or 90 clbow; and a 60 mm firce hose valve, 4 ghut-off
valve is genvrally installed between the hydrant and the water main
to which it is connecied. Thas type can be fabricated and assembled
in the field, or in the shop ready for installation and connection to
ithe water main.

The other type of hydrant is similar Lo that commonly used in
European and Norith American commanities, This hydrant is a dry
barrel type, with compression type main valve, 100 mm or 150 mm
inlet connection, and one or two 60 mm hose cullets and one 115 mm
pumper connection.

The first type of hydrant has a disadvantage in that unless
sufiicient pressure in the main for ihe fire flow can be provided,
i1 wi1ll not he effoective for fire~fighting, For ithis reason the
second type of hydrant appeara to be advantageous,

Wator 3ervice Lincs

Water services or service conneciions are pipes of usually
amall diameter that run from distribution maing cr branch mains to
custcmer premises. The water service connection s usually attached
to the street main by means of a corprration stop which may be in-
gerted while the muin is in service and under prensure, Where the
gorvice connections are expected to be Jarger ithun 50 mm in diamcter,
tees, “yes or special branches are installed, along with the water
main construotion. Ordinarily, water sorvige to the customer's
premises is turned on or off at a curb stop, accessible through a curb
box. Various pipe materials have been and can be used for the servioce

C - 12


http:pressu.es

linen., Non=flexible materials require a flexible "“gooseneck™
comnnciion tu the corporation cecke Gogsenaok oconvections may be
lead, copper, or ilezible plastic,

At present, gslvanized iron pipe is used in the Philippines
for most weter scrvice connsctions. {ialvanized iron pipe has a
relatively short life iwcause of iis susceplibility to the corro-
sive action of soil on the outside and the water inside the pipe.
The use of plastic pipe material for service connections may
reduce thiaz corrosicn problem to a minimum,

Water Meters

Any modern water suprly system should he equipped with the
proper type of water meters so that the water produced and deli-
vered can be accurately measured, Key locutions in the syntem,
at supply sources, treatment plants and pump statiocns ghould be
provided with venturi tubes, orifice »piates er other types of
netering devices, Because such metering devioces are not ocurrently
manufactured in the Philippinen, these items will have to be im-
ported. '

Every service comnection to a diatribution system should be
squipped with a meter to reduce wastage and to obtain the proper
billing. Small-size turbine type water meters are manufactured
by the Liberty Manufacturing Corporation in the Fhilippines. Ao
other local company, Domingo S. Jose, Inc., is in the process of
putting up a factory to manufacture various sizes of meters under
the trade name "KIMMON™ under lioense by the Kimmon Manufacturing
Company Ltd., a Japaness firm. Ximmon water meters of the turbine
or rotary piston type are available in small slzes 10 to 50 mm.
Propeller type moters 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
indicates that these maters can be expected to function satisfac~
torily for only about one year after inatallation and have poor
regiatration capability, Improvements in the characteristics and
performance of these meters are obviously desirable.

Conatruotion Methods For Wator System Components

In the preceding sectionse, common construction materials for
waterworks have been briefly discussed. The remainder of this
raport will be devoted to a general description of construction
practices for dsep wells, tunnels, water treatment plant, water
maina, pumping stations, and storage reservoirs.
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Treaol Widlhae Sufficient trench widthis are provided to permit
installation of the pipe, with room for the workmon to make up the
joints and to tamp backtaill under and around the pipe. Trench widths
are governed by type ot scil, pipe size, and excavating equipmen’
For asbestur cemenl and concrele pipes, unnecessarily wide trencles
are avoided to minimize excessive backfill loads on the pipee For
asbestos cemeni pipe, the following widths aure used:

Prencn Width (om)

Pipe Diameter (mm) Bipimam Maximum
100 45 70
150 or 200 50 80
250 or 300 60 90
350 or 400 15 100

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

Wide trenches for small diameter pipe are avoided, particularly
in hard clay soils. Otherwise, the weight of backfill hecomes out
of proportion te¢ the beam sirength of a small pipe.

Where pipe is to be laid on a ourve, it utilizes ihe available
daflection characteristics of the joint. Many joints have an ine
hervent ability to be deflected to some small degree, permitting pipe
to be laid on a long—radius curve, For pipe laid on a curve, the
trench width ig somewhat wider than normal.

Excavation. Whether excavation is done manually or by machine,
the excavated material is piled on one side of the trench at & dis-
tance away from the trench. The distance should be sufficient to
prevent excavated material from rolling back into the trench and also
to provide room for walking along the irench.e In congested areas,
it is usually necessary tc haul and ctockpile the excavated material
temporarily at some other location and excuvated material suitable
for backfill is transported back during backfill operations. Mate-
rial unsuitable for backfill is disposed off the site.

Sheeting and Bracing., The need for cheeting and bracing to pro-
tect against cave~in depends on s0il conditions and tremch depths.
They are installed where required not only to prevent delay in pipe
laying but also to protect the workmen and the public.
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Pips Bedding. All types of plpe are bedded or supported properly
at the trench bottom. Fipe ile laid directly on the trench bottom if
the hottom has been lsvelled properly. For greater load bearing
ability by the pipe, the trench bottom is shaped to matoh the exterior
circunference of the pipes Care is taken to prevent woids or high
spots under the pipe. Kigh spois are shaved off, and voids filled
with well tamped soll. For trenches in rock, unsuitable soil, or
sof't or wet soil, sy.ecial bedding is provided. This is spaoially
important for AC and CI pipes because 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 cm below the grade line of the pipe
bottom, and the overexcavated material replaced with send or good
g80il free of clods, levelled and tamped to grade.

Joint Holes. Provision is made in the trenoh to permit proper
jointing of the pipe with the type of joint employed. For asbestos—
cement pipe laid directly on the trench bottom, a coupling hole
about 8 cm deep and 15 cm longer than the coupling is dug at the
joint location., For cast iron pipe jointe of the bell and spigot
type which are made with lsad caulking, the trench must be excavated
wider and deeper at the joint location sufficient to provide room
for the caulker to work,

Stringing, Laying and Jointing Pipe. To avoid unnecessarily
handling, pipes and fitting) and other acoessoriea are placed as
mar as possible to their final loocation in the line, with due
regard to safety requirements, TIipes are placed as close to the
trench line as possible and on the side opposite where the excavated
material is to be piled, Asbestos cement pipe is usually not stprung
in advanos of laying and jointing operations but is delivered from
storage to trench as needed,

The prooedure for laying pipe and making up pipe joints varies
with the type of pipe material and type of joint. For asbestos
cement pipe, general procedures are given in AWWA Standard €603
whioh are followed in the Philippines, The laying and jointing of
ocast iron and steel pipes conform with applicable portions of ANWA
Standard C600, C603 and C206, Federsl Specifications and in acoord-
ance wWith the recommendations and directions ef the pipe manufao--
turers. As part of the final design, detailed specifications are
included in the jointing procedures for all types of pipe to be
installed, Furthermore, to have trouble-free service from a pipe-
line the resident inspector insists on strict compliance with the
specifications and construction drewings.
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leakage and Pressure Tesitg. All pipellines are subjected to
leakuge and hydrostatic teste. Suoh tests cre vaually done after
the trench has bcen pawrtially buokfilled, Test procedures and
requirements, allowable leakaye, etce, vary with the type of pipe
and joint., Procedures and requirements for ashestoa cement pipe~
lines and cast iron pipelines are specified in relevant AWWA atand-
ards,

Backfillinge. Backfilling ie an important part of proper pipe-
1ine installation and is given considerable attention. Backfilling
is usually a two-step procedure consiating of partial backfilling
tefore leakage tests and completing the dackfill after the testis.
Selact backfill material is placed at both sides of the trench
uniformly for the full trench width up to the horizontal cemterline
of the pipe. The backfill miterial usually is tamped by hand under
and on each slde of the pipes to provide a void=free support,

Where visual inspeolion during leakage tests is not required,
backfill is placed to the depth indicated above and then a cushion
of backfill material, hand-placed and tamped, is added to ocover the
pipe to a depth of 30 cm.

Where wisual inaspection is reguired, joints are left exposed
or covered only by a relatively shallow layer. After leakage tests
are completed, the exposed jointa or couplings are covered with hand
placed material to a depth of 30 cm.

The remainder of the backfill material is deposited in the
trench by hand or machine in layere and tampeds This baockfill
should be good soil free from rocks, debris, clods and other un-
suitable materials.

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

Suggeated disinfection procedures are as described in ANWA
Standard C601, The usual disinfectants are chlorine, caloium hypo-
chlorite or sodium hypoohlorite solution or chlorinated liwe solu~
tion. The disinfecting solution is applied at one extremity of a
pipe mection and drains at the opposite exiremity of a properly
segregated seotion, The rate of application glves a uniform dose
of at least 25 mg/l at the end of the section being treated. The
average contact period is 24 hours and should produce not less than
10 mg/1 at the end of the line after the contact poriods If shorter
contaot periods are used, the chlorine concentration is increased to
50 or 100 mg/1. '
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Water Service Conneclions. Componenis of a cusiiomer's gervice
comnection include a connection 1o the main (corporation cock), curb
stop or turn~off valve and box, and the line itself. The service
connection may be installed when the water mains are laide Installa~
t1on operations consist ¢f trenching, main tapping, laying the line,
installing the valves, and backfilling.

The trench may be dug by hand or by small backbone, When dug
by hand, the width smot be suificient to accommodute the digger.
The trench bottom should be relatively flat and on the necessary
grade, SYpecial bedding is nol.required unless the soil is corrosive
in naturce and the pipe is not corrosion-resistant. Where the service
line is made under a pavement, the pavement is removed and replaced
after the installation is completeds

¥ethods for tapping service lines Lo mains vary depending on

the gervice line size and material. Where the size and the wall
thickness of the main arc sufficient to provide adequete full threads
for the corporation cock, small-size service lines are connected to
ihe main by direct drilling, tapping, or by other methods, and in—
sertion uf tho corporation cock inte the main. If the main is under
pressure, the tapping, drilling, and insertion operations are done
with a special tappine device. 'This operation is known as a woet tape

If the pipe wall 18 100 thin for direct tapping or will not
provide the reyuired number of full threads, service clamps are
used, In such cases, drilling is done ihrough a corporation cock
that has been screwed into the service ¢lamp, For connecting larger
gervice lines, tees, wyes or special branch connections and larger
drilling machines are used,

Laying the service line involves nol only the laying of the
pipe on the trench bottom but the installation and connection of
the curb stop and box near thu property line, It also involves
the connection of the line to the corporation cock and sometimes to
the shut-off valve or meter in the customer's premises. Where water
meters are sel outside the building, the operation is frequently done
as a part of the service linc¢ ingtallation operations. Whem the final
connection is complelied, the installation is tested under pressure,

Backfilling of trenches may be done manually or by machine.
In either case, large stones or houlders are not placed directly
on the line, Backfilling without tamping is usually done to some
roasonable level above grade to allow for settloments In areas to
be puaved or repaved, the backfill is tamped to at least 90 per cent
of ihe compaction value of the surrounding areas, then allowed to
stand with temporary pavement for at least three monihks before
permanent pavement is replaced.
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Pips Cleaning and lining

General. Although pipe cleaning and lining per se may not be
congidered part of construction but rather of maintenan.e and reha-
bilitation of existing pipelines, many weter sysiom development
projects in the Philippines will include such work as part of the
initial water supply improvement program.

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

Lining refers to the process of placing a protective coating
on the ineide of a pipeline that has been cleaned. Lining of the
pips in~plaos after the line has been oleaned not only prevents
reourrence of internal surface deterioration but also eliminates
red water and stops leakage. Cleaning without lining is effective,
but there can be no assurance that the pipe's carrying capacity will
remain at its improved lsvel for very long because cleaning does not
remove the causes of pipeline deterioration. Cleaning alone is an
expensive means of maintaining carrying capacity.

Cleaning. Three basic techniques are usaed for in-place pipe-—
line cleaning. These are (1) drag, (2) hydraulic, and (3) mecha-
nicale The choice of methods depends on the pipe diameter, water
vclume and preseure available, length of pipe to be cleaned, amount
of encrustation or sediment, ease of access, distance between access
points, provisions for disposal of wastewater from cleaning opera-
tions, and other local conditions.

1. Drag Cloaning. Dreg cleaning is usually limited to pipe
dlameters of 100 to 600 mme The cleanin: equipment is pulled
by a power winch through a line that has been removed from
gervice. The method utilizes a spring-steel cleaning tool
that is composed of a serlies of scrapers, followed by an
assembly of tight-fitting squeegees. As the tool moves
through the line, accumulated deposits are loosened by the
scrapera, and then mechanically removed by the squeegees.
The separate drag operations are repeated until the plpe
wall ie clean., Access openings are made in the pipeline
at intervals of 90 to 150 m depending on pipe slge, line
oonfiguration, and condition of pipe.
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2, Hydraulis Cleaning. The hydraulic mesthod of pipe oleaning
1s most prectical iv leng, comparatively airaight runs of
transmission or arterial mains, The method requires an
adequate supply of water at a given pressure. The volume
of water available and the required pressure depend on
pipe size, The greater the volume of water available, the
lower the pressure required.

The tool used in the hydraulic cleaning process consists
of spring scrapers so arranged that part of the water pushing
the tool is released through it to flush the scrapings and
debris ahead of it. The tool usually travels at a rate of 10
to 30 m per minute. The travel speed ig controlled by regula~
ting the rate of discherge of wastewater at the end of the
pipe run being cleaned.

The operation begina by cutting out a section of the
pipe, incerting the tool, replacing the removed seotion,
and making up ihe jointe. At the diecharge end of ihe run,
a cut 1is made into the pipe and a special line attached to
disoharge the wastewiiter and debris above ground for ulti-
mate disposal to sewers, storm drains, or acceptable runoff
areas. If ihe tool cannot be discharged through the dige
oharge line, ii is stopped in the main and a cut is made in
the pipe to remove it. Hydraulic cleaning is reletively
rapid, effective, and economical,

3o Mechanical Cleaning. In pipelines greater than 660 mm in
diameter, hydraulic cleaning becomes less practical, and
mechanical cleaning is useds Mechanical cleaning ie
accomplished by an electrically-driven and manually-
operated machine with rotating soraping blades which re-
move tuberoulation, debris, and exisiing coatings by a
honing action. These machines are driven by an operator
who actually ohserves and comtrols the entire cleaning
operation,

Lininge There are three methods of applying cement-mortar
ining to pipelines in place: Elg centrifugal method, (2) rein-
srced centrifugal method, and (3) Mandrael or iate process.

l. Centrifugal Proocess. After the pipe has baen cleaned,
accegs openings are cut every 150 to 200 m (less in small

pipes where bends occur). Bends cannot be negotiated in
100, 150 or 200 mmn pipe sizes, After placement, the
lining in these diameters may he troweled; for pipes

above 200 mm diameter, troweling ims always done to provide
a smoother finish and the extra carrying capaocity that
results.
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The Fileld ageipnect for centeifagal lining includes
# variabvie svoed winch for pullios $he lining oschine with
bo moptar houe spd cisobrie sable shrough the pipes an
elactric ranerater 0 aupply powst to the winegh and to the
rovelving hwmad thot dliupenses the mortar; a epeclally-
Gagiened mortas mizer of the sapracity noeded to ensure
ample miy Luney uvd a feeder to pamp the mortar lo the

1
PEVIATIS NI NG

P lining meterind dp nsislly e 1:2 poriland cement~
sortas, wnd the volone of moriar applied to the wall is
coateeliod by the troavel apeed of Lhe machines A lining
bhickness of % tu 26 me i coswon on cast iron pipelines,
bt Pi omey be oas JEile as 3 own. The thinner the lining,
the smalier the raduction of the original crosg-seciional
ares of ihe pipe. Thin coebings may be sufficient in
smaller pivelinar, The lhicknass of lining for steel pipe
lines deperdr O e, plote thickness, and condition of
the matal.

In large mains ihat contain few gervice taps or lateral
connectilons, 11 openings are plugged prior to lining and
gpened after lining by men working in the pipe. In lines
balowx 400 om diameter, where men cannot work, very little
mortar is thrown into lateral opsnings, and any obstruction
at the corporation cock in removed by blowing out the ser—
vice line hefore the moirtar sets completely.

Swmall mains tapped for service lines are usually by-
pasgsd by » temporary sbove ground line to maintain ocustomer
saTvioe,

The ceut of cerxirifugal in-place lining depends on a
number of factors, principally: pipe diameter, pipe length,
cendition ef the line, plan and wrofile of the line, bends,
location and type of valves, lenyth of section that can be
romoved Trem service during the eperation, by-pass require-
mente, dopth and lype of gsoil cover, access, and traffio
problems, Tha gieater the length that can be lined at one
time, the greater the production rate and the lower the
coBt.

Gentrifuzal in-place lining is applicable to pipe
plzen up to 3,650 mm. One of ils advantages is that the
line can be placed in service 24 hours stter the lining
precens. The proces: has aleo heen used on newly~installed
stesl pipelines.

C -21



Reinforced Liniryre When pipelinea of 600 mm or greater
diameter are badly deteriorated, it may be desirable to
reinforce the cement-mortar lining. This reinforecing
process consisty of three steps, IMirst, a course of
mortar one~half ihe final lining thickness is placed by
centrifugal michine, without troweling, Next, spirally-
wound reinforcing rod is placed. (The rod spacing depends
on pips size and sirength requirements of the equivalent
steel area. ‘fhe size of the rod varies with the size of
the pipe and the required reinforcing.) After the steel
rod is placed, a second 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 sateel, and it conforms to the inside contour of the
line.

The Tate Process. The mandrel process, commonly known as
the Tate process after its Australian inventor, cleans and
gcoura oul encrugtation from the pipe, then lines the pipe
with cement mortar. An advantuge of the Tate process 1s
that road opening is kept to a minimum. Only two major
digging operations take place at bhoth ends of a 90 m section
of main, and only emall openings are required to disconnect
and temporarily bypass service connections. The exaot loca=
tion of eaoh service conneotion is obtained by electrifying
the household system and sweeping the “live" area with a
detector which telln the operator through headphones where
the connectlon is locatede Customers suffer only little
inconvenience, with full service restorable in 24 hours.

The Tate process can be described briefly as followss
At both ends of a 90 m section, a hole ia dug and a 1 m
length of main is cut and removed. Flexible steel rods to
which a wire rope iz attached arc pushed through the main
from one end and drawn out from the other. An assembly of
coil scrapers and steel brushes to scour the pipe, and
rubber force cups to clean and dry it, is connected to the
wire rope and this is pulled through about 90 m section of
main from oix to 17 times, until it is cowpletely clean.
A special cement-mortar mixture of a relalively high initial
water-cement catio 15 then introduced intoc one end of the
seotion and drawn by suction along the 90 m length of main.
A “cement gun" which spreads the mortar evenly over the
waulls of the cleancd pipe is then drawn through by winche
A smooth liniag approximately 3 mm thiak is left in the
main, excess water escapes through the rear of the "gun",
and th: surplus mortar is removed and used to put a matoh-
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ing 3 mm lining b the I om length cul from the wain at the
atart of the opur.tion., This section 1a reconnected, the
road surfaces at tho opening are repairsd, and the crew
moves on to the next nection to he cleaned and lined.

Pipe Cleaniny in the Philippines

Until recently, pipe cleaning and lining in place have not been
practiced in the thilippiricss The Meirojelitan Waterworks and Sewe—
rage System (MNSS) has included these activities as part of its
improvement program. A New Zealand-based company which can under~
take these types of work 1. currently availible locallye. Thix firm
employs the Tate process «f in-place cleaning and lininge

Tunnel Construction Method:

Tunnels for water transmission linwe may be constructed by
oconventional or machine tunnelling., Conventional tunnelling in
rock formation involves the cyolical repetition of the following
operationst drilling, blacting, loading, and removal of excavated
materials; installation of primary supports where necessary; and
the mixing, hauling, and placing of oonorete to form the secondary
lininge It in sometlimes desirvable to deier the installation of the
seoondary lining until driving operitions have becn ocompleted or are
remote from the lining operations.

In the machine tunnelling method, a tunnel excavating machine
would be employed at one tunnel face simultaneously with conventional
tunnelling at the other face. There are many variations of mechanical
rock excavatora. Mcst adopt the same principle in whioh the machine
bores a pilot hole inte which an expanding "packer” is placed to
form an anchor by which the machine pulis itsel! forward, enabling
a larger rotating cutter head to bore the twnnel. The cutter head
may be moved forward from 0.% to 1,2 w within the frame by hydraulic
jackse When the cutter has heen advanced to its full distance, the
cutter head is retracted and then the frame is pulled forward and
locked in place ready to begin the next advance. The cutter head
is fitted with teeth or rollers which cul or spall the rock faces
as the cutter head revolves, Cutiers munt be replaced frequently
depending on the hardness of the rook being evcavated, Tunnel
excavations are normally electrically powered. Fxcavated material
is picked up by a meries of revolving buckets, discharged into a
belt conveyor and carried to rail haulage trucks. 4 tunnel driven
by a mechanical excavator has a smobth bore as contrasted to a
Jagged, broken rock surface that results from conventional tunnele
ling methods.
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The average rate of tunneliing by either convmticnal or machine
tunnelling would depend on the nalure of the materials and conditions
encoantered., MHigher rates can be chiained with a high degree of
mochanization and & carefully orpanined amd executed procadures On
the other hand, conventional tunnelling, although it may be slower,
will require less foreign exchanse costn.

Pumping Stationg

General. Watler mupply vwerins staticng may Lo clasgificd into
deep well pumping stations, booster pumping siaticns and raw weter
pumping stationa. The sccond type may be installed us part of a
treatment plant or part of the waier distribution gy atem,

Centrifupal and turbiue~typo pumps are the mogt conmonly used
pumping units in waterworks applicaticnz., Prime-movers may be
eleciric motow, diesel engine, /a5 engine, or other suitable energy
gource which can develop the required power, Because of their hof -
latively low cost compared to other tynos of prime movers, electric
motors are the favored type where clectric power is availabie at
reasonable costa., Dual drive pumps can be used for operation by
electric motor or by envine.

Pumping instuallations are uswally housed irn o structurs that
will provide protcction from the elements and security from theft,
tampering, etc. Each stetion is provided with the necessary Suc—
tion ard discharge pipings and valving, controls, and a metering
system with suitable indicating, totalizing and recording facilities.
Attention is algo given to water hamner.

The atructure which will house the pusive and appurtenant equip—
ment is constructed from locally aveilable wasonry, wood and reine
forced concrete materials, In some ingtallstions, deep well pumps
ecquipped with weatherproof motors are not provided with pumphouseas
The interior flanged pipec and val s are mide from locally avail-
able valves and cement-lined steel or casi iren pipes, wherever
possible,.

Deep Woll iyrmps. Two typuez of deop well jaumps in coumon use
are the deep well turbive pump tng the submersidle (or submergible)
deep well pumpe The [irat type consisis of impellars in sories
installed below the minimum expected water level during purping.

Each impeller is encased in a housing or Lowl ard ie calied a stago.
The mumber of stases neccssary for any giver ingtellaition depends

on the head that each stage cau develop at a given pamping rate

and on the total pumping hoad. Power in transmitied to the inpellers
through suitable shafting from % prime wover urually installed at the
ground surface,
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The submersible deep well pump im usually equipped with an
electric motor drive, In this type the motor is installed in the
vell itmelf,

Boostor Pumping Stations. The most widely used typs of pump
for booster pumping stations, whether in & treaiment plant or in
a distribution system, is the centrifugal pump. A4 cenirifugal pump
congiste essentially of a rotating impeller which draws water into
a center and a stationary casing whioh guides the water into the
discharge cutlet, Advantuges of the centrifugal pump include ease
of operation and repair, low starting torque, increase output with
pressure drops or vice-versa, and smooth flow and uniform preasure.

In the Philippines, the manufacture of centrifugal pumps and
motors 1is 8till in ite infancy. For most waterworks projects,
it 1s anticipated that punping units will be imported items. If
and when Thilippine-manufactured squipment with the capability,
efficiency, and quality desired become available 1n the future,
local product should be considered in the final degign and cong
truction phases.

Raw Water Pumping Statione

Raw water pumping stations, as used herein, are intended to
mean punp installations that draw water from a surface source such
as a spring, river or lake. Such pumping stations are similar in
many respects to booster pumping stations but muy inolude some
feat:ures and facilities not normally needed in hooster stations
such as intake screens, protection against flood waters, etic.

Water Storage Tanks

In the Philippines, water storage tanks, both elevated and
ground tanks, are usually constructed of either cust-in-place rein-
forooed concrete or of steel. Prestressed concrete tanks, although
gaining in use and populerity in other countries, have not been
used in the Philippines. The relative economics beiween reinforced
coiorete and steel tanks deponds somewhat on the tank size and tower
haight for elevated tanks. Generally, in the larger sizes, rein-
forced corcrete tanks are more economical than steel tanks unless
steel plates and other foreign-made components can be imported tax-
freo. In smaller sizes, the constiruction cosis of steel tanks are
comparable to that of reinforced concrete. However, maintenance
copts of steel tauks sre generally hizher. This faotor can make
the total annual costs of stesl tankes greater tham those of rein-
foroed ooncrete tanks.
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Hater Treatment Plante

Water that is to be used for drinking and publio water supply
purposes must satisfy certain minimum quality requirements with
respect to safety, potability, etos The water is subjected to treate
ment to upgrade its quality if it does not meet prescribed or desir—
able standards., As a general rule, all water from surface sources
guch as rivers, strcams and lakes should as a minimum be given
"complete" treatment to minimize the risk from water<borne diseases.

Modern "complete” water treatmeni plants employ the processes
of flocculation, sedimentation, filtration, and disinfection. Other
additional treatment may be given depending on the quality of the
raw water and other factors,

The construction of a modern water treatment plant providing
at least complete treatment or its equivalent will require the
building of 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 treatment plant
inoclude:

(1) General construction consisting of all earthwork, reine
foroed concrete work, civil works, and building cons=—
truotion,

(2) Mechanical work consisting of installing pumps, motoras,
treatment plant equipment such as mechanical feeders,
sludge collectors, emergency generators, aril other
process mechanical equipment, Also, all large size
flanged pipes and valves required within the plant may
be inastalled by this speoialty.

(3) Electrical work consisting of general wiring of the
entire plant for lighting and power, The furnishing
and installation of simple controls, instrumentation
and oommunications equipment may also be included as
part of the electrical works contract, Where suoh
oquipment are complicated and extensive, it may be
desirable for this work to be undertaken separately
from the general eloctrical worke

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

With good construction esuparvieion, all these construction

work can be done by qualified Philippine contractors. Special
material and equipment for the plant will have to be imported.
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APPENDIX D
OUTLINE SPECIFICATIONS

Spring Intake Structure

All spring intake struotures shall be comstructed of re-
inforced concrete. The intake structure shall be of a sise suf-
ficient to capture the maximum spring flow. The spring intake
may be circular, rectangular or of other suitable shape. It shall
de oovered and provided with outlet pipe(s) and valve(s), over-
flow(s), vent(s), drain(a), covered access manhole(s) and other
necersary appurtenances and site works. The intake facility shall
also include a weir or other suitable device for flow msasurements;
seourity fencing; chlorination facilities (if neocassary); gemeral
gite improvement including drainage facilities for posusible surface
runoff; and ‘an all-weather access roads Reinforoed oonorete cons-
truotion, piping, fittings, valves, and all other materials and
attondant work shall conform to LWUA Standards. (The water dis-
trict shall aoquire ownership of the intake structure site.)

Hydranlic Control Structure

Hydramlic pressure conirol structures on transmission lines
for dissipating excess energy shall be impact type in which pressure
dissipation is accomplished by the impact of the incoming jet of
water on a vertioal 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 consiructed of reinforoed con-
crete and shall be covered. It shall be designed such that it can
handle the design maximum flow. The chamber shall be provided with
the neceesary piping, overflows, and other protective devioes. The
work shall include general site improvement and security fencing,
if necessary. (Ownership of the land on which the control chamber
will be built shall be acquired by the district.)

Dans_and Appurienances

The oonstruction of dams and appurtenances shall be performed
by firms and psrasonnel experienced in this line of work. The %on=-
tractor shall furnish plant and equipment which will be effioient,

appropriate and large enough to secure a satisfactory quality of
work and a rate of progress which will insure the completion of the

work within the stipulated time.

The dan oonstruction will include the main dam structure, upstream
and downstream aofferdams, tunnels, diversion channels and spillway.



The zoned embaniment dam will consist of a vertical core
protected by filter and transition zones, and rolled rook-fill
shells, The upstream face of the dam is pretected by riprap
against wave action,

Materials for the dams shall be as desigmed and specified
and shall be obiained from designated borrow areas, sxcavatiens,
or manufactured from rock obtained in remired exocavations.

The areas to be cccupied by the required permanent construct-
ion and the surfaces of all borrow pits shall be oleared of all
trees, stumps, exposed roots, brush, rubbish, and other objeotion-
able matter. Excavation shall be made to the specified lines,
grades, and dimensions. All necessary precautions shall be taken
te preserve the material below and beyond the established lines
of all excavation in the soundest possible conditiem. All exocava=~
tione for embankment and structure 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 stop
logs fo> closure of the tunnel. The spillway will oonsist of an
ungated overflow concrete structure and a concrete lined chute,

The raw waier intake will be mul$i-ported and shall be cons-
tructed of reinforced concrete, '

gversion Dams

The conastruction of the diversion dam shall be performed by
firms and personnel experienced in this line of work. The Con-
tractor shall exercise care to preserve the natural landsoape
and shall conduct his construction so as to prevent any unneces=
sary destruction, scarring, or defacing " the natural surrounde
ings in the viocinity of work,

The Contractor shall construct an. - .tain all necessary
cofferdams, ohannels, flumes, drains, sumps, and/or other tempo=
rary diversion and proteoctive works; shall furnish all materials
required therofore; and shall furnish, install, maintain, and
eperate all necessary pumpirg and other equipment for removal of
water from the various parts of the work free from water.

All concrete work shall be in accordance with INUA standard
specifications and supplementary specificatiens.

Aocess and Servics Roads

The construction of access and service roads to water supply
faocilities shall include all necessary olearing and grubbing, ex-
cavation, fill and backfill, roadbed preparation, imstallation of
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base course, surface finish or paving, bridges, and all drainage
structures and facilities. The work will involve improvement and/
or extension of existing roads and the construction of new acoess
and service roads.

All roads shall be constructed in conformity with the specified
lines, sections and grades. MNaterials and their irstallation shall
be in accordance with the latest revision of the Bureau of Publio
Highways Standard Specifications for Highways and Bridges, looal
requirements, and supplementary specifications.

Water Transmission Pipelines

Raw and treated water transmission pipelines may be construct-
ed of cast iron, ductile iron, asbestos cement, steel or prestressed
concrete (with steel qyl:lnder5 ripe. Soil and corrosion studies
shall be conducted prior to the final selection of pipe material.
The transmission lines shall be equipped with all neoessary valves
and appurtenances such as shut-off and sectioning valves, air/
vaowmm and air release valves, blow-offs, inspaction manholes, ex-
pansion joints, flexible couplings, anchorages, thrust blocking,
and surge arresters.

Pipe, fittings, valves, other materials and inetallation, joint-
ing, testing and disinfeotion shall be in accordanoce with LWUA Stan-
dard Speocifications, where such specifications ure applicable to the
particular material or worke Available Standard Specifioations of
LWUA include those for cast iron, asbestos cement and steel pipes;
gate and butterfly valves; blow-offs; air valves; and work rolating
to their installation.

Duotile iron pipe shall be manufactured in accordance with AWWA
C151 "Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-
Lined Molds"., PFittings shall be eithsr ocast irom or ductile iron
conforming to AWWA Cl110 "Gray Iron and Ductile Iron Fitiings, 2 in
through 48 in ", All pipe and fittings shall have a cument mortar
lining and bituminous seal coat on the inside in aoccordance with
AWWA C104 “"Cement Mortar Lining for Cast Iron and Ductile Iron Pipe
and Fictings",

Prestresaed concrste oylinder pipe shall conform to AWWA C301,
"Reinforoed Conorete Wuter Pipe-Steel Cylinder Type, Prestressed",
Pittings shall oconform to the specifications for cast iron, ducstile
iron, or steel pipe.

In general, all piping shall be designed for a mininum working
pressure of 10,5 kg/sqom (150 psi). The pressure class of fittings,
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couplings, special castings, and valves shall be at lea:t equal to
the pressure class of the pipe to - installed. Joints shiall have
the same or greater strength than the comnecting pipe.

Shut-off and seotioning valves shall be either gate valves or
butterfly valves, depernding on the size and other faotors. A suf-
fioient number of air valves shall be provided to insure full
protection of the pipeline,

All pipeline installation shall be in striot conformance with
applicable AWWA a.nd/or LWUA Standards and with the respeotive
mamufacturer®'s instructions and recommendations.

Nator Treatmeny Plant

Water treatment plants designed to provide oomplete treatment
would generally include facilities for chemical mixing, flecoulation,
sedimentation, rapid sand filtration, post chlorination, chemical
storage, backwashing, treated water storage, and waste washwater
and sludge disposal.

Chemical mixing chambers, flocculation and sedimentation tanks,
filter boxes and treated water siorage tanks shall be construoted
of reinforoed concrete.

Filter materials shall consist of filter sand and anthracite
conforming with specified requirements with respect to composition
and grading., For each filter unit there shall be inatalled the
necessary control valves, rate of flow controller, loss of head
gage, flow meter and recorder. .

Instrumentation shall include suitable equipment to vary chemi-
cal fend rates in proportion to flow.

Concrete work, yard and in-plant piping, and painting work shall
bs in acoordanoz with LWUA Standard Specifications and supplementary
speocifications,.

Piling (if required), structural steel, architectural works,
instrumentation and eleotrical works, mechanical equipment, and all
other items not covered by LWUA Standards shall be ocomstructed as

specified.

Administration Build

The conatruotion of administration buildings shall be of the
materials and workmanship called for in the drawings and specifioca-
tions. The administration building will generally oconsist mainly
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of offioces but may inoclude a water analysis laboratory, meter testing
and repair shop, general work shop, and storage facilities. Items

of work shall include site preparation; foundations; ooncrete and
masonry work; rcofing and mstal work; carpentry and joinery; plumb-
ing, ventilation, and air-conditicning systems; lighting and power
systems; architeotural and other special finishesjpainting work,
landscaping and general site improvement work. Applicable LWUA
Standard Specifications shall be employed in the oonstruction work.

Well Constructiocn

Deep well construction shall include the furnishing of all
materials (except those that may be furnished by the Owner), equip-
ment, tools, labor and all appurtenancss and incidental work for
construction of the deep wells. The work shall include drilling;
installation of temporary casing, conductor pipe, well screenj
developing and testing of the well; gravel packing; grouting, well
completion and disinfeotion; and site work and clean--upe

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

For gravel packed wells only clean, washed gravel compoged of
well rounded particles and of specified grading shall be used. The
procedure to bs employed shall be as approved by the Engineer.

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

Developing of the well shall be dome with care and by methods
that will not cause damage to the well or ciuse adverse subsurface
conditions that may destroy barriers to the vertical movement of
water between aquifers. Upon completion of well development, test
pumping shall be done in accordanoe with a test procedure that will
be furnished to the Contractor by the Engineer. The pump shall be
operated continuously for specified durations and pumping rates.

Immediately following satisfaotory oonstruotion and development
samples of the well water shall be colleoted and analyzed in a
laboratory acceptable to the Owner.



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

Flow ¥eters flainline lleters!

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

The venturi meter tube shall be of standard or long form
design, the inoluded angle of the outlet cone being eppreximately
8° - 10', The tube shall have a body of high tensile gray irom or
close grain, high tensile iron. Both inlet and throat shall have
integrally cast annular pressure chambers with multiple even spaoced
vents communicating with the interior of the meter tube,

Propeller type meter shall have the same nominal inside dia~
meter throughout its length to offer minimum obstruotion to the
flow. The meterhead shall be oonnected 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
tube. The meter shall register within 2 per cent of the trus flow
of water at all flows within the minimum and maximum rating. The
propeller type meter shall conform to AWWA C704~T70 "Standard for
Cold Water Meters - Propeller Type for Main Line Applications",

The flow letes 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 Ameriocan Standard
unless otherwise specified.

Deep Well Turbine

Deep well turbine puwmp shall be water lubricated, line shaft
vertical turbine pump, electric motor or diesel engine driven or
both (dual drive), as requireds Pump characteristics and operating



oonditions will be specified for each particular installation. Pump
ghall conform to ANSI BS58.,1 - 1971 (AWWA E10l = 71) "American National
Standard for Deep Well Vertical Turbine Pumps — Line Shaft an/ Submere
sible Types", Diesel engine and accessories shall conform to v 2 specie
fications for diesel engine, except as m)dified herein,

For motor—driven pump, the motor shall be full voltage start-
ing where the electric power system capacity and regulations permit;
otherwise the motur shall be star—delta starting. The motor shall
be vertioal hollow-shaf:i squirrel cage induotion type complying with
ANST 05042, The motor shall be of ample size to drive the pump ocon-
tinuously over the specified range at the ambient temperature without
the load exoceeding the mervice factor. Motor operating characterie~
tios (voltage, phase, frequency, speed) and control and proteotive
devices shall be as specified. A suitable base of high grade oast
iron or fabriocated steel shall be provided for mounting the meter,
and with discharge elbow having above-ground discharge outlet with
companior 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
oconneoted to the engine by a flexible-shaft coupling.

Pump bowls, impellers, pump shafts, line shafts, discharge
column assembly, suction pipe and strainer shall conform to ANSI

B58.1 - 1971,

A suiteble air line of galvanized iron pipe or copper tubing
of sufficient length to extend from the surface to the top of the :
bowl asseubly shall be furnished with altitude gage reading in meters
and oonnections for air pump.

The pump and prime movers shall be products of reputable manu-
facturers whioh have been regularly engaged in the mamufacture of
these equipment for the last five years. The manufacturer shall, if
required, furnish a sworn statement that the equipment urnished and
installed cotply with the requirements of the applicable standards
and the specificstions. The equipment manufacturer/supplier shall
furnish the services of competent persomnnel to supervise the installa~
tion and testing of the equipment. Spare parts, cperation and main-
tenanoce manuals shall be provided. The pump equipment and oontrols
shall be housed in a suitable permanent struoture that provides
protection from the elements, damage, or vandalism.

Submersible Deep Well Pump

Submersible deep well pump shall conform to ANSI B58.1 = 1971
(AMWA E101 - T1) "*:erioan National Standard for Deep Well Vertioal
Turbine Pumps = Li.e Shaft and Submersible Types". Operating ocondiw=
tions and requirements will be specified for each particular installa~

tion.



The motor shall be of the squirrel cage induction type, suite
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 characteristics
(voltage, phase, frequency, speed and control and protective devices)
shall be as Bpecified,

Submersible cable, surface plate, stralner, discharge pipe,
pump bowls, impellers shall ocomply with the requirements of ourrent
ANST B58.1,

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

Diesel ne

The engine shall be of the vertical in-line, or V-type multi-
cylinder, full diesel, mechanical injeotion, heavy duty rating typee
The engine may be either two or four stroke cycle and shall have
specified rotative speed and picston 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-
povwer required to operate the driven equipment at its specified full
rated loade The engine rating shall be adjusted for operation at
speoified conditions of elevation and amhiemt temperature,

The unit shall be furnished for battery starting. Starting shall
be acoomplished by a 12 or 24 volt 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 system,
lubrication 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, complete
set of gaskets 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 manmal transfer of load to the unit when it has
attained rated frequenc, and voltage. The engine-generator 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
manufaoturer regularly engaged in the production of this type of
equipment. The diesel engine and accessories shall be as 8peci=
fied under Diesel Engine. The diesel engine shall be arranged
for direct comnection 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 generator unit shall be free
from oritical speeds and torsional vibration that will endanger its
satisfaotory 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. It shall have at least the
following instrumentation and equipment: AC voltmeter, AC ammeter,
frequency meter, indicating KW meter, combination ammeter-voltmeter
phagse selector switch, 3 pole line circuit breaker of suitable amper-
age, and elapsed running time metere

Chlorination System

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

Chloerinators 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 direotly mounted on 150-~1b cylinder or ton
container, wall ~ or floor-mounted units. Models of & design that
permit enlarging the capacity by replacement ol . ivwyc vt 93" “n
the flow meter will be preferred to those with fixed maximum oapa-
city. The chlorinators shall also bt of ~ ‘emfsm that will permit
either manual or automatic operation, the latter with the wie of
auxiliary equipment. At least two units shall be provided amd in-
stalled, une serving as stand-by. The oomplete: installation shall
include all necessary piping, valves, oontrols and scoessories in-.
cluding chlorine scales, gas masks, and gas leak detection and alarm
systems,

Chlorinators and accessories shall be housed in a separate
building or rooms specially designed for the equipment and their
functions. (The site for the chlorination facilities shall be ac=
quired by the district and necessary improvements and protective
features shall be incorporated.)

Installation of Equipment — General

Special care shall be taken to cnsure that all equipment are
installed in proper alignment and level. This applies io0, but is
not limited %o, pumps, drive units, gears, sluioe gates, mechanical,
electrical, instrumentation and communications equipment, and their
appurtenances. Equipmeat contractors will be required to supply
the necessary anchor bolts, drawings and templates of anchor bolts,

Ths general and equipment contractors shall be responsible for
the equipment they supply. They shall use only competent personnel
and appropriate equipment nscessary to properly align, level and
sscure squipment in place.

The installation of the major equipment specified in the Con—
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 supervise the adjustments and testing of the equipment to in-
sure that it will operate in a satisfactory manner as specified or
in*ended. These representatives shall also instruct personnel and
mechanios of the Owner in the operation, care and maintenance of the
equipment. Complete sets of operating and maintenance instructions
shall be furnished as required.

T™e Contractor shall submit a certificate from tha mamfacturer
stating that the installation of the equipment is satisfactory, that
the unit is ready for operation and that the operating personnel
have been sufficiently and thoroughly instructed in the proper opera~-
tion, lubrication and care of the unit.
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Installation of deep-well vertical turbine pumps is particularly
eritical if long service-frue life is to be expected. Installation
should only be done by experienved personne. following specificationa
of ANSI BS8.1 — 1971 {#WHA E101 - 71) and paying particular attention
to etraighiness of lins shafts and proper aligiment of all parts.

Booster Pump Stations

Booster pump stations shall ba designed and constructed to
comply with established criteria and standards of the LWUA as well
ac other requirements peculiar to cach site. Booster pump facilities
will generally consist of pumphouse, pumy vnits, suction and discharge
piping, oontrol valves, gauges, flow meter and racorder, control and
protectivo equipment, site works ard security fenoing.

Pump units shall be ceatrifugal, turbine, or submersible type.
Centrifugal and turbine type pumps shall be either elsotric motor or
diesel engine driven. Submersible boostsr pumps shall be motor dri..
ven. FEachk pump shall have optimum efficiency at the specified duty
point. Motors for electrically driven pumps ghall hs of adequate
horsepower for the full operating range of the pump.

Storage Tanks

Elevated and ground storage tanks shall be generally oconstructed
of reinforoed concrete. For small capacity elevated tanks, steel
tanks on steel towers may prove to be more economioca) and should be
given consideration in the final design phase. Grouad tanks may he
circular, rectangular or other shape acceptzble 1¢ anl approved by
the Owner. Tanke shall be designad in accordance with applicable
pational and local structural and sanitary codes. It shall be struc-
turally sound with ample provisions for wind and/or geismio siresseag,
Conorete and reinforoced concrete work including waterproofing, dig-
infection, painting, and 21l other incidental work shall be in sirict
compliance with LWUA Standard Speoifications and Sappiomontary Spsci-
fications. All tanke intended for sioring potable water shall be
covered and watertight. Tor both elevated and ground tanks, avail-
able LWUA standard tanks shall be used tc the fullest exient possible.
Necessary piping, valves and acoessories for operation, maintenance
and safety shall be provided. Piping shall include inlet—outlet,
overflow, drain, and vent. Shut-off valves, chsck valves, automatic
flow control valves, water level indicators and instrumentation,
shall be provided as required.
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Distribut;'n S;gtom Pigiaﬁ_and Comgonenta

Gararal requiremens with respeot to materials, installation
and u.ler appurtenant w.rk for water transmission pipelines are
applioable to distribut on system pipelines. Other distribution
8yeida onponenta, inc) .ding fire hydrants, servioe oonnections
and customer water meters, shall be installed according to LWUA
standard details and standard specifications.

Pipe Cleaning and Linirg

Fipe cleaning and lining shall include all materials, labor,
equipment and all incidental work necessary to clean and line the
interior of pipelines in-situ and restore the pipelines in ser-
vioce. The work shall be performed by trained workmen under the
supervision of personnel experienced and competent in this parti-
ouli™ line of worke

Interior lining shall be cement mortar. The interior of pipes
to te lined shall be thoroughly cleaned of all rust, incrustation,
dirt, oil and grease and other foreign matter. Neoessary repairs,
including replacement, shall be made to pipe sections that have
suffercd severe deterioration and/or corrosion. Any section of
pipe that shall be ocleaned and lined shall be restored to servioe
in as short a time &s possible, preferably within 24 hours.

All work shall be performed in accordance with AWWA Standard
C602-67, except as may be modified in the specifications. The work
shall include all excavation and backfill; instillation and removal
of temporary by-pass pipes, service connections, plugs, closure
pieces; making and closing required access openings; surface res-—
toration; clean-up and disposal of debris and other waste materials.
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Kugber Loocatiop

TLC-1
TLC2
TLCw3
TLC=4
TLC=5

TLC=6
TLCwT]
TL.C-8
TLCwD
T10-10

TLCw11
TLC-12
TLCm13
TLCw14
TLC=15

TLC-16
TLC-17
TLC=18
TLC=19
TLC-20

TLC=21
T1Cm22
TLCm23
TLC=24
TLC-25

TABLE VII.B=l
WATER WELL DATA SUMMARY

Dept m_Groy Surtage 'mE
Tetal Caged S Togt 5F

Nominal
Diameter
(zem)

Barrio San Jese, Tarlac 100 25
Barrio Dalayap, Tarlac 100 21
Bo. Mababanaba, Tarlac 112 45
Bo. Culipat, Terlac 112 61
Mabini Street, Tarlac 200=150 169
Bo, Pao, Tarlac 100 22
San Vicente, Tarlac 200 50
Bo. San Niocolas, Tarlac 200-150 237
Bo, Balingcanawsy, Tarlac, Tarlac &2 24
Romlo Blwd, Tarlac, Tarlac 20630 170
NIA P102 (T=14), Tarlac

Camp O'Donell San HMiguel 250 139
Taguipore, Sta. Igmacis 100 52
Camiling, Tarlac 100 c
Pudblic Market Cpd. Concepcion 160 152
Publio Market Cpd. La Paz 100 152
Panbugan, Camiling 100 g0
Legaspi, San Miguel 100 152
Atencio, Moncada 160 193
Butao Tibag, Tarlac 100 168
Calumpit, Capas 100 247
Salapungan, Gerona {KIA P53) 200 205
Bo. Baculong, Victoria (NIA P57) 200 263
Bo. Tinapatan, Ta»lac (NIA P60) 334 200
Bo. Sta. Cruz, Tarlac (NIA P62) 319 124

1/ Static Water Level
g/Pumping Hater Level

23
18
14
56
162

10

41
20-186

106

133
37
63

152

152
718
134
137

46

54
181

180
145
95

VII=B=1

-1¢5
=069
=508
=321
"307

-5e5
=0e3
244
31
20

=16
-85
~2,1
v2°9
=102

~0e3
o2
=t el
~10.0

=50
-2 o4
a1
-0.4
= o9

3ot
301
10.7
3.4
9.8

740
1546
1562

446

Sod

29.7
29,0
709
1503
113

19,8
52
5e7
231

1247
21.2
2346
155
2643

Test
Yield

(1ps)

006
0.6
0e3
Oe6
§o7

0.6
?309
6e3
163
4e7

7008
Te3
15
563

103

Ge8
3eT
3.8
3.8

4.0

348
1018
9842
10644
394

Specific
Capacity

{(1ps/m)

0.4
0.2

0.1
2,1
0.8

0.4
1.3
0.4
0.8
Te3

245
Oe4
0.2
0.4
1.1

04

1.7

Yoar
Completed

1961
1962
1973
1973
1976

1962
1958
1954

1957
1950

1962
1958
1961
1960

1950
1958
1958
1958
1957

1957
1974
1974
1974
1974



Fumber

TLC=26
TLC-2T
TLC-28
TLC=29
TLC=30

TLCm31
TLC32
TLC=33
TLCw34
TLC=35

TIL=36
TLC-37

TLC~38
TLC=39
TLC=40

TLC=41
TLC—42
TLC=43
TLC~44
TLG=45

TLC=46
TLC=4T

location

Bo, San Jose, Tarlac (NIA P63)
Tarini, Tarlac (NIA P65)
Sar Andres, Victoria (NIA P67)
Bo. Naya, Pura (NIA P68)
Caluluan, Concepcion {NI4 P77)

San Mamiel, Tarlac (NIA P81)
Tinapatan, Tarlac {NIA P832
Tinapatan, Tarlac (NIA P90)
Tinapatan, Tarlac (NIA P92)
Buenavista, Tarlac (FIA P95)

Hatindog, Pura (K14 P97)

San Fernando, San Fernando
(N14 P39) N

Palacpalac, Victoria (NIA P78)

Trinidad, Tarlac (NIA P85)

Sta. Cruz, Ta Pazr (NIA P84)

Sta. Cruz, La Paz (NIA P80)
Comino, Capaz (NIA P75)
Comino, Capaz (NIA P76)
Chino, Capas (NIA P74)
Dumaraig, la Paz (KIA P79)

Hacienda Luisita Well Mo, 2
Pasaje, San Miguel, Tarlac
Hacienda luisita Well Fo. 3
San Sebagtian, San Miguel

Tarlac

TABLE VIILaB--1

(Contimed)

WATER WELL DATA SUFMARY

Nominal
Diameter

200
200
334
334
200

340
400

g

BgE BBBE B 8%

400
400

300=230

300=230

Depth Trom Gro Surface (m
Totial Cagad  SWL Test PWL
200 171 ~2.1 3G
199 154 =0e5 27«3
203 15 2ot 31e1
19C 145 =147 29.5
154 144 +1a4 177

303 235

221 218

240 175 =1.9 187

245 207

297 237

263 231 +1e4 5.9

195 139 +0.8 26.1
-207 17.8

257 247 =10 177

212 157 -te7 23,9

202 89 Y4 31.5

197 90 =450 2549

212 185 37 28.8

189 129 =0,03 29,8

198 183 wdel 8432

195 144 =249 32,1

VII«B=2

Teat
Yield

{lpg}

63.6
7843
46.6
73.4
100.8

9146
84.6

1061
95.0
90.8
104.1

96.4
571
6944
84.5
63.0

545

545

Specific
Capacity’

203
249

1.7

503

Year
Completed
1974
1574
1074
1674



TABLE VII-B-1 (Contimued)
WATER WELL DATA SUMMARY

Nominal D from G ace {m) Teat Specific
Diameter Total Caped  SWL §§ Tast PWL Yield Capacity - Year

Mumber Location (z9) {(1ps) {1ps/m) Compl &t ad
TLC-48 Hacienda luisita Well Ro. 4

Pando, San Higuel, Tarlac 300=200 163 162 1952
TLC=49 Haoienda Iuisita Well No, 5

Cutcut, San Higuel, Tarlao 300=-150 183 183 1953
TLC=50 Hacienda Iuisita Well Ho, 6

Bantog, San Miguel, Tarlac 300=150 137 137 1953
TLC~51 Hacienda Iuisita Well Noe 7

Cutcui, San Miguel, Tarlac 300-150 198 798 1952
TLCw=52 Hacienda lunisita Well No, 8

San Miguel, Tarlac 300~-150 189 183 1553
TLC-53 Hacienda Luisita Well No, 9

Mabilog, San Miguel, Tarlac 300150 203 203 1955
TLC=54 Hacienda Iunisita Well Fo. 10

Motrico, San Miguel, Tarlac 300=150 203 203 ~Ded Te6 3749 5e2 1954
TLCHH Bacienda Luisita Well Noo 11 .

San Miguel, Tarlac 300-=150 223 223 1954
TLCGHS Haciends Luiasita Well Fo, 2

Mabilog, San Miguel, Tarlac 300=150 198 197 1954
TLC=5T7 Hacienda Luisitz Well No, 13

Mapalacsiao, Tarlac fa? 3749
TLC=58 Hacienda luisita Well Noe 14

Asturias, Tarlac A0C=200 238 229 =746 28.4 142,0 6e9 19€1
TLC-59 Hacienda luigita Well No. 15 i

Buenavista, Tarlac 350=200 244 229  ~15.2 595 63e1 Ted 19561
TLC=60 Hacienmds luisita Well No. 16

Mabilog, San Miguel, Tarlac 400-200 213 211 1965



Bumber
TLC=61
TLC-62
TLC-63
TLC=64
TLC=E5

TLC-66
TLC~67
TLC=58
TLC=69
TLC=T70

TLC~T1
TLC=T2

TLC=73

Location

Hacienda Luisita Well No, 17
Ungot, Tarlac

Hacienda Iuisita Well No, 18
Cutcut, San Migunel, Tarlac
Hacienda luisita Well No. 19
Pando, San Miguel, Tarlso
Hacienda Imigita Well No, 20
Pando, San Miguel, Tarlac
Hacienda laisita Well Fo. 21
Pando, San Migusl, Tarlac

Hacienda luisita Well No. 22
San ¥iguel, Tarlac

Hacienda luisita Well No, 24
Balete, San Mignel, Tarlac
Camtral Luimita Well No, 1
Obrero, Tarlac

Central Luisita Well No. 2
Distillery -~ Tarlac

Cemtral luisita Well No., 3
Proxima Al Descargade,
Tarlac

Central lumisita Well No, 4
Prente Ala Oficine Molina
Central Luisita Well No, 5
Camino Al Club (Bagazo) Tarlac
Cantral Luisita Well No. 8
Detrag Oficina Gral-Tarlac

TABLE VIIaBw?

(Contimed )

WATER WELL DATA SUMMARY

¥ominal th from G Sarface {m)
Diameter Total Cased SWL Tegt PWL
(mm)

wief 1Ge7
400=350 183 168 0 177
400200 213 213 =1,8 140
400=200 214 214 0 2047
400=200 230 229 0 171
400-30C 134 132 ~3e1 19.2
400300 183 183 -6e7 4241
200=125 195 191 b6 1843
300=150 183 183 0 1143
300=150 213 213 247 13.7
300150 213 213 247 13,1
300150 213 213 w2 40 9.6
300=~150 274 269 =165

VII-B-4

Tegt
Yield

{ips)
41.0
1073
91,2
9446
7547

9446
44.4
22,1

41,6
3749

39.8
3749
3749

Specific
Capacity

1

jor}

4de6
6o
Te5
4.6
4.4

3¢9
103
1.6

37

35

3.8

540

Year

Completed

1370

1966

1974
1951
1951

1951

1951
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DESCRIPTIVE  DaTA

wWell No (ebM ) L]

GHAP

CASING

LOG

[y
il

STRATIFICATION

toTHer) _ ¢

LOCATION ___ MARINL ST
GITY CTARLAC
PROVINCE ____ TARLAC _

CONST. BY
DRILLER

STARTED
COMELETED T LCToBER 1980

OWHER e e
STATUS .
CASING DIAMETER 200 MM , 180 MM
DRILLERS TEST DATA:
DATE e
STATIC WATER LEVEL 37 M —

WATER LEVEL

TEST PUMP YIELD 4.

PUMPING 98 M

7 LFS

WATER GQUALITY DATA:

ISP—

REMARKS !

SFECIFIC CAPACITY — Q.8 LPS /M

FEASIBILITY
SYPELY OF

STLY FOR
TEN  PROVINGIAL

WAT .k
AREAS

COM - LWUA

GE.¢

1036

149.9
(AR

1615

ohb

\J\OUHD “URFA“

FLLOW STICKY CLAY

\u o

Y Lt ) L it
Vi LL\)Vr SHALE WiITH
LIMESTONE % ADORE ¥

SANDSTONE

L YELLOW STICKY CLAY

PRDOSANDY CLAY

iRLUE STICKY CLAY
;13 BLUC ADROBE

| BLUE STICKY CLAY

HLUE S6,.CKY CLAY
B ADDEE ROCK

STICKY CLAY

BiLUE STICRY CLAY

CPELLOW

SANDY
STOME

‘ nY 8

e

=

WELL

WELL TLC~5

i STICKY CLAY ARD
-1 ADOBE ROCK
A BLBE STICKY CLAY, LIME
HOCK B ADOBE RGUK

e e o

SOOI

E Sakuy ADOBE CLAY
JEOSANDY CLAY

: STICKY CLAY
LOOSE BLUE ADOBE

(f IS

APCENDIY FIGURE VII-B-7
DATA SHEET
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i
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WELL NO.

LOCATION

R

FLASIRILITY
SRR OF

e

DESCRIPTIVE  DATA

e

BiEw HRa82

{coM)
{GYHER)

BO. GaN RICOLAS .

GRAPRIC

LOG

DEPTH

) | (FT) ]

CASING

R

STRATIFICATION

< GIGUND SURFACE

EMARKS!

CASE BEPTH. 200 MM, G-20.4 1
150 MM‘, 20.4 - 1857 M
SPECIFIC CAPAGITY = .5 1LPS/M

STURY

TER

FOGH  WATEH
PROVINCILL AREAS

COM -~ LWUA

11,9
1415
1476

H2

DT ~=i
AR ~iem
o b

2366

a5z
484

484 t

500

G740y
582

600
609

76

e SANGY ©LAY
CE‘\( N ‘]-::i.QL!_'\“: N - 176 25 e et e 4 e vea s+ rewenn v g gt e e ivire e g
PROVINCE VARLAG BLUE ALORE GLAY
CONST. BY ) 510 o . ’
ORILLER o I - Csano i
STARTED 29 Mav 1564 - ars 200
CO?v‘uPLE7ED . 2‘: -.,’ }'..?", l(}54 _’(( ; |f\Q ot ,... SAND :'-'H‘JD GRAY L
o 166 120 % o et i s e ]
OWHER .} 346 130 o Lok YELLOW  ADOBE CLAY
P 14l " v e e A e e e s
STATUS . o-1 lo-
CASING DIAMETER 200 MM - 150 MM T PR
- IY 1 BLUE ADOBE GLAY
, = g
DRILLERS TEST DATA: - o
p . e
DATE e - il ij
STI‘!T‘C \ql:\TER ‘_C‘,’[’;L J’:J‘_'_‘;S)J\A ) . "'1\, D 4_ [_.,”~_._,._..4.- - .~.-,~- et e e
| e Tl sen |oa02 lewz| famex] SAND WITH GRWEL
PUMPING WATER LEVEL .. 192H N 304
TEST PUMP YIELD 83 LPS -
— CLUE  ALOBE LAY

APPENDIX FIGURE Vii-B-3
WELL

FitE

F1 vELLOW ADOBE i AY

RLUP ADOBE LLAY
SAND WiITH GRAVEL

e e

ADGRE GLAY

(EIRE

SLUE ADOBE  CLAY
L BLUE STICKY  GLAY
SANDS TONE

DATA SHEET
WELL TLC-8

ey s






DESCRIPTIVE  DATA

GRAPHIC

LOG

v o et e S s 8t et i = i

G STRATIFICATION

VL - 62

WELL NO. (COM !
{OTHER) .__ NI6-PS3 .
_ SALAPUNGAN

LOTATION

~GROUND

SURFACE

TEST #uUMP YiELD

L8 LPs

REMARKS:

oy
ST

A "T.
CASING

. CAPAGITY = 5.4 i.PS/M
DEPTH = 1B M

FEASIRILITY
SUPPLY OF

STUDY FUR
S ENM PRCVINGIAL

WATER
AREAS

COM - LWUA

2
CITY .
PROVINCE
CONST BY . }
ORILLER . N R
CTARTED  __ 19 MARCH 87
COMPLETED 24 _APRIL 1974 —
GWNER . S
STATUS e o
55
CASING DIARETER .
1
CRILLERS TEST DATA:
LATE 3 APRIL 1974 -
STATIC WATE®R LEVEL 239 M
PUMPING WATER LEVEL __2V1em
a4

89

19

J8
129
163

181

CLAY

e

1

= ud Y
B
=

SAND WITH LITTLE
SILT AND CLAY

: GRAVEL. WITH LITTLE
<1 SILT AND CLAY

ZCLAY WITH SOME

GRAVEL

GRAVEL , CLAYEY
SOME SAND

7
(OMITTED FRCM LOG)

CLAY, SOME GRAVEL

GRAVEL , SOME CLAY

“AND SAND

e e e e

CLAY, SOME SAND

AND GRAVEL

APPENDIX FIGURE VIt-B-3
WELL DATA SHEET

WELL TLC -22
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SEAPHIC

LOG

oy "vnrror}'u\" T -
A AT e
CONSTY BY o e -
DRILLER e e -
STARTED 4 Ar'R!L !974 . -
O TN NMAY 1674 )
OWNER .. -
CASING DIAMETER 250 MM, 200 MM
DRILLER'S TEST DATA
DATE 14 MAY 1974 L
STATIC WATER LEVEL _ o lr M .
PUMEING WATER LEVEL .. 2344 M . _ .
{SOMETIMES  FREE  FLOWING )
TEST PUMP VIED 983 LFS .

REHARKS!
SPECIFIC
CAS{H

CAFACITY 4.2

B DEPTH"  25C

200 MM 174 - 18O M

SCRELN' 25C MM 27-101 M
200 Mt 1Ui=i74 M

FEASIBILITY STUDY FOR WATER
SUFRLYy GF TEN PHUVINCIAL AREAS

LPS/ M
MM O-37 M

COM - LiWUA

’M)

5 142
22

CLAY WITH LITTLE
GRAVEL

GRAVEL , CLAYEY

CLAT WITH errLE
(GRAVEL
" GRAVEL, CLA{EY
_ GLAY, GRAVELLY _
“GRAVEL
| CLAY, SCME GRAVEL
, ANL) qAP'D
" GRAVEL (CLAYEY
NSOME  SAND

69
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12¢
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oW O
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we O e
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WELL DATA SHEET
WELL TLC 23




DESCRIPTIVE ~ DATA

RAEHIC

LOG

FEASIBILITY
SUPPLY OF

S5TuDY FOR
TN PROVINCIAL

WATER
AREAS

CDM - LWUA

T o DEFTH
——e CASIN 3 STRATIFICATION
WELL NG, (ontay . TLC-24 . | M) | P .
{OTHER) MA-RGR
LOCATION BALR‘(‘ ['H‘u/\PAT,".;\' - },-'\GR(‘)UND SURFAf E !
- - B e e A B e .
v — = SAND WITH S0OME i
Gitd .. : SILT AND CLAY
PROVING (2 i N o
CONST av i5 \ohAVEL w/ LITTLE CLAY
BRILLER o . e DR
STARTED .-‘i.f'm 574
BT IS JUNE 1974
COMPLETED : GLAY WITH SOME
OWNER .o GRAVEL AND SAND
STATUS __
e 46 . e e eem
CACING PiaME 234 MM GRAVEL WITH
CASING DiaM R
‘ ET LITTLE CLAY
— 55
co CLAY, oOME GRAVEL
DRILLERS TEST DATA: GRAVEL , CLAYEY WITH
DATE i9 JUNE i574 \J')Mr OAND
* “9 S
STATIC WATER LEVE!L 0.4i M
PUMPING WATER LEVEL 1508 M.
CLAY WITH SOME
- . GRAVEL AND SAND
TEST PUMP YIELD 1066 LPS 3 ?
[T - e} 4n8. L"'T-.:--' v’:;:;ﬂ_._:: - e s
ot S [ET| T EE! GRAVEL, cLavEY T
REMARKS: “lex
G
TAGNG DEPTH 7 1349 M =
K SRR T CLAY, SOME GRAVEL
GRAVEL PACKLD N
TRANSMISSIVITY = IDBO CUMD /M =
SPECIS  CAPAGITY = 73LPS/M R 2z -
SCREZMED NIERVAL - 330 MM SCREEN | 128 4so 0
46.0 -50.4 M 7T
950 -39 M e GRAVEL WITH
0O - B G e LITTLE CLAY
200G - 1299 3 144.9] 4754 «"("1
1300 - 339 M 150 | 4920 [ S R
) @ /
SLOT SIZE 80 AND BO 53 | sozo (25 : _GLAY AND GRAVEL |
TT '
Rk CLAY, SOME GRAVEL
166 | 5446 |oed  LiTi o -
168 | 6512 |%E4  |EEL GRAVEL, CLAYEY
R e
e
;."L,| |;"
L5l |35 CLAY, LITTLE GRAVEL,
l-.;: {241 SILTY, FINE SAND
iy 13
a5
, L I i
200 ¥ gsep et b e e

APPENDIX FIGURE VIi-8-°
WELL DATA SHEE"
WELL TLC-24
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REMARKS:
SPECIFIC

1.7

CAPACITY

SING DEPTH
d 3 MM, 42,06 -
a0 G
SCREEN
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TO 9%

BACKFYL LED
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FEASIRILITY
SUPPLY 0OF

sTuLy FOR
TEN PHOVINGIAL

WAT
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4817,
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AREAS

Lee /M
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i
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-{  CASING
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i STRATIFICATION

T O, e

” \PROU'H SU'?FA'“‘"

B | . EFK:\;;L
CITY T e SERE _ SIZED
DROVINGE ) L L r)/‘f/\:llf:‘srﬂ LJ'f TO VE R
CONST By 8] kX Wk (Jl( € e e
AT 3T - - - AR CGRAVEL PERELE SI70D
DriiLERr . . - 12 CLLAYEY, o
SYARTED  __fe Juiy 3974 1o ng\“/L',”VHJ,"{),,E-
COMPLETED '8 July 1974 .. : R
DWHER NLA e _ .
sratl - e e GRAVEL, PEBBLE SI1Z:is
STATUS . e e e e ol
CASING DIGMETER . A
CASING DlaMeTe . 3 ioles | e e
DRILLERS TEST GATA
DATE 4 guly 197 s <
STATI; WATER LEVEL _  2.81M LN e
- o - - - | CLAY, GRAVELLY
PUMFING WATER LEVEL ___ €832M =% e
I oy
TEST PUMP YIELD 39.50LPS - g
- . e I .1 »He 120 74 —
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: DESCRIPTIVE  DATA CRAPHIC  LOG

. . CEPTH CASING STRATIFICATION
POWELL He doow ) TLC-30 i | (FT)

; (OTHER | Niy -0 77 ..

§LOCATION ___CALULUAN "’"*-\_—_r-qf;.rw?/ GROUND SURFACE

: s =

4 e et et o < e st o 4“'-*, .'#'-J!:.'

CoeTY EECION , 250 2 iL SAND aND CLAY SILTY
; PRGVINGE | TARLAD B ] 2| SAND, SILTY

i COMST BY . 12 39.4 b

ODRILLER e - : CLAY, SOME SAND, SILTY
: aves 240y, 13T

_; CYART t) ——— < J 20 55.5

T COMPLETED

! OWNER T SAND, SILTY, CLAYEY

4 e e — 29 08, -

Uoswnrus CLAY AND SAMD, SILTY

as 116.8

"l’z-:h‘!'? flwe c8) 200 WM

CLAY, SANDY WITH
LTTLE SiLT

i ORILLERY TESY GATA:
: DATE ... .

: STATIC WATER LEVEL 190 fi. ABOVE 55 183.7 bEE .
i co 96.9 ppatend SAND AND CLAY
1 2 9 F
; Punfmm WATER LEYEL 19.14 M.
; ’ T .'—:J':" -~ o
| TEST PUMP YiELD __ 1010 LPS PR CAND AND CLAY, SILYY
i e .
- 77 OUT_SAND
! 79 LE
POREMARK . T
SPECIFIC CAPA cm 4.9 LPS/M. ky
R
i L= SLAY WITH LITTLE
: s GRAVEL
Ll
gy

09 387.6 (=

:,, ) sgan e L% ! GRAVEL,SOME CLAY
;
¢
i

CLAY SCME SAND

1442 | 4731

186 ! 808.3
¢ .

APPEZ‘\""" FIOURE WVii~iald |

i . WELL DATA SHEET
5 agATIMLIT ; oy FoR WATE® i 1 ~—
5 tww-«.?r or 'rtsr-rur»;ovmgm ARPAS CDM - WA ‘ WeELL TLC - 30













DESCRIPTIVE  DATA GRAPHIC LOG
DEPTH CASING STRATIFICATION
WELL NO (CDM) TLC-34 TS AN .
{OTHER) NIA- P 92
LOCATION TINAPATAN e /’“GROUND SURFACE
ey YT . ; o s +7eif GRAY SAND AND SILT
10, 32 = e
PROVINCE TARL AC : S L | BROWN SILT AND CLAY
CONST. BY 19 1 g2 3 BT G U G
DRI | o &
LLER aa 4l BROWN SAND AND SILT
STARTED + & L.L
COMPLETED SRR LA e B e S o
OWNER ' __ —
T BROWN SILT AND CLAY
STATUS g
ey
CASING DIAMETER ST 11870 B -
GRAY SILT WITH SOME
= _AND AND CLAY
’
DRILLERS TEST DATA: 74 | 2427 o e
DATE .s...
' 21 GRAY BROWN SiLT
STATIC WATER LEVEL AND CLAY WITH SOME
SAND AND GRAVEL
] =
PUMPING WATER LEVEL 96 | 340 —
TEST PUMP YIELD GRAY BROWN SAND
AND GRAVEL °
w7 | 3838 : -
REMARKS: = BROWN CLAY WITH SOME
NG FPUMP TEST DATA [ SAND AND GRAVEL
1365 4477 KCE -
Rttt A
g g
N | SITY sAND
P L4
181 | 45563 [ S —
4 .
g 2 SILT, CLAY AND
=1 55| FINE SAND WITH
T T3 SOME GRAVEL
o T
17 | 6o po=d  pEE e e
T AT | BROWN GRAY CiAY
T WITH SILT
181 | 5937 fit -
;__: e SANDY SILT WITH CLAY
21898 7182 Loz
APPENDIX FIGURE VII-B-I7
FEAsimLITY  STUDY FOR  WATER WELL DATA SHEET
suPPuy or 1em provinoaL aress GDM - LWUA WELL TLC-34
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APPENDIX VITI-C
WATER TREATMENT ALTERNATIVES

Dgsgggeotion Alternatives

Disinfection of water gupply may be accomplished through
chemical application of chlorine, iodine, ozone; ultra~violet
radiation and cxidizing agenis.

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

Iodine has chemical properties that make it an effective agent
against virus and certain bacterial cysta, HRowever, research indi-
cates that iodine treatment in excess of ‘hree weeks may have detrie
mental effects upon individuals afflicted with thyroid diseases.

Ozone, a bluae gas and active form of oxygen, is rated to be a
more vigorcus oridizing sgent than chlorine. This versatile element
not only disinfects tut slso sterilises. It also helps in color
reduction, iron and manganese oxidation, taste and odor control,

Deapite iis impressive lmown qualities, ozone is yet to achieve
universal acoeptances

Ultra-viclet radiation is encther method of disinfection applie
cable to small water systems, It involves high-cost equipment and
requires oonsiderable amount of poware. Moreover, this type of treate
ment requires high cquality water, otherwiss the ultra~viclet rays
may be abgorbel by szubatances present in the water supply.

The use of metal ions with bactericidal properties such as copper,
silver and mercury is limited by their coet, availabiliiy and potential
adverce heaith effects if not properly dosed,

Bromine as a watar disint'ectant is costly and scarsce. Liquid
bromine produces irritating fumes and causes severe burns.

Oxidizing agents such as potazsium permanganate and hydrogen
peroxide have weak purifying qualities that require long contact
time and high dosage,

The economics of disinfection serve as an important, if not
gole, basis for the selection of & treatment method suitable %o a
particuler vater system, Selection ic not necessarily based upon
the cheapest method available but on its dependability, effectives=
ness, suitability and re=sonablenets in cost. From this viewpoint,
ozone and chlorine merit further conaideration,
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Ozone, as earlier indicated, lacks extensive practical appli-
cation but its versatiliiy makes it advantageous over chlorine under
certain conditionss It can be more effeciive and economical when
uged for two or more stages of water purification., When taste and
odor in water are organic¢, ozone may be as effective as chlorine,
When disinfection only ia required or water supply is olear, however,
chlorine will be much more sconomical,

Plant~scale studies on ogonation show that it antails bigger
ocapital investment than chlerination by the ratio of 3 or 4 to 1.

While ozone appears tc be an efficient disinfectant, its prac-
tical application is mupported with scarce data. This leaves chlo-
rine, a proven disinfectant, aes a more dependable msthod. Although
congidered 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 compounds in the drinking water
of geveral 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 hazard levels of man~made chemicals and pesticides that pollute
the river sources are increased.

However, the criticel aspect of chlorination does not apply
to the astudy area at this period of its development. Rivers are
not generally contaminated by agro-industrial chemicals, a condi-
tion foreseen to remain for quite gome time.
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APPENDIX VIIY-D
DISTRIBUTION SYSTEXM ALTERNATIVES

General

The distribution system, in general, is composud of a network
of distribution mains, internal distribution networks, storuge faci-
lities, booster pump statione, booster chlorination stations, and
appurtenances such as valves, fire hydranis, meters, and servioe
oonnections. The disiribution mains ars the larger pipelines which
take the water from the transmisusion lines to the demand areas, The
internal nstwork gyastem ooneistr of the smaller street meins whioch
distribute the water tc ccnsunerz along smaller zirsets of the city
and subdivisions. Bocater pump stations are required to raise water
from lowsr pressurs vones to higher pressure scnes whére consumers
are usually at higher grcund elevatioas. The booster chlorination
stations are required at the fringe areas of the water distriot te
keep the chlorine reosidusl at the desirad concentration. The dis=
tribution storage facilities provide supplementary flows during the
peak~demand pericde. The iranemission linss couvey the water to
and from the storage facility depending on whether it is filling or
emptying.

The valvss ars placed throughout the distribution aystem to
kaep small servios arsas isolated by closing the valves at times
when maintenance is required, The fire hydrants are connected to
the distributicn eystem at regular intervels depsnding upon the type
of area served. Ths service connections oonvey the water from the
internal distribution system to the consumer. MHeters zre placed on
the servios conansction lins to measure the amouvnt of water oonsumed
by the custcmer. The components of the distribution mystem desoribed
above are illustrated im Appendix Figure VIII=D=1l,

The major alternatives ror the components of the distribution
system can ba grouped intc two categoriss:

(1) Size and Staging. For moat componenis of the distribution
systom it is posmible either to inatall ths capasity required

for the dssign y2ar or to stage the construntion of the component
by installing part of the required capacity in an early cons-
truction phese and the remeining capacity in & subaequent phass.
Examples would be: a 10,000 cum storage tank built in 1980 for
the design year 2000; or a 6,000 oum storage tank built in 1980
and a2 4,000 cum storage tank built in 1990. Installing a small-
or sire componsnt initially has the advantage of reducing capital
cost in the initiul ocusiruotion period. Also, staging provides
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flexibility as more dste will be available at & later date and
the asgessment of population and economic growth may indicate
a new location in preferable to that criginally planned., In
any oaspe, studies should bes made to indicate the econonie
feasibilivy of staging.

(2) Loocatign. Sometimes, more than one location exist for
the conmiruction of the distribution system component. In
some ocases, economic studies will aid in the selection of the
most desirable site, and in other cases, practical considerw
ation and enginesring judgement will be of primary importance.

Each oomponent of the distribution syntem and its respectivs alter—
natives are disoussed in subsequent sscticns.

Distritution Mains

The alternatives for dimiribution mains are lecation, size,
staging and the spacing in tha nutwork, To avoid land costs and
also to place ths muins as close to the demand center as poasible,
the alignments for future distribution mains should be chosen alang
existing and planned road and street rights—of-way. Where the
gervice area will extend to areas without planned or existing road-
weys and sireets, the location of the diriribution mains iz deter-
mined by topcgraphic festures. Ao much as poasible, the distribu-

ion mains should bs looped to avoid dead-end servios areas; to
minimize the number of ocacessionaires affected whan valves are
closed fer maintenance; and ito provide adequate pressure at times
of maximum demand as ths demand can be supplied from more than
one direction.

The distribution main network system is designed to provids &
minimum pressurs of 14 m during pesk-~hour conditions. The minimum
size of disiributicn mains haz besn taken as 200 mm. In goneral,
this sisze is largs enough te provide adequate pressure during peak-~
hour and fire-flow conditions. In some residential areas, alter—
nating 150 mm and 200 mm pipe sizes is adequate. Staging of dis-
tribution mains ie econcmical at 1l0~-year intervals in areas having
wide streets and low population densitiss. However, in high~denaiiy
areas having emall sireets, it is usually proferable to avoid two-
atage oonsiruction. Thers is limited spaca for utilities in these
areae and considsrable disrupticm osoura when the street is excavated
for the new water mein., Tt is better to install the pipe sime re-
quired for ultimats design in thase oongeeted areas so that these
problems can be avoided.

It is desirable to maintain the maximum spacing for distripution
mains at 1,000 meters. This will provide uniform size and spaocing
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It i8 not rocommended that ihe winimum distribution main sizes
be staged. lHowever, larger walns caun be slaged in some instanoes,
£ roquived pive slas of 290 mw Tor yasr 2000 dsnands can be con-
vaniently ategod with one 200 wn line in Stags I and anothsy 200 mn
parallel line in Stage IT. Howsver, in Stegs IT ean extra cost of
15 pev cant may be inclnded in the oconatructiocn of the paorazllel line
becsuge of the problem encountered with interties to the Stage I
line and safeguerding service cennsctions and scmetimes transferring
the connectiona with the internal neiwork. The economic evaluation
of a tuwo-stags versus one~stags construction of & 250 mw iine is
shown belows

EVALUATION OF DISTRIBUTION MAIN STAGING

1976 Prasent ﬂortha

N Pips Consiruct- FProjsot Annual Capital Aanual Salvage
¥ }tlt_ . ) - A
Construction 3igs  ion Cnﬁ%l Cont Cost Coat Cost Valus

Alternative Pericd () (#/n) ) (#/m) (B/m) (2/m)  _(P/m)
Single-Siare 1980 250 415 648 3 412 14 19
Total
Two-3tage 1980 200 360 491 2 - 312 9 14
1990 20 414 565 2 116 2 19
Total

Comparisan of the two alternatives showe that construoting two
parallel 200 mm linss in each atage ocosts almost the sawe as a single
250 mm line in Stage I. In this case, it would probably be batier to
install a 200 wm line initially becsuse of the lower ocapital cost and
alded fleaibility. Similar caiculations for astaglng a 300 ma line
with parallel 250 mm and 200 mm 1lines indicate only slighi savings
with two-stage conairuction. Solection of distribution mains which
should be steged aist follow an analysis of the pesk-~hour and fire

11990 construction cost includes 15 psr cent penaliy.

2Disoount rete is 12 por cent,
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flow oconditions to be sure that the smaller line constructed in
Stage I will be hydraulically adequate until the second line is
installad.

The timing of the ocnstruction of the distribution main systems
should bs such that an sttainsble leval of growth in the distribution
system is painiained. Aress haviag higher densities of potential
customers should be cenneoted in the early construction periods
because the cost per conueciion will be lower and more revenues will
be generated. Aleso, extension of sarvice to large demand customers
such as indusirios cud commercial areas would be deesirable when a
reliable water supply is available. Service to this type of customer
would have & pesitive impaot on tha economy of the study area.

Distribution Storege Tanks

Distritution siorage taenks provide supplementary supply during
peak~hour demand periodn, during fire~flow demand periods and during
emergency periods when scurce supply is reduced. The recommended
digtribution atorage volume is 15-20 per ocent of maximum dally supply
requiremenig. The storags facility is designed tc empty during peak—
hour demand periode and to fill overnight during wminimum demand
periods. The storage tanks should be loocated as close to the demand
center a8 poasible and on the soppomite side of the gervice area from
the souroe. By locating the storage in this manner, the pesak~hour
pressure? will be higher am the supply can be provided from two
directions.

It is recommsonded that aiorage facllities be constructed on-
grade with an operational level fluctuation of 3 to 7T m. The storage
tanke should be of reinforced concrete and covered to prevent oon-
tamination. Initially, adequate land area should he purchased so
that the ultimeie storage capacity of the site can easily be accommo—
dated. The mtorage facility is designad and oconsiructed in incrementa
so that the desired capacity is available when needsd. It has been
observed that staging at 10-ysar intervals is an sconomically appro-
priate time increment based on the discount rate used in this study.

For operaticnal purpcses the storage overflow elevation should
be the same wlavation as the HGL control at the souroe. Locating the
- storage at the same elsvation as the source is sound engineering prac-
tice. The range of operating pressures within the disiribution system
is reduced. 7This keeps the pumping heads at hoonter stations and wells
at more constant levels, simplifying operation of the pump station.
No maintenance of double-acting altitude valves at the storage faci-
lity is required unlike when the storage is at a lower elevation
than the source,
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Tank {illing will take place during the minimum demand periods,
Amount and duration of minimum demand can be determined by 24-hour
consumption records. Since these data are not available, it is
assumed that the minimum demand is abeut 30 per cent of the average
demand for a period of 8 hours. Assuming a tank with 7 m water
depth, the differential head batween the scurce HGL elevation and
the storage task ig a maximum of ¢ m when the tank is empty and 3ahim
when the tank ia half fll., Pzscomse of ihis small head differential,
care must be taken in choosing lecuation mnd size of the supply lines.

lacing the storose RGL 2t an clevalion lower than the source
elevation is not rccommended becnuse this will mean that areaa ot
the extreme ends of the distribution svstem will have insulficient
pressures unlcss inordinately large distribution mains are provided,
If locating the distridution gtorw-c tanl at a lower elevaticn than
the source is censidered, a double-acthing altitude valva (or cone
tinucus manual control) must be placed on the supply line to the
tanke. The valve closes when the uster elovation in the tink reaches
the averflew levsl and opens when the pressure drops in the distri-
butien usystem, permitting wabter Troa the storage to enter. IT the
valve ig not maintained at all times, it could fail to operate proper—
ly and cause lower pressures in the distribution systen than required.
Becausc the storage io at an ele vablon loss than the souwrce, i{ is
difficnlt to obtain the regquired flow Trom the storage during peak
Tlow demands as most of the aupp]y will come from the direclion of the
gource, the location of the highest HGL.

When suitable ground storege sites are not available, it is pos-
sible to utilize elevated storags tanks or standpipese. If poasibla,
the overflow elevation should be the same as the HGL control on the
source transmission linee The oporational ranm: of alevated storage
may De reduced to 5 meters. In the cagse of standpipe storage the
volume lower than the top 7 m should not be considered as nart of tha
operational volume. Bconomic studies can zid in the selection of the
best location. The provent worth cest of the storage tank and the
tranemiusion line {or several alternative sites should be evaluated
to detcimine the least~cost sliernative.

In seme cases it is more economical to locule a portion of ths
distribution storage volume at ihe seource HOL control. Thias rednces
the pipe diameter required to fill the distribution storage tank
lecated at the other end of the osystem. However, locating storasge
at the source will wean that more supply must comz from the source
during peak-hour démand pericds. Several alternative distribwtion
and source storage schemes should be evaluated to determine the best
apportionment cof the required siorage volume.
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Internal Network System

The internal network system is the network of pipes within the
1,000 m grid spacing of the distribution main network. The internal
network consists of pipe sizes usually of 150 mm or smaller diameter,
valves, fire hydrants and service connectione. The alternatives in
the internal distribution nstwork are dependent on the level of water
servioe provideds A system designed for fire flow demands may require
larger internal distribution pipes than a system designed only for
peak-hour demands. The fire-flow requirements ave:

Typve of Area Fire~Flow Demand
Commerciai, Induetrial and High~ 20 lps at each of two adjacent
Value Residential fire hydrants
Single Iamily Residential 10 1ps at each of two adjacent

fire hydrants

The inturnal network design is controlled by either of two corditions:
peak—hour demands with minimum main pressure of 10 m or fire-flow
demand coincident with maximun~day demands with a minimum hydrant
pressure of T meters.

In order to determine the response of the internal network to
several flow conditiona, a detailed study of the internal network was
made. Commercisl/residential areas in severasl cities in the Philippines
were analyzed to deterwine a composite 100 ha area. A typical 100 ha
area in the core city or fringe of the core city has 8~12 km of roads
and streets. Since the internal network is installed along street
rights-of-way, the total length of internal network pipe will also be
8-12 km for a 100 ha area. An average of 8-12 km per 100 ha area
corresponds to 80-120 m of pipe per hectare served. 'The 80 m per
hectare would be in less densely populated, high-value residential
areas, and the 120 m por heotare would be in densely populated, mixed
residential and commercial areas., The 80 m of pipe per hectare
was used in the deaign study in order to evaluate the internal net-
work under the most stressing conditions - less pipe per hectare
will ocause higher flows for the same areal demand. Three alternative
internal network designs were studied. The three alternatives are
shown in Appendix Figure VIII-D-2 and listed below:

Alternative 1. All 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 ie

311, i.e.; 6,000 m of 100 mm pipe and 2,000 m
of 150 mm pipe.
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The data indisste that Alternative 1 cun meat minimum pres-
sure requiremenis for all conditions for a population density of
100 people per heotsre, Howsver, minimus criteria cannot b main-
tained for higher densitiss, Alternative 2 weels the pressure
criteria for all population deneities studiede Aliernetive 3 also
gatisfies the minimum criteria for sll population densities studied,

The onliy differsnce botueen &lieraatives 1 end 3 ie the two
150 ma lines which ars placed in the middle of the 100 ha area.
The two 150 mm lines add considerable carrying ocapacity to the in-
ternal netwerk as indicated by the data in Appendix Table VIII-D-l.
Alternative 3 can mead wininum pressures during commercial fire-
flow %test. &Hven though s 150 mm fire hydrant might be connected to
a 100 mx pipe; it is possible to support the commeroial fire~flow
becaurs water can be wiprlied from at least two directions and the
larger, sapporting 150 wm maia or distribution main is no more than
250 m away.

Other computer studiss were cerried out on Alternatives 1 and
3 by increasing the total length of internal nstwork pipe to 120 m/ha.
The peak hour pressures were inoreased approximately 2 m as {the peak
hour flowx was spread among more pipes. Houwever, the fire-flow pres-
gures increased only elightly as the Iire-ilow was applied to a much
smaller area of the sysiem.

The construciion conie for inatalling the internal natwork
piping for each alteruaiive, and saveral sub~alternatives of total
internal network piping ars listed belowt

Lengﬁh/cf Pips RNatio of Congtrucﬁiog
Alternative m/ns 100 mea : 150 mm Cost (P/ha)®
1 - a1 80 8010 6,400
100 mm Fipe 100 10010 8,000

120 12010 9,600

2 - 411 &0 0180 12,000
150 mm Pipe 100 0:100 15,000
120 01120 18,000

3 = Mized 80 £0:. 7,800
100-~15C mm Pipe 10 80:20 9,400
120 100120 11,000

6Costa 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 ‘han Alternative 2. Thoug: Alternative 1
provides sufficient service for resiueniial areas up to 200 people/ha,
Alternative 3 ie %th# racommended intvernal neiwork system. Alter—
native 3 can meet minimum prsseurs requiremenis for higher denaity
levels and during commercial Firo-flow conditione, This alternative
can serve an area wiich is initially rosidential but gradually becomes
comuercial withoui requiring reinforcement., Also, further teats in-
dicato that Aliernative 3 can weetl minimum pressures up to 400 people/
ha when 120 m/he of internal network pipe is requirod.

The minimum receamsnded pipe size in *he internal network is
100 mm. Swmaller pips wovld reducs peak-hcur prassures and would
geverely limit fire-fishting potentiszl. Theugh nipes less than 100 mm
are cheapsr, ithe irgtallaticn ocouts are not significantly lees than
that fer 100 mm pipa. Also, the ceopacity of omaller pips is con~
gsiderably less. Ths inatallation prioce per unit of capacity is shown
in Appendix FMigurs VIII-D=X for pipe sizes ranging frem 50 to 350 mm.
The curve turne vpward very sharply for pipas smaller than 100 mm.
On a capacity bugis, the 75 »m pipe coatsn BC% more than the 100 mm
pipz and is thuws not recenmended for internal network pipe.

Steging of Intoernal network pipee is not usually coonomiocal or
practical. OSirceis znd utilities should he provided in accordance
with developmeni and =ening planss The internmal network should be
designed with tha ulitimate plan of the area, fixing the required
demands and fire iowsz, Thug, ths pericd for staging to be economiocal
would heve fo ba 10 yaars or mora.

The valves in the disiribution main network and the internal dis-
trivution system sheuld bo mpacad so that interruption in service due
to maintensnce would affoot as few customers a8 possible, EBach in-
ternal network conneotion te a distrilution main should have a valve
8o thai repair Yo an intsrnal main would not require closing of valves
on distribution mains. High-demand areas should have more frequent
‘valve apacing than low-demand areas. Valves should normally be placed
at sireet interssotions writh 2 minimum spacing of 300 m to 500 m depend~
ing on the charactor of ths arege

Fire hydrants will be plecsd at street intersections to permit
quick location and enable Tire~fighting in sevoral direotions. In
high-value erezd, hydrants will to spaosd a maximum of 150 m apart
with two outlets - 1 x 60 mn hose outlei and a 1 x 100 mm pump outlet,
The hydrant will b conneocted to a main with a minimum dismeter of
100 mme In single~family residential areas, hydrants will be con-
nected to 100 mm mains =nd spaced a maximum of 250 m apart. The out-—
let will b2 connscied to a 1 x 100 mnm pump or hose,.
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Customer servies connections consist of a conneotion to the
internal network main and a service lina to the customer. The
service lime will be providsd with » "gocsaneck" for coanection
to the main and a service moter will he provided for continuous
measurement of water provided to the customer. A valve should he
inserted in the smervice ahead of the meter to enable the Hater
District to terminate servioe when it becowes necessarY.

Booster Zona

Portions of the servics area at elevations which are tao high
to be served from the same HOL control as the ssrvioce ares at lower
alevations, must be asrved by hooster pumpage. The hooster pump
station raises the HGL to sufficient levels to serve the conces-
sionaires in the booster zone. A storage tank ohonld be located in
the booster zons to supply peask-hour dsmand. The storage tank should
be locatad on the epposite side of ths becster zone from the booster
pump station. The booster zons siorage should have an overflow ale-—
vetion no more than 7C in sbove the lowest ground elevation in the
booster zone. The booster pump siation should be designed to pump
maximum day supply requiremente.

Booster pump stution should have at least two pumps to permit
maintenance without interrupting service. One of the units should
be diesel or pas-powered to permit o minimum level of gervioce inter-
ruption during power shortages.,

Hand Pump Wells for Urban Areas

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

Benefite fram personal and domesiic hygiene occur from any water
gystem in prorortion te the amount used, This amount depends prima~
rily upon the convenience with which water ie provided. A HFW in the
yard immediately adjacent to the house, or in the house, will ordina-
rily be fourd reasonably convenient tc use.

Water from a HPW is ordinarily not used in adequate quantity
to support a sanitary sewer system and would not otherwise be very
helpful to public or neighborhood clesnliness. HPY is, in this
respest, inferior to a piped water system. This specific advantage
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of a piped uater system over HFW is lese imporiant if there is no
sanitary sawer system, or if the urban area in c¢uestion does not
have the funds to provide private water—borne waste system as subs..
titute for the public sanitary sewer aysien.

Similarly, water from & good pipsd water system is ordinarily
mach more convenient and useful for non-essential uses than water
from a HPW. A hand pump well is much inferior tc a good piped
water system for fire prevention.

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

Therafora, the HPW may provide a valid alternative to the piped
water system in ocertain urban areas if funds are noet sufficient for
a modern upgraded piped water servioce.

Types and Costs of HPW

Hand pump wells may be classified in two categoriess

le Water level high enough for sustion pump use (within 6 to
8 m below ground surface);

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 critical factor which influences costs.

Bigh Water Level HPH. 4 high water level HPW inoludes the
folloWwing componenta;

le A simple pitcher pump, which should be brags lined and
commeoted tc a 32 mm pipe. It may have a piston diameter
between 60 to 100 mm (2% to 4 in) and a stroke of 25 to
125 mm (3 to 5 in). Whataver the stroke and piston dia~
meter, replacement cup leathers must be readily asvailable
to the people using the pump. A PVC lining is acceptable
instead of the Trass lining.

2. A well screen, commonly called a "well point” when used
with a hand pump, as it commonly has a point on the end.
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1. Galvanizef adeel pipe, of 32 oy {iﬁ iw} wominal diasmeter

L

to oconnest the wall soreen in the aquifer to the pump.

4 conorete or masoncy platform may be provided arcund the pipe
at the ground surfave. It de not eevential for panitary purposes
if the comnecting pipes is 10 m long or wore. Whon not essential,
platforms sre commonly lef't to the puwsp usar to provide, and are
thaerefore not an axpense to the public pregrams If & plstform is
provided, & shori drain is usuwally also provided to carry waste—
water away from the immediate wvicinity of the well.

The coet of & hand pamp well iz the cccot of the materials at
slte, plus the cost of lator of instzalliation and the cosi of super-
vision, The awerage cost of guch & HPW will wary from ?1,000 (at
20 m depth) to P3,000 {at 75 m depth),

Deap Ynter Level HPW, 4 deep water Jsvel hend pump well
should have the pumping elemsni, the pamp piston, installied below
the pumping watsr level. Iff the pumping water level is at 15 m,
for instlance; the pump piston muwt be 15 m or wore under ground.

The emsential meterinly of cuch & well would inciude:

1« A pump, cor mors proverly, & pump cylinder, which should
be brass lined siesl, of 57 mm (23 in) or 54 mm (2 3/16 in)
diametere The cylinder should include the piston; of
tbree-oup typs, and the Lottom velve assemblye The cylinder
should oonnect on the top to 62 mm (2% in) diameter pipe
and on the bottom to a 62 mm (24 in) diameter pipe.

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

3¢ Galvanized stee! pipe of 62 mn (74 in ) nominal diameter
to comnect the well soreen to the pump cylinder and serves
a8 Well as casing.

4« Galvanized ateel pipe of 62 mm (23 in) nominal diameter to
connect the top of the pump cgylinder to the dischkarge head,

5 A pump rod 1o connect ihe pump gpleton through ths discharge
head to the pump handle. If ihe rod ia not more tham about
12 © leng it mey be of 11 ma (7/16 in) steel, If more $han
about 12 m long the pump rod shculd be wood.

The average cost of an HPY will vary from 2,500 (at 20 m depth)
te PB,000 (at 75 m depth).
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Potentinl Application

In the five etudy areas, there are certain fringe areaa7 that
could potentially sdopt the HPW as an interim measure for water
supply until such time as the permament conventional system extends
toward those arsas, The following table shows such areas and
probable per capita occsts if a HPW were provided for each home:

Hater Pumping Hell HPH Per Capita
District Community Lavel Dapth  Cost Cost
(m) .. (m)
MOWD Clarin near 40-50  ¥2,000 P290
surface
CNWD Bagud 3=6 20=60 P1,800 r260
MCHWD Liloan 8-15 20-30 3,000 £430

MCHWD Compostela 15 30=50 P4,400 ?630

'he HPY has a per capita coat which is 50~100 per cent of the
per capita ocost of a piped water systeme Because of the betier level
of service and fire-fighting potential of the piped water system,
the AP alternative is not recommended in areas where a piped water
system is a viable alternative, Henoe, those areas within the Water
District which have & population density of 100 people per hectare
should be served by a piped water supply.

Z/Where groundwater conditions are favorable for HPW.

Q/Based on 7 persons per house.
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AFFENDIX VIII-E
HATER RESOURCES CONSERVATICN AEASURES
Alternstives aveiisble to counteract future (and present) water
shortages oconsist of the fellowing: reuse of wastewaier, desalting,
precipitation augmentation; land mansgement, and dual pluebing
syatem , These altsrnatives are disoussed helou,

Hastewatsr Reuns

One of the potential altasrpatives in weeting futlure water demand
is the reuse or ragyeling of waaiewatsr (gswage). In Singapore, re-
oclaimed wastewater la red in the <eoling prcosss in industries. A
full-soale Bunlecipal rouse faollity in Windhosk in Scuthwest Afriea
nilt in 1969 providem & major sourcs of potable water,

Renwe of wastewnter oan bhe accompliched in two wayss Yy natural
self-purification which mskes rouso poesible for irrigation and re-
charging of ground and murfuce waters, and by technolegical preocese,
The technology of renss involvea treatment of wuoiewater from the
cowrnnity for domestic, industrial, irrigation and othar purposss.

Complex. treatment procssses sre necessary to remove the objeot-
jonakle charasteristics of wastewnter and make it suitakle for a
particular ues, Thore are three basioc phoses of ireatment -~ primary,
secondary and tertiary. Ome of ithese or all may bs applied depending
en the types of use and pollubanits prement in the wastewater,

Studiez on wasiewaisr reclaxstion deal with enhancing its eoco-
nomio feasibility for large-so2le uss amd technological expanaion.
Achieving these okjeotivse will depend en several factors.

I% is technclogiocally porsikle to produce water of any desired
quelity from any source, However, the controlling faotor is ecenomion,
For instance, because of its lesaser molids content, wastewater recla-
mation ie simpler than neawater deealting as an alternative source of

supply.

The feagibility of wastewater reclamation &s a source of water
supply will %e limited in the study area sinco waptewater volumes
are ourrently minimal, and future inoreases in sewarage are expeoted
to bs alow.
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Desali

Dasalting io the proocesa of cenverting seawster inte fresh
water. It imveivem ressving mubeientinl amsunts of the ecean's
galts and minsrals,

There axe thrue besic methods ef desalling: distillatienm,
freexing and aleciredialysis, each ¥iih several variations.

Over 80 par cent of the praeent application of demalting is
dene by distilisticne In thie prececs, seawater is evaperated and
the vaper is condensed. S98lt deposits ferm en the surfaces ef ithe
evaparating eguipment and ths desslinated weter is the resulting
distillate, The lsesi ceatly distillstien unit uses selar energy
an heat ssurcs.

Elecirsdislysis sbitaiuws freeh water Wy using an electric cur—
rent ite seperats the ions eof the centaminating ocalts,

In the precess ef fraszing,; ice is fermed from a saline selu-
tien and is mvlied te praduce fresh water., However, the melted ice
sometimes has = salty taste.

Ia 19704 33 emall desaliing plants wers put inte epsration
througheut the werld, with & cembined capacity ef 226,000 cumd. Kuwait
hag the largest plant with & 113,600 cumd capacity which is suffi-
cient te supply & populatien of 150,000, Other plants are found
in the Netherlands, the United Siates, Venesuela and Aruba.

Fer the mest part, desuliing is still sxpsrimental, At present
it is net technically and escenemically feasible te cenvert meaningful
ameunts e¢f seawater inte fresh water, All the preocesses have inharent
defeots fer general uss, including ihe problem of dispesing abeut 50
per cent of rameved smalts and minerals aof the total treated seawater,

These prowassss are 2lee oos8tly beocause they invelve significant
quantities of energy. Wharsas treatment of erdinary watver supply
cests abeut five cents par 1,000 gallens ef fresh water, desalting
costs about §1.00 psr 1,000 gallons of desalted water. This cest
cevers snly the plant iteelf and e¢xcludes necsasary transmissien faoi-
lities., (Thesa are pre-snergy crisis costs.)

Precipitation fugnmentation

Rain can be artificially inducad te inorease water supply
(altheugh it does not diminish the need te oellect it). The mast
commen methed of stimulating rainfall is cleud ssseding.
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The thesry behipd cleud seeding is that under certain oondie
tions, air ceniaining much meisiuvre will uet yield precipitatien
that might peszilly asccur Tecvause of ihe abeence af particles of
dust, crystel sr chewical dreplein. In clend sseding, such par-
ticlen are artificielly lzplarted in eurersaturated cleuds te
stimulate rainfall. Toe pariicles used in the msthed are usually
silver iedide crystals.

The c2ets of cieud sesding in 1971 ranged frem $0,81 te $1.86
per theusend cubio meters of additionsl rum-eff. This cest range,
bewever, was derivad {rem plinming reperts and &8 such, might net
repregent actual sperveiisns,

Cleud sesding dees net slways yisld the desired effects ef
increased raiwizil. ¥yperimonis shsw thal ihe methed =lse results
ir decreasas in the nmsuat of sxpsoted precipiisiien. Thuse effects
have net hesm sufficiently sxplainsd altbeugh a theery advanced is
that the smeun! ef rsajufall dapends ew the types e&f claud systens
being szadad,

Increanss in preciplvstion ds net nzcsssarily preduce preper-
tion2l increauss in ussable meter supply. 4Sht epportunities te
inorease precipitatien depesnd an olimatic cenditioms such that
during lhs dry ssaven; waior oupply incrasees are lees fraguent.
Precipitation augmsniaiicm enceuragss ths grawih of vegetation that
can raduce usable water yisld.

Land Managsmont

iand menagemont osn affect the amount and quality eof water
available for uss, It is & meihsd of beth incressing and conserw-

ing watsr supply.

Tuo petential techniques sf land manegewent that apply ta
Philippina condiiiens ars forest managemant sad csatrel of siresss
hank vegetation. Ferests impact upen wgter sugply in a number ef
ways, Thoy intsrcept raim sn the surfacs ef ths leavoa. They draw
meistwre frem the seil and relemssa it ints the atmssphere hy trang—
piration, Threugh thsir rsets; leaves and ather parts, ferests
facilitate the infiltestisn of precipitatiom ints the zsile They
#lse tend 1e shade ine s3il and slew down wind veleoity, thus
reducing svapuraiicn frem tha 221l surfacse Any alteratien em the
amount and type ef vegstatien, such as deferesiration, will affect
water supply.
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Parsatoplyies o deop-rooted vegeiation along the banks of
carals and rivera sonsume much weler in thair growth. Espeoially
1A sEpen mhire preoipitation ie lew, this vegeiation oay reduce
the sireamiiuw wind the diccharges of aprings. Sometimss, it also
tends to inoreese flood stages whan it invedee siream ehannels and
radunss chicnel capesidy. Fiarestephvton sre weefu)l in the sense
that thay provids an important wildiife habitatj otherwise, they do
not have focd velus, Based on theso uses &nd effects om the water

upply, they have io te mansged sirsiully 8 wprooting tham iz not
nyeasserily the iosl answer o insreasing water aupply.

A relatively emsll ineresent of the total public water supply
dsweauds bkighly potable snd olsen water such as that required fox
drizking, ovoling, watning and washing olethes. It is possible, for
instanoe; to was ssawnter for toilet flushing, washing sireets, fire-
fighting. Whore {roah potabkls weier is im short aupply, such as in
Singaporz and Hengkeng, & dusxl aystem has demcnsirated its effeotive-
ness. Por oudapls, in Hongkoagy during the severs drought of the
sumscs of 1953, wator sorvioe wes rationmed into the various oity
saotora 4 hours every 4 deys. Extraneous uses of wster such as teilef
flushing were therefore asverely ocurtailed, In moms of the high-rise
goverzwent housding im Hongkong, dval plumbing system has been used,
with sea watar for toilet rlushing,

Thers sre two main objections that have been identified in the
ues of dual sysiem - oross-oconnsciions and assooisted coet. Dual
water supply syetem whers ons systeas delivers potsbie water and the
other aystss furnishes untrected water can very wsll lsad to water—
borne diseass suibrieks., Whare propoaed, ithe dnsl water supply system
should have tho non-potable supply clearly indicated and separated
frou the potatla aupply. Propsr plun¥ing codes and suparvision of
plumbing insiallation could miniméze this hsalih hasard.

If ua sxisting gystom is to be replaced entirely by a dual syetem,
the cost may well e wnreasonakle, However, if the existing water
supply piping iz retained as a potabls (drinking) gystem and a new
non-potekls pipe neitwork utilizing 2ea watsr is added, there is a pos-~
8ibility that the economios may prove the dual system to e worthwhile,
Savings resuli whare the non~potable asystem serves high-rise multi-
femily dwelling units with high popuiation demsity, Ths increased cost
resulting from the independent sysiem may be offset %Wy elimimating the
need for developing new watsr rasourcos and aheve all, retaining prexiuz
high quality water for demsstis consumption. Aocordingly, the feanibi-
1ity of the dusl system haw already been proven, Because the potable
water syatem will not Be uwsed for fire proteoction, its distriwmtion
eystem need not we desigued for high pressure ctherwise required im &
sysiem with high firs demand,
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APPENDIX IX.B

MISCELLANEDUS (EARLY ACTION) IMPROVEMENTS
T0 EXISTING SYSTEM

Ttem 1. Install approximately 1,020 m of 200-mm pipe parallel
to the existing 75mm pipeline between the comnsction
to Hell Ne. 6 and the end of the 100-mm pipeline on
Vicente Street. This will permit counsiderably greater
preduciion from Wells No, 6 and T, presently constriocted
by the high head losses in the existing 75-mm pipeline.
The new 200-mm pipeline will be incorporated into the
long~term program, MYaterials required for this work

include:
a) One-1,020 m - 200-mm Pipe
b) Two=200 x 75 mm Teen
¢) Ono~200 x 100 mm Reduocer
d) Two=150 mn Valves

In addition, the twc valves loocated along the axisting
75-mm pipoline (presently throttled or closed) should
be fully opened,

Item 2. The existing elevuted smtorage tank, whioh presently serves
only nearby government offices, should be re-piped to
"rloat" on the distribtution syestem. This will permit
better servios and pressures within the systaem,

In addition, Wells No. 1 and 4 should be disconnected from
the ipdividual 100-un £ill pipes leading to the top of
the eluvated reservoir, and connected directly to the
200-om pipeline along Makabulos Street, By making the
alterations amd operating the appropriate reservoir
valvea, both the wells and the reservoir will "float"

on the aystem, providing better customer service at
greater efficiency.

The following materials will be raquired for these works:

For Reconpeciion of Well No, 4

Ea; 10 @ ~ 100-im Pipe
) One - 200 x 100 mm Tee
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For Rgcopmection of Well No, 1 to Discharge
Lipe of Woll No, 2

(¢) One - 100 x 100 mm Tes

For Connection of Reseryoir to 100-mm Pipeline
to Romulo Street

(d) One = 150 x 100 mm Roducer

In addition, approximately 200 m of 100~mm pipo
previously connected to Wells No. 71 and 4 oan be
recovered for uss elaewhere,

Itom 3. As systom performance is improved by additional source
capacity and reconneciic:i of the reservoir, certain pipe-
line connections and interties betwaen existing pipes
should be made as followss

imination of Pipeline "Gaps"

(a) Botween 10C~mm pipes along Tafiedo St. at
Jo luna Street,

(b) Between 100-am pipes along Mabini St. at
J¢ Juna Street.

(¢) Between 100~mm pipes along Espino St,
between Mabini St, at Hilario Street.

(1) Between 75-um pipes along Bspino St
betwean Mabini St. and Tafiedo Street.

teorties

(e) Between "old" and "new" 100-mm pipes along
Mabini St, at Espinos Street

(f) Between 100~mm and 100-mm pipes at the
interaection of Romulo St, and Zamora Street

(g) Between the 75—mm and 100-~mm pipes along
" Romulo St, near the reservoir,

ltem 4. Well No. 3 was previously removed from service, reportedly

because of surface contamination. If the following steps
prove successful, this well may be returned to service. -
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Item 50

(h)

(i)

Remove concrete pumphouse floor in the
vicinity of the well,

Excavate a O.3~2 anmlus around the well
casing.

Fill the excavated anmlus with cemente
rich concrate,

Repair the pumphouse floor ensuring that &
slope is maintained away from the well,.

Remove the gsource of contamination.

Diginfect tho well with any available chloriw
neting agent, surging the well to ensure
good penetration,

Pump the well to waste until the water pro-
duced is "clean" ancd free of chlorine.

Re~tost well water samples to check the
abgence of pollutants.

If the well waiter proves to be potable and
safe, re-commission the well, if not, abandon
it.

In ordar to mayximize water production from the existing
welle, i1 is recommended that specific capacity tests be
parformed to determine the possibility of obtaining
additional water by installing larger pumps.

In sddition, it is recommended that the pumps presently
installed in the existing welle be tested to determine
the need for repair or replacemeni. The ocost of one new
pumpset has been included in the Early Action Program
cust estimetes phown in Table IX=1.
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APPEDIIX IZ-C
DISTRIBUYION JYSTHM QROWTH

Smgral,

It ie meneesyy i¢ project the growih of the distrilmtion
gyaten in erder (o estimate the reguired erpenditeres for internal
ratwork piping, sevvice vonnecticns, und regairemeais for fire
bydraentz. The projestion of distritution system growth is based
on {1) an epportloswent of the popalation served into several
gectors withis the study area) (2) a gradeel decreass in the
mesber of ecugmmers servad % esch copmectiony axd, (3) the mumber
of odnassticns antielpated per hectare of aree served, Eaoh of
theze itass is diasounesd iz detail in subeequent mestions,

Perplatise Surved

The popalation served prejeciicms given in Chapter VI are
divided into presext scrvics arca, 1950 study ares, and year 2000
stedy axex. Thess projeoiionsy are tabuilated belows

4, Present Sxrvice irex 5,100 3 ,500 38'600 48'500
B, 1560 Gindy fres 30,700 43,400 72,800
C. Year 20600 Study Ares . 5,500 15,800

Fa¢ preasupt evopage mmmber of oconsumers por oonnection in the
THD is esiimsted 40 be 6.9. Over the next 25 years, this figr-
in sggazed 1o deorezse greduslly beosuce of (1) decreasing po)iles
tion growth which will reduce the zumber of peraons per househcld,
(2) iperesaing ecoxumic growth which will euable mwors households
Yo swn or rent dwailiug wnite; and (3) more relisble water servics
ard supply which will sliwinste the practioce of non~oomoessionairs
"borrowing® water from conosssionaires. The avarsge mumber of per
sons per connection is projeoted as shown balow:
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Rumber of Paysons per Sonpeeiion
L=

1212 333 L ?M.

. - ¢ -
Aa  Freasenl Jervice fras o3 €% ool 6
Be 1980 Htudy Avsa 5a5 £a2 55
Ce  Veamy 2000 Gtudy frex 540 55

1 ' 4 v
The numbar of

The presant g=p

cornoction i asmmed Lo be higher in
than 1o the gurvice aran eyt enzion.

1 -1

Bumuper of Coorentiuns

R SRS

o Hegisre
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of crneensionsires tu e connsciod per
Peg (he satimation of ths total mmber
seart the TWD nerves approximately 275

&
F
It
Yt

o
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At pyan
Lre aiﬁya There nre 746 concessionaires
connestions par neatare* This is a low
a per hectaro ard refleols the poor water
vided Ly the TWD, Such oonditions indicate
provsd the water L“atlirt ahoeid axpeot a
31 + 1% the number of conceasionaires. The musber
of connections pex “wotare in the yruaewf gervice arca is expected

te incrseae to 27 Uy 1990 and to 35 Ly year 2000, The method usged

in zaliculating 1ha rupber of hestares 10 be sexrved in the 1990
giudy orez op 1985 iy illustrated belowug

Fumbar of Heciares Served = Nambur of People Served
Bumber of Consumersm per
Comnection X
Fumber of Connections per

Eactars
= gga[ Q = 315 hs
b5 x

The 315 bs represenis the anet aras served, This ares shonld be
increased by 20 per cent %o veflect the land which will be used
for zohools, churches, and other institutions. Thus the total
ares sorved in the 1990 study area would be approximately 375
heoturen. The projusted serviece srea ror tha TWD iz listed in
Appandix Toble 1Xali.

Area Served | by, Intgrnal

LYo S et
Lyork Sveten

The presamt service srea of 275 ha in the TWD cen be separated
into two types of mservice = gervice by connection to the internal
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APPENDIX TLBLE IZmC—t
PROJECTION OF AREA SERVED

Fesr 985 Yoapr 1000 Vear 2000 -
Fumber of Area Servad  Number of drea Served Fumber of Area Served
Connections (ha) Cormectione {hz} Connections ‘ha)
Study Area per Heciare  HNet Gross pep Hectasrs  Ha2b Sroag per Hecimrs  Het Groug
Present Service Arsa 21 22¢ 275 27 223 278 s 2o
189C Study Ares 15 315 75 18 3589 465 25 524G S
Ysar 20600 Study Area 12 78 % 15 152 £

fotal 650 830 PR



network syzten and servios by connsction to disiribution mains.,
Concesmionkires servsad by maing of 100 we in dlamcter or swaller

are thopa served wy the internal zetwork system. Those convemsion-
siros coennectsd to pilpe 150 mm in diameter and larger are considared
¢ be served by distrituiicn malmp, CF the presemt servios arsa of
275 ha, 270 za iz ssrved Wy the intarnal neiwork syotem and {ive
hssteres, by distritution maips., It is assumed ithat the practice

of making direct connsciion o distribution mains will contims,

and therefors, the ares served by dlatritution maine is subtracted
from the total marvice ares to determing the area which will receive
internal network piplng, Xt ip estimated that 25 m oan be served

e each side of dietridbuviion mains. HNo pervics ares is attributed

to thope dixtrituiion mains psasing throux) areas of very low populas=
tion densiiy or 10 mains pareilel to existing meine. The areas served
by disiribution meins are listed below:

1985 1990 200

Lengtn {m) of distribu-
tion maine likely 1o
eupport concsesionsirss 26,000 37,000 59,200

Correeponding area (ha) 130 185 3¢

The expansion of the service area and the ares sarved by the ine
tarnsl network syesien is givem in Appendix Tebls 1X-C-2, By 199¢C,
tha TWD will have oxtanded iniermsl network service to serve a
total of 645 ha and by year 2000 to sorve a total of 840 ha. The
present area served by internal network will ba reduced as larger
disiribution maine will gerve 2 wider part of the existing service
Graae.

Besides installing now  julernal network system in the
recommendsd program, it will be necessory io reinforce or replave
the axisting internal network, This will consist of installing
now 1C0-~mm and 150-zm pipes to replace ¢ld pipe or pipau of too
girell a diameler to provide adequate servicse Dead—snd pipes
wiil be looped, valves will be repaired or new valves will be in-
sialled, snd new Cire hydrants will be installed.

in order to manage the growth of the avstem and to obiain
financing in approximately oqual increments, the sarpsnsion of the
internal network uystem is divided into five construction periods
betwese 1878 and year 2000. The first ihree periods ure four-year
intervels; the last of which emds in 1990. The final two periods
ave Tive-year intervale, the last ending in year 2000. The cOn~
stmction program for the internal network ie listed below:
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PROJECTED AREA SERVED DY INTERNAL
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%‘)‘
oo
2
pes
el
$rd
Ny

L

-

(%)

1. Second Stege

As  1550~55
B. 19952000

8 3

Sab-total )

A

Grand Total 210 810

TSpulim'3



The ooet of vaiuforeing the azletirg intorrel network system
g ligted in Tien & of Tabla ¥YI12. Dor sstiisliing the cost of
intomanl nefronls € ;;uenu;oa, a tetal o 300 moof imternal network
pipe pur hes.ove scvvad YRR GosWmeds hoe cowt o inlornal network
extamnion iu limted in Teble VIII-2. Item B,

et Sotvine W s Yeot g g
Arven, Begulvips Mo Feaggdalr

Bucxiae the Tiunoneial dupra. of the ovarell oconstruction
TEOSNaI O *‘L conse viounivey I tho soxvice cvez, 11 is proposed

ege I {1578~82) ealy the poblacion area be
rrogpont ta the 150 ha of the
ke reinfornude

that ian Pazso 4 of &
provided Tire hydrentee This will oo
exicting Iuterand nstucrrz which witl

Tha riean oviglds dac peblacicn will receive fire protection
&% Inter stegugs  The uxtession of {ire protection will gradually
insresra, 30 that by Yhoae B of Slage II the imsvallation of hy-
dranse will coincide yith ibkuo cousivacition of iho intornal nete
worke The constraciion cost or hydrvents is listed in Item C of
Tabla VIIL.2, Frovision is alese made for upgrading 50 ha of ree
gideniial firc gervice 46 higue-nlus fire sarvice. The schedule
{for fire hydreute installation is listed below:

frza {ha) Roseiving Fire Protection Servics
Gemzlagerion Padad, High=Volae Arcsy Jopidential Ar

drni:
I. [Mirst Stage

Aa  1GTBE.B2 00 50
B. 1082.85 30 150
Co 198650 30 200

II. Sesond Stags

Ao 1990.95 o 380
B, 19952000 go 160

/

1/ . . .

= Cerrogponda 4o upmriding ronidential firo service to highe
value $ire sevicaa

Il’-'“a"ﬁ









511% BrY

Tha rapoppended improvsesnt progrés for sach compouent of
the dimtrimiiion greban has boen presentsd in this sectlion, For
2ach Qomporents the rommmalnt schedule of improvements has been
: 3 for nopudntlon usarved and pusher of
Supewiiy Fgure IE-Cxie The phased cope

balogs

~

Futel Constraction

Copt (£1,000)

1.

Le 19782 5,924
B, 19R32.86 5551
G 1986=50 4,240

Totel 15,715
IT. Second Stags

A, 1950-87% 4,836
B, 19952000 4,979

Total _ 3,815

In all phasos, the lasgeat portion of the intearnal distriba-
tion eywtem conetruction ocet is the nervice coammections. The
gorvioe connections are &0 par ceat of the construction cost in
the firet stage and 70 per cant in the second siage, Approvimately
twowthirds of the aervice sonsecticn cowtz will bo borne by the
concesgisndirey thus, reduoipg the long-term cavital cost requirew
ments ef the waler distristi,

TZ~GmeG



APPENDIX TABLE IX-(C-3
SUMKARY OF DISTRIBUTION SYSTEM COSTS

onstruction Unit ©  Total Co tion FEC
Period Jtem/Description Qantity Cogt Copt (P

« Firsi Stage

A. 1978-82 Internal Hetwork

Reinfercement 150 ba P 5,800/ha 870,000 375,000

New Service drea 120 ha  ©10,200/ha 1,224,000 540,000
Pire Hydrants Higl—

High Vslue Ares 100 ba P 3,100/ha 310,000 180,000

Residential Arss 50 ha ¥ 770/ha 38,500 22,500
Service Connections

Replacement 200 P 500 100,000 48,000

New Comnections 4,900 ¥ 690 3,381,000 1,960,000

Sub-Total (Rounded) 59924,000 3,126,000

B. 1982-86 Internal Ketwork ‘ ’

Reinforcemant 40 ha P 5,800/ha 232,000 100,000

New Service Area 180 ha  P£10,200/ha 1,836,000 810,000
Fire Hydrants ‘ '

High-Value Aren 30 ha P 3,100/ka 93,000 54,000

Residential Area 150 ha ¥ 770/ha 115,500 67 4500
Service Connections

Replacement 200 * 500 100,000 48,000

New Connections 4,600 * 690 3,174,000 1,840,000

Sub-Total (Rounded) 54551,000 2,920,000

I%~C=10



APPENDIX TABLE 1Xw(ia3
SUMMARY OFF DISTRIBUTION STSTEM COSIS

tenstruotion ,
o Beried Fiem/Dercription  Qupabity
Co 1986.00 Intemal Network
Rainforoement 40 he
New Sarvice Area 115 ha
Fire Hydrauts
Hizh~Valua Ares 30 ha
Residantial Area 200 hs
3arvice Comnections
Repleoement 346
New Connsctions 3,500

fub-~total (Rounded)
Grand Total (Rounded)

1. Savomi Stags

Ly 195055 Mmternal Network
Feu Service Aran 95 ha
Fire Hydrants
High--Value Area 40 ha
Rogidential Area 380 ha

Service Connestions

New Comnectlions -

SbmTotal (Rounded)

{Contirmed)

Unit
Cont

® 5,800/ha
£10,200/ha

? 3,100/ha
®  770/ha

$10,200/ha

* 3,100/ha
#  770/ha

5,000 ha P 690

Total Consumption FEC

cogt ()
232,000 100,000
19173,000 517,500
93,000 54,000
154,000 90,000
173,&0 83104!3
2,415,000 1140011009‘
44240,000 24245,00G
15,715,000 8,291,000
969,000 427,500
124,000 72,000
292,000 171,000
39450,000 2,000,000
4,836,000 2,671,000



AFPENDIY TABLE  Halw?d  {Contimmed)

SUMMARY O JNSTRIUTION SYSTEH COSTS

Conatruntion Unit

v Iiem/Tosoriviion  Spnsutity Cest

B. 19952000 Internsl Network
Hew Servics drsx 100 hs  P10,200/ba
Fire Hydrante
High-Value Aves & he P 3,100/ha
Residential Aree 160 ha ¥  770/ha
Service Connsstiona
few Connections 5,20 ha P 690

Sab-Total
Grand Toial

I%eCax12

Total Co tion FREC

Comt. (P {r)
1,020,00C 450,00
248,000 144,000
123,200 T2, 000
3,588,000 2,080,000
44,979,000 R 3 T46,00C
9,815,000 H9417,000



FEASIMLITY STUDY  FOR WATER
SUPHFLY OF YEN PROVINCIAL AREAS
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TARLAC WATER DISTRICY 2000 DISYRIBUTION SYSTEM AT PRESSURE ZONE 1 PK HR CONDI

INPUT AMD CUTPUT IN LPS
NO OF NODES 43
MO 0F olprg 47
MAX MO OF (TFRATIONS 20
PEAKING FACTNR 1.50000

ALLGW P~DROP FR/STATIC - POT 50.0
STAT{C HGL FNR P-NROP CALC 70.0

MAX UKBAL - (PSS 3. 10000
MAX ALLOW VFL -MPS 3.000
MIN ALLOW VEL ~ MPS 0.400
MAX ALLOW HL - M7100C M in.o0
MIN ALLOW HL - M/Z1000 M 0.50
MAX ALLOW PRESS — ATM 7.000
MIN ALLOW PRFSS - ATHM 0.706
NO 0OF HFADS TO BE READ 2
NGO OF UNKNGWN CONSUMPTINNS 2
SUM OF FIXFD DEMANDS 82.57
BANDW {OTH 3
TTER 1 UNRAL 18,17 LPS
FTER 2 UNRAAL 9.35 LPS
ITER 3 UNAAL 2.89 LP5S
TTER & (NBAL 0.97 LPS
TTFR &5 UNRAL D.16 LPS

{TFR o UNBAL 0.00 LPS

SOLUTION NO, 1 REACHED IN 6 ITERATIONS
0.0043 LPS UNBALANCE C

15013



APPINDIX ‘TABLE T-0af - {Oobimed )

-PIER. B2
‘PE NODFS DIA L H~W K-VALUF FLOW ~-VEL-- —-HEADLOSS==~
10 FROM=-TO MM MTRS c MPS~-~CK  MT MT/1000 €X
1 1 2 200 1000. 110 0.123E-01 1.64 0.05 L0 0.03 0.03 LO
2 2 3 200 900. 110 O0.111E-01 0.48 0.02 L0 0,00 0,00 LO
3 48 3 296 850. 110 0.156E-02 7.89 0.11 t0 0.07 0.08 LO
4 1 47 296 1080. 110 0.198E-02 7.43 0.11 L0 0,08 0.08 LO
5 5 1 250 320, 110 0.133E-02 46 .57 0.95 1.6 S.11
6 5 7 200 1140. 110 0.141E-01 508 0.16 LO 0.29 0,25 LO
7 8 7 200 1200. 110 0.148E-01 17.82 0.57 3.07 2,56
8 8 2 261 1520. 110 0,.513F-02 38.60 0,72 4445 2493
9 9 8 200 1500. 110 0.185FE-01 25.17 0.80 Te28  4.8%°
10 7 10 150 1400. 100 0.837€-01 9,96 0,56 5.91 4,22
11 6 5 250 920. 110 0.383F-02 32.69 0.87 2.44 2.65
i3 12 1L 200 600 116 O0.741E-02 $.54 0.18 LO 0,18 0,29 LD
14 13 12 200 1320, 110 0.l63E-01 10.73 0.34 LO 1.32 1.00.
15 14 13 250 370. 110 0.154£-02 14,62 0,30 L0 0.22 0.60:
16 15 14 250 980. 110 0.408F-02 28,07 0.57 l1.96 2.00-
17 16 14200 1540. 110 0,.190E-0l 8.03 0.26 LO 0.90 0.58
18 17 16 200 1440, 110 0,178F-01 25.41 0.81 Tell  4.94 -
1o 17 18 150 1300. 100 0.777E-01 2.11 0.12 L0 0.31 0.2¢2L0
20 19 17 250 1900. 110 0.791E-02 42,32 0.86 8.1 4,28/
21 15 11 150 1800, 110 0.902E-01 Te41  0.42 3.68 | 2,04
22 29 9 200 1200. 110 0.148E-01 40.29 1.28 13491 11.59 HI
23 29 30 150 1250. 100 .0.748€-01 1¢27 0.07 LO 0.12 0.09 L0

200 1350. - 110 0.167€-01° 35.19 1.12 12.18 9.02-

X
&~
N
o
o

25 27 26 200 1100. 110 0.136E-01 39.09 1.24 12,05 10.96 HI
26 28 27 200 1500. 110 0.185€~0l 42,20 1.34 1894 12,63 -HI
21 20 6 200 600. 110 0.T41E-02  13.71 0.44 0.94 1.57
28 21 20 200 1600. 110 0.1986-01 14.9% ' 0.48 2,95 1.85
29 21 24 150 1550, 100 0.927€-01 3.67 0.21 L0 1.03 0.67
30 24 25 150 1150. 100 0.688E-0l 1.56 0.09 LO 0.16 0.14 LO
31 22 21 200 1500. 110 0.1856-01"  21.16 0,67 5.28 3,52
32 22 23 200 1600. 110 0.198e-01 1.56 0.05 LO 0.05 0,03 LO
33 31 13 259 1400. 110 0.583E-02 16.91 0.34 LO 1,10 0,78 -

8]
p—
N
%,
<+

500 1000, 120 O0.121€-03 65.66 0.33 LO 0.28 0.28 LO
250 520. 1[0 002[76"02 7.3‘0 0015 LO 0009 O.lTLO

%)}
W
~N
S
o

54 47 46 250 220. 110 O0.916F-03 Te34 0.15 L0 0.04 D17 LO
55 48 46 150 400. 100 0.,239F-01 2.75 0.16 LO 0.16 0.39LO
56 4 47 250 720. 110 0.300E-02 : 18460, 0.38 LO 0.67 0.93

57 ¢ %8 250 270, 110 0.112€-02 28.45 0.58 0.55 2.0%"
01 101 5 250 50. 110 0.2063E-03 44.00 0,90 0.23 4.60
102 102 3 250 50. 110 0.208E-03 44.00 0.90 023 ~4.60

03 103 8 250 50. 110 0.208€6-03 %4.00 0.90 0.23 4,60

04 104 15 250 5S0. 110 0.208FE-03 . 44,00 0.90 0.23 4,60

07 107 19 250 50 110 0.,208E~03 44,00 0.90 0.23 4.60

08 108 29 250 50. 110 0.208E-03 44.00 0.90 0.23 4,60 -
.09 109 28 250 50. 110 0.208E-03 £4,00 ,0.90 ' 0.23 460 -
10 110 22 250 50. 110 0.209E-03 24.00 0.49 0. 07 1.50

IX-C~14



APPEXDIX TABLE iZafm (Combizaed)

$LnE GROUND FLOW HGL HEAD  ~w—eme—PRESSURE ==
ELEV ELEV MTRS ATM=--CK PCT DROP=-—~{K
41.0 ~-37.50 6T7.13U 26,13 2.53 9.91
40.0 -32.43 67.10U 27,10 2062 9.68
5 41.0 -34.03 67.09U 26.09 2.53 10.02
% 40.0 -18.60 67.72U 27.72 2.68 T.60
5 41.0 -25.02 68. 76U 2T.76 2.69 4,27
) 42,0 -16.21 Ti.21lU 29.21 2.83 ~4431
7 40.0  -12.9% 68. 48U 28,48 2.76 5.08
b 37.0 -12.75 71,5680 34.55 3.34 -4 69
9 ., 36.0 -15.12 78,830 42.83 %e 15 -25,.,96
10 38.0 -9.96 62.57U 24457 2.38 23,21
!.2 4060 _23052 65,581 25058 2."8 14072
1z 43,0 -20.80 66,504 23.90 2.31 11.47
L4 43.0 -21.48 67.12U 2412 2e34 10.65
5 41.0 -8.52 69.09U 28.09 2,72 3.15
16 48.0 ~17.38 68.03U 20.03 1.94 8.98
i 49,0 -1l4.79 75. 140 26.14 2.53 =24 4,46
17 40.0 -2.11 14.82U 34, A2 3.37 ~16.08
14 46.0 -1.68 83,270 37.27 3.61 -55.30
20 4G.0 -1.23 72.150 32.15 3011 -T.17
21 33.0 -2 +55 5,108 42,10 %.08 , -13.79
2 31.0 -1.27 80.38U 49.38 4.18 =26,62
2z 30.0 -1.56 80. 34U 50.34 4.87 ~25.84
PAS 30.0 =-2.11 - 7%.07U 44,07 4027 ~10.18
A 2540 ~-1.56 73.92U 48.92 .74 -8.70
2% 33.0 ~-3.90 83.39U 50039 He 88 . “36.18
27 30.0 -3.10 95.45U 65. 45 834 ’ -63.61
PAS 25.0 -1.80 114.39U 89.39 8.65 HI -98.64%
7% 30-0 . "'2# ‘,‘3 92.74U 62. 7‘7 6;07 ' "56. 8"
El ?7.0 ~-1ls27 92.620 65.62 6635 -52.61 |
3! 65.0 16.91U0 ° 68.00 - 3.00 0.29 0 40,00
SR 55.0 65.66U 68.00 13.00 l1.26 13,33
"fT IDZ.O "‘18-69 67.05U' 25.05 2.42 10.55
44 44.0) -17-.82 67.16U 23.16 2.24 10.91
01 41.0 4400 68.99U 27.99 2.71 : 3.47
102 £1.0 44,00 67.32U 26,32 2.55 _ 9.23
102 37-0 44,00 71- 78U 34, 18: 30‘37 -5.39
06 41.0 44400 69.32U 28.32 2.74 235
07 46,0 44.00 83.50U 37.50 3.63 -56.26
108 30.0 44,00 92.97U 62.97 6.10 -5Te42 ¢
0% 25.0 44.00 Ll4, 62U 89.62 6.68 HI -99,15

t1¢ 31.0 24 .09 80. 46U 49.46 4.79 © =26,.81

IT5



APPRIDIX PABLE  IXuOn5
- SYOWSA DAYA

‘RLAC WATER DISTRICT 2000 DISTRIBUTION SYSTEM AT PRESSURE ZONE i FILLING COND

WPUT AND OQUTPUT IN LPS

) OF NODES 43
) OF PIPES 47
X NU OF ITERATIONS 20
‘AK ING FACTOR 0.30000

LOW P-NROP FR/STATIC - PCT 50.0
#TIC HGL FOR P-NROP CALC 70.0

X UNBAL - LPS 0.10000

X ALLOW VEL -MPS 3.000
N ALLOW VEL - MPS 0.400

K ALLOW HLL - M/1000 M 10.00
N ALLOW HL - H/1000 M 0.50

7 ALLOW PRESS - ATM © T7.000
N AL! OW PRESS - ATM 0.700
F HEADS 70O RE READ 2

- OF UNKNOWN CONSUMPTIONS 2
M OF FIXED DEMANDS -115.09

NDWIDTH R
ER 1 UNBAL 34.62 LPS

TR 2 UNBAL 18.98 LPS

tR 3 UNBAL 6.12 LPS

ER 4 UNBAL 0.28 LPS

ER S5 UNBAL 0.00 LPS

LUTION NGQ. 1 REACHED IN 'S5 ITERATIONS
0.0028 LPS UNBALANCE

1

IX0m16



IPE

Z
jon}

O DGR N

NODES
FROM-T0O

WO~ D@D =T GRS e

101
102
103
104
107
108
109
110

2
3
49
47

O N NN

-
[

19

26

22

DIA
MM

200
200
296
296
250
200
200
261
200
150
250
200
200
200
250
250
200
200
150
250
150
200
150
200
200
200
200
200
150
150
200
200
250
500
250
250
150
250
250
250
250
250
250
250
250
250
250

L
MTRS

1000.
900.
850.

1080,
320.

1140.

1200.

1520,

1500.

1400,
920.
560.
6500,

1320.
370.
58C.

1540,

1440.

1300.

1600.

1800

1200.
1250,
1350.
1100.
1500.
600.
1600.
1550.
1150,
1500.
1600.
140C.
1000.
520.
220.
400.
720.
270.
50.
50
50.
50.
50
50.
50.
50.

APPEADIX PABLE TH0u5  (Comtimaed)

PIPR DiTA

H-W K~-VALUE

C

110
110
110
{10
110
110
110
110
110
100
110
110
110
110
110
110
110
110
100
110
110
110
100

110

110
110
110
110
100
100
110
110
120
120
110
110
- 100
110
110
110
110
110
110
110
110
110
110

0.123E~-01
D.111E-01
0.156F-02
0.198E-02
0.133€E-02
0. 141€-01
0-148E’01

0.513E-02 .

0.185€-01
0.837F-01
0.383F~02
0.6q2E‘02
0.741E~-02
0.163E-01
0.154E-02
0.408E~-02
C.190&E-01
0.178F-01
0.T77E-01
0.791E-02
0.902€-~-01
O.148E~-01L
0. 748€E-01
0.167E-01
0.136F-01
0.185E~01
0.741E-02
0. 198E-01
0.927E-01
0.688E~-01
0. 185F-01
J.1538E-01
0.496F-02
0.121F~-03
0.217F-02
0.916E-03
0.239€E-01

0.300E~-02
0.112E-02

0.208F~03
0.208E~03
0.208E-03
0. 208€-03
0.208E-03
0.208F-03
O.ZOSE*OB
0.208F-03

1017

FLOW

9.48
12.02
40.76
37.38
54.36

0.43

5.01
32.68

3.76

1099'

14.94
Beta6
30 88
7.63

24.34

35.83
T.19
3.72
0.42
0.34%
6.46
0. 74
0.25

20.24

21.02

21.64
2.06
l.81
0.73
0.31
‘0.57
0.31

2T.81

A7.2R

231.64
9,71

10.45

43,35

47,65

444,00

44.00

44 .00

44 .00
0.0
0.0

22.00
0.0

-=VEL—
MPS—~CK

0.30
0.38
0.59
0.54
t.11
0.01
0.16
0.61
0.12
0.11
0.30
0.27
0.12
0.24
0.50
0.73
0.23
0.12
0.02
0.01
0.37
0.02
0.01
. D64
0.67
0.69
0.07
0.06
0'0"
0.02
0.02
0.01
0.57
0. 44
0.48
0.20
0.59
0.88
0.97
0.90
0.90
0.90
0.90
«0

o R loNo/

«0
«45
«0

Lo
Lo

Lo
Lo

Ln
L0
Lo
LO
L0
Lo

Lo
Lo
Lo
Lo
L0
LN
Lo

LO
L0
Lo
L0
Lo
Lo

L0
L0

LO

—-HEADLOSS——"
MT MT/1000 CK
0.80 0.80
1.1} 1.24
1.49 1.75
1.61 1.49
2.18 6,81
0,00 0.00 LO
0.29 0.24 LO
3.27 2.15
0.22 0.14% LO
0.30 0.21 L0
N.57 0.62
0.36 0.64%
0.09 0.15 LO
0.70 0.53
0.57 154
3.08 3,15
0.73 0.48 LN
0.20 0.14 LO
n.02 0.01 LO
0.00 0,00 LO
2.86 1.59
0.01 0401 LO
0.01 0,00 LO
.37 3.24
3.82 3.47
550 3.67
0.03 0.0% L0
0.06 0.04 LO
D.05 0.03 1O
0.01 ' 0.01 LO
0.01 0.00 1O
0.00 0,00 LO
2.35 1.68
0.48 0.48 LO
0.76 1.46
0.06 0.28 LO
1.85 4.61
3.22 4.48
1.44 5.33
0.23 &.60
023 4.60
0.23 4.60
0.23 4,60
0.0 0.0 LG
0.0 0.0 LU
0.06 1.28
0.0 0.0 0O



NNDE

N st pat yan past s e pot gt pt gy
CLO BN ADWUNOO DGO NS LN -

GROUND
ELEV

41.0
40.0
41.0
40.0
41.0
42.0
40.0
37.0
36.0
38.0
40.0
40.0
43.0
43,0
41.0
48,0
49.0
40.0
46.0
40.0
33.0
31.0
30.0
30-0
25.0
33.0
30.0
25.0
30.0
27.0
65.0
55490
42.0
42.0
44.0
41.0
41.0
37.0
41.0
46.0
30.0
25,0
31.0

FLOW

‘7150
~6H.49
-6.81
-3.12
-5.01
-3c24
~2.59
~2.55%
-3.02
~1.99
~2.59
-4.70
-4,16
"4.30
’lo70
~3.48
”2-96
‘0042
‘0c34
’0.25
‘0051
-0.25
“0031
’0042
’0-31
“'O- 78
“0062
~-0.36
~0.449
’0-25
‘27.81U
-87.7280
~3.49
-3.74
"3.56
41'000 .
44.00
44,00
44,00
0.0
0.0
22.00
0.0

-

APPENDIX TABLE IX-C-5 (Contizmed)

HGL
ELEV

71.81U
7T1.02U
69.91U
66.98U
73.99U
T4.57U
74.00U
74.29U
74.07U
73. 70U
69. 64U
69.55U
68.85U
69.41U
72.50U
68.68U
68.48U
68.46U
68.48U
74.54U
74 .48V
T4.47TU
T4.4TU
74.43U
T4.42\
78.94U
82. 76U
88.26U
T4.06U
74.06U
66.50

66450

70.26U
70.20U
68.42U
744220
70. 14U
74.52U
72.73U
68 4B
T4, 06U
88.32U
T4.470

HODB DATA

HEAD
MTRS

30. 81
31.02
28.91
26.98
32,99
32. 57
34, 00
37.29
38.07
35,70
29, 64
29.55
25.85
26,41
31.50
20.68
19.48
28. 46
22.48
34, 54
41, 48
43,47
44,47
44,43
49.42
45,94
52.76
63,26
44.06
47.06 -
1.50
11.50
28.26
28420
24.42
33.22
29.14
37.52
31.73
22.48
44. 06
63.3?2
43,47

15m0~18

------- PRESSURE ==—rmmmm
AYM--—-CK PCT DR{P---CK
2.98 ’6.26
3.00 ~3.40
2.80 0.32
2.61 10.08
3.19 -13.77
3.15 ~-16.30
3.29 -13032
3.61 '12-99
3.69 -11.98
3.46 -11.55
2.87 1.21
2.86 1.51
2.50 4,28
2.56 2.117
3.05 ~8.61
2.00 6.00
1.89 T.25
2.76 5.13
2.18 5,35
3.34 -15.12
4.02 -12,10
4,21 -1l.46
4.30 -11.17
4.30 ~11.06
4. 78 -9.82
4e45 ~24.16
5,11 -31.90
6.12 \=40.58
4'27 ’10016
4.56 -9, 44
0.15 LO 70,00 MI
lell 23.33
2. 74 -0,93
2073 '0071
2.36 6,09
3022 '14056
2.82 -0.47
3063 "13069
3.07 -9.41
2.18 635
4.217 -10.16
6013 -40.72
4o 21 -11.46



TARLAC WATER NISTRICT 2007 DISTRIBUTION SYSTEM AT PRESSURF ZCONE 2 PKHR CONDITION

APPENDIX TABLE IX-C.§

TNPUT AND DUTPUTY IR .S
M) 0OF NODES 17
MO OF plers 19
MAX NO OF TTFRATIUNS 20
PFAKING FACTNR i.50000
ALLUW P~-DROP FR/STATIC - PCT 50.0
STATIC HGL ENR B-NDROP CALC 30.0
MAX UNBAL ~ LPS 0.10000
MAX ALL OW VEL ~-MPS 3.000
MIN ALLOW VFL -~ MPS 0.400
MAX ALLOW HL - M/Z19500 M 10.09
MIN ALLOW HL -~ M/Z100N M 0,50
MAX ALLOW PRFSS ~ ATM 7.000
MIN ALLOW PRFSS - ATM 0.700
MO NDF HFEANS T BE READ . 1
NO OF UNKNOWN CONSUMPTIONS 1
SUM OF FIXFD NDFMANDS 21.87
BANDWIDTH 2
TTER 1 UNRAL 16.4% 1 PS

TTER 2 UNRAL 4,11 LPS

TTYER 3 UNRAAL N.21 LPS

ITFR 4 UNBAL 0,00 LPS

SULUTTON NO. L REACHED IN
0. 0006 LPS UNBALANCF

SYSYER BATA

4 TTERATIONS
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V[ BF
NOD

4
15
34
37
18
39
40
41
42
43
44
45
46
41
48
49
195
106
Il

NODFS
FRUOM-T(

33
173
34
44
36
35
36
38
39
40
40
42
43
44
17
41
105
106
111

32
14
35
37
37
32
35
314
33
39
ﬁl
41
42
38
39
17
13
40
43

DIA
MM

200
200
200
142
150
2040
200
2&1
200
200
200
200
2580
200
20¢
200
290
250
250

L
MTRS

1860,
0700
110G,
1200,
12043,
i5C.
1029,
1450,
1920,
1120,
11140.
1180Q.
1160.
100.
1050.
400.
50.
50

FYESDIX TABLE Tllwf (Coutimmed)

H=W
€

iln
ita
110
100
100
110
110
110
110
110
110
110
ilo
110
119
110
110
110
110

PIFE DATA

K- VALUE

3. 230F-01
0, 120E~01
O« 136F--01
0. 718E-01
0.718F~01
De226F~-02
0« 126F~-01
0¢490E~0Q2
N.237F-01
0e178F~01
0. 146501
0.483E-02
0.123€-02
0. 130F~01
0+494E~02
N.208E-03
0.208F~03
0.208F-03

15=Cu20

FLOW

16.32
18.42
11.65

073

4a11
11.00
25499
19.70
21.83
12,13

8.8%&
1n.82
21«87
13.98
13,98
%4.00
44.00

12.00,

~=VEL -~
MPS—~CK

0.52
0.59
0.37
0.11
0.04
0.13
0.35
0+49
0.63
0.69
0.39
0.28
0.22
0.70
0.44
0.44
0.90

L0
Lo
(1]
LD
La

.0
Lo
LN

0.90 .

0.24

Lo

==HEADLQSS ~=~

MT MT/1000 CK -

2eb%

1.28

0.25
004
Del3
1.07
2.04
5.92
4«17
1.81
Q.82
0.40
N.37
1.71
D65
0.23
0.23
0.02

2.72
til6
0a2]
0«?3
0.17
1,08
la4l
3;,08

-3.73
126
0. 70
7S 1

374

- 1463

1.63
4,60
4.60

0642

L
Lo
LG

Lo

L0



APPENDIX TABLE IXe0u$ (Contimaed)

NODE DATA

NUONE GROUND F1LOW HGL HEAD e P RESSUR E v et =

FLFV ELEV MTR S ATM===CK PCT NROP-=-CK
32 4040 ~20. 43 B4a39U 44,39 4.30 11.22
3% 43.0 ~-9,25 AR. 441 45,44 4,40 3.33
34 50.\) -ta 80 SQOBOU —‘50 80 3.4?7 10-51
35 52.0 -18.54 84,521 32.52 3.15 14.43
36 6049 ~14.26 85.58U 25.58 2,48 l4.72
37 60.0 -2.70 85.55U 25,55 2447 14.85
38 6440 -15.54 87.463U 23.63 229 9.13
39 5547 -16.11 93.54U 38.54 3.73 -10.12
40 57.0 -10.03 97.72U 40,72 3.94 -23.38
111 6110 ' -6¢99 95.9[” 42.91 "ols . -’.5.97
%2 50.0 =1.93 96734 46. 73 4,52 ~16.03
43 51,0 ~-1.18 97.134 46.13 G447 ~18.28
44 7040 21.874 83,00 - 18,00 - le T4 10.00
106 4540 4%4.00 88. 67U 43,67 4023 P2.96
106 57.9 44,00 97.95U 40. 95 3.96 -24,08

111 51.9 12.00 97. 15U 46415 4,47 -18.33



APPESDII TABLE IXwlu]
SYSTEM DA

ARLAC WATER DISTRICT 2000 DISYRIBUYION SYSTEH AY PRESSURE ZONE 2 FILLING COND

VPUT AND QUTPUT IN LPS
} OF NODES 7
3 OF PIPES 19
1A MO OF ITERAVIONS <0
AKING FACTOR 0.30000

LOW P-DROP FRSTAYIC - PCY 50,C
FravIC HGL FOR P-DROP CALC 90,0

X UNBAL = LPS 0, 10000
OALLDW VEL ~MPS 3,000
[N ALLDW VEL ~ MPS 0.400
VOALLOW HL - M/1000 M 10.00
(N ALLOW HL - HM/1000 M 0.50
X ALLOW PRESS - ATH 7.000
[N ALLOW PRESS ~ ATM 0.700
) OF HEADS TO BE READ 1
] OF UNKNOWN CONSUMPTIONS 1
)M OF FIXED DEMANDS ~31.63
\NDRIDTH 2

"ER 1 UNBAL 16.26 LPS
"ER 2 UNBAL 2,02 LPS
"ER 3 UNBAL 0.14 LPS

"ER 4 UNBAL 0.00 LP5

JLUYEON NOL 1 REACHED IN 4 ITERATIONS
0.0006 LIPS UNBALANCE

INe(-22



APPEEDYY PABLE I[Eotw] (Coiilmued)
PIFE DATL

Piet RODES 014 L e Re-YRLUE FLOY ~<VELw~ ~—-HEADLOSS——-
R FROM-TO MM MTRS € HpS—~CK MY MT/71000 CK
i% 33 32006 1860, 130G 0.2308-01 156.24 0.58 4.97 2.67
35 33 34 200 9%0. 110 O0,i208-01 23.90 eTh .28 Gebl
35 i 35 200 pi00. R!0 Q.138E-01 1461 0.&7 1.95 1.77
37 14 3¢ 160 1200. 4iG0 0,718£-01 8.33 Q.47 3.04 3.03
38 27 36 350 1200. 100 Q.Fi8E-0L T.79 0.44 3.22 2.68
1% *Z 35 200 750, 110 C.9206E-02 i4.16 0.45 1.25 1.67
40 35 36 200 1020, 110 O.126E-0i 2%.06 0,80 4.91 4.81
U3\ 36 38 261 1450. 110 C.490E-02 30.00 0.56 2.66 l.84
L2 3¢ a8 200 1%20. 110 O0.237E-01 4.T4 0.15 LO 0.42 0.22 {0
%3 40 39 200 1120, 110 O0J.E38E-01 2.66 0,08 LO 0.08 0.08 LO
4 41 A0 200 144C, 110 O0.178E-0L 4.67 0.15 LO 0.31 0.21 LO
L5 “ b 200 118C. 110 Q.la6E~-02 11,37 0.36 LO 1.31 leit
by 43 42 256 tle0. 110 0,.483t~-02 11.76 0.24 LO 0.46 040 LD
67 38 a4t 200 i80e 110 Q<123E-02 31.63 1.401 0.74 T.40
38 17 39 266 10%0. 110 O$.130E-01 5.30 0.1i7 LG 0.28 0.2F LG
%29 41 A7 200 200, 110 C.%94E-02 .30 0.17 LO 0.1l C.27 LG
165 106 33 250 40, 1i0 G.208E-03 44.00. G.90 0.23 4£.60
106 1098 40 250 50. 110 0.208E-03 0.0 0.0 LO 0.0 0.0 LO
pbdonll 43 250 S0 110 0.208€E-03 12.00 0.24 LO 0.02 0.42 LO
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APPENDIE TARLE® T%0-T (Comitymed)
TR MATL

NUDE GROUND FLO¥ HEL KEAD o cra P ESSURE=wre s

ELEV FLEY HIRS AYM~~-.K PCT DROP=--~LK
17 9.0 0a.C 87.%9U 18.9% .77 5.01
32 40,0 = #,05 Q& 4L G696 553 ~3d.33
33 63.0 ~1s 8% L0}, 05U 58,04 502 2348
34 5000 °C--9f: 96;?&[5 #flm?fﬁ ‘-t 53 "16 iq(:)
35 5200 ”'3«-71 Q‘!’OSEU "02!-151 ‘1-‘.* "lf..éf!
3¢ 60.0 ~2.8% 39,900 29,30 2,89 0.32
37y 6.0 ~-(0.,54 ¥3,120 33,12 3.2L -10,40
38 6"‘00 “"3- 12 8792"'6{’ 23e2f‘~; 2025 100¢!1
39 $5.0 =~3.22 BT.68U 32.64& 3.1 b.68
‘fg 57.0 "‘ZCGE 8?.?5{_’ 30075 2;98 6632
%1 53.0 -1.%0 A&, QoU 35,08 3.39 S.2%
42 50a0 = (35 &0 B2.37Y 39.37 3.81 1.58
%3 51.0 e 24 844 83U 38.83 "3.78 0.63
4% 0.0 ~31.63U 86.59 16,50 1860 17.50
103 45.0 44 . 00 101.2TU 56,37 S48 -25,03
104 57.9 Ga0 §7.75U 29.75 2.58 652
1iid 51.0 12.,00° 89,850 28.85 3.78 0.37

TE024






quality/quatity relstionchips, for the definition of long~term
trends, problem areas, and derivetion of alternative solutions to
water quelity/cuantity problems, This leads to the decision-making
step, €, whorein plamming daciclons are made, hased on sound water
quality/quantity knowledgo.

Updating ond review of the sampling program should be performed
by the water distriot and their consuliants as the goals and needs
of ithe aren change. These agonoias should bo responsible for main-
taining communication aworg all the involvsd agencies, All data and
information should be routed through LWUL and NWRC.
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(1) OBSERVING AND MEASURING €——————-

’\‘ A
«—(2) RECORDING 4

v
(3) STORING <

o \
22 (3) DISSEMINATING < —
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N
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APPENDIX IX-Y
UPDATING THE WATER SUPPLY MASTER PLAN

Aftsr the water supply mueter plan has hesn adopted and
initially implemented, it will be necessary to undertake & program
for continuously updating and keeping the plan surrent. FPlan up—
dating should taks plzoz at leoasl once every five years; or sooner
if significani clisngss occur. Updating is required {o assess \he
effectiveness of the ourrent plan, the benefits goined, the aciual
cosls, the problems enmcouniered, and to provide oversll review,
refinement, and direction for the future.

In time, certain aspects of the plan msy change, These agpacis
directly concern er are relatad to the following areas: techno-
logical changes, aocial geal changes, land use concspi changes, and’
populaticn projection changeas,

Ons of the first steps in the updaiing procsdure is to deter-
mine to what degreo the previous plan hes bheen implemented and the
direction of implementsticn. This determination hos a dusl purpose.
First, it will reflect the basic suitabiliiy of the original plan
and second, it will serve as the basis on which to update the plan.
Pechnological changes in the water supply field may result in improved
design oriteria and contemporexy construction methods enough to alier
the alternative sysiems analysis results, Social goals will une
doubtedly change and there may be more or lesse smphasis on anviron-
mental and ecological control.

The upe of land may change in some areas therehy altering
population distribution and the need for previously unplamed~for
water mervices. Population projections may alsc be aliersd as
refined informstion bevcomes nvailable., Transporistion networks
and employment opportunities will be major determinanis in the
patterns of population distributione

An updated report should contain secticns or chapters similar
to the ocurrent plan, 'The first ohaptor should be a summary of the
updated findings, conclusions, and recommendations.

The second ohapter should include the objectives of the up~
dating exercise and the major avents that lead into the need for
updating. The third chapier shonld comtain an updated description
of the study area.

Chepter IV should include the implemented facilities cf tha
master plan, deviations thersof and reasons for the deviation from
the master plan, It should inolude present updated water use and
source flow data, and should descrive watsr quality problem arsas,

IX%=T1



latz conosrning former water quality problem areas should be assessed
to find what improvements hnve been made and to document any need

Foyr additional improvement. These datna should have become available
tirough the recommended monitoring and surveillance programe

The £ifth chapter should present new planning the design ori-
teria that might have evolved after the master plan was adopteds

Chapier VI ehould contain the projections and future conditionse
In the areas of economic and demographic change, a review of all up-
dated projecticns should be¢ made to compare them with the previous
visxie rwhere significant changes have occurred, the data should be
naed for en updated alternetive analysis.

Chapterr VII and VIII should coriain a re-evaluation of water
rescurces and alternative opystems. Where significant changes in
projectione of future conditions have taken place, it will be neces-
sary to ro-evaluate the economic compariscn of the alternatives,

Chapter IX should explain in detail the updated plan. In the
area of eoonomic and financial feasibility analysis, re-evaluation
of ‘the internal rate of return as well as the rate structure should
e made .
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APPENDIX IX~J

ENVIRONNERTAL ASSEISHENT
A. CERERAL

The consideration of certain envirormental fectors has been
a neocessary part of the decision-making process in analyzing the
projsct, 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 will involve thse
installation of deep and/er shallow wells; diversion or intake
struoture; treatment facilities; distribution system storage
faoilities; pumps, valves and other machinery; customer meters
and fire hydrants; and a network of pipelines along sireets,
roads, Lighways and other rights—of-way (gencrally following
normal routes of transport) specifically acquired for these pur—
poses, Each component of the project, ae it is constructed, will
have a looal environmental effeot in terms of land use, cons~
truction activities, and final aesthetics. 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

Soil Erosion

A short~term adverse impaot will result from soil erosion
and dust during comstruction of transmission and distribution
pipelines,

Activities such as urban, roadway and pipeline consiruction,
and agricultural development inorease the sediments carried into
the streams, Agricultural development may increase erosion four
to nine times while urban construction may inorease erosion 100
times. When surfaoe water has excess quantities of mediment, the
following adverse conditions are experienceds

le Impairment of recreational valuss

2+ Reduction in fish propagation.
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area to its original state as moon as poasible.

The erosion and dust problem can be minimiged by the inclusion
of striot erosion and dust control oriteria in the contract speci-

Noise

During the oonstruction period, noize associated with heavy
equipment and traffic will coocur nsar the construotion sites. This
tenporary disruption will have only a moderate short~term impaoct.
Wells with electric 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.

Aesthetios N

The transmission and distribution lines will be installed he~
low ground level, the surfaces of which will then be returned to
original condition. The treatment, storage, pumping, and other
supporting feoilities and equipment are relatively inconspicuous
and will have little or ne adverse effect on the existing environ—
ment, To minimise the adverse effect on the existing envircmment,
the design of physiocal facilities must be done unobirusively and
in harmony with the swrounding arsas.

Inoreave in Hastévater

A long-term adverse effsct of the water supply project is the
unavoidable inorease in wastewater. As the available water supply
inoreases, #o will wastewater inorease, Water-flush tcilets are
expeoted to increase in use as looal economy progresces.

The additional volumes of waetewater that improved waterworks
will generate are antiocipated to be disposed of through tho same
means being used throughout the Philippines,; i.e., septic tanks,
casspools, and through surface drains in ditches or gutiers, In
terms of being a burden to the existing surfaos drainage faol-
lities, or causing flooding, wastewater is insignificant, by ocom~
parison with run-off from even a minor rainstorm, although minor
revisions to surface drainage fecilities may be neoceasary to
prevent unsightly or undesirable acoumulations,

There are no current provisions for wasiewater oollection,

treatment or dispesal on a nationwide basis. While kuowledgeable
officials recognise this problem must be addressed in the future,
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there are no formal plans to meet the requirement at present. 1If
loft unattonded and unresolved, unsatisfactory disposal of waste-
water oould present an additiciaal harard to public health, and
oould conceivably produos an adverse viaual effasct on the environ-
ment. The potable water ayatem will not be in danger of contami-
nation from the wastewaier sinos, assuming propsr installation and
operation of the new improved distribution systems, the waicr
supply will be under sufficient constant pressure to preveni ine
filtration, In faot, the incidenoe of waterborne disesges ghould
deocline sinos many pressnt water syamteme are subjsci to contami-
ration by infiltration owing to ~ccasional negative pressures on
distribution systems.

In the Philippines, wastewater has not been given the mig-
nificanos or priority it enjoys in more dsveloped countries. In
the contemplation and order of priorities, local decision-mekers
conaider basio water supply and distribution to be far mors
important than sewage disposal and at this point are simply un-
willing to conzider investing an aquel amount, and poesibly more,
of capital funds in sawerage as in waterworks improvements. In
the highly urbenized coastal areas~’ such an Manila, Cebu and
Zamboanga, the order of priority appears to be water supply,
drainage/flood control and then wastowater dimposal.

Bafors planning the implementation of drainags and/or waste-.
water faoilities, s poliocy decieion must bs made on whether the
works should be designed on the basis of separate piping for sur-
faos run-off (storm) and (sanitary) wastewater, or of a combined
syatem, This can only be acoomplished through a feasibility
study. It is, therefore, essantial that sew:irage feasibility
studies be conducted as axpediiiously as poesible after the
initial phase of water supply implementation is underway.

E/In the Fhilippines, only Manila and Zewboangs have some form
of wastewater disposal system. At present Manila is basically
served by an antiqueted sewage disposal aystem designed t. serve
220,000 (Metro Manila is now about 4,9 million in population).
Practically all other liquid wastewater is trangiorted io natural
drainage systems through opea ditches, gutters, canals, eto., Yet
thare is no evidenos of intolerable or unacceptal;le public health
conditions as a remuli. Zamboange has a system whioh was built
in 1913 and has had no significamnt improvements since then. It
sarves about 20 per cent of the core city area.
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Environmental Effecis of an Impoundment

The construction of a water supply impoundment will have
positive and negative impacts on the snviromment. Ewvaluation of
these impacts on the emviromment indiocates a net emvironmental
benefit.

Positive Impacts. A water supply impoundmeni will provide
safe, adequate and econcmical water supply to an urban area. The
alternative to this impounduont/transmission/txaaiment schene is
brackish water treaiwent of pumped groundwater in the speoific case
of Metropolitan Cebu. Desides being over four times more expenairs,
the brackish water tresiment scheme involves very high ensrgy use.

The lake or impoundment created behind the dam will provide
a soenic and assthetic asaset to the scmmunity. Thie lake will
attraoct tourists to view the waterscape whioch would have then re-
placed the currently demuded and eroding hillaides.

Reservoir storage, if properly opsrated, will also rednoe the
destructive effect of flash floois in areas downstream of the dam.

Negative Impacts. The impoundment will:

1, 1inorease the loss of water due to evaporation;

2, ochange the habitat of any wildlife and other faunaj

3s serve as a nutrient irap, holding nutrients which other-
wise would have moved downsiream.

4s need to relocate pooplo/homes Trom the watershed.

Loso of water from evaporaiion is a relatively minor impact
s8inoe water in the uncontrolled rivere aventually gets lost to the
g8oan.,

While inundation means 2 le¢s» " seme non-aquatic species,
the reservoir will provide a use " :i,at for waterfowl and other
lake=oriented species.

Mutrients "trapped" in the impoundment may acocelerate entro-
phication within the lake, stimulating the growth of algae and
aquatio weeds.

With careful consiueration during final design, these nsgative
impacts of the projeot can be significantly resduced.
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Inoresse in Migration to Urban Areas

In the Philippines, migretion from rural o urbon areas is
inescapable. Rural migrants seceking new economic opportunities
usually have two distinot choicos of Cestination: the Metropolitan
Hanila and the other wrban areas. Nsing the most favored nigrae-
tion point, Metropelitaw Kanila, hewaver, has reachsd a level
When present government policise incline teowards migration res-~
traint. Iz the wmeanwhile, other urban areas of high growth po~
tentisl await further developaent. .

Hstropolitan Hanile is 4roubled with "psopla” congestion,
"traffio" cougestion, lack of housing, environmental problems
(water and air pollution), winemployment, slums, poor quality of
life, etc. For thess reagons, plans for r2gional development in
selective urban arees and zrowth centers such as Batangas, Dagupan,
Baguio, Tuguegarao, legaspi, Iloilo, Cabu, Butuan and Davao (in
the order of dietanse frowm Hatropolitan Manila) are currently
being discussed,

The regicnal dovelopment plan offers an opportunity to
minimize population demsity in already congested areas. It helps
avoid overcrowding that clearly has been detrimental to the health,
safety and welfare of the residents. It intends to maintain a ba~
lance betwesn quolity of iife amd coity living. Such development
plan intends to intercapt rural migration to Meiro Manila and
redirect this to the varicus regional development centers,

Infrastructure projects including water supply projects are
sirong etimuli to urban growth. It ic usuelly admitted that a
potable water supply is a nacossary condition ror economio growth
and development of an urban area. Infrastmcture projeots
such as public housing, roads, communiostions, markets, etc.,
beocome more bensficial whem an adequate water supply pooject aocom-
pauien such investments,

Therefore,; the provision of water supply projectis.to
selactad and dispereed urban areas in the Philippines will assists

(1) in the cuvrrent policy of diacoursging migration into
¥Metro Manila;

(2) in enhanoing in a meaningiul way the various regional
development centers throughout the Fhilippines, -
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C. IRREVERSIBLE COMMITMENT OF HKeSOURCES

The primary impaot of ihe recommended plun on natural re-
gources is the use of chlorine; power and fuel during the operating
phase, and the use of materials, foreign exchangs, etc., during
the oonsitruction phass., Ths labor time for construction and opera—
tion is also z natural rescurce. However, in view of high unomploy-
ment in the study srea, the use of this resource has a beneficial
impact.

Secondary regource commitment occcurs as a consequence of new
development encouraged by expansion of the water supply sysieme
As the population continuess to increass; areas of land will be
irreversibly committed to residential, commer:ial, and indusirial
usea. Wsll-developed and succsssful land use planning will mini-
mize the lces of open space and related natural biota.

D, BENEFITS OF THE PROPOSED ACTION

Health Benefits

Ths establishment of a water supply system in a community will
necesgsarily 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 benafits sre ordinarily manifested in the followings

1. A significant reduction in the incidence of weterborne -
diseases such as cholera, dysentery, gastro—enteritis,
and typhoid/paratyphoid. As a result, there will te a
dscreare in the amount of time loast by incoms earners
who ars afflioted with such diseasss.

2. A subsequent reduotion in premature deaths due to the
lower incidence of waterborne diseaces.

3. A corresponding reduotion in medical expenses due to
lower incidence of waterborne diseases.

Other Renefits

The water supp’y projeot will generate other benefits as showm
in the following tab.e, This table indiocates the implication of
‘having (with) or not having (withowt) the water supply project.
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1.

2e

3e

4e

5e

6

Te

8.

9.

10.

11.

Hypothesis

Water Adequaocy

Water Quality

Personal Hygiene of
Served Population

Personal Satisfao=
tion

Employment Bonefits

Fire Protection and
Fire lnsuranoce

Water-Using Induse
tries in Area

Local Tourism

Development of Areas

Adjacent to Core City

Aree into Housing
Subdivisions

Wastage of Water -~ a
Valuable Natural
Resource

Land Values

"Without" Project

will coatinue to become
in short supply; service
will be intermittent and
unrelizble.

will contimie to provide
ungafe water and watere
borne diseases will cone
tinuously be a threat,

because of current water
shortage, porsonal clesan-
liness is expected to
range from marginal to
lacking,

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

nio improvemsnt,

no improvement; area vil-—
norable to extensive fire
damage because of water
shortage; no reduction in
insurance because the la-
vel of fire risks will re-
main essentially the same.

nc 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 facilitien will
be a deterrent to local
tourism,

no impetus to the develop~-
ment of areas adjacent to
oore ¢ity since not much
economic activity ocan
ocour without adecquate
water supplye.

wasteful consumption of
water will continue bhee
cause of the absenca of
safeguards to check its
nso,

market value of land will
remain at present levels
except for effect of ine
flatione
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"With" Project

supply will be adequate at
continuous pressure.

supply will be safe, whole~
some and healthful.

will enhance persanal hyziens
and overall appearancs and
cleanliness of the population.

rélease time for other prow
ductive activities; provides
"modernization" henefits;
enhances self-reliance.

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=
ter with adequate pressure
will reduce fire risks.

water-uging industries will
be encouraged to expand facie
lities, or raslocate in the
arsae

availability of water, if
accompanied by sanitation
program, will help boost
local tourisma

will help spur the development
of areas adjacent to core city
into housing subdivisions
because water supply avail-
ability somehow enhanoes
standard of livinge

undertaking of metering prog-
ram and adoption of new
realistic water rates will
definitely minimize water
wastage.

will increese land values by
at least 10 per cent gince
water availability is a major
consideration in market
values of land.



E. ALTERFATIVES TO THE FROPOSED ACTION

Alternatives to the proposed (conventional) water supply
project conpist of the following: desalting of sea or brackish
watsr, wastewater reuse and dual plusbing. These are discusaed
holow.

Desalting

Desalting is the proocasa of converting seawater into fresh
water, It involves removing substantial amounts of the ooean's
salte and minerals, '

There are three basio mathods of desaliings distillation,
freesing and electrodialysis, each with amsveral variations.

Over 90 per cent of ths preszant spplication of desalting is
done by distillation. In this procsss, seawater is svaporated
and the vapor is oondensed. 3Salt daposits form an the surfaces
of the evaporating equipment and the desalinated water is the
resulting distillate. The least costly distillation unit uses
soler enargy as heal mouroe.

Eleotrodialysis obtains fresh water by -sing an electrioc
current to separate the ions of the ocontaminuting salts, In the
prooeas of freszing, loe is formed from a saline solution and is
meltad to preducs fresh water. The meltad ico, however, soxetines
haz a salty taste,

In 1970, 33 emall-sized desalting plants were put $0 operas
tion throughout the world, with & oombined capacity of 226,000 cumd.
Kuwait has the largest plant with a 113,600 cumd capacity suffioient
to supply a population of 150,000. Other plants are found in
Netherlands, United States, Vensguela and Arube.

For the most part, desalting is still experimental. At pre-
sent it is not technically and economically feasible to convert
meaningful amounts of meawater into fresh waters All the prooess—
es have inherent defeots for general use, including the problem
of disposing about 50 per ocent of rsmoved salta and minerals of
the total treated ssawatsr.

Thesse proocesses ara aslso costly bscause they involve signifi-
cant quantities of energy. Whereas treatment of ordinary water
supply costs about five cents per 1,000 gallons of fresh water, de-
salting costs about $1.00 per 1,000 xallons of daswlted water,

This cost covers only the plant itself and excludes neocessary
trar:-%asion facilities. (Also thess costs are pra—energy orisis
costs,
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Beonomic Frotors esrmot be igacred if dasalting is to be con-
sidered for application in the Philippines. BExisting conditiens,
espacially the continual inflationary sftect of the worldwids oil
origis and techuologioal limitations, do not allow the im <diate
use of desalting to augaent weter cupply in the Philippines Um-
til a technclsgloal breakthrough cocors which will require t»
minimal use of emergy, deseliing appears te be eochcaiocally im-
practisal at presente

Wastewater Rengd

One of tha potential alternatives in meeting future water
demand is the rsuse or recyoling of wastewster (sewage)s Im
Singapera, rooclaimed wastewster iz used in the indusirial LT ) B
ing prooesa. A full-scale sunicipal reuse faoility in Windhoek
in Southwest Africa built in 1969 provides a majer sourcs of
potabls watare.

Reuse of wastewater ocan be accomplished in two ways: by
netural self~purification which makes reuse possibls for irriga~
tion and recharging of ground and surface waters, and by technolo-
gical proosss- The itechnology of reuss invelves treatment of
used water suppliss from the oommunity for demestio, industrial,
jrrigation and other purpeses.

Complex treatment preoarses ars necessary 1o remove the ob-
jeotionable characieristios of wastewatsr sud meke it suiteble
for a particuler use., Thers are ihrss bacio phasss of treatment -
primary, secondary and sdvancéd. One of these or all may be ap-
plied deponding on the types of use and pollutanta present in the
waBtewater.

Studies on wastowater reclamation dsal with emhanoing its
scononic feasibility for large-scals uss and technological &x-
pansion. Achieving these cbjectives will depend on several faotors.

It is technologically possible to produse water of eny dasired
quality from sny sourcs. However, the controlling faoctor is eco~
nomiche DBaoause of its lesser sclide ocontent, wastewater reclama-
tion, for instance, is simpler than seawater desalting as an alter—
native source of Wupplye

The feazibiliiy of wastewater reclamation as a souroe of water
supply will be limited zince wastewater volumes are currently mini-
mal, with fature inoreases in sewage expected 10 be slowe
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Existing wastowater treatment technology ia currently
applicable for purposes other than potable drinking water
use, Drinking water atandards have not been designed to apply
to recyoled westewater and for this liquid, no potablic water
standarde have heen ¢siablished yst. Even by sdvancaed tresat—
ment, certain toxic elemonis in the wastewater remain. The
teohniques ars net yet fully developed to treat adequately osr—
tain objeotionable charactsristice of wastewatsr.

The advanced wagiswater treatment plant is not simple to
operate. Moréover, ths pnrobliem of treatment is aoccompanied by
another technologioal provlesm =~ disposing the significant quan-
titiens of solid matter removed from tha {reatsd wasiswater,

The wide application of wastewater rvuse in the future will
depsnd heavily on technological progress and on public acceptanoce,
in the case of using recyclsed wastewater for drinking.

Any future consideration cof wastewaler reuse for municipal
water supply will require thorough ztudies. The prosent and
near future condition of minimal sewer collection facilities
(and therefore minimal wastewater) in the Fhilippines precludes
the possibility of harmeasing wastewatsr a8 a wmajor souroes of
water supply.

Dual Plumbing Syutem

A relatively amall inorement of the total publio water supply
demands highly potabls and olean water such as that required for
drinking, oocling, bathing asd washing clothes. It is poasible for
instance to use sea water for toilet flushing, washing strests, and
fire-~fighting. W¥here fresh potable water is in short supply, such
a8 in Singspore and Hongkong, a dusl system has demonsirated its
effiocacy. For example, in Hongkoug during the severe drought of
summor 1963, water serviocs was rationed into the various oity seotors
four hours every four dayse. Extraneous uses of water such as toilet
flushing wore therefore seversly ocurtsileds In some of the high~
rise government housing in Hongkong, dual plumbing system has been
used, with sea water for toilet flushing.

There are twe main objecticons that have been identified in the
use of dual system - cross-connections and associnted cost. The
dual water supply system where one syatem delivers poiabls water and
the other system furnishes untreated water cen very well lead to
serious waterborne disesse outbrsake. Where proposed, the dual watsr
supply syatem should have the non-potable supply olsarly indioated
and meparated from ths potabls supply. PFroper plumbing codes and
supervision of plumbing installation oould minimize this health bazsrd,
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If an existing eysicm is to be replaved entirsly by a dual
pystem the couvt may well be unrexsonabls. Howswver, if the exisi~
ing water supply piping is retained for potable {drinking) ays~
tem and s new non-potable pips notwork utilizing ssa water is
added, thers is a possibility that the economics may prove the
dual systesm to by worthwhile. Savings accrue where ihe non-potable
system serves high-rise mulii-fasily dwslling units with high
density. The inoreased osst resuliing from the indspendent system
may be offast by eliminating the nasd for dsveleping new water
resources and above all retsining kigh quality premium water for
domestic oonsumpiion. Accordingly, the Tsasibility of the dual
system has zlresdy beer proven, DPecause the potable water system
will not be uxed for fire protsotion, its distribution systen need
not be designed for hizh preesures that otherwise are required in
a pystem which has a high fire demand. Hwwover, bsocause most
oxisting pips pystems havs wery marginsl ussful life remaining,
the economicz will mest likely mitigate sgainst a dual systen.

Conolusion

The above stated clternatives are liksly to bte oconcmically
lesr favorables than ihe proposed conventional water suppiy projecte

Wastowator rsuse and duel plunbing kave siguificant health
hasarde when oomparsd with the proposed projeot.

Daseliing may eliminate impoundmenta end long transmission
lines thervby leassening ths adverse effecim such as erosion and
noime, and on sesthstice, However, deszalting will oonauwe un-—
usually largs quantitiss of power and snergy.

In 21l caees, wamtewater will bLe generated and handling fa~
oilities will wtill be required (except for the wastewater re-
use alternative). HResources will still bz committed such as land,
power, fuel and bhuman resources.

From the overall (soonomios, healih,and todhnology) viewpoint,
tr. proposed water suppiy projeot is atill the mest reliable and
eaonomioal solution to the water aupply neads of thees communities,
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F. SUMBIARY

The probable environmental effects are summarized in
takle fore Belows

SUMMARY TABLE
PROBABLE ERVIRONKENTAL EFFECTS

N Tora Poritive Hegative Solution

Soil Erosicn Skort v’ tight construction
spaoe

Dust Short v’ Ydo"

Noire ~ Conwtruction  Short v// "do"

Koize - Opsrational Long v~ proper design

Aesthetios Loug v” "M

Inoresse in Westowster Long Unavoidable solve sewage problea

Impoundment Long M4;/ v’ ocareful design

Migration Long \/, v’ careful planning

Resource Uss Long/Short Unavoidable .

1, Careful design and coastiruction wiil minimize environmental
disturbancez while these will alse oreate zesstheiic and oulturally
pleasirg cenditions under which man can develop his most desirable
potentialities.

2« The recommsuded plan will enhance public health, improve
the quulity of life in the community, and suide its long-term growth
and productiviiy.

3s Ths peso costs and the short=term adversa effeots are offset
by the long-isrm benefite. When oompared o the general benefits,
particularly those of the health aspeots and social uplift, the amount
of upset is relatively miror.

4. The commitment of resources is small compared with the anti-
clpated benefits. Rescuros use is nsoessary in the construction and
operation of a water supply system, but the overall benefifs show the
overwhelming advantage of carrying on with the projscts
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3ervios Life Category

APPENDIX TABLE X-BE-2

SCHEDULE OF DEPRECIATION EXPENSES
TARLAC WATER DISTRICT
( P x 1000 )

Tetal Annual Accummlated
Depreciation Depreciation

Book Yalue of Asgetz
Retired During the Year

Net Accumalatoed
Depres.ation

Year 50 Years 25 Years 15 Years 7 Years FExpenses FPrior Tear 50 Tears 25 Years i5 Tsars 7 Yearsz Total Year Fnd
1976 66 - 1 - &7 2493 - - - - - 2750
1977 71 10 3 9 93 2560 - - - - - 2853
1978 44 21 i0 ié 23 2€53 2335 - - - 2335 43
1879 137 21 22 i 198 411 - - - - - 45
1980 209 21 A8 18 296 605 - - - - - R
1g81 533 150 75 18 E16 905 - - - - “a 1723
1982 628 156 109 18 gAs 1721 - o= - - e 26466
196z 726 150 143 10 1069 2666 - - 17 60 77 3658
1684 316 160 178 16 1200 3658 - - - 67 £7 L2771
1985 - 91z 190 214 33 1349 4791 - - - - - 5140
1G85 1112 351 258 33 1752 6140 - - - ~ - T8%2
1987 1212 351 236 33 182z 76892 - - - - - G754
1985 1287 351 328 33 1399 9784 - - - - - 117483
1989 1367 351 353 23 2114 11783 - - - - - 13897
iQ9C 1450 351 400 1 2218 13897 6 - - 111 257 15848
1691 13503 351 417 25 2296 15858 - - 29 i21 130 18004
1992 1503 351 416 51 2321 18004 - - 100 - 106 2025
1993 1503 351 424 51 2329 20225 - - 188 - 18& 22386
1934 1503 351 434 51 2339 22366 - - 379 -~ 37¢ 24325
1395 150z 35% 75 51 2380 24326 - - 417 - 417 26259
1996 1503 351 514 51 24619 26289 - - 506 - 506 282c2
1597 1803 351 566 2 2447 28202 - - 529 1713 702 29547
1998 1503 351 621 37 2512 29947 - - 523 186 709 31750
199S 1503 | 351 672 17 2603 31750 - - 532 - 532 3381
2000 1502 351 716 7 2647 33821 - - €32 - €32 35834
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APPENDIX T/ M8 Xedomd

REVERTS CRIY FOEECAST
TARLAC VATIR DISTRIC?

1509

31990

pL sl 1960
2rpe of Connection Pumber of., Propartiom Estimmted Use Yot Xmdar of Proportion of IXstimated
Bt Boter Sixs  Commectionel/ Sonpariion Iscter Kia¥
1. Dosastic/Goverzmant«
1/2<inch & 67 31% 1 315 2788 67 1856
3/&~Anch T7 u 65 1 66 354 14 396
1-nch 37 13 1 1 61 170 13 368
2={nches — -5 28 1 28 —~Ld 5 8
Sub-Total 724 1008 470 470 3325 1008 2830
2. Coassroial/Indugtrial;
}/2-4noy b7} 3% 101 2 2@ 110 2 42
3/4=inck 2 9 4 2 48 16 7 s
1-4nch € b3 140 2 280 47 “ AT1
2.dnches - - - 2 - X 8 &
3ednohee (Wholem . - - 3 —_ Ak A8
snie)
NdTokal 2 108 265 530 a5 100 2870
Yotal 746 % 1o 3500 1900

I/Imﬂ.mcmmm; 1960, 1905 sad 1990 are estimsted with the proportion of commectiom in sechk sise remaising conmstaxt.

-a/Pnparuu of cansuxpiica heased ce flow relstionahiyp,

ym:mm:mmm-'mwwm';noorfutefd.nmnnﬁlyum-uuhummnmmmunaw-h
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ATPFENDIY TABLE JePuld

REVENUE PORECASTS
TERLAC HATER DISTRICT

— F x 1000
Eotimuted Inoona Total
Rate/RU  Huwber of RUe From {Bea Other ./ Net
Joar r (Yoerly im (008} Snles Dabt)  Incomsm/ Inoome
1976 1.00 365 365 7 7 365
1977 1,00 738 738 7 15 746
1978 1,00 1111 1111 11 22 1122
1979 195 1484 2894 2 29 2894
1980 1.95 1857 3621 36 72 3657
1981 1,95 2353 4588 46 92 4634
1982 2,00 2850 5700 114 114 5700
1963 2,00 3346 6692 67 134 6759
1984 2,00 3843 7686 11 154 7763
1985 2.30 4339 9960 200 200 2a80
1986 2.30 4708 10828 108 217 10937
1987 2,30 5077 11677 117 234 11794
1988 2,40 5446 13070 261 261 13070
1989 2440 5815 13956 140 279 14095
1990 2.40 6184 14852 148 297 14931
1991 2,60 6184 165678 322 322 16078
1992 2.60 5184 15078 161 322 16239
1993 2460 6184 16078 161 322 16239
1994 3,00 6184 18552 371 an 18552
1995 3.00 6184 18552 186 n 18737
1996 3400 6184 18542 186 in 18737
1997 3.30 6184 20407 408 408 20407
1998 3030 6184 20407 204 408 20611
1999 3.30 6184 20407 204 408 20611
2000 3.30 6184 20407 204 408 20611

EE/Other incowe (derived frem meter replacemsnt oharges, contingenacy
fees of new connections, servioe fees, etc.) is sbout two per cent of sales.
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APFERDIX TABLE X-O-d

PROJECTED RALANCE SIXEY
TARLAC VYATEIR DISTRICY
P x 1000

16 97 1978 1979 1960 1981 1982 1983 1082 1985 1986 167 283 1989 1990 1991 j9® 1993 1 1795 1996 197 199 1999 200:
AS3PTS
Pixal Apnate ,

COrosa Valne of Flxed
dsrete tad 4228 5651 8113 1200 16469 38221 4363T 48671 54093 60392 74336 78605 81129 STWRE 90801 wORS 1119 9463 K116 RTIFE 93596 WL 95IT Wil? 97T01%
iess: Accumclatad r

Deproctetion 82 @ 4l @ 95 AT 2666 360 470 6M0 TSR TS M7B) LI67 1553 100 20205 22366 24126 26289 2020 29947 UTSA L) 158iS

Bet Valwue of Piced

Aasots 1668 2998  T702 1148) 15564 36500 40571 45013 45202 54253 66444 68821 TIMSE TARY TAMI T2R1 TO8%E 69097 STI90 66507 65334 64545 63621 620§ 61183
Vork In Proosss =. . J03 _44@ 2187 6164 _ - _ 224 2201 _624] 837y _ = - - - - .. - - - - ~ - - - -

Total FPixes Assets 1660 3701 12104 23670 32088 36500 41155 47304 35543 66626 66444 68821 TIME TARY TANI T2R1 TOOM 695097 ETT90 66507 65334 64549 63621 62116 €1183

Currert fxusata
Cash (1) 8 (zzy_a.:,) {1544) (78%) {30) 1206 2372 3878 @&425 9317 12655 16445 20490 24735 04 36080 4IRE 46843 53281 59319 65603 T23R TSMOS 4742

dooorw=rts Receivadls 91 1 e S5 1147 1425 1673 152 24% 2702 2519 3268 3489 3711 4000 4020 4020 4638 4638 4638 51 51 5102 510@
Provision for Bed Tavta (2}  (2) () (4) (3 () (29 (7)) G9) (50) {21) (29) (6) (5! (1) () (a0 (40) (3) @s) (a5) (@) (1) (51} 513
Izvestories 34 22 2T 479 332 5718 _ 5991 59 7103 I3 _I14 _ 691 _ I35 _ 786 _ 458 116 1w =273 55 454 o6z 58 S8 593 €78

Yotal Current Moete J42 490 (18) (3155) _ 639 _1684 3199 687 6434 9633 12773 6236 20383 mmm.ﬂﬁmwmmm&m
Total decets  JIQ Q) QEL2 N5 R66T 814 MIM Jlol R 7659 1R1 BO5T a2 @%MM&%&@@E@&@
ESUITT AND LIABILITIES . ’

Cwrrent Liabilities
Aooounts Pxrable 45 55 ” 1 158 1 228 274 33U I3 424 ATY ST4 50 @ T 80 98 R 1071 1157 1249 1M9  L4ST 1574

Current Katuritiec of .
Long-Ters Davri O . B = -ﬂl.@lﬁl.ﬂﬂ.ﬂﬁﬂﬂ.&éﬂlﬁl@lmm.ﬁ@mm

Toval Carrent
idabilities 45 55 2 14 158 191 511 557 597 79T 848 903 1283 1359 1999 2057 2401 2607 268 2760 3411 3503 3880 1388 4108

lexg-Torm Dudt

(Lesa: Currest .
Naturities) 33 i30M  B655T7 20013 26152 32634 IUT2 43368 51412 562081 62325 6451 67476 TOITO 69963 68T13 6TI62 65473 63T8B4 62095 59841 57587 55056 525285 4994

Eqait -

Coverment Comtritulim B0 800 600 800 600 B0 800 800 80 80 B0 800 800 80 60 80 800 B0 80 B0 700 00 80 80 800

poiita Comtriwution 12 27 75 483 998 1604 2323 2180 Q171 5310 12 7611 %1 10015 LITTO 12649 13448 14159 LTI 15255 15700 16031 16274 16ass 16473

Semerves n 33 66 153 262 537 879 1281 1742 231 3424 45R 5899 T2%5 8779 10387 11995 13503 15458 17313 15168 21209 23250 25291 27332
ol Retained

mmam.p 12 22 _342 162 2297 2218 2409 2803 305 4730 3406 6180 1350 8820 10483 12861 15M0 1739 2213% 26611 _j0MT _36607 42298 41739 _S2950

Total Equity L2 MMMMMM&MMMM@MJ&M%MM&&MMM

Thatel™ o g ims s e M we uw e B ImN e am 253 100 1746 WM BN P62 L%y 12867 LaTT s weres 1oy




ANV LL LADMWD Apsgnn

RATE OF RETURN ON TOTAL INVESTMERT
{DISCOUNTED CASH FLOW METHOD)
TARLAC VATER DISTRIOT

& x 1009
Nst Total Yot Pirst Tria: Secomd Trisl
Debt Inorease = Cash Cash Present Value: 10¢ Fresent Valune: 129

Year Service In_Cash Inflow Investments Inflow Pactor Value Factor Valus
1976 - (1) (1) 935 (936 1,000 (936 1,000 (936)
1977 83 - 249 332 . 2126 (1732} +309 1631 593 (1602
1978 273 (2632) (2359) 8496 gloess 826 8966 o757 8652
1973 179 840 161G 11764 10145] e 751 7619 2712 7223
1980 1801 755 2556. 8654 {5098} »683 \4165) 063& 3878}
1581 2534 752 3293 5288 1995 «621 (1239§ « 557 (1131
1982 2955 1236 4191 5640 1449 «564 (817 « 507 (735
1983 3681 1166 4847 7178 2331) «513 21195 452 21054
1984 4212 1506 5718 . 8439 721 487 1738 «404 1503
1985 4936 2547 7483 8432 (945 o424 {402 361 {343}
1386 5707 2952 8u 2 5570 3083 « 386 lig2 «322 o955
1587 6071 3278 233 4265 5080 <350 1778 -287 1458
1588 631C 7R 10100 4524 5576 0315 1779 «257 1433
1989 - 6846 . 4D45 10891 4791 6094 290 1767 229 1396
1990 7084 4243 11337 3132 8205 <263 2158 <205 1682
1951 7683 5753 13436 274 13182 #2358 k371> #0133 2409
1992 7568 5588 13156 294 12862 218 2804 161 2007
1993 TT35 4546 12681 532 12149 «198 24C5 146 7714
1994 7134 . 5817 1355 1032 12519 <180 2253 2130 1627
1995 7582 64,38 14020 . 1097 12323 164 2119 »116 1499
1996 7430 6038 13468 1306 12162 <149 1812 104 1265
1997 7843 6284 14127 1602 12525 +135 1661 s0393 1165
1598 7640 6649 1433 1584 12755 +123 1569 2083 1059
1999 7714 6504 14218 1298 12920, #1312 1447 o074 955
2000 7486 5936 13422 1514 24721 $102 2522 066 1632

41734 ~4605
Rate of Return = G54 :
12/ ludes Net Aaset Value of P12813

Total Assets = P15i654
Total Liabilities 554099;
Gash

Fet Asset Value P 12813

E=l=5
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APPENDIX XI-C
QUANTIFIABBLE BENEFITS

Increase in land Valyes

Appendix Table XI=Ce1 shows the present worth ¢f benefits
agsociated with increase in land values, based on the following
agsumptions:

e

3.

4.

5e

In eccordance with the staging program of the con-
struction of facilities; the service avea was pro-
Jected to increase anmally by 40 ha from 1978 to
1982, by 56.2 ha from 1982 to 1986 and by 42.5 ha
from 1986 to 2000.

The land use distribution of 36 per cent commercial,
industrial and imstitutional; and 64 per cent re-
sidential, was uged from 1979 to 1982. From 1982
to 1986, the land use was assumed to be 17 per cemt
commercial, industrial and institutional, and 83
per cent residential. From 1986 to 2000, land was
classified into 15 per cent commercial, industrial
and institutional and 85 per cent residential.

This classification was based on the water demend
projections in 1985 and 1990 by consumer category,
as ghown in Table V1~7, Chapter VI.

The 1975 costs of land are:

Residential s P 80 per sqm
Cormercial/Industrial/Institutional : P70 *

These costs were assumed to be congtant over the projeotion
period.,

The portion of the total cost of land specifically atiribute
able to the provision of water supply was assumed to be
20 per cent of the cost of land.

A discount factor of 12 per ce... was used to obtain the
present values of the henefits. This is believed to be
the opportunity cost of capital and is commonly used for
public investment projects like water supply development.
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. APPENDIX TABLE XZI~{~t

PORTION OF LARD VALUZS ATTRIBUTABLE TO WATER SUPPLY PROJECT
TARLAC WATER DISTRICT

Cost of Land Cost of Py
Land Use (sqm ) in ¥ » Served 20% Benefit Discount of Benefit

Year Com,/Ind./Res. Residential Com./Ind,/Ins. Residential Land Due to Project Factor * in M »
1979 144,000 256,000 20.160 104240 30.400 6.080 0.712 44329
1980 144,000 256,000 204160 104240 30.400 §.080 04636 3.867
1981 144,000 256,000 20.160 10.240 30.400 £.080 0.567 3.447
1982 144,000 256,000 204160 10.240 304400 6.080 0507 3.083
1983 95,540 466,460 13.376 184658 32,034 64407 0.452 2,896
1984 95,540 466,460 13.376 18.658 32.034 6.407 0.404 2,588
1985 95,540 466,460 13,376 18.658 32,034 6.407 0.361 26313
1986 95,540 466,460 13.376 18.658 32.034 6.407 0.322 2,063
1987 63,750 361,250 8.925 144450 234375 4.675 0,287 1.342
1988 63,750 361,250 8.925 144450 23.375 4.675 0.257 14201
1989 63,750 361,250 84925 144450 22,375 4.675 04229 1.071
1990 63,750 361,250 8.925 144450 234375 4.675 0.205 0.958
1991 63,750 361,250 84925 144450 23,375 44675 0.183 0.856
1993 ! 0.147 0.687
1994 ! 0.130 C.608
1995 ' | 0,116 04542
1996 j 0.104 0.486
1997 g 0,093 0435
1998 § 0,083 0,388
1999 r f | 1 1 1 0.074 04346
2000 63,750 361,250 8.925 144450 23.375 44675 0.066 0309
P34.577

*Discounted at 12 per cent
DY = Pregent Value or Present Worth,



Haalth Bepefits

To determine the amount of benefit arising from the reduction
of income lost of those afflicted with water—borne diswaces, peorti-
nent statislics on morbidity rate were gatherod from the Department
of Health. From 1063 to 1973, an average of 1,108 out of svery
100,000 population in Tarlac province ware afflicted with primary
water-borne diseices svery year, regardless of age, sex and income
class. The same raie wes used for the mumicipality of Tarlac in
the absence ¢f spacifio data, The morbidity rate in the study ares
was assumed 10 remain constant during the 23-year projoection period,

Since not all of those afilicted with said diseases are WAL
earnersy an adjustment was made accordingly. Hased on the 1970
Census on Populaticn and Housing of the Notional Cansus und Statis—
tios Office; 30 per cent of the city's population was economioaily
active.V It was nasumed; therefore, that only 30 per cent of 1,108
per 100,000 who were afflicted with primary waier<borne dipeagez
were sconomically active. iHence, thiz iz ths only segment of the
population who would suffer a roduction in income due tc said
diseages. lMurthermore, the arflicted HAge--cArners were sasumed to
be earring P8 a day and unable io work for i9 days on the average
hecause of their illness. The fipal figura corresponding tc the
economic cost of time logt due io water-borns digeases was thereuy
arrived at by muliiplying the mumber of peaple afflicted with water-
borne diseases by 30 per centy; by P8 & day and then by 15 daysa

Another healih uenefit that could he seaociated with the esiab-
lishment of a safe public water supply system iz the reduction of the
economic cost of the premature death of those afflicted with wator-
borne diseases in the study area, Obvicusly, the reduction of the
life span of the population caused by said diseazes is an ecomcmic
loss to the community,

This economic loss due to prematurs death waa determined by
multiplying the nunber of peoplc who die beccuss of water-borne
diseasan (assuming that a water supply improvement program were
not undertaken) by 30 per cemt and then by P11,629. The projected

l/Economically active pepulation includes those whe are 10 yoare
old and over, whether employed or unemployed, ezcluding retired per-
sons, students and housewives, :
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G=0~1X

Year

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

1991
1992
1993
1994
1995
1996
1997
1996
1999
2000

Study Area
Population

111,510
114,315
117,195
130, 145
123,165
126,265
129,445
132,700
135,975
139,330
142,765
146,290
143,900

g

149

B T )

149,900

wEAITAITYTY Ma T *
ATPRADIX Tarly XIGl2

TARLAC WATER DISTRICT

HEALTE BENEFITS

Cost of Time Eoo. Lossz Due Cost of
lost Due to to Premaiture Hedical
Illness Death Axpenses
P44, 479 $202,233 135,615
457598 2073382 14. r12'7
46,747 212,606 146,733
47,923 2174958 150,426
49,128 223,437 154,208
52,365 229,060 158,089
51,633 234,829 162,072
52,931 240,734 166,146
54,238 246,676 170,216
55,576 252,762 1744447
56,946 258,933 178,747
56,352 265,388 183,161
53,792 271,937 187,681
59:792 271,937 187,681
i
t
i
i w -

* .
Discounted at 12 per cent

40% Reduction Discount Present

Total Dus to Proiegt Factor * Value
PIBELIET P154,355 0.797 P103,180
356,107 158,443 0712 112,811
406,086 162,434 0.63¢E 173,308
416,307 166,525 0.5¢7 94,417
426,773 170,709 0.507 £6454%
437,514 175,006 0.452 13,103
448,532 179413 0.404 72,482
459,811 183,924 0.361 664357
474,160 188,464 0,322 60,683
482,785 193,114 0.288 554617
A04,6E6 1974874 0,257 50,854
506,901 202,760 06225 4644372
519,410 2075764 0.205 42,557
519,41C 207,764 G.183 38,021
«163 33,865
0.145 20,334

0e130 27 4009

0.116 2441071

0.104 21,607

0.093 194322

- 0.083 17,244

i 1 0.074 15,375
519,410 207,764 0.066 13,712
#1,235,021



Reduction in Fire Insurance Cogts

Because of the unavailability of specific information, certain
agsumptions had to be made in order to quantify the benefit due to
the reductieon in fire insurance custss

Te According to the 1970 Census on Housing, there wers 21,297
dwelling units in the municipality of Tarlac of which 14,536 units
were made of concrete and galvanized iron.

2o Since not all of the 21,297 units are within the service
area which will be provided with fire hydrants, it was assumed that
90 per cent of the 14,536 units made of concrete and galvanized
iron (equivalent to 13,082 unite) are located in the service crea,
This 90 por cent assumption was based on the fact that the gervice
area covers almost the entire poblacion of the mmicipality where

there ig usually a heavy comcontration of dwelling uniis.

3. These 13,082 dwelling units are all made of concrete and
galvanized iron and may be considered insurable. However, only
20 per cent (2,616 units) were assumed o be actually insured.
These were classified into 36 per cent oommercial; industrial and
ingtitutionsl and 64 per cent residential from 1978 to 1985. From
1985 to 1989, they wore classifisd into 17 per cent commercial,
industrial and 83 per cent residential. Thereafter up to 2000, they
were clasnified into °5 per cent commeroial, industrial and institiw
tional and 35 per cent residontial. This classification was based
on the projected water demand by consumer category in 1985, 1990
and 2000, as shown in Table VI.7, Chapter VI,

4. Basoed on the study area population projections in Chapter
VI, it was assumed that the rumber of insured commercial, industrial
and residential units would increase by 2,76 per cent from 1970 to
1975, by 2,52 per cent from 1975 to 1985 and by 2.47 per cent from
1985 to 2000, These are the rates by which the number of households
in TWD servioce area has been projected to increase, on the assump-
tion that eaoh household conaists of 6.5 members.

5« The assumed standard value per unit and the corresponding
premium rate for buildings in provincial areas (based on the gemeral
tariff rates set by the Philippine Insurance Rating Association)
are as follows:

X1 Cb



Value/Unit Premjum/Year

Residential r 75,000 P 422,25
Commercial 100,000 14250.00
Industrial 100,000 15250600
Ingtitutional 100,000 500,00

6. The level of fire insuranos cost was derived by multiply-
ing the number of insured dwelling units in the core city by their
corresponding premiums and summing their products.

7T« It is probable that the level of fire insurance coste may
be expected to be reduced by 20 per cent because of an improved and
plentiful water supply oystem and increased fire~-fighting capabili-
ties.

8. With the develcpment of the uarea, specifically its urban-
ization, additional dwelling units made of stronger materials are
expected to be constructed, Accompanying this activity, other fire
protection techniques in building construction would be considered.
While premium rates in goneral remain ocnstant over a number of
years, the quantification of the reduction of fire insurance costs
frem 1979 to 2000 is nevertheless presented in Appendix Table XT-(~3
to illustrate the impact of an improved watar supply system,

XI-Cu7



APPENDIX TABLE XI=C-3

REDUCTION IN FIRE INSURANCE COST
TARLAC WATER DISTRICT

Total Level of 20% Reduction
Insured Nog of Insured Unit Cost of Insurance Insurance Due to Project Discount PV of Benefit
Year _Units Com Residential Com.Z@t.ZInd; Residential Cogt (Bemefit) Factor * (1976 Prices)
1979 3,311 1,192 2,119 »1,490,000 P 894,748 ¥2,384,748 P476,950 Q.712 - ¥339,586
1980 3,395 1,222 2,173 14527 4500 917,549 2,445,049 489,010 04636 311,010
1981 3,480 14253 2,227 1,566,250 940,351 2,506,501 501,320 04567 284,248
1982 3,568 1,284 2,284 1,605,000 964,419 2,569,419 513,884 G.507 260,539
1983 3,658 1,317 2,341 1,646,250 988,487 2,634,737 526,947 0.452 238,180
1984 3,750 1,350 2,400 1,687,500 1,013,400 2,700,900 540,180 0.404 218,233
1985 3,845 654 3,191 817,500 1,347,400 2,164,900 432,980 04361 156,306
1986 3,940 670 3,270 837,500 1,380,756 2,218,258 443,652 0.322 142,856
1987 4,037 686 34351 857,500 1,414,960 2,272,460 454,490 0.287 130,435
1988 4,137 703 3,434 878,750 1,450,006 2,328,756 465,751 06257 119,658
1989 4,239 721 3,518 901,250 1,485,476 2,386,725 4774345 04229 109,312
F 1990 4,344 652 3,692 815,000 1,558,947 2,373,947 474,789 0.205 97,332
o 1991 4,344 652 3,692 815,000 1,558,947 24373,947 474,789 0,183 86,886
& 1992 [ 0.163 17,391
1993 | | 0.146 694319
1994 | | 5 0.130 61,723
1995 | ; 0.116 55,076
1% | | | 0.104 29,378
1997 ! 1 0.093 44,155
1958 | | | | 0.083 39,407
1999 r 1 ! i ‘ \ 0.074 35,134
2000 4,344 652 3,692 815,000 1,558,947 2,373,347 474,789 0.066 31,336

Total r $2,957,546

L 3
Discounted at 12 per ocent



Reduction in Fire Damace

Based on the records of the municipality's fire department,
from 1973 to 1975, the average anmal loss due to fire in the
area was estimated to be P565,000, It is reasonable to expect
that in time, as urbanization of the study area develops, further
increases in fire incidence will be experienced. However, the
amount of damages per year will decrease considerably due to a
combination of factors, including the presemce of water supply.
Other factors are fire prevention consciousnoss; adherence of
households, commercial, industrial and institutional establish—~
ments to fire prevention regulations; and intelligent urban
planming within the study area.

In the computation of the reduction in fire damage benefit,
the following factors were considered: proposed fire hydrant
schedule, average annual fire loss in the study area and assumed
reducticn in fire loss due to the project,

Since installation of fire hydrants will be undertaken on a
staggored basis over the projection period, the extent of fire
protection 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 37.5 ha of high~value and residential areas in Tarlac, or a
total of 150 ha during the four—year period. From 1982 to 1986,
another 4% ha every year in both high-value and residential areas
will be extended fire protection. From 1986 to 1990, additional
57+5 ha eovery year will be covered. Hence, by the end of Stage I
Construction, a total of 560 ha of the study area will be provided
with fire hydrants,

Stage II Corstruction which will extend from 1990 to 2000 will
involve the provision of more hydrants as well as the reinforcement
of a number of existing ones. Over this 10-year pericd, 660 addi-
tional hectares will be extended fire protection. However, this
area was not considered in the computation of the benefit because only
the consiruction costs that would be incurred up to 1990 were ine
cluded in the cost analysis, Hence, the level of fire~protected
area in 1990 (560 ha) was maintained up to 2000 for purposes of
this study.

According to the records of Tarlac's fire department, the

average anmal fire damage from 1973 to 1975 in the municipality
is P565,000. Since P565,000 represents the anmual fire damage to

XI-C-9



the entire study ares and not to the poriion provided with fire
hydrants; an adjusiment wae necessary using the following formulat

No, of hectares with installed fire hydrants
No. of hectares in study ares

X P565,000

This wag done for each year from 1979 to 1990. Thereafter
up to 2000, the 1990 level of annual fire damage was maintained
inasmuch es projecl ocosts considered were up to 1990 only.

After determining the anmual fire logs in the poriion of the
gtudy area with fire hydrants, it was then assumed that this loss
would be reduced by 75 per cent becauuse of the propoged projoct,
Obviously, the incroased fire-~fighting capabilities in the study
area in the form of new fire hydrants and rebabilitated old fire
hydrantgs with adequate water pressure and in sufficient quantity
will go a long way in conmirolling fires. The existing 47 fire
hydrants in the study area were not taken into consideration bew
cause thair effectivity is practically nil.

Lastly, the reduction in fire damage was discounted at 12 por
cent to ite present worth. Appendix Table XI-C~4 shows the fire
protection benefit in TWD, In the first approach where 1976
prices were uged and then dipcounted, reduction in fire damage
amounts to F161,917. In the second approach where inflation wos
considered, the same benefit amounts to F400,013,

XI-C-10



T8% Reducticn

APPENDTX TABLE XT~G—d

REDUCTION TR FIRE DAMAGE

TARLAC WATER DISTRICT

15% Reduction

Annual due to Projact due to Project Discount PV of Benefil 'Ezn:l“i"'

Year PFire Damage (First Approsch) (Sscond Approach) Factor*  (First Approach) (Se Y
cond
Approach

1919 P 4,726 F 3,545 P 4,718 0.712 Po2,524 F 3,359
1680 4,452 7,069 10,178 04636 4,509 645C0
1961 14,179 10,634 16,812 0567 6,030 9,532
1582 18,905 14,17¢ 24,218 0.507 7,189 12,278
1983 24,576 18,432 33,989 0s452 8,331 154383
1984 30,248 22,686 45,910 Cad04 9,165 18,546
1985 35,919 26,939 574946 0,361 9,725 204918
1986 41,590 31,192 71,118 0e322 10,044 22,900
1667 A8, 837 36,628 88,530 0.287 10,512 25, 408
1988 56,084 42,063 107,765 04257 10,810 27,0686
1989 63,231 47,498 129,005 0.229 10,877 29,542
19%0 76,578 52,93 152,397 04205 1c,851 315241
1991 70,578 524534 152,397 0.183 9:687 27,889
1992 0,163 8,628 24,841
1993 0e 247 74781 22,402
1994 0,130 6,881 19,812
1995 0.116 6,140 17,678
1996 0.104 54505 15,849
1997 0.093 4,923 14,173
1998 0,083 4,394 12,649
1999 { 1 ¢ 0,074 3,917 11,277
2000 70,578 52,934 152,391 0.066 3,494 10,058
TOTAL F 161,917 ® 400,013

*Digacounted at 12 per cent.
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gidered in the determination of this benefit, It is extimated
that the economic value of water is 50 per cent higher than the
proposed water rates in the cage of domestic water and 20 per
cent higher in the case of commercial and imdustrial water,

The gteps followsd in the second approach are similar to
those in the first approach except for the fact that the revemes
of the preseni system were deducted from the revenues of the
agerregate system to arrive at the net benefit. It is believed
that the proposed project will bring about not only an increase
in the volume of production (and comsump:ion) but also an increase
in the watoer rate. Consequently, this will result in higher
revenue for the water district. The proposed rates used in this
benefit (plus 50 per cent or 20 per cent consumer's surplus as
the case may bLie) are those contained in Chapter X and reflect the
effact of infliation up to 1990,

XIlm =13
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APPERDIX TANLS KI-Lo5

INCER  “iL REYENUS IENRFIT
. 'SP APPROACE
TIRL  YATER DISTEICP
Frojectad Increwental Prics per Cam Pr i por O Aavsmusan Keveruag Total DHeomm? PEoot
Yaar Deliversd Hater Delivered Mator® LDomnestio Com/law: Do io Cow/ind  From lonsetie ¥Frme Con/Imi Rewmmou Factor®s ¥otel Ravemmss
SO LOCD - cmr 3y 300K N ;#oce} (¢ 7 3,000}
" u’

1976 270 -~ - - 1.00 2400 - - - 10025
1577 387 117 LN 310 a1 1.8¢ 748 Tl 40,1 Gob3y 125,
1976 453 183 324.0 59.0 L83 1,65 2.0 Y e 200,28 .77 1640
1979 913 643 A28.7 15443 1.47 2% Tif.4 336 1,172.0 0.712 34,5
1380 1,424 S 1,154 837.3  31£.5 1.3} Z.6G 1,126 B8z.2 1,955-8 Ce51€ 1.74349
1981 1,533 : 1,683 1,248.1 43409 1.23 .44 1,53%2 1.66%.9 2,6C5.1 0.357 1,477.1
1982 2,409 2,13% 1,620.5  318.5 1e17 234 1,855,0 1,21%e5 3,105.3 G, SIT P I |
1583 2,847 2,577 2,014.4 56246 1,68 218 2,175.6 1,21%.2 3,358 @452 ::.532.6
1584 3,267 2,997 2,415.3 5317 1,00 2.5 2,415.3 1,163.4 3:578.7 0. 404 3,405+8
19&5 3,650 3'350 Z'Mcl; 57-“»6 lem 211“ ngiqa 3.;22915 -‘uaji”ﬁ 04.361 4\:52705
1986 ¢ 3,997 3,727 3,105.8 £20.2 1,01 2402 3.137.9 1.3%5,08 4,133.7 o.iz2 I,413.8
1”7 l.}ﬂ? 4,037 3,379.6 65?0:2 695‘ 10% '1,2.‘.0..5 lng? 4’45545 "-7\’238 1124‘803
1988 4,636 £,366 3,6T09e9 6951 o5 108 374506 1,308, 5 Ao 15T R U357 1202247
1589 4,582 4,712 3,978.3  733.2 o8& IoTE 3550ke2 1, 447318 Q.229 1.007e3
1930 ° 5,293 50023 2,259.5  TE3.3 o83 1.66 3:5354 1,26734 A B0 0.205 SB4.€
1991 .183 878.9
1002 Cal163 762.3
19593 Caldé 70142
1994 0130 $24.4
1995 ) 0.11§ 5571
1956 1 3. 104 4995
1997 ¢.003 448607
1998 - 4 0.083 3984
1959 r ‘ 2074 35504
2000 51293 5,023 4,259:5 635 . .83 ° 166 3,535.4 La26led 88028 0266 3I.9

: Total 65,221.6 26,3925 91,614,2 22,4523

'-nop-'.unﬁm«uliwwzfnmtwnno.mmmmmm-m

projection pariod to oblaim the smmwma) incremswtsl volterse

9 iscensted at 12 per comt.

projocted dcliwnred wnter tirsushout €2
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Plnancial Pareign Jomestio Uneicilled  Delaoes of Foxon Mherr Peruige (5.7 < B RS soemiomic Branmmic
Projost Cemporent  Gowponsnt Lebe Pemsztio o gea Cempocmmt [PASS Riars Prosct Sourirust.
Coxt Bkt Bkt BR200 fpgt_ _Qerd
Boarcs Develepwrut .
&) Htrocture £,868,0 1,792.3 507547 59447 4448300 fok  A2FTU T 2500 27 ek §425700  6,705.%  5,146.7
b; Equipment 2,669,0 2,180,6 4ot Gbe3 4841 2402 £58.0 2,958, I2al £5508 3,080.&  2,34%,7
Htorage Pacilitids
8} Structure £332540 849, 3,£55.9 4964 2,95945 142.0  2,811.5 1.042.0 2482 2,001,5  4,302.%  3.04%.
v} Eqipoout G0 4350 21100 3Ca3 2803.7 Sunlo AT1a7 B22eC 15a2 iTL. Y 7053 5431
Bistritvticn Hains 11,244.5 5498547 5e258:3 F2éeb 4233307 28T £,13T0 T,182.5 28203 $gd1TVD 13,762.1  9,087.%
Internal Estwsrk 8,303.0 3.625.2 4,477.8 856.8 3p521.0 181e0  3p440.0  §3530.2 42304 3,440.0  Byd50ah &.4FL:0
Barcias Comnesilinnz
Foters 3,35443 2,6B83.2 £71.2 181.8 %3 2445 $54.5 Be21%8 - S50s9 4555 3,TT5.5  2,8F.7
Pipus 740574 4,099.1 2,958.3 501.2 2415605 107.8 2.04847  4¢515.9 PR 2,087 T4388.5  $.653.0
Otkern 2,783.3 30501 1,662.2 £50e48 1,211,8 [ 1N 1el5%e2 i2%e3 TR%a2 2plBie2 XpdFTT L 149.5
Hstor District Hailding 2,166,.0 1:00%.8 101562 2352 ST 45,8 872 022148 pA LN T 2,202.7  1,.690.7
Harly dctlien Horks
Borvics Cotresotiviae -
Nataore 117a1 J3.C 8.1 - 18,1 C.9 1Te2 138.8 - 17.¢ 136G 3124
Pipse 1607 gl.8 68.0 . 4.8 641 K %4 50,9 1102 244 9 173:5 AT
Otkera 0.2 e 3002 7 2645 1.% 252 - 1% 2% 7.5 2244
Yehicles 121,06 - AB.S ~ 43.5 P9 48,1 87.0 - A5.1 13302 paloTes
Mooellancous Hymdmy .
Impravemanic 3513 193.3 151.7 T2 144.5 Te2 1373 2232 L %1 237e2 380, % 2140
Oty Bpmiponict 493.0 423.& 152 2ok 72.8 3.€ 9oz __S08,:6 122 £9:2 L 75 PO 15 %]
BUB-TOTAL 49,6950 23.828.3 _ 29,8687 s 4,658.4 21,2091 31,0803 20,148.8 26,553.0 2,328.3 20,148.% 51,0703 39,2833
Semd 2910 - 29740 - 29T.0 . iés8 __ZB2a2 = - 202,.2 2822 ¥l
£3,992.0 23,826.3  26,163.7 4,658.4 21,506.1 1,0T5.1 20,4310 26,993.C 2,32%.}% 2004310 51,353.3 38,5168

APPERIIE PABLE AT-E-l

CONVERSION OF FINANCLAL COST 70 BOMKSITC COST
TLRLAC WAPIR DISTRICT
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Year

1976
1977
1978
1979
1980

1981
1982
1683
1984
1985

1586
1987
1588
1989
1990

1991
1992
1993
1994
1995

199¢é
1997
1998
1999
2000

TOTAL

APPENDIX TAEBLE XIw=B-2

REPLACEMENT COST (1976 PRICES)

TARLAC WATER DISTRICT

P x 1,000

66,0
6741

66.0
67.1

XIuBo2

68,0

4T3

181,2
328.5

328:5
37040
35449
31344

2,405.2

\

66,0
67.1

134.0
2144
181,2

¢ 32805

328,%
37040
35449
31344
d]324

2,737.4
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APPENDIX PABLE XT-E-3 .
BALVAGE YALUE IN 2001 (1976 FRICES)

TARLAC VATER DISTRICY
: P x 3,000

- 5 Yours 25 Jears 15 Yegrs - 1 pesre Infizite (lemd) .
Boe. Balvage Xoo. vage Roe. Salvage Bove Salvage Xoee Salvage
Yajus . 2 _Nalus  fpive £ _Tne  Yaige S il Jalme £ ~Talme Jalwe S S T

1976 240.2 52,0 124.9 2353 4 96 2337 we 2337

1977 1,109.5 5440 599.1  335.0 8 25.9

1978 34049.9 56¢0  1,707.9 45546 12 SdaT

1979 SyT41.1 58.0  3,329.8 870,68 16 135.3

1980 3,935.€ 60,0 12,3614 ° 435,00 20 87.0

1%1 2'369.6 62.0 1,‘69.2 - - -

1582 2,322,6 &40 1,486.5 2.9 2¢ 9.2

1983 2,505.4 66,0 1,654.2  274.8 32 8749

1984 2,969.6 63,0 2,019,3 488.,2 - 56 175.0

1935 2,585.9 700 1,810.1 24i.9 &0 96.8

1986 1,703.5 T2.0 31,2265

1988 142173 76.0 925.1 188.4 133 25,1

1989 1,217.3 7840 9493 18844 20,0 377

1990 62,1 80.0 481.7 S2.7 26T 24.8

1991 -

1992 56.3 40.0 2245

1993 . 117.2 4740 55.1

1994 13%1 S53.0 737

1995 2521  $G.0 15L.3

199¢ 252.1 67.0 158,9

1997 284s0 7340 207.3

1996 274.4 B8040 21%3

1999 T 2405 B87.0 2092

2000 omamm—— — a3 9340 _ 2237 _S4s7 860 120 s a———

TOML 32,787.9 21,0480 3,372.3 Béed, 2,5U2 1443162  S4e7 47.0 233.7 233.7

Totzal Ecenemie Valmes 38,962,7
Total Salvags Valmes 23,4840)



APFERDIX TABLE XI-H-d

BOARY OF BCONGMIC CO3?
PIRST APPROACH
TARLAC WATER DISTRICY

fpiscomnted at 12 per oent

™ x 2,000
Replace- BT ot et e T ot W
Projeat Cost "t e & sl Disooiml  Project  Beplace~  Balvags O & N Total
- Cout wegt Cost ¥aipe | Cost Comt
1976 . 995¢2 12,0 1,007e2 1,000 99542 ) 12.0 1,007.2
1971 2,052,1 47,0 2,099.1 0.893 1,832.5 42.0 1,874.%
1978 4,743.8 1120 4,855.8 0.797 3,780.8 89.3 3,872}
1979 8,539.6 240.6 9,179.6 C.712 6,365.0 17C.9 €,535:.%
1980 6,018.2 438.0 "456.2 0636 3,827.6 27846 4'30591
1981 3,457.6 522.0 3,979.6 0. 567 1,960.5 296.0 2,256.4
1962 3,424.2 50440 4,028,2 0,507 1,735.1 306.2 2,042.3
1983 3:,942.4 7030 4,645.4 0.452 1,782.0 317.5 2,075.7
1984 4,821,3 66,0 76140 5,64343 0,404 1,947.0 26.7 307 o4 2,281.9
1965 4403363 €13 863,0 4,563.4 0,361 1,456.0 2842 311.5 1,791.4
1986 2,525.4 R2,0 3,447.4 0.322 813,2 296.9 1,130.1
1587 1,833 57640 2,807.8 0.287 525,T ;28041 805,85
1983 1,8311.8 1,110,0 24541.8 0,257 &7 285.3 56,0
1989 1,831.8 1,178.0 3,005.8 0.229 41945 269.8 689.2
-1990 S0%.3 1,232,0 2413743 Ce 205 18%.6 25246 43B.%
1591 1,232,0 1,232,0 C.183 22544 225.5
1992 134.0 o 1,366,0 0,153 21.8 200.8 222.7
1993 2144 . 144644 0. 145 313 1799 21i.2
1994 X © 1B1a2 1,413.2 0.130 21.6 160.2 183.7
1995 .328.5 . 1,560.5 0,115 . 381 142,9 181.0
1996 328.5 1,560.5 O, 104 3.2 1281 162.3
1997 370<0 1,520 0.093 3.4 1146 143.0
1998 354.9 1,586.9 0,083 29.5 10,2 132.7
1999 313.4 1.2{504 0-%2 23-3 ghE leuoi
2000 379s4 1,232,0 1,611,4 O 259 1e3 06,3
2001 23,444.3 0.058 1,383.2
AL 51,353.8 241374 22,0400 76,1312 28,096.3 312,0 4+543.0 3343333
. - 1.333.2
3 1.970‘5.



APPENDIX TAZLE IT-8%
SOGUEY OF ECONOXIC P

SECCHD iFFRO4Q’
TARLAC UATER DISFRICT

&z 1,000
ﬁulltd - mu Facalated BEwcalated FT of
Ewcalated 1 4 0 amd X fotal Disocunt Project
Exeiect Cort __Em._ ..mn_ Cogte*+ Cogt Pugtope#s  _Cox:

995.2 12.0 1,007.2 34000 9352
2,257.3 5048 2,308,1 0.853 2,015.8
‘5,740.0 130.6 5487C.6 BT £a578.8
11,808.6 302.4 12,20%.0 Q712 8,4871.8
8' 81016 595.7 914{)5'3 0;5:\6 5;633-:'
59456.5 766.8 6,233.3 0.567 350295
5,845.5 95845 6,807.0 0.507 2,965,2
71269.8 19204.9 8,474.7 0.452 3,285,9
9,604,0 13145 1,408.6 11914443 Q. 404 3,880.90
8,675.6 144.3 1572541 10,545.0 .0,361 3,131.9
5'757'9 1.”006 7,748-5 0.322 1’ 2
4,421.5 2,276.0 6,703.5 0.287 3,270,7
4969301 247950 T2488.1 0,257 10208, 1
4,975.2 3,204,2 8,179.4 0,229 To13a3
2,808.4 3,618.4 6,224.8 0,205 53403

3'51804 3: 618.4 00183.

385.8 4,004.2 0,163

61743 4.235-\7 0,146

5247 44140, 0,130

945.8 4,56442 Oat16

345.8 .4;564.2 0. 104

i.065.2 4.683.6 00093

1.021.8 4,640,2 0.083

902,3 . 4452047 0.074

1,05243 3,618.4 4471047 0.056 -
——— $La£9821 0.059 -
19,026.2 TeTI3e4 51,223.6 154,023 .2 §4,328.0
Y ol

&

Becalated

P’I'nf

P oo
Salvege

...m__._zmz.

53at
5241

6249
5041
€7.8
1097
98,4

991
84.8
6648
T2a1

855.9

3302,5

FY of PT of
Q amd K Totnl
Cort Comt_
12,0 1,007.2
454 2,064.2
10407 4,678.5
245.3 E,687.41
378.9 Ke582.4
§34.8 353403
B0 3ed51.2
54446 3,830.3
5501 4450262
622.8 3,806,.8
89,0 29.§575e0
653.2 1,923.9
718.3 1952404
T7i3.8 $:873. %
T41.8 1,275 1
604-00- 66?-'?
589 48 652.7
228.3 618.4
£T0.4 53842
4197 525944
37643 £1de7
338.5% 43546
300,3 385.1
26746 31346
238,8 310,9
11,037.2 55,9781
51,99

amemlly by 10 per ommt from 1976 to 1900, iy eight per semt from 1480 to 1985 aml Wy cix per omnt from 1985 to0 1990, Thermfter wp $s
#22000, the cscalation factor was maintained st its 1990 lersl.
mu—:ﬂ:vm;.mmmGhtm. Thareafter up 10 X009, the evcaiation factor wvas mintaineld et 138 1990 lawvel,

ey
Pigoowntad ut 12 par ot



a1

1976
1977
1978
1979
1980
1981
1582
1983
1984
1965
1986
1687
1988
1989

1991
1992
1993
1994
1595
1996
1997
1998
1993
2000

2001

FIRST APPHOACE

AYPEFDIX TARLE 1124

INTERVAL ECQGAOMIC RATE OF RETURW
TARLAG HATER DISTZICY

=z

1 Py i3

SECOND APPROACH

Beefits  Qomip
1218 _Ericeg)
1 ,007-2

14041 2,099.%
355.4 4,855.8
Te890.2  5,179.¢
8,604s3 6,458.2
9,363.56  3,979.6
9,688, 1 4,028.2
10,5181 4,645.4
10,728.0  5,648.3
11,282.2  4,963.4
"194-6100 3447 .4
9i818,7  2.B07.5
10,138.2  2,941.8
10,194e4  3,009.8
10,21303 2,13703
s 1 ’23200

1536640
15446.4

1,413.2

1556045

1456045

1,602,0

1,586.9
2f 1,545.4

. 7%,131.4
222'§19.3 52'%09
(4.229)  (1.000)

1.0
0.730
04533
Ga38g
G.284
0.2067
Ge151
0,110
0,086
0.059
0.043
0.031
G0.023
C.017
0.C92
0,009
0,006
0.00%
0.003
00025
0.0018
040092
0.0010
0.0007

0.0205
G.0004

7+€07 62

10263 1,522.3
18%.4 2,588.%
3,5"—59.;‘5 3'5?008
2;469.‘ 7’83306
1,938.2 823.8
1949301 48,3
141570 507.7
922.6 48%5.8
6656 292.8
492,8 145,2
3044 £7.0
2332 €717
17363 5142
122,6 25,6
91,9 11,1
613 8.2
5141 7.2
30.6 4.2
2545 3.9
1844 2.8
13.3 2.1
1C.2 1.6
Tel Te1
221 028
13,673.1

Gscalated

Benor it

2,950.8
4975466
€,510.9
8,190.0
9,582.2
10,8757
13,8214
15,124.59
1€,286.%
18,279.1
19,6258
20,827.8

20,87,8

13,6479 13,66347 356,715604

(0.999)

(1.000)

(4.132)

Zmcaiated
-t

1,007 62
2.308.1
5,870.6
12,2010
2,408.%
6,233.3
5,87.0
84487447
11,3448,1
104545.0
T+T48.5
67035
Tod88,1
8, 179 04
3,618.4
4,004.2
4,235.7
4,148
4456442
4456442
44683.6
4,640.2
4,520.7

153:333.2

13375
{1.000)

Presext Valus at 205 o
Dimoours

Zagior...  Resmmita  foars
§ . 00 372.7  1,007.2
0.5833 £5%.4 1,922.6
0.694 AB4eB  £,074a2
0.57% 1,708:d  T,0850a8
Cedbi 2,291.7 4453348
094-0'2 2'617'4 2,505.8
04335 2,743.6 2,280.3
0.279 246734 2,38404
06232 2,534.0 2,588.6
0.194 2,681.4 2,04547
0.162 2,4850.2  1,255.2
0.135 2,198.6 3050
0.112 2,047 .2 #3647
0,093 1,825,2 T80T
0,078 1462405 458505
0,065 193538 23%,.2
Ce054 1, 124.7 216,2
0,045 937.2 1936
0,038 7214 1573
0.031 64547 14105
0a028 54145 11847
04022 458.2 10340
0,018 37449 8305
0,013 3848
36,010.7

0.010 - S15a8
3595452 35,335.7

(1.006) (1.000}



