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FO1MORD 

Volume II (Appendices) of the Teohnioal Final Report on the
 
Tarlao Water Distriot Water Supply Feasibility Studies contains
 
detailed information relating to specific sections of Chaptern 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 chapters of the Technical Report, Appendix B, Basis of Cost 
Estimates, has been used in the preparation of cost calculations in 
Chapters VIIT anid IX. Appendices C and D are related to Appendix B 
and to the construction of the recommended plan described in Chapter IX. 

Appendix VII-B provides additional data on water resources. 
Appendices VIII-C, VIII-D and VIII-E are discussions of alternatives 
for water treatment, distribution, and water conservation and augmen-. 
tation, respectively. Appendix IX-B is a list of miscellaneous im
provements included in the Early Aotion Program. Appendix IX-C
 
covers projections of areas to be served by service connections and 
internal network piping, distributijn system costs and computer 
studies. Zteps in the managewent of groundwater resources and the 
updating of the water supply master plan are given in Appendices IX-H 
and IX-I. Appendix IX-J assesses the possible positive and negative 
effects of the water supply project on the environment. The project's 
financial and development costs projec'ed from 1976 to the year 2000 
are tabulated in Appendices X-B, X-E, X-F and X-G. The values of 
economic benefits and the economic costs are explaineC. and tabulated 
in Appendices XI-C 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 section designation. 
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APPENDIX A 

DESIGN CRITERIA 

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 q'iality. 

.Audy 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 areas. 
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 systems. This estimation of percentage popula
tion ;wrently 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
timation 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 servioe 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. 

Presoure 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 system. The maximum difference in ground levels in a-y

pressure zone will not be more than 50 meters.
 

Separate supply lines from the source will be provided for
 

each zone where economically feasible.
 

Unit Water Demands
 

a. Domestic: Average per capita domestic water consumption will be

estimated for the atudy area. Past district recordswater andrecords 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 lbor'
wers, an average unit consumption of 20 lpcd shall be assumed,
However, the final. estimates will be based on actual field 
measurements. 
Field measurement will be done by direct meter
 
reading b,, isolating certain service area sections which willrepresent different economic classes of 
customers. This measurement will be conducted in areas which have adequate supply. 

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

b. Institutional and Commercial: Institutional and commercial 
water demands will be asestimated a percentage of dc.nestic
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 hectare will be used in the estimates for
 
this purpose..
 

c. Industrial: At present, there is no heavy induLtry in the study

areas. However, available zoning plans designate areas for
 
future heavy industrial developments.
 

Past records on the water consumption of existing lightindustrial establishments will be studied to establish unit
flows required per unit area. If no recordo: are available, aunit flow of 10 cum/day/ha (gross) w:ill be used in the e:;ti
mates.
 

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

Unao:countableWater
 

dith a review of the available water di:3tri.st records or con
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sumption pattern in ,3imilar cities, a tentative ppircentage of the
 
total supply requirement 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-Aater will be reduced gradually with 
the implementation of staged improvements to the system. 

Total Supply
 

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

Demand Variation 

Maximum daily and peak hourly demands in each study area 
will 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 similar 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 maximiim-day to average-day ratio of 
1.2:1 and a peak-hour to averit. .Vi ratio of 1.5:. - 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, univeroity campus, airport, etc.) and their water usages 
would be obtained through the water di,trict records or field mea
surements. With these data, a demand load distribution will be 
made for the existing and future water distribution systems.
 

Existing Water System Analy:3is
 

After gathering all pertinent data, the existing system will 
be analyzed through a computer program. All the pipelines, 100 mm 
and larger, ,;ill be included in this study. Regular and large
demands will be distributed at relevant nodes of the system skeleton. 
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Average-day demands will 
be included in computer input data. Demand
 
factors will be applied for maximlim-dty and peak-hour flow condi
tionc. About 5 per cent of' ,ut..Lcountable water will be .iloca:ted totransmission line and the remaining unaccountable water will be
evenly distributed in the ditotribution 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 shortage and
low pressures. Any high level area which is being served by a boos
ter station would be studied separately after establishing its hy
draulic grade line (HGL).
 

If there is a storage tank floating in the system, the water
 
level in the tank will be assumed to be at the middle of the opera
tional storage pcrtion, 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) Asbestos Cement Pipe
 

Size (mm) 100-150 200-300 350-500 
"N" value 100 110 120
 

b) Cast Iron Pipe
 

Size (mm) 100-150 200-300 350-500 
ACe: new 100 110 120 

10 years 90 100 1lO0/ 

20 years 80 
 90 1051' 

30 years or 
more 70 80 10011 

The internal distribution system would be checked for'fire
 
flow plus maximum-day demand. After computing the node pressures

in the primary system for the maximun-daj demand, a typical commercial
 
residential area will be checked for fire protection. A fire flow
 
demand of 15 lps (liters per second) will be applied at each one
 
of two adjacent hydrants.
 

Computer Studies for Future System
 

The proposed system will be studied for the design year 2000
 

!/Subject to field verification.
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first and the economy of construction staging for 1990 shall be
 
chocked specially for supply, treatment and transmisnion facilities.
 

A system skeleton will be prepared for each pressure zone.
 

Future pipelines will follow existing roads or proposed roads as
 
much as possible. The maximum spacing between feeder main lines
 
will not exceed 1,000 meters. For strengthening the system hydrau

lically all the pipelines will be looped as much uas practical and
 

economically feasible. The primary system which will be checked
 

hydraulically first will include (200 mm) and la-ger pipelines.
 
The projected average day demand loads will be distributed at nodes. 

For computer input, the pipe data will include a pipe number, connect
ing node numbers, diameter, length and "C" valme; the node data will
 

include a node number, ground elevation, and Eaverage day demand for
 

the design year.
 

The maximum hydrostatic pressure in the system will not exceed
 

70 meters. If the existing water supply facilities were 4o be used,
 

the pre-established HGL elevation would be evaluated carefully for
 

deciding whether to continue to use them or to phase them out.
 

If a feasible storage tank site can be located in the system,
 

a system input at a rate of maximum-day demand will be required.
 

If no storage tank site is available then the system input will be
 

at a rate of peak hourly demand. (In the case of well supply this
 

means the total safe yield from the wells has to meet peak hourly
 

demands.)
 

In the proposed system asbestos cement, cement lined cast or
 

ductile iron, cement lined steel or prestressed concrete pipe will
 

The following "C" values will be applied throughout the
be used. 

studies:
 

Pipe Size (mm) "C" Value 

110200-300 

120
350-500 
130
600-larger 


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). The maximum opera-

If there
tional level fluctuation in the tank will be 7 meters. 


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
 
demalnds if there is no distribution storage or to meet maximum
 
daily demands if there is an adequate storage. Each booster 
zone would 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 pxessure 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 internal distribution network will be checked for fire 
flow plus maximum-day demand at least at two typical areas: 
(1) a high value commepcial area (for a fire flow of 20 lpe 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 .neets the design criteria. 

Special effort will be made to utilize all or portion of the 
existing facilities as much 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 t water level
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Hydrants : inlet-out let characteristics, locations 

Valves 	 : check valves, closed or throttled valves
 

Pipes 

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

a. 	 The pipe strenrth to resist both internal and external pressures; 

b. 	 Service life of the pipe material (resistance to corrosion,
 
erosion and disirtegration);
 

c. 	Pipe laying and jointing (simplicity, reliability);
 

d. 	Operation and maintenance problems; and
 

e. 	Economic Consideration
 

Pressure class requirement for major transmission lines will
 
be investigated on a pipeline profile. Working pressures will
 
include additional allowances for surges and water hammer. Rini
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.L-ures can occur and discharge
 
large volumes of water that not only cause extensive damages but
 
may 	 :Llso put the water system out of operation for a long period* 

A high sulfate content of the soil will limit the use of con
crete or asbestos cement pipe or require special protective coating.
 
When the sulfate 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 pipe. 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 selected.
 

A minimum trench width of 0.60 m would be specified for new 
pipelines. Trench width will increase with the pipe size as shown 
in the following formula: 

Trench Width = 0.50 + D (M) 
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The minimum cover on a pipe shall be 0.60 meters. If there is a
 
traffic load, the minimum cover shall be increased to 0,90 m. 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 comparisong
 
which may be made among the recommended pipe materials for the
 
required service and capacity as shown in the following table:
 

Diameter (mm) Service 
Pipe Material 10-100 150-400 450-600 700-1200 Distribution Transmission 
Prestressed Concrete - - x
 
Steel x -


Cast Iron - x x- x x 
Ductile Iron - x x x x x 
Asbestos Cement - x x - x -

Polyvinyl Chloride 
or lolyethylene pipe3 x - - -

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

Pipe Cleaning and Lining in Place 

It is possible to increase capacity of old transmission and 
distribution pipelines by 20 to 50 per cent with cleaning and 
lining prucess. 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 increase. Therefore, cleaning and cement lining 
in place will be included in the improvements program where extensive 
capacity losses in the water mais are observed. 

Valves 

To isolate and. drain pipeline sections for test, inspection, 
cleaning and repair a number of valves are generally installed 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 range of designs, all valves have only 
one purpose: to slow down or stop the flow of water. In a 
distribution system, large numbers of shut-off valves (gate and 
butterfly) are utilized. Gate valves are more applicable to pipe
sizes up to 300 min in diameter. For larger siz;e pipelines butterfly 

3Jalvanized steel pipe.
 
3Service 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 la youts, How
ever, the final determination will depend on judgement of conditions 
in a particular system.
 

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

The minimum working pressure of valve will be in accord:uice 
with the service requirements. Valve desig and manufacture will 
conform to the cu.rrent AW.IA or AZTM snecifications. 

Fire Hydrants 

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

a) High value residential, ommercial and industrial areas: 

Splcing : 150 m, maximum 
Connecting pipe size : 100 mmn,minimum in looped l+y. ttems 

150 mm, minimum in dead-end systenns 
Hose outlet 1 1 x 60 mm (21,-in) 
Pumper outlet : 1 x 100 mm (4--in) 

b) Normal single family residential areas: 

Spacing : 250 m , maximum -
Connecting pipe si..e : 100 mm (4-in)
 
hfose--L,:nr)er outlet : 1-100 mm (4-in)
 

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

Flow M4eters 

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 riezometric head between the undisturbed flow and the 
constrition 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 differ
ential head meters.
 

B. Mechanical Meters 

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

Plumbing Code 

The Philippine National Plumbing Code shall be applicable. 

Distribution Storage Tanks 

Distribution storage tanks are used to provide storage volume 
to meet fluctuations in water use, to provide fire storage, and to 
stabilize pressures in the distribution system. The tank in rela.
tion to the service area, should be located as much on the opposite 
site from the source as possible; on the other hand, the tank loca
tion should not be too far away from the demand center. A storage 
tank is normally located 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 possible to have supply and 
transmission facilities operating, more or less, at a steady rate 
which is normalL]y to be around maximum daily demand for the design 
year. 

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 is 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 fluctuation) of 

m will be assumed for the operational storage. 

The maximum hydrostatic pressure in any pressure zone in the 
dAribution system should not exceed 70 meters. The tank overflow 
elevation, therefore, will be set at a 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 circular. Roof slab 
of a tank will be supported on interior columns. The tanks are 
normally construotea from reinforced concrete or steel*' Reinforcd 
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 pipop. From those, all of 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-9 
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 storable units for the service area. 

Booster Pump Stations 

A pump station strcture and related piping will be designed 
for a period of 25 years. 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 analsis. 

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 
more than 10 per cent. 

If the water has to be pumped through a long transmission line 
before it reaches the distribution system, an eoouomical 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
mum 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 electrical motor or a diesel
 
engine. Economy and practicality of electric or diesel sr 
will have to be studied for the study area. 

Electricity is 480 volts, three-phased with 60 cycles. Local 
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 pmp the following 
equipment generally provided on the discharge line are: shuto-of
 
valve, check valve, surfe relief valve, pressure gage, flow met-r
 
and 	air and anti-vacuum valve. 

Each pump station should have a superstructure constructed
 
from locally available inaterial to help provide security from
 
thoft and vandalism and to minimize the noise problem in residen
tial areas.
 

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

Pumps are to be constant speed single stage, horizontal or 
vertica'k centrifugal type. 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 simplification in 
operation and maintenance. A stand-by capacity equal to the 
largest pump in a pump battery will be desirable for assuring 
the firm capacity of the station even when one pump is out of
service. Where electricity "8 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 be available in the event of power failure. 

Water Qpuality Criteria 

The water provided by a public water supply system should 
be free from substances hartiful to human health and should be 
of the highest quality that is economically feasible. An accept
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.
 

c. 	The water should L. free from encrusting or corrosive
 
properties and should be clear, colorless, tasteless
 

and odorless.
 

Maximumi acceptable concentrationt of some of the most signi
ficant constituents of water, as established by the Philippine 
National Committee on T'inking Water Standards, and by the World 
Health Organization (WHO) are to be used as guideline. 

Surface ,dater Sources
 

The treatment of water from a surface source must be economic
ally feasible and should meet the current requirements of Philippine
 
Drinking 'later Standards with respect to bacteriological, physicall
 
chemical and radiological qualities.
 

The quantity of water at the source(s) shall be adequate to 

supply or supplement the water demand of the service area at least 
until the year 2000. 

Hydrological 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 drain:Aee areas, should be made. Recommenda
tion should be made 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 used. The ml.nimum
 
recorded flow minus riparian rights would give the minimum amount if
 
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 -aneed 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-maps. As a result of a 
preliminary field investigation covering area geology, accessibility 
and major relocation due to reservoir impoundment, some of the sites 
can be eliminated. For the selected sites mass inflow curves will 
be plotted 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 r#ePrvoi:u-. ssuring the reservoir beto T.ill 
wherever a demand line intersects the mass curve, the maximum
 
departure between the demand line and the nass 
curve represents

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

In order to determine the basic dam height, area-volume curves
 
are drawn up for each feasible dan site. 
 From these curves a dam
 
height can be selected which would create enough volume of reser
voir to satisfy the demand and dead volume requirements. Estimated
 
reservoir volume will be increased by 257% for supply safety. 
In
 
some cases one stream may not yield sufficient quantity of water.
 
Then it will be necessary to look into other river basins or ground
 
water, for supplementary supply.
 

In other cases the same 
stream may be considered for multi
purpose basin development including power, irrigation and naviga
tion. This will require close cooperation with the other authori
ties to make 
sure that adequate amount of water will be available
 
for municipa 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 floq though a tunnel alter
native if area topography is suitable. 
 A raw water pump 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 design year. 
Pumps will be capable of delivering the design

flow at the maximum head which is the sum of differential static
 
head, suction lift 
(if any), and suction and discharge head losses.
 
Selection of pumps in the station will be based on the application

of pump curves on system head-capacity curve.
 

Electric motor or diesel engwine driven vertical turbine pumps

will be used for the raw water pumpage.
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Staging of Source Development
 

Dtring 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 juAtified, following the development of
 
new sources.
 

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

Facility Demand
 

Dams Average-Day 
Water Treatment Plant 1Maximum-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.
 

Sdrveay;
 

Water quality surveys are important as they would indicate
 
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.
 

Grounwater-Sprins 

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 evaluation of aquifer and recharge area should be made to 
avoid possible damage to the spring, The major works needed for 
spring development would be construction of a collection chamber 
with necessary piping arrangement. Water quality must be checked 
to see whether any treatment would be required; the most likely 
quality problem with spring water beinCg' either excessive hardness,
 
or iron and manganese. The spring recharge area must be protected
 
from pollution.
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In the construntion staging of spring development, the measured
minimum yield should meet the maximum daily demand of the study area tif adequate storage is provided for peak-houlr dempnds. With no 
storage 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 purpose of
 
determining well and aquifer parameters including water table
 
elevations, well yields and drawdowns, well geometries
t interference between wells, and water quality. In addition, geologic,

hydrologic and meteorologic data will be evaluated with informa
tion on current withdrawals to estimate recharge to aquifers and
 
to estimate the overall safe 
yield of the source. 

In many cases, it may be necessary to construct and test
 
several wells 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 number of
 
two observation wells would be desirable.
 

Based on available information snd test well results, the
 
aquifer coefficients will be estimated. 
With this and hydro
geologpical appraisal of the 
area3 practical design yield, well
 
size, depth and spacing can be planned. Water quality analysis

will indicate treatment requirements of the source.
 

Construction staxrin$ of wello should follow the same criteria
 
as explained for spring developmernt.
 

'later, in general, has to be pumped from a groundwater well

with the exception of flowing artesian wells with adequate yield.

Pumps normally used for this purpose are either multi-stage
vertical turbine pumps which are shaft driven by motors or engines
located on top of well o:- submersible pumps in which the pumps
and electric motors are combino-d in one unit placed below the water 
surface of the well. The pump bot.!s maq be set at approximately
5-10 m below the lowest anticipated pumping level. The lowering

of the water table in a given aquifer and the specific capacity
of the well must be taken into consideration when calculating

the anticipated ultimate pumpin-,level.
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Jhere the 
source of electric power is not reliable, diesel
 
eneines will be considered for pump drive units, Pumping head
 
will be determined by pumping Level in the well hnd minimum
 
pressure requirements in the distribution system during peak
hour demands or by tan) fillino operation during minimum hour
 
demands.
 

Water Treatment Works
 

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

General De sign 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 plmts. The rated or nominal design capa
city of the treatment plant will be the maximum daily water demand
 
of the system for the design year. Using water demand projections,
 
a logical program for development of treatment facilities may be*
 
established. Decision will have to be made about which units to
 
be built initially for ultimate needs or to provide for develop
ment in stages. The following are factors which have a bearing
 
on the period of design of treatment facilities: (1) the useful
 
life of facilities, (2) the ease of extension, (3) the rate of

growth of the service area, (4) the rate of interest on 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 -pecially when the plant treats a water that is highly
 
contaminated.
 

An evaluation of available sites will be made to determine
 
the most favorable location for the plant. An accurate estikaate
 
of the area required for the ultimate development of the site
 
is specially important. 

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

(1) 	 Frequency of basin cleaning, length of filter runs 
and effluent quality will be carefully 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 years.
 

(3) The smallest number of units that is feasible will 
be chosen, ut 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 ii therefore desirable to arrange the plant so that 
these fun-tions are close to:ether, rather than widely. 
separated. 

(5) Chemical feed lines are to be as short and direct as 
reasonably possible. F'or this reason, it may be 
necessary to place the rapid mix basin in the 
chemical building. 

(6) 	Chemical handlin¢; and feeding system will be simplified.
 

(7) 	 Unessential ins;trumentation will be avoided. 

Types of Water Treatment Plants 

The quality or raw water varies greatly from source to 
source. Accordingly, the type of treatment to produce a safe 
and palatable 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-i. 

Classification of treatment plants aocording to raw water 
quality is a useful guide to the designer. However, such classi
fication is not a substitute for engineering studies including, 
in some instances, experimental and pilot plant work as the 
basis for plant design. 

In a modern conventional plant, rapid mixing, flocculation, 
sedimentation, filtration and chlorination are employed to re
move color, turbidity, tastes and odors, and bacteria from sur
face water supplies. Bar racks 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 ir the water is highly turbid. 

Water filters can be designed hydraulically as slow or rapid, 
depending upon the rate of flow per unit of surface area. The 
processes of a treatment plant are briefly explained in the 
following sections. 

Aeration, Aeration is used to reduce the concentration of 
taste and odor producing substances in the water and to remove 
iron and manganese from the water by oxidation. 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 
T1rye of Aeration sqm per 1,000ou/dav 

Spray 2.50
 
Multiple Tray 1.25
 
Cascade 1.25 
Diffuser 1.75
 

Inclusion of aeration process can be useful and economical 
in the treatment of ,1rundwater whioh has a high content of 
carbon dioxide, iron and manganese and hydrogen sulfide. 

Mixing. Coagulation of particles in the water with the 
addition of chemicals is accomplished during mixing processes. 
Where only a coagulant is used or where sequence of application 
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APPNIX TABLE A-1 

APPLICATI OF TRE9aX1T METHODS 4 

Water Quality 


Constituents 	 Concentration 

Coliform KTN Der 100 ml 0-20 
(monthly average) 20-100 

100-59000 
>5,000 

Turbidity-units 0-100 

10-200 

>200 


Color.-mg/l 20-70 

>70 


Tastes and odors noticeable 
Calcium carbonate-mg/i > 200 

Iron and manganese-mg/l 	 4 0.3 
0,3-1,0 
>1.0 

Chloride-mg/l 	 0-250
 

Phenolic compounds-mg/i 0-0.005 

>0.005 


Toxic chemicals 

Less critical chemicals 


Pretreatment 
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4v-eesential; 0-optional; S-special justification required. 6,, alternate, dilute with low-chloride water. 
9uperchlorination shall be followed by dechlorination. -J~uble settling shall be provided for coliform 

exceeding 20,000 K.B.N. 
&/orextreme muddy water, presedimentation by plain settling may be provided. 

Source: Water Treatment Plant Design, ASCE, AW,lM, CSSE, 1969 edition 



is not critical, chemical mixing may be obtained by injection 
of chemicals into a point of high velocity flows9 such as the 
suction of a low-lift pump, a parshall flume, or a hydraulic 
pump. In other cases power may be put into water to secure 
mixing either by mechanical agitators or by use of gravity in 
baffled basins. The rectangular baffled basinis are usually 
designed for horizontal flow with a detedtion time of 60 
seconds at the design flow. Basin with 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 
agitators. Power requirement is about 1.3 hp per lOO00 cumcd 
flow. A recent trend in chemical mixing favors use of in-Uze 
blenders. 

Coagulation and flocculation are greatly influenced by
 
physical and chemical characteristics of water, including
 
particle size and concentration, pH, water temperature,
 
exchange capacity and electrolyte concentrations. The beha
viour of water to be treated in a proposed plant cart be best
 
determined by: (1) laboratorj testing using "jar test" tech
nique, followed by laboratory filtration or(2) pilot plant.
 

The sequence of addition of chemicals for coagulation is
 
often important and multiple points of application of the
 
chemicals are therefore required. 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 aid. 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 chemical
 
mixing. Detention time used for the design of flocculation
 
basins will be 60 minutes. To increase floc strength, usage
 
of chemical agents such as activated silica and polyeleotra
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
flocculation and sedimentation basins integrally, with a perme
able baffle discharging the flocculated water into the sedimenta
tion basin to assure uniform horizontal and vertical distribution 
of settling tank influent.
 

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

Sedimentation following chemical coagulation and floocula
tion is used to remove color and turbidity by adding coagulante

and to remove hardness by adding lime and soda ash. 
 This type

of sedimentation follows presedimentation (if used) and aeration
 
and precedes filtration.
 

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

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 flocculation and 
settling basins are located in the same rectangular
tank to eliminate the need for a channel 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 controlaid in of the overflow. 

Most sedimentation tanks used in water purification today 
are of the horizontal flow type. The other types are known 
as upward-flow solids contact units and upward-flow sludge 
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blanket type clarificat,on 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 taunks may be either rectangular or circular 
in plan. Circular horizontal-flow tanks are usually center feed 
type with radial flow. In a rectangular tank the flow lines are 
parallel and all in one direction. The flow usually enters one
 
end of6the tank through a perforated or diffusion wall, travels 
the length of the tank, and then exits over some type of effluent 
weir. 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 settled solids. 

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

The temperature of th(- water, the si-ecific gravity of mate
rials in :uspension, and the size and shape of the suspended 

. s influence sediim!rtation process. Experience has shown 
thitt higher tank overflow rates can be used in warm waters* A 
particle with higher specific gravity will settle faster. The 
time of retention in the sedimentation tank is important, because 
longer timt: permits more floc contacts and, hence t more floc 
growth. 

The purpos-e 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 occur. 
The main characteristics of sedimentation tank involved include 
the tank surface area, which is dependent on the sir.face over
flow rate, the tank depth, which is dependent on thE detention 
tim4, 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 depth.
 

Preliminary design parameters of settling basins are shown 
in Appendix Table A-2. 
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--------------------------------------- 

APPENIX TABLE A-2
 

DESIGN PARATERS OF SETTLING BASINS 

Velocity Tank 
Raw Water Treatment Overflow Rate Detention Through Depth 

_(oum2/ /sgm) Time (hr) Basin min (A) 

Surface Alum floe9 25-50 2-4 0.15-0.50 3-4 
Ferrous floo 9 30-50 2-4 0.15-0.50 3-4 

Surface or Lime softening 40-60 1-3 0.20-0.60 3-4 
ground 

Without subsequent 
filtration 10-20 8-12 0.05-0.20 4--5 

PlaiD sedimentation 100 1-4 0.3 -1.0 3-5 

-

Rectangular tanks can be constructed with practical lengths
 
up to a maximum of about 80 meters. Generally, a length to width
 
ratio between 3'1 to 5:1 is used. Rectangular 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 calculated settling basin, a
 
provision for inlet, outlet and sludge collection zones, will be
 
made.
 

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

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

94ith subsequent filtration.
 

A - 24 



APPENDIX TABLE A-3 

TYPICAL WEIR OVERFLW RATES 

Weir Overflow Rate 
Type of Treatment cum/day/m 

Light alum floc 150 
(low turbidity water) 

Heavier alum floe 200 
(higher turbidity water) 

Heavy floc from lime softening 300
 

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

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

Filtration may be classified 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/day/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 good
results under all raw water conditions. Slow sand filters are 
cleaned by scraping a surface layer of sand and washing the re
moved sand and returning it to the bed. Algae growth is another 
problem with slow sand filters specially in hot climates. As 
slow sand filters require minimum amount 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
ally. 

In the design of new plants the gravity rapid filter with
 
coarse-to-fine media (dual media5 is the obvious choice for the 
great majority of installations. The best example of this ia 
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 filter 
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media are supported by an underdrain system. The most important 
function of the filter underdrain is to provide uniform distribu-.
 
tion of backwash water. 
 It also serves to collect the filtered
 
water. With many types of filter bottoms or underdrains, a support
ing bed of gravel is used to keep the sand out of the underdrain 
and olearwell during filtration and to assist in uniform distribu
tion of washwater during cleaning of beds. A gravel depth of 12 
in is usually adequate. The silica sand used in the fiter media
 
is specified to have an effective size of 0.35-0.50 mm and uniform.
ity coefficient of about 1.7. Crushed anthracite coal has a specific 
gravity of 1.5, as compared to 2.65 for silica sand. 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/io 

Warm water is easier to filter than cold water. Filtrability
 
is the most important property of 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
 
plants where it may be two. The maximum size of individual filter
 
units is governed principally by the rate at which waahwater 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 sqm. A unit of this size
would be divided into two units of equal size, so that each half
could be backwashed separately. For the preliminary design a 
filtration rate of 10 cum/hr/sqm will be used. 

Filters are usually laid out side by side in rows along one 
side or along both sides of a pipe gallery. 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 meterso 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 collected in the bed during the preceding 
filter run. In warm climates a maximum upward backwash flow 
of 50-60 cum/hr/aqm must be provided. Wastewater from backwash 
is collected in washwater troughs and conveyed into a waste 
drain. 

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
fection. 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 Velocity
 

Influent 1.0 
Effluent 1.5 
Backwash 3.5 
Waste 2.0 

Cost Estimates 

The construction 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 cost. 
Construction cost projections will be made for all items which 

sourcewill be included in a water supply project. When using a 

information outside the Philippines necessary adjustment will be 

made to reflect the local labor cost. All estimates will be 
based on an exchange rate of P7 to 1 US dollar. It will be 
assumed that no customs duty will be charged on items imported 
*,r public water supply projects. Separate cost indices for 
local and foreign cost components will be developed. Cost tables 
will be prepared to show a breakdown of the estimated construotion 
cost for major items.
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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 Durin, Construction (at 12aZ
 

Total Project Cost G
 

Economic 2gst Comparison
 

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

Base Year: 	 1976
 
Discount Rate: 	 12% 
Service Life of 	Facilites: 

a) tructures and Pipelines: 50 years 
b echanical Equipment: 25 years 

c Land: 	 infinite 

Total project cost will include construction cost, engineering 

and contingencies, land oost, administrative and legal fees 
and interst during construction. Present worth of capital
 
costs will be calculated backward from completion time of cons
tructiona
 

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

Annual costs will include personnel, power, chemicals, and
 

maintenance costs. These estimates will be carried out for the
 
years 1975, 1990 and 2000. Present worth cost of annual expendi
tures will be based on gradient series at 12% interest rate. 

Cost of any facility to be replaced during design period
 

(1975-2000) will be included in the present worth cost analysis.
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No esoalation factor will be applied to July 1976 prices as 

all of the schemes will be affected in the eake rate.
 

Salvage value of a facility will be estimated by usine linear
 

depreciation for its value throughout its service life*
 

Economic comparison of alternative schemes and selection of
 

least cost scheme will be based on present worth of net disthe 

bursements during the period of 1976-2000.
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APPENDIX B 

BASIS OF COST ESTIMATES 

General
 

Cost data presented here refer basically to estimated 
construction costs, which include all materials and labor 
tog::ther with some allowance for relate,] miscellaneous work 
and contractor's overhead and profit. The cost data have been 
converted to unit prices in table or curve form for easy appli
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 suit 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 
prices. In the United States, construction cost trends are 
printed weekly in the Engineering News Record (E'R) 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-1974. 

Cost analysis includes the development of construction 
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 components
 
of construction work. For local materials, the Retail Price
 
Indices for construction materials were used. For imported 
mechanical and transportation equipment the ENR cost index was 
adopted. The resulting projections to July 1976 are shown in 
Appendix Figures B-1 and B-2. 

The unit costs which are developed for this study are for
 
construction costs only. The 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-I. 
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APPENDIX TABLE B-I 

TOTAL PROJECT COST 

Construotion 
PerigA 

.Cot 

Lo2Il 

in Pecos 

FlC Total 

1. Souroe Development 

aterial and Equipment 

Civil and Struotural Work 

1978-81 

... e.. * * * 

Construotion 

15% Continpenoies: 

Costs . . . 

UA" 

. . 

-

. . . 

£.J.4. 

Sub-Total 

10% ZngineeriaC13d 

Sub-Total 

,.* 

. 

* . 

(A 

* * * 

e 0 0 

*** 

Land Costs L 

Sub-Tetal . .O 

3% Administrative 

Total Pt*Jooa 

and Legal Fees 

Cost!/ 

j *£..£_2 

2. Water Treatment Plant . . , 

-/Excluding interest durinC construction. 

B-2 



x 

0 

0
0 1800... 

z 

I-,/ 

0 

S 160 0-

I

, 

D:Z1400 --- .... 
u/ 

z 
w 

- --... 

...... 

-...... 

.... 

-.... ... 

. .. . . . .. 

......... . . ... -- --- - _ 

_.. 

_ . 

1200 

966 1970 

YEAR 

1975 1979 

NOTE 

BASE YEAR 1S 
CONSTRUCTION 

19131 
COST 

WITH 
INDEX -- 100 

FEASIBILITY 
SUPP LY OF 

STUDY FOR 
TEN PROVINCIAL 

WATER 
AREAS 

CDSRUTOMCOSTCD-

APPENDIX 
ENGINEERING 
CNTRCIO 

FIGURE B-1 
NEWS RECORD)

INDEXVOS si. 



,00T 

390 ................. -- - 4 - - -

/ 

X 
Lu 

z 

320 . . ...... . 

- 280

0u 

0 

z 
0 

0260 . -. . ...-... ..... . ...--. 

1-40-------------------..-.......... 
0 

.. 

-.. 

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

. 

0 

100-.. . ......... -.---..- -- ----.- - - - - -

120 --- ---.. ..... ..... 

1966 1970 

YEAR 

1975....9 

NOTE 
BASE YEAR IS 
CONSTRUCTION 

1965 WITH 
005+ INDEX -100 

APPENDIX FIGURE B-2 
LOCAL CONSTRUCTION 

FEASIBILITY STUDY FOR WATER- W AC S IN E 
SUPP LY OF TEN PROVINCIAL ARE AS CDM-LWACSINE 



]r"s and Appurtenances 

Dams and appurtenances are special structures and as such t 

they must be treated individually in developing estimates for 

construction costs. Unit costs for items of work that normally 

enter into the construction of earthfill dame and appurtenances 
are liz;td in Appendix Table B-2. Application of the unit costs 

to estimated quantities for a given dam project will yield esti

mates of the oonstnv.tion cost for the project or components 
thereef. 

Tunnels 

Tho construction costs of tunnels are heavily dependent on 

a large number of variables including the types of rock or other 

material encountered, the physical or structural defects of the 

reks, the extent to whicb water is present in the formations 

aloug the route of the proposed tunnel, length of tunnel to be 

driven, the size and shape of tunnel, the method of attacking the 

tunnel headings or faces, method of drilling (conventional vs. 

machine), ventilation and dust control requirements, the mucking 

operation employed, timbering, steel supports and rock bolts re

quired, design and thickness of concrete lining, the skill and
 

ability of workmen, and on the knowledge and experience of their
 
costs of tunnels
supervisors. Reasonably accurate construction 

are difficult to estimate, more so in the absence of cost data on 

existing installations. Reliable estimates can be made only after 

tunnel route by borings, geologicalthorough investigation of the 
study and consultation with specialists in tunnel construction. 

The unit price approach, i.e., cost per unit length of tunnel, to 

tunnelling cost estimates is risky and can result in substantial 
errors.
 

For the purposes of this study, estimating pricew developed 

for tunnels are those for component or appurtenant work for tunnel

ling 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 individually. 

Deep Wells 

Cost data for deep well construction a:- presented in Appendix
 

The costs are based on actual c nstruction costs, biFigure B-3. 
prices, and contract prices for deep wells.
 

The estimating prices include 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 

Labor costs include mobiliza-Schedule 40 black iron pipe casing. 

tion and demobilization charges, drilling, installation of casing t 

B -3 



APPENDIX TABLE B-2 
UNIT C0STS FOR DAX AND APPURTMiANNG2/ 

A. Dam Eabankment 

Unit Cost 
(July 1976) 

Clearing and grubbing ha 1,500 Under water add 15% 
Ccmon excavation am 16 Under water add 15% 
Hard pan exoavation cum 20 Under water add 15% 
Rook excavation ou. 25 Under water add 15% 
Rockfill for embankment 

quarry excavation am 65 
HaulinC and placement cam/k. 8 

Placement of coarse aggre
gate CUM 12 

Place of fine aggregate cum 12 
Impervious earth core 

hauling ai/ 8 
placement oum 7 

Backfill 

dump cum 8 
oompaoted OUR 60 

Crushed rook (material) OVA 50 
Riprap (placement) squ 30 
Steel sheet pile in place ton 10,000 

-Foreign exchange componeit of dams and appurtenances is
30 per celt of total construction oost. 
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APPENDIX TABLE 32 (Continued) 

UNIT COSTS FOR DAMS AND APPRTANCES 

B, Spillway 

Excavation 

Conorete (Plain) 

Reinforced oonorete 

(see 

ola 

oun 

previous unit costs) 

500 

900 

C, Mobilization and Demobilization : 5% of Total Construotion 
Cost 
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APPENDIX TABLE B-3 

TUNNEL CONSTRUCTION COST/SnDMATES 

(July 1976 prioes) 

Ite•a FC 
-No. Work (Joription of total) 

A* Items with Unit Qanities 

1 Open Excavation
 

a) Rock 45 

b) Hard pan 45 

o) Soil 40 


2 TUnnel Excavation 50 

3 Tunnel-Concrete Lining 35 


4 Tunnel-Steel Supports 35 


5 Rock Bolts 20 


6 Grouting 45 


7 Drainag 25 


8 Kisoellaneous 50 


I/Does not include engineering and contingencies, 
administrative and legal fees* 

Total Unit Cost 

25/oou 
20/c . 

16/0" 
200/aim 

19000/0= 

See pag B-7 

See page B-7 

See page B-7 

Se page B-7 

See page B-7 

land cost, 
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APPENDIX TABLE B-3 (Continued) 

TUNNEL COST ESTIXMA 

B. 	 Unit Prioes Variable With Tunnel Inside Diametez4/
 

(All unit prioes in pesos per meter of tunnel)
 

Item
 
No* Tunnel "D)" in mters 

(From weviots ja) Work Deuogipticui 5&0 

4 Steel Supports5 / 800 900 1,100 1,300 1,550
 

5 Rook Bolts5/ 350 400 450 500 550
 

/
6 Groutin 400 500 650 800 900
 

7 Drainage & Ventilation 500 550 600 650 650
 

8 Misoellaneous 500 600 750 900 1,000
 

4/Fer foreign exchange oomponents see page B-6. 

5/4 or required length only. 
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perforating, developing the well, test pumping, well disinfeotion, 

and grouting the upper 15 to 30 m of the well. 

Deep Well Pump and Pumphouses
 

Construction cost estimates for deep well pumps and pumphounes 
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 include discharge piping and valveo t controls, miscella
neous materials, and installation. The pumphouse is assumed to be 
constructed 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 include the cost of the land 
and other site 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 channel, Intake structure 
and a prup wet well. A superstructure for housing pump, motors and 
oontrol, and necessary piping are also included. Cost of land, power
 
transmission and substation, access road must be added to the cost
 
obtained from Appendix Figure B-5.
 

Water Treatment Plants 

Numerous water treatment plants with various capacities have
 
been built in the United States, Therefore, it was possible to
 
develop cost curves for the treatment plants based on plant capa
cities used in the preliminary cost estimates. However, it was.
 
necessary to modify U.S. costs to reflect 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 tke
 
costs obtained from these curves.
 

Water Mains
 

Coat studies have been male on pipe of various materials inolud
ing cast iron, asbestosocement, steel, ductile iron and prestressed 
concrete. The unit coats of pipelines are based on the assumption 
that the least cost pipe, whether locally manufactured or imported, 
will be utilised. 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 
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APMDITX TABLE B-4 

PIPELINE COSTS (P/m) 

(July 1976) 

Unit Cost
 

Sire_(jmn) Material Local FEC§/ Total 

100 AC, CI 47 33 80*
 

3,50 AC, C1 78 72 150
 

200 AC, CI, DI 96 104 200*
 

250 AC, CI, DI 148 182 330
 

300 AC, C1, DI 190 250 440*
 

350 AC, CI, DI 216 324 540*
 

400 AG, CI, DI 264 396 660*
 

450 AC, CI, DI 277 453 730*
 

500 AC, CI, DI 296 504 800*
 

600 AC, CI, DI 342 608 950*
 

700 PSOP, Ss DI 448 672 1,120
 

800 PSCP, S, DI 520 780 1,300
 

900 PSCPt S DI 588 882 1470
 

1,000 PSCP, B, DI 672 I,008 1,680
 

1100 PSCP. S, DI 780 1,170 1,950
 

1,200 PSdP, S, DI 912 1,368 2,280
 

1,300 PSCP, S, DI 1,000 1,500 2,50
 

1,400 PSCP, S 1,160 1,740 2,900
 

1,500 PSOP, S 1,260 1,890 3,150
 

*Based on oontractor's bid prices for San Pablo and aoolod City water
 

supply syntem improvements in November and Deoember 1975o
 

Vus $1 a ?7.o0
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bedding t backfill, laying and jointing, concrete thrust biockst
 
pressure and leakage testing, disinfection and flushing, pave
ment replacement, 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 spigot lead caulked joints. Costs for asbestos
 
cement pipe are for Class 25, iSO R160 specifications, with sleeve
 
type coupling joints. Costs for steel pipes are based on pipe 
with a wall thickness of 0.25 inch, with inside cement-lining and
 
outside double enamel coating. 

Booster Pump Station 

Cost ourws for booster pump station are shown in Appendix
 
Figure B-7. Development of these curves is based on available
 

.,local information and tf.S. costs with some adjustment for the 
labor component. Booster pump station costs include pumps and
 
motors, necessary controls, piping and a 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 obtained frog this curve.
 

Ground Storae Reservoirs
 

Construction cost estimates of ground storage reservoirs are
 
presented in Appendix Figure B-8 including steel, reinforced concrete
 
and prestressed concrete tanks. 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 oonurete 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.
 

Tank costs include ordinary piping, valving, and tank acces
sories such as vent, access manhole, ladder rungs, etc. The costs
 
do not include special valves and controls, land taking and access
 
road* 

Gate Valves 

Gate valves up to 600 mm diameter can be manufactured in the
 
Philippines. Unit costs for gate valves are based on the prices of
 
locally manufactured valves. However, studies indicate that the
 
prices of imported (U.S.) gate valves conforming to A3WA Standard
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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 prioes 

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. Butterfly 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-plaoe costs are
 
given in Appendix Table B-5.
 

Fire Hydrants
 

The unit in-place costs for fire hydrants assume the 
use of dry barrel, compression type, traffic model hydrant
 
with 2i-in hose connection and one 4-in pumper connection. The
 
cost figures are shown in Appendix Tablo B-6 and include fir.
 
hydrant, gate valve, tee fitting, jointing materials, concrete
 
thrust blocks, miscellaneous materials, and installation.
 

Service Connections
 

Cost data for service connections 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 FE plastic pipe gooseneck.
 

The unit in-place estimating prices are for servioe connect

ions from in to 2 in as shown in Appendix Table B-7. 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 cases.
 

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 prioeu° 
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APPENIX TABLI B.5 
IM-PLACE VALVE C081 

A. Gatoe Valves 

1oo 

150 

200 

250 

300 

350 

400 

630 

760 

990 

1,300 

1,580 

3,040 

3,900 

770 

1,140 

1,610 
2,400 

3,220 

6,460 

9,100 

1,4oo 

1,900 

2,600 

3,700 
4,800 
9,500 

13,000 

B. Butterfly Valves 

300 

350 

.400 

450 

500 

600 

700 

800 

900 

?./"0 

it: 

1, .A 

1,300 

1,400 

1,500 

2,035 

3,370 

4,370 

5,083 

5,890 

6,70 
7,500 

8,800 

9,600 

11,200 

12,600 

14,200 
15,200 

169200 

17,300 

3,465 

6,260 

8,870 

11,315 

14,410 
18,100 

22,500 

27,600 

32,400 
39,8)0 

47,400 

56,800 
64,800 

73,800 
84,700 

5,500 

9,630 

13,240 

16,398 

20,300 

24,800 
309000 

36,40r 

42,000 

51,000 

60,00 

71,000 

80,000 
90,000 

102,000 

B-12
 



APPUDIX TABLE 

FIRE HTDRAMT 

. IItlace Goatk(fesol) 

(Wet-, 0owection) - _M 

100 m 1,572 2,202 3,774 

150 2,304 3,173 5,477 

2/wayrma rets~imported* 

-/costs are for July 1976. 

2/aBul. on P7 to 81. 
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APPENDIX TABI 3-7 

COST 0F SERVICE CONNE(TIONS 
(July 1976) 

Diameter ~Ca 
(in)-- ~~Local FCTtr 

4 150 216 366
 

5/8 - 3/4 160 240 400
 

1 180 330 510
 

ii 360 840 1,200
 

2 4.50 1,350 1,800 

D/The above estimated costs include all the material and work 

neoessary for a service connection from water main to the 

meter (5 to 15 m long) with the oxooption oZ pavement rc
plaoement and the meters 

1I/Foreign exchange component is based on contraotorlo 
bid prices for San Pablo and Bacolod City water supply Ey4i

ter improvements in November and December, 1975, w.,th gn 
exchance rate of US $1.00 - P7.00. 

B-14
 



APPENDIX C
 

CONSTRUCTIOT MATERIALS AND ETHODS
 



APPENDIX C CONSTRUCTION METHODS AND MATERIALS 

TABLE OF CONTENTS 

Sub-Title 

General 
Factors Affecting Construction 
Construction Materials and Methods for
 

Waterworks Projects 
Sand and Gravel 
Cement 
Reinforcing Steel 

Conurete 
Asbestos Cement Pipe 
Cast Iron and Ductile Pipe 
Steel Pipe 
Prestressed Concrete Pressure Pipe 
Plastic Pipe 
Valves and Fire Hydrants 
Water Servioe Lines 
Water Meters 
Construction Methods for Water System 

Components 

Deep Wells 

Water Main Construction Procedures 
Pipe Cleaning and Lining 
Pipe Cleaning in the Philippines 
Tunnel Construction Methods 
Pumping Stations 
Raw Water Pumping Stations 
Water Storage Tanks 

Water Treatment Plants 


C-1 
C-3
 

0-3 
0-3 
0-3 
0-4 
C-4
 
C-4 
C-6 
C-8 
C-9 
C-9 
C-i1 
-12
 
C-13
 

0-13
 
-14
 

0-14 
0-19 
C-23 
-23 
0-24 
C-25 
0-25
 
0-26
 



APPMNDIX C 

CONSTRUCTION MATERTALS AND METHODS 

General 

The construction of water supply system components such as 
source of supply facilities, transmission mains, treatment and 
distribution system works requires a wide range of construction 
prooedures and specific materials designed for each purpose. 
Construction may vary from the laying of small underground pipe
lines to the construction of relatively large structures including 
the construction of buildings, installation of complicated nechap
nical and electrical equipment, excavation of all types, construct
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 des
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 economical 
operation is assured in order to protect the large investment that 
must be made to achieve the goal which is to make an adequate supply 
of safe and potable water available to the people. 

Factors Affeotin Construction 

Factors affecting the facility and cost of construction of 
water system components include climate and weather conditions, 
availability of construction materials, availability of skilled 
and common labor, special construction equipment requiremento, 
existing developments, and soil conditions. 

The climate of the area will Influence the construction 
methods to be used and the speed with which work can proceed. 
For erample, protracted periods of intense rainfall will case 
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 logistics of construction as 
the delivery and transportation of materials may be prevented 
or delayed. 

A significant climatic factor in many parts of the Philippines 
is the frequency of'tropical cyclones. An average of 19 tropical 
cyclones form in or enter the Philippine area of responsibility 
annually. Some areas in the Philippines are more susceptible to 
tropical cyclones than others. Aside from preventing prosecution 
of the work, tropical cyclones may also inflict significant damage 
on work already completed or in progress. 
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Other physical factors that could greatly affect the oonstruct
ion of water system faoilities, partioularly water distribution maim 
construction procedures, are the width of streets; presence or ab
sense of sidewalks, curbs, and gutters; traffic density; and other 
existing or proposed underground utilities. 

Soil conditions are expected to vary for different areas and 
from place to place in any given area. Pertinent sell information 
for the construction of the various components of the water system 
improvements should be gathered and evaluated in order that a&: 
special construction problem or requirement can be properly deter
mined and provided for. For example, seils with high sulfate on
tent may eliminate consideration of asbestos cement pipe for water 
mains. In oases where transmission and distribution mains are to 
be laid in unstable soils, across streams, swamps, or marshlandag 
the soil conditions should be thoroughly checked that they oan with
stand the loadt or the pipeline materials and joints should be 
selected and designed with provision for any excessive settlement 
that m y occur. 

There is a large reservoir of labor and skills in the Philip
pines to carry out the vast construction work involved in water 
supply system development or improvement. It may be necssaryt 
however, to bring in to the project area certain technical personnel 
and specialists to supervise the work and installation, and to ins
trust in the maintenance and operation of complicated items of machi
nery and equipment. 

In some large Philippine cities, there may be local oonstraol
ion contractors with the competence and resources to undertake all 
or portion of a waterworks project. In the event that local oons
truction expertise and capability are not available or are deficient 
in some respects, several Metropolitan Manila - based construotion 
firms can be utilized for any and almost all of the work needed for 
water supply projects. 

Other types of work require the use of speoialised equipment 
not only because it is virtually impossible or extremely diffioult 
to accomplish the work with human power but also for faster, mere 
efficient, more eoonoical, and better quality of work. In general, 
however, the use of equipment-intensive construction procedncs for 
waterworks improvements in the Philippines should be avoided if 
possible. Common construction equipment such as trucks, orantes, oet. 
may be available in some project areas. Government-owned oonstrustion 
equipment for infrastructure projects assigned to highway reglonal or 
district offices may be available for use by private contractors on 
a rental basis. 
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}lbistirzi and propeoed developments in a projeot area would nr
rwijLy oreate som' problemrn wi-h roect 'tothe oonstruction of wa
itr aupply facoilitieso Fox' uconozy ard eas6 in constructien, the 
implientation off watentorks projects muot be planned with due 
oonsideratien of other utilities and public works oonstruction 
progX&EtSo 

ontucti MN 6,j a a Watenw.gM 1proet!ishc the4s 

In any aonatmaotiaa work, wteriale and pro.4ues are two of 
the mot important itemv neded for the suocexaful proseoution and 

nipletion of the project. Many construction materials and pro
oedurc-i are con oan -to oe-verl types of oonstruotione Others are 
x~ro ispecializei i, nature ansd apply an]y to oertain types of struature 
ori work. In the followin. sections are discuissed some of the ma
torials and prooodurms that are normally needed and employed in the 
oenetruotion of water supply systems. Information is presented an 
maeriale that ge into uoiicrete work, various pipe materials and 
valves, fire hydrants, oervioe lines pn*up and water meters. 
With the expanding aotivities and progrwms in water supply develop.
ment in the Philippines, the engineering and construction of argo 
opacity water supply, works, snoh as tmrassianion tunnels, water 
mainin water treatment plants, pumping stationa, and storage re 
servoirs are expected to increase. Common practices in AhM oonstruot
ion of these faoilities are discuused briefly in this report. 

§5A~i add (2,avel 

Sand and gravel uay be needed in large quantities in a water 
supply development project area for use as concrete agg oegates, 
pipe bedding, road surfaoing, etc. Iavailability of theme materials 
in the amounts needed within reasonable hauling distance to a pro

ject area could add materially to the oanstruction oosts. In any 
water supply feasibility atlidy and oonstruction progaS inivestigatiim 
should be carried out to locate seuroee of sand and gavel and de

termine their suitability for the variwas workso 

Cameld
 

Cement is maufactured in large quantities in the Philippines 
and in recent years has been one of its export produotea Am of 
1974, there were 18 operating eement plants in the Philippines, 11 

losted in Luton, two in the Visay&', and five in Kindanao. The major
ity of the existiag cement plants started original operation or umisr

went expansion within the last deeadeo In addition, 24 oement pro
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jects were registered with the Securities and Exchange Commission. 
The operating plants hi-ve a total capacity of' 173.4 million bagp 
of cement of 43 kg each. Total production in 1974 amounted to 
about 85 million bags, or about 3.6 million metric tons, of which 
approximately 20 per cent was exported.
 

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

Roinforoin Steel
 

For reinforced concrete 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 tons. Steel manufacturing normally oonforms to ASTI standards. 
Reinforcing bare in sizes from 6 to 25 mm are readily available* For 

the larger sizes, bars are available in plain and deformed sections. 

Concrete
 

From the foregoing, it can be concluded that all the principal
 

materials needed for good quality concrete can be furnished from
 

local (Philippine) sources. The quality of concrete needed for
 

the various components of the development plan will have to be
 

determined during the final design stage of the project.
 

Asbestos Cement Pipe
 

Asbestos cement pipe was first made in Europe in 1913, and was 

introduced in the United States in 1929. However, its extensive 

use for water system piping in the Philippines started only in the 
early sixties. 

Asbestos cement pipe is manufaotured from simple ingredients: 
asbestos fiber, silica sand, and cement. Asbestos fibers make up 

the smallest percentage of the total volume of pipe material ingre

dients but their high tensile properties add significantly to the 

overall pipe strength. The amount of each element used varies but 

Is usually in the following ranges: asbestos, 15 to 20 per ocent, 
silica, 32 to 34 per cent, and cement, 48 to 51 per cent. By virtue 

of its methods of manufaoture, asbestos cement pipe is smooth on the 

outside, and due to the polished mandrel used in its formation, it 

mormally has a very smeoth interior bore. Therefore no coatings of 

any kind are used. Because of its chemical oomposition, asbestos 

cement pipe is not easily affected by corrosive waters; however, 

it requires a special outside coating for soils with high sulfate 
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a high "C" valuo at istallacontent. With its saooth bore, it has 

tio, ojhatc j "ib ,oj'td to remain high throtghout uue, The low 
that the leachingcontent of uncombincd calcim hydroxide ,nsures 

a Purchasers may specifyeffects of soft waters will be at minis=. 


a limit for uncombined calcium hydroxide. Disadvantagen of this pipe
 

include low strength, brittleness, disintegration, leakage, and low 

duotility.
 

over a decade forAsbestos cement pipe which has been used for 

water mains in the fhilippines ii widely accepted in this country 
ma

and often has been the pipe materia, of choice for small sizes (80 

compared to fer

to 30) IMI) primarily becautie of its relative economy 

rous pipes. The pipe is produced by two manufacturers with factories
 

in Metropolitan Manila, and under the trade name Eternit and Italitg 
in sizes from 80 respectively. Pressure pipc is readily available 

areto 600 mm for rated working pressares up to 130 ma. Pipes general

ly manufactured acoording to ISO R-160 specifications and supplied in 

cement pipe manu
4-meter lengths. A aignificuit feature of asbestos 


factured under the ISO specificationt i2 that the required test pres

is only twice the rated working pressure.
sure 


as to whether asbestos 	 pipe conforming to ANWA stand-Inquiries 

ard 0-400 can be manufactured by the local plants revealed that the
 

costs than ISO pipes because
pipes can be manufactured but at higher 

of the stringent requirements of the AWWA standard. For example, the 

AWWA standard requires a hydrostatio test pressure of A times the 

rated working pressure.
 

The AWWA standard covers two types of asbestos ceent pipe: Type 

I - for use where contact with aggressive waters and/or soils with 
- for use where contactsulfate content is not 	expected, and Type II 

with aggressive waters and/or soils with sulfate content 
is expected 

standard limits the uncombined calcium hydroxide (free
to occur. The 

cent. meet this requirement,lime) for Typo II pipe 	to one per To 
that the cement to be used mightthe local manufacturers indicated 

suit
have to be imported if 	 locally produced oment would not prove 

For Type I pipe, there is no prescribed limit for unoombined
able. 

calcium hydroxide. 

Locally produced asbestos cement pipes are normsaly joined with 
as 	 joints

a coupling of the oame 	 composition and strength the pipe and 

"0" rubber rings. Mechanical joints (Oibaultare sealed with double 
or asbestos cement-to-cast 

joints) for joining asbestos oement pipes, 


iron pipe are also produced locally.
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In recent years a question hae boon raised with respect to the 

possible health hazard that mazy be assuuiated with drinking water 
which has flowed tnrough asbestos cement pipe* In an effort to 
determine the scope of the problem, the A/C rpe Producers Asooiao
tion (U.S.) contrasted with the American Water Works Association 
Research Foundntion to study the problem of asbestos in water, speoi
fioally with relation to the une of asbestos cement pipe. One oon.

elusion of the recently completed study is that thouh asbestos in 
water has become a potentially serious health hazard the proper use 
of asbestos cement pipe for water does not pose a hazard to health 
by reason of ingestion of az3beotos fibers. Highlights of the other 

findings and conolusions of tho study are: 

(I) Asbestos can canue granulomatous and fibrotic reactions 
in the lunge but there is no evidance that it does so in the 
gastro-intestiinal tract. 

(2) The general prevalence of asbestos in soil results in its 
presence in most waters of lake, river, and well origin, and 

in distribution systems whether fabricated of asbestos cement
 

or other materials.
 

(3) Asbestos cement pipe systems have serviced large populav
tions for 40 or more years in Europo and the United States 
with no apparent increase in poritoneal mesothelionas amonC 
the public during this puriod despite the fact this tumor 
has been the focus of great interest among the pathologist 
for the past 10 years. 

(4) No firm evidence shows that the proper use of asbestos 
cement pipe poses a hazard to health by reason of ingestion 
of asbestos fibers. Calculations comparing the probable 

ingestion exposure in occupational groups to that likely to 
occur as a result of ingestion of potable water from asbestos 
cement pipe systems suggest that the probability 0@ risk -to 
health from the use of such systems is small approaching zero. 

Based on the above, it is safe to assume that asbestos cement pipe 
is still an acoeptable material for conveying and distributing 
public water supplies.
 

Cast Iron _and Dtile Iron-Pi22

eneral. There are two types of cast iron available for 
water systems: graT cast iron and ductile iron. Gray cast iron 
has a history of use that dates back more than 300 years. Ductile 
iron was developed in 1948, and its use has been increasing since 
1960. 
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.. c.,L har ie lonpg 
I if', touighnei ,1intU'.:i, and ea¢t, of tap pil;, that are pro
vjidi by tho chanicmlu compo:.s t'sun of thi ri,;,11 . carcryinw oapaciLy 
:s (-Uured by p r'upo,, ni o: 

l Gncay !r,,an "ron t of 

'+hc produot iui .F ory ,.uit iron pipec onsiot.;-)I melting the 
mleta.l 'iv a fV:lnaeo (Iupolu),, the addiltion of suoh (ft;her materials 
;tn needed for th. i'minl de .ir,:tdo-ompof-i ,ion , and the actual casting, 
1030J, I by ,a ,u.n .r'u. I ,roc'oe Au a iwo.t;Ion iron is withdawn 
fro)m tho. cupoJit L ;Le , rivil.l tmiontui .yapf:te and farro
ul'i on are added to Aul' ,iL, (;crbon and :,ilicoii content; this is 
te.t-it'rJ i noeu1t&t ion, 1 :io .owcir .u. of noili o~l tinganeue* eftc., 
,lt, hough umal], matr:ial l.y arfo t the t rucIure or the iron. ,lach 
ol' the chemicairc athist i.. ccitrol.IWt in :mounts to Ipruduoe the de
'tiirox. qualities in th°' cant ,,. 

In pray ca.t i lmn v!ti.jor par't 0' t, e car'b,.rn content occurs1 

an 1'roe carbon or rrarh:ito : th, form ol'I'lakes ut. oriperaed through
out the vietal. An iu!occilhhi volume of' gr;Aphito Clakes makes gray 
oit;t .iron more reoitrt;int to , orronioni thu pluru' ormes Of iroll 
bocauce graphito doa not corrode. 0rzphitv in ca-.A, iron also affects 
th! machinability cd' tho pipt., that iF;, it makes tho pipe more easily 
tapped and tbraadvd for 1.nu;,"t.:i1n of a ourporation cock. 

Cast iron pipo has bein, u,3ed for water nupply oeytems in the 
Philippines for motre than half a century. Prior to the introduction 
of asbestos cement pipet cant iror. domina'ted th.i market for water 
supply piping. 1l,,0i ncI'al.v ranufaetured oast iron pipe became 
avail able in the 1950'a, all eLtot iron pipus used were imported. 

At presernt, c,;ntri'utal ly cant iron pipo is rn nfaotured by the
 
Iilipino Pipe and loundry Corlporation and marketed under the trade
 
naine "Silva Pipes". Phbi;A cx'mpay's plant is located in MandaluYong,
 
tiza,. and has an annual carp;oCJty of aboit 33,000 ittric tons. Pipes 

are centrifugally casit in mLrtA'l molds and are avai lable in sizes from 
150 Lo 600 Imi unlinod or Cojri:ont lined. Thu pipe -is anuactwued with 
1)b l and spigot enotri for 1c:.tao Iked jo-it:i, Bell anl spigot iron 

ii),m aro made in iooo rmarnc with (U.s.) oder l Opeifioationd or 
AWWA Standard :. The 3iiva plant also nxtnufacturoo cast iron fit
tin, t and Gibault Joints for asbestos oement pipt! -to cast iron pipes 

INOtile Iron Pipne,. xitetie iron pipe :in strorn.,r, tougher, and 

mu,,e' ductile than rray cat iron. Its charactertt.,tios are due to 
tl'- configuration of the frue carbon or graphite in the iron. Duotile 
iron in defined as oaid iron with graphito in spheroidal (nodular)
 
form. It is produced by addlin, an inoculant, uavutlly mapeoiuMs to
 
mo)lten iron,
 

C-7
 

http:car'b,.rn


phorotag~ ana. ioti [f1.ur NY)fl i.-.11 tth: Ulf a 0t'r *ba.ni yd esufuriziln" 
iii the cupola. Mapnoiun cat, be-. added ,~tV the z'omoval of SU) fur, 

Ductile i ron piptl IL~nr.F~il cat~t in thie sme manner aIs 
c-alvr;i;t i ron, il1 the wtiltin'- ; n i noculat ion ph,,ii.v of the rcooeuc, 

C th ' C;: i r~ ha i : OW 6l-Affeo At pre-n t , th-le 
type of pipe iii not riwrufvttui; in Ili 1Phil ippJI ne; 

1,LP:Iy uiCe of :-teti I pip( I'hir czirrQvi.ng w:, ci' wzA. in larges 1 .11nj,
anTI ) CP(SCd tVal-Wml [;:! M!P! in~ ~ )r . rJdry ;.ioea whore corro

zlo wau not zi prob I t U. Wtwr] o aes bnuipp 1 catofli ecamre 
mou).' common i-t, COBit-tZL coatip, b ecitmi. alvi-,Iiabli . Stee~l pipe i o 
untod ir, the I hilipph:i ir mayd sti alic aml I,r;amimi~so830l ino 
.; wt-1 aIis ir. irpmIur~~r:~ The tiri. Icarn Wzvt 'iI. a: Associatior 
(AW'WA) has prcv:criljcd standarkjj Vur te pipe for uno in water 

Ivt em~s. Thu 1A)ca j W ter U i t i es I l D 3i IN txt io (tlW ) of -Lhe 
Ph i ipprdne-) has adopLodt 4,.r )Wderzl ',4ecificat. Qnmc S*S-385a
dali.od January 31, 1964. izAn Aimzridntent I datted FehruAry 27, 19681, 
with some rnodificuati.cts i-w~ *I a.i *ts sntiards Cor steel pipe 

ant peaals. 

As deacribedl by JtWWA SItarardlo, tiacre ar e two typos Of atcoel 
Waler' pipe: fabricat**1, alocixically woid(A steel pipe and mill
type ,te()l pape. Bnth tyve&m may be coated and li it-y. 

frabricuted eieo-(trically weldod p* pu ma.y ho produuEKI by aut;-
met. ic weldiij, machint or by m~anual onrwationp. Ae~tWA Standard 
C'L?01 gives detailed rpecificut ions V-ar this type of' ripe* Mill
typt! ateel pipe nu~y be f'urnicoe weld~xi (continuouun butt-elded or 
Pu rrace butt-wjelded), electrically weldtxi, or seumdness. AWWA 
!itandard C202 soeto forth the vpncifica',ioris for mullI-type steel 
pipes. An AWW~A onmi;tee ha-9 been woL'ki to combint, the above 
two otandardri into a airigle ;tandlard. 

Large and amall (liamfetf:r tnteel piptJom ave mamit'aoitured in the 
Phtilippinee. The Internat ional Pipe Induitrieri Corporation with 
plant in Pasig, Rizal maziuf'a~>uras spiral welded pipai from 100 to 
1,2.00 mmn diameter. Mrof' Jan-uary 1075, thi.s plant luad a capacity 
of 15,000 metric Lonuni par year' Wt was umniegoing expayalion to 
double,~ its present c;Aparuity. Pipe omi bi- rrunufaclured and cemnt 
linedA uccordin,- to AWUA Stalklards C202 und U-051 re',Pectiv(ely. 
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Bet : tick and ' (-jtjet1I,. aocording ISO.u a j:.dUu to 
cc l'. :.3t.&ndard. In 197-4, tho total pro(duc. on of these five plants 

_iileroLree~ed Concret Fei vuo 

Tlers ar-v oiowr umual ty1.4.s of conrrele water pipe, olassified 

eo(7;-rding, to the n~eho-A ,rl ronil'orcewent. These types are: cylinder, 
n.t ,restresued; steel ojad' prestraesed; non-cylinder, not pro-

AWWA haij stft forth deni6,n requirements for the first three types 

of pip*. includiri min-imum watl and lining"thickness, reinforcing 

1ip.tl:~ and (oore Cot thilkr!u3 Specifications. 

Piie steel cylinder, not prestressed concrete piex is covered 
iinaer AWA Standard C..O0. 

oylinder pipe consists of aThe prostrtsuel cnJr'¢t,3. tnibedded 
at.,r tight steol oLoui.ndi t .d,int rin4jr3, a conorete core, high 

ttanble wire reinforci.ng a iid cement-mtorear or concrete coating. 

IRagIng in diwmnter from .1H to 144 inhes, it is considered highly 
vu..table for major uater ,apiufy and tranamisaion lines. This type 
of pipe is ahso rcounmorndtd for' unuxaally high preusure distribution 
]iP,: AWWA :.tandard WC(,] c.'4trs this type of pipc. 

The non-oylindtir, not pr9ostreseed rainforoed concrete pipe is 

normaily p3 ,oduced in dianoter from 600 to 3,500 me, It iS a ver
tial ly cast pipe witLtn dense oncrete walls reinforced by one or 

more steel oades. ~kI 'Wtan,.dtrd covers this type of pipe. 

'The fourth type of cono-fete pipe (prestressed, non-cylinder 

tyje) is not covered by AWA Stmndards. This pipe consists of a 

conncrete core manuiactured hy contrifugation, both longitudinally 
and proteotedand circumferentially preatrunssed by high tensile wire t 

by a dense coating of promixed oement-ortara 

manufaoturedAlthough preotreaued conorete pipe is not yet and 

ubed in the Philippines, it io recommended that this type of pipe, 

where it is applicable, 1e conaidered in the final design of facili-

Stie. Unlffioial informatiorn has revealed that two Philippine 
to manufacture prestressodcompanies are planning to put up factories 

concrete, pressure pipes. 

Plastic Pipe
 

Plastio pipe as a commercial product was first intoduoed in
 

Germany in 1930 and in the United Statee in 1940. Polyviyl ohlo
ride (PVC) was the first type produced. Later oamo cellulse aoetate 
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butyrmtt (CAB) and polyvinyledit ob!or-Io (r;aan)X, huw-E orrduot
ion of plastic pipe betnui in 1948, when polyethylene (PE) was accept
ed for various water uses. 

Early production of plastic pile was in sizes below 50 m, and 
most of the plastic pipe sold uas for service lines and household 
plumbing systems, As develop 'ents in the plastics industry progressed, 
larger pipe sizes became available, a=d plastic pipe ia todrj used for 
water distribution mains in many localities throughout the world, as 
well as for services and in plant piping systems. 

There are about a dozen plastic uaterials that are, have been, 
or may be used in wator systems. Only three, however, are in common 
unei PVC, PE, eid ADS (Ajryonitrile Butadiene Strynen). ABS has 
been used primarily for drainage, waste, and vent (WV) pipe and fit
tinge for interior application. ABS has been popular a few years 
ago for water systems, but beoause it has only half the available 
hoop stress of PVC when subjected to internal preusure, the latter 
product is considered to be a better material for water lines. 

Available U.S. utazidardn for the manufactire of plastic pipe 
for use in water eyse-tms include ASTE, Department of Commerce# 
Commercial Stardards, and USASI Standards. 

PVC and PE pipes for use in water systoew are manufaotured in 
the Philippines. A PVC plant in Iligan City supplies most of the 
raw materials for PVC pipe to the local manufacturers. PVC pipe 
is available in sizes from 10 to 300 ma in - to 6 m lengths and 
standard thermo-plastic pipe dimension ratio (SDR) from 9 to 32.5. 
The SDR is the ratio of' pipe diameter to wall thickiess. In the 
case of ABS and PVC pipe, the outside diameter is used; for PE, 
the inside pipe diameter is used. The SDR mnd hydrostatio dsign 
stress of the pipe affects its pressure rating which is definod au 
the estimated maximum operating Internal pressure at which the pipe 
can function without failure. 

Classes of PE pipe available include Nedium Donsity, Schedule 
40; and High Density, Schedule 407 80 and 120. Pipe sizes tre from 
lOto 40 Om, 60 m rolls for sizes 40 to 60 ms, and 25 to 30 a length 
for pipe 75 to 300 mm in diameter. 

To date, plastic pipe has not been used uxtenuively in the 
Philippines for water mains. Limited experienoe with PVC pipe 
water mains used in a high pressure, distribution system has not 
been satisfactory becanso of frequent failures and leakage parti
,ularly at the joints. Oha problem that hau discoursged or deterred 
some engineers to specify PVC pit)r ia the non-atandardization of 
fittings and connections among looal .lartic pipe manfaoturers. 
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p~c-jec ct& ax & ptrtiinilar brand 
pirwA once the projet atartv to tree the particular brand. 
Thuti, u d n;ii for of 

klitlo ,ooi~ttr~I~ are Pst and PBixeptablc, to' INUA PVC, 
(P'olybtylene) andi Lentative standardu therefore have been adopted 
b,, this crgaizatioi . PB pi&, however, is not ourrently manufaotured 
:in-1 : q1ill.ppinl,-. 

G11te Vah~ea. tvivufor water systoe are nally of 
the double-disc typei with prballel bronzo-aounted seats cast iron 
borl.,t t..irings, ean i with or withou~tt.-ro . non-ri kiiag etem 
handwhel, or outoeide 13crW )idyoke (0zi 4 Y) type. Valves used 
for small lines (.0) , to rnm) in distribution systems are 
'ropo,,ntly fburniaJhed with an -,erating nut and inel'alled With a 

val; boz ortending to Lhw g-Otand surfaoe, providing acoessibility 
t .ho operating nut. For valtr' 400 wror ]ax'ger, whioh are in 

wntru3 potier or erated, vaults with mardiole access are generally 
pry. ided to faoilitriLo operation and maintenance. Also valves 
IaT.g;r than 400 mm are often equipped with smaller by-pzass valves, 
to roduce the presourv differontials and the power required during 
opening and clouin oiirzationa. Gate valve for water service are 
oovtired by AiWA Stauidard 0C5(0. At preset, most of the gate valves 
used in the Philippina are imported mostly from the U.S, or Japan. 
Va es up to 300 mm diameter conforming to AWWA reqiuirements, how
evur, can be wanufa<tured in the Philippiaos. 

lbtterfly Valves. In rouent years, butterfly valves have been 
incroax-ingly used for water iiystems. Advantages of this type of 
valve are: driptight shut off, little maintenance, low head loss# 
swnall space requirement, reliability, and generally less expensive 
than gate valves, particularly of the larger sizes. The AWA has
 
two atandards for buttorfly valves: AWWA Standard C504 whioh covers
 
rubher-seated valves from IY) to .,800 mm diameter for pressures up 
to 10 kg/om2 , and AWWA Standard C505 whioh sovers metal soeted valves 
from 100 to 1,800 mm dianeter for pressures up to 15 kg/om . 

Lktterfly valves are not currently manufactured in the Philip
pine u. 

Air V4vaes. Ar valves should be installed at high points in 
transmission llnes, to permit the esoapo of air when the pipeline 
is being filled and to admit air when the pipe line is being emptted 
for -aaintenance or repir. It is usual to install air valves of the 
automatic type whith open to release air accumulating during normal 
operation of the pipeline. 
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Blow-off Valvess. Mow-ot'f valves are genera] ty installed at 
low poinis of tranimission pipe lines and at low prints and dead
ends in distributi,:n n yatea to provide an outlel, !',rremoving sedi
inents that may accanrulate .1n those places. OrdinaUry gate valves M-y 
be ustd for this purpose, with provision for conveying the water' and 
sediments "blow-off" to a su.itable point of discharge. 

Miscellaneous VaIves. Mincellaneous zind special valves for 
water systems include check valves to permit only one direction 
flow of the water, u-irge red]ef valves [or surge and water hammer 
protection, altitude valve- , for contro)I;Lnr water levels in reser
voirs and/Ior pump operaiviia, and preusure reducing or regulating 
valves for disoipatin,. exces:- pressu.es. None of these valves is 
maaufactured in thf, Phil ipiries. 

Fire Hydrants. Pire hyzirants that are in Coliwton use in Philip
pine towns and cities are of' two types. One is a wet barrel type 
con.nsting of a 60 un or 75 in riser pipe, usually G. pipe; a 60 or 
75 mm OT tee or 900 olbow; aid a 60 mm fire hose valve. A shut-off 

valve is generally installed between the hydrant and the water main 
to which it is coniieciJed. This type can be fabricated and assembled 
in the field, or in the shop ready for insta]lation and connection to 
the water main.
 

The other type of hydrant is similmr to that commonly used in 
lWhropean and North American commanities. This hydrant is a dry 
barrel type, with compres. ion type main valve, 100 mm or 150 mm 
inlet connection, :,nd one or two 60 ,mmhooe outlets and one 115 mm 
pumper connection. 

The first type of hydrant has a disnadvantage in that unless 
sufficient pressure in the main for the fire flow can be provided,
 
it will not be effective for fire-fighting. For Ihis reason the 
second type of hydrant appe;irs to be advantageous. 

Water Service Linen 

Water services or serv:ce connections are pipes of usually 
smal. diameter that run from distribation mains or branch mains to 
customer premises. The water service connection is usually attached 
to the street main by nicans of a corporation stop which may be in
serted while the main is in service and aider prensure. Where the 
service connections are expected to be larger than 50 mm in diameter, 
tees, wyes or special branches are itistalled, along with the water 
main construction. Ordinarily, water s.4rvire 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 service 
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lines. Non-flexible materlalh require a flexible "gooseneok" 
CO) to~t~ 'rx~~o toi+ o~~kononvt O ione may be 

Iead , oppezr, or Vi1e z2Ul ,lp#tntic . 

At present, galvanized iron pipe is used in the Philippines 
for mont water service connectionc. Galvanized iron pipe has a 
relatively short lifel ocauze of it.s encepLibility to the corro
sive action of soil on the outside and the water inside the pipe. 
The use of plastic pipe material for service oonnections may 
reduce this ourx-roion problem to a minimum. 

Water Meters 

Any modern water nupply system should *he equipped with the 
proper type of water meters so that the water produced and deli
vered can be accurately measured. Kay locations in the system, 
at supply sources, treatment plants and pump stations should be 
provided with venturi tubes, orifice plates or other types of 
metering devices. Because such metering devices are not currently 
manufactured in the Philippineo, thokse items will have to be im
ported. 

Every service connection to a distribution system should be 
equipped with a meter to reduce wastage and to obtain the proper 
billing. Small-size turbine type water meters are manufactured 
by the Liberty Manufac-turing Corporation in the Philippines* M
other local company, Domingo S. Jose, Inc., is in the prooess of 
putting up a factory to manufacture various sizes of meters under 
the trade name "KIMMON" under lioense by the Kimmon Nanufacturing 
Company Ltd., a Japanese firm. Kimmon water meters of the turbine 
or rotary piston type are available in small sizes 10 to 50 mm. 
Propeller type meters up to 400 mn are also manufactured by Kimmon 
plants in Japan. 

In recent years, locally manufactured meters have been the most
 
commonly used meters for service connections. Limited information
 
indicates that these meters can be expected to function satisfao
torily for only about one year after installation and have poor
 
registration capability. Improvements in the characteristics and
 
performance of these meters are obviously desirable*
 

Construction Methods For Water System Components
 

In the preceding sections, oommon construction materials for
 
waterworks have been briefly discussed. The remainder of this
 
report will be devoted to a general description of' construction
 
practices for daep wells, tunnels, water treatment plantg water
 
mains, pumping stations, and storage reservoirso
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of puIblic and pri'vt c* w .t,or II-pplief audl !o U'7' 1fl qvwixt 
titiie of W.atert 11,4111 that have been Usfiod for Pipeld tloic vtiv 
eye tomo are jgenrally of 18it.: drille el l tymiLd (cap&Vbls oupy 

ng zoveral torii or hidrod of ga'alons of' wat: -,r Yv4its, It 
prosont there arqv about halif a dozon oompettent &ad~.nd tcep
,well dril ling coAtra.-torfe In 1he ftilip Anese. rri,:oe of1 
deep Nol 1 onatrutio ioL thoi Pitlippines i aorr.I,) :203~ y 
ousslon (or cable tool) or irotaxy method* pcf~:.~v eU 
call for the contraotor to submnit a w6l1 jIog. In lt1 
form;atiorui, "the well 1i3 iinuail' 'a"d With ivpartoid ::&J.40 
hlaao- iron plipao P. telescopin& ca in nrlyr w ~: ~*.oi
 
comnmonly instaIled. i%:a no acreen in&UiV OUM
rulih, wail ApIly
 
beoallne of' ita hiigh GOv-to l>inikti from the aquifferij( U; Ooj4
 
well are provided by perfora~t ions in the casing. Tht4, Vrtin
 
can be, made in the field. Gravel paoklin around well '.ien or
 
perforations is vory raxeoIy practiced.
 

After the iniutailation of' th6,e ll czx.nin-, the ia,!, ii devis
lopoid. bo'3al well drillin, oonti-actorsa mploy eleveljntix methods
 
auch as purnping, surirq , wid bailing, iuid develolvient, wit compresseid
 
air.
 

Tes ~ppv, £clot well doe 1rpor11L, I'ho pur,')3a ol teat 
pumzping, ia to provideA infimialrmion of the ytield =nd cap.-.ity of the 
well., which in turn belps in dete-muing the capacity of' jpini 
equipment. Water level monivretorits are taken dvawing piiping 
(drawdown meanuromuntci) a~i well as after the In-mpine tes't is ccim
plete~d (woll rooovery) 0 Common praotico is to apeit.-iy a 24-hou' 
or 48-hc0uz Pumine.teet-

Water Huin Conutruoti~on Pi'ooda'eL-

Water mairis fAre generr.lly iniotalid to a± dteini tis alignmnt 
and t.rd.In the Philippiioe whore fteezing ',.a not ai problomp 
the depth of covor over the, Ipif+ x~ycified uvua3l4 dopencia on the~ 
ourfmaoo load oonditionn, 71o miimurt cover for tho alignments Which 
are tubjtut to traff'io loidAn in 90 om. For the aareaa with no trat'Cio 

laaa minimum cover of' 60 or, may be uued, Tronchos May be dug
masitud&ly or -withi e xcavrat ion na-chintiry, 

'rrenohea are excariated w ubiallow aw pooible bof tl provide 
anough dopth for nurfacet lud--Llw Na~p tranco- &ro avoided Bine 
they u ly require uhc'trri, 4iid 11rlilhZ and, thrfr 1 are cout],y. 
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:'Y i.c;,h W~iJtIh;L, Sff i .enl trench widths are pi.ovided to permit 
insta lntion Cf the pite. wi th room for th. workmen to mAke up the 

joints and to tamp backf' l1 under and aroiuid the pipe. Trench widths 
are poverned by type of sil, pipe size, and excavating equipmen-. 
Por asbeotwie cement ard conor~te pipes, unmecessarily wide trenches 

are avoided to minimize ,_cCi1V backfill loads on the pipe. Por' 
asbestos cement pipe, the following widths are used: 

Trench Width (cm)
 
_Piwe Diamete r (r ilximum
 

100 45 70 

150 or 200 50 80 

250 or 3oo 60 90 

350 or 400 75 100
 

For cast iron pipe 100 to 450 mm in daaieter, the trench width 
is the diameter plus 4) om; for the larger pipe up -to 1,500 mm in 
di ameter, the width is the pipe diameter plus, 45 Ci,. 

Wide trenches for suall diameter pipe are avoidedt particulaaly
 
in hard clay soils. Otherwi.se, the weight of backfill becomes out
 
of propo-,tion to th,! beaun sti.enth of a small pipe.
 

Where pipe is to be laid on a ourve, it utilizes the available
 
deflection characteristics of the joint. Many joints have an in
herent ability to be deflectod to some small degree, permitting pipe
 
to be laid on a long-radius curve. For pipe laid on a curve, the
 
trench width is somewhat wider than normal.
 

Excavation. Whether excavation is done manually or by machine, 
the excavated material is pileod on one side of the trench at a 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 trench. In congested areas, 
it is usually necessary to haul and stockpile the excavated material 
temporarily at some other location and excavated material suitable 
for backfill is tranuported back during backfill operations, Mate
ria) unsuitable for backfill is disposed off the site. 

Sheetinz ad Bracing. The need for sheeting and bracing to pro-. 
tect agaimt cave-in depends on soil conditions and trench depths. 
They are installed whare required not only to prevent delay in pipe 
laying but also to protect the workmen and the public. 
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P d . All types of pipe are bedded or supported properly 
at the trench bottom. Pipe Is laid directly on the trench bottom if 
the bottom has been levelled properly. For greater load bearing 
ability by the pipe, the tenoh bottom is shaped to match the exterior
 
circumference of the pipe* Care is taken to prevent voids or high 
spots under the pipe. High spots are shaved off, and voids filled 
with well tamped soil. For tronohes in rock, unsuitable soil, or
 
soft or wet soil, aecial bedding is provided. This is peoially
 
important for AC and CI pipes because of their lower tensile strength
 
and brittleness.
 

For formations of i-ock or unsuitable soils, the trench is ex
cavated to a depth of about 15 cm below the grade line of the pipe 
bottom, and the overexcavated material replaced with sand or good 
soil free of clods, levelled and tamped to grade. 

Joint Holes. Provision it made in the trench to permit proper 
jointing of the pipe with the type of joint employed. For asbestos
cement pipe laid directly oni 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 joints of the bell and spigot 
type which are made with lead caulking, the trench must be excavated 
wider and deeper at the joint location sufficient to provide room 
for the caulker to work.
 

Stringing, Layin and Jointing Pipe. To avoid unnecessarily
handling, pipes and fittingi and other acoessories are plaoed as 
zar as possible to their final location in the line, with due 
regard to safety requirements. Pipes 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 strun 
in advance of laying and jointing operations but is delivered from 
storage to trench as needed. 

The procedure for laying pipe and making up pipe joints varies 
with the type of pipe material and type of joints For asbestos 
cement pipe, general procedures are given in AWWA Standard C603 
which are followed in the Philippines. The laying and jointing of 
cast iron and steel pipes conform vith applicable portions of AWWA 
Standard C6001 C603 and 0206, Federal Speoifications and in acoord
anoe with the recommendations and directions of the pipe manufao. 
turers. As part of the final design, detailed specifioations are 
included in the jointing procedures for all types of pipe to be 
installed. Purthermore, to have trouble-free service from a pipe
line the resident inspector insists on strict compliance with the
 
specifications and construction drawings. 
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Leakage and Pressure Tests. All pipelines are subjected to 
leakage and hydrostatic tests. Such tests n:re usually done after 
the trench hau bben jwu-tially baokfilled. Teat procedures and 
requirements, allowable loaka4'e, etc. t vary with the type of pipe 
and joint. Procedures and requirements for asbestos cement pipe
lines and cast iron pipelines are specified in relevant AWA stand
ardki. 

Backfillin Backfilling is an important part of proper pipe
line installation and is given considerable attention. Backfilling 
is usually a two-step procedure consisting of partial baokfilling 
before leakage tests and completing the backfill after the tests. 
Select backfill material is placed at both sides or the trench 
uniformly for the full trench width up to the horizontal centerline 
of the pipe. The backfill material usually is tamped by hand under 
and on each side of the pipea to provide a void-free support. 

Where visual inspcotion 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 cover the 
pipe to a depth of 30 cm. 

Where visual inspection is required, joints are left exposed 
or covered only by a relatively shallow layer. After leakage tests 
are completed, the exposed joints 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 layers and tamped. This bakfill 
should be good soil free from rocks, debris, clods and other un
suitable materials.
 

Disinfeotion. All newly installed or repaired water mains are 
cleaned and disinfected before they are accepted and placed into 
service. The main is first flushed clean of foreign matter at a 
scouring velocity of at least 0.75 n/see. The flushing may be done 
after the pressure tests.
 

Suggested disinfection piocedures are as described in AWWA 
Standard C601. The usual disinfectants are chlorine, oaloium hypo
chlorite or sodium hypoohlorite solution or chlorinated lime solu
tion. The disinfecting solution is applied at one extremity of a 
pipe section and drains at the opposite extremity of a properly 
segregated section. The rate of application gives a uniform dose 
of at least 25 mg/1 at the end of the section being treated* The 
average contact period, is 24 hours and should produce not less than 
10 mg/l at the end of the line after the contact period. If shorter 
contact periods are ired, the chlorine concentration is increased to 
50 or 100 mg/i. 
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Water Servico Cormections. Components i,, a cutomer-'e service 
connectici include a conn ctin ti.) the main (corporation cook), curb 
stop or turn-off valve and boi, and the line itself. The service 
cormection may be installul when the water mains are laid. Tistalla
ti'o.n operations consist cf' trenching, mnin tapping, laying the line, 
installing the valves, and bakfi]ling. 

The trench may be dug by hand or by small backbone. When dug 
by hand, the width n~ist be sufficient to accommodate the digger. 
The trench bottom should be rolatively flat and on the necessary 
grade. Special bedding in noLtrequired unless the soil is corrosive 
in nature and the pipe is not corrosion-resistant. Where the service 
lint is made under a pavement, the pavement is removed aid replaced 
after the installation is copleted. 

Methods for tapping service lines to mins vary depending on 
the :Lervice line size Fond material. Where the size and the wall 
thickness of the main are sufficient to provide adequute full threads 
for the corporation cock, small-size service lines are connected to 
thu main by direct drilling, tapping, or by other methods, and in
sertion of tho corporation cock into the wain. If the main is uider 
pretisure, the tapping, drilling, and insertion operations are done 
with a special tappinr device. This operation is known as a wet tap. 

If the pipe wall is too thin for direct tapping or will not 
provide the required number of full threads, service clamps are 
used. In such cases, drilling is done through a corporation cock 
that has been screwed into the service clamp. For connecting larger 
service lines, tees, wyes or special branch connections and larger 
drillinp machines are used. 

Laying the service line involves not 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 set outside the building, the operation is frequently done 
as a part of the service line installation operation. Whm the final 
connection is completed, the installation is tested tinder pressure. 

Backfillirg of trenches may be done nkinually or by machine. 

In either case, large stones or boulders are not placed directly 
on the line. Backfilling without tamping is usually done to some 
reasonable level above grae to allow for settloment. In areas to 
be paved or repaved, the backfill is tamped to at least 90 per cent 
of the compaction value of the surrounding areas, then allowed to 

stand with temporary pavement for at least three months before 
permanent pavement is replaced.
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General. Although pipe cleaning and lining per se may not be 
considered part of cortruotton but rather of maintenanke and reha
bilitation of existing pipelines, many water system development 
projects in the Philippines will include such work as part of the 
initial water supply improvement program. 

Pipe cleaning is the process of removing corrosion deposits
 
and slimes from the infide 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 
possible, restore the carrying capacity of the pipe close to its 
original capacity. 

Lining refers to the process of placing a protective coating 
on the inside of a pipeline that has been cleaned. Lining of the 
pipe in-place after the line has been cleaned not only prevents 
recurrence 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 level 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 used for in-place pipe
line cleaning. These are (1) drag, (2) hydraulio, and (3) mecha

of methods depends on the pipe diameterg waternical. The choice 

volume and pressure available, length of pipe to be cleaned, amount
 

between access
of encrustation or sediment, ease of access, distance 
points, provisions for disposal of wastewater from cleaning opera
tions, and other local conditions. 

1. Drag Cloanin. Drag cleaning is usually limited to pipe
is pulleddiameters of 100 to 600 m. The cleanin- equipent 

by a power winch through a line that has been removed from 
service. The method utilizes a spring-steel cleaning tool 
that is composed of a series of scrapers, followed by an 

assembly of tight-fitting squeegees. As the tool moves 

through the line, accumulated deposits are loosened by the 
scrapers, and then mechanically removed by the aqueegees. 

The separate drag operations are repeated until the pipe 
wall is clean. Access openings are made in the pipeline 

lineat intervals of 90 to 150 m depending on pipe size, 
configuration, and condition of pipe. 
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2. 4drlio Cleni Z The hydraulic method of pipe o)eartng. 
ifs moat practical in long, compar;.atively trjight 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 dopend on 
pipe size. The .reater the volume of water available, the
 
lower the pressure required.
 

The too] 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 is controlled by regula
ting the rate of discharge of wastewater at the end of the 
pipe run being cleaned. 

The operation begins by cutting out a section of the 
pipe, inverting the tool, replacing the removed section, 
and making up the joints. At the dikcharge end of the run, 
a out is made into the pipe and a special line attaohed to 
discharge the wastew;ter and debris above ground for ulti
mate disposal to sewers, storm drains, or aooeptable runoff 
areas. If .he tool cannot be discharged through the dis. 
charge line, it is stopped in the main and a cut is made in 
the pipe to remove it. Hlydraulic cleaning is relatively 
rapid, effective, and economical.
 

3. Mechanical Cleanin1. In pipelines greater than 660 ma In 
diameter, hydraulic cleaning becomes less practiol, and 
mechanical cleaning is used, Mechanical cleaning is
 
accomplished by an electrically-driven and manually
operated machine with rotating scraping blades which re
move tuberoulation, debris, and existing coatings by a 
honing action. These machines are driven by an operator
 
who 	actually observes and controls the entire cleaning
 
operation.
 

Lining There are three methods of applying cement-mortar
 
ining to pipelines in place: (1) oentrifugal method, (2) rein
5rcod centrifugal method, and (3) Mandrel or tate process.
 

1. 	Centrifugal Process. After the pipe has been cleaned, 
access openings are cut every 150 to 200 m (less in small 
pipes where bends occur). Bends cannot be negotiated in 
100 t 150 or 200 mm pipe sizes. After placement, the 
lining in these diameters may be troweled; for pipes
above 200 mm diameter, troweling is always done to provide 
a smoother finish and the extra carrying oapaoity that 
results. 
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* i m, i L'. tie j,'c. original cross-sectional 
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s.3.r tieins, Th, icvnt of lininr for steel pipe 
liP-'.J dep, d ., :.tt4.j.(Thinesu, and condition of 
theo meia] 

%n lar,,-e inariinL that cont~irn fpw service taps or lateral 
C:OnnVlOfL!Ut( U ,.I openings aro plugged prior to lining and 
opened aftir lining by men workirng in the pipe. In lines 
below 40,0 mvn diameter, where ii:en .zannot work, very little 
rol-tar io throwrn in-to lateral op,!nings, and any obstruction 
at the corporaition cock if, removedi by blowing out the aer
vioe line before the moitar suto completely. 

!kpall mins tnpp ed for service lines are usually by
pamsnd by a temporary abowv eo-rud Tine to maintain oustomer 
oervioe, 

The coot of centrifugal in-place lining depends on a 
number of factor,.i, pr-incipally: pipe diameter, pipe length, 
con,.ition oC the line, plan an, profile of the line, bends# 
location and type of valven, ]enth of section that can be 
removed from service durin3 the operation, by-pass require
mentar dopth and typo of soil cover, accoess, and traffio 
p-oblemB Tb.e gieat(:r the longth that can be lined at one 
lime, the /;rearer th,. production rite and the lower the 
cost 

Centrifugal in-plam:e liln nd is applicable to pipe 
Plzen up to 3i6 1'0 mmr On o1 itof advantages is that the 
line cart bol placed in nervice 24 hours ater the lining 
praoens. 'The prooes; has alco be1-oen used on newly-installed 
eteel pipe]ines, 
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Reinforced L . hen pipelines of 600 rnm or"greater 
diameter are badly deteriorated, it may be desirable to 
reinforce the cement-mortar lining. This reinforcing
 
process consijsts or three steps. iirst, a course of 
mortar one-half the; final lining[; thickness is placed by 
centrifugal miachine, without troweling. Next, spirally
wound reinforoing rod is placed. (The rod spacing depends 
on pipa size and strength requirements of the equivalent 
steel area. The size of the rod varies with the size of 
the pipe and ths required reinforcing.) After the steel 
rod is plv-ed1 a second courno of mortar is 8pun into 
place to t]te final desired thickness. The spiral rod has 
two advantages over prefabricated cage steel: it requires 
less steel, and it conforms to the inside contour of the 
line. 

, The Tate Prouess. The mandrel process, commonly known as
 
the Tate proces after its Australian inventor, cleans and 
scours out encrustation from the pipe, then lines the pipe
 
with cement mortar. An advantage of the Tate process is
 
that road opening,is kept to a minimum. Only two major 
diggilg opx:ration:s. take, place at both ends of a 90 m section 
of main, and only small openings are required to disconnect 
and temporarily bypass service connections. The exact loca
tion of each service oonneotion is obtained by electrifying 
the household system and sweeping the "live" area with a 
detector which tello the operator through headphones where 
the connection i: located. Customers suffer only little 
inconvenienoe, with full service restorable in 24 hours. 

The Tate process can be described briefly as follows: 
At both ends of a 90 m section, a hole is dug and a 1 m 
length of main i: cut and removed. Flexible steel rods to 
which a wire rope is attached are 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 six to 11 times, until it is completely clean. 
A special cement-mortar mixture of a relatively high initial
 
water-cement ratio is then introduced into one end of the 
section and drawn by suction along the 90 m length of main. 
A 'cement e-un" which spreads the mortar evenly over the 
walls of the cleanod pipe is then drawn through by winch,
 
A smooth lining approximately 3 mm thick is left in the 
main, excens water escapes through the rear of the "giui", 
and the surplus mortar is removed and used to put a matoh-
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ir8 3 ) -init;- h, 1 m l i i cu ' o: l ztt 
start of ihe op.-',!:tinyi T ,t i:i reconnected, the 
road surfaces at Lho opening are repaired, and the crew 
moves on to the ntxt , ct.ion to be cleaned and lined. 

in tbe froa. ti3 iiia:i.n the 

Pipe Cleaning in th( Philippines
 

Until recently, pie ,'eaning land lining in plaoce have not been 
practiced in the I'hiipdi-its. The 14Peroi?.lltan Waterworks and Sewe
rage System (4SSZ) has ineluded thesoe itivities as part of its 
improvement proLr--n. A NM4w- Zealfnd-based company which can under
take these types of work i currently av .I.,bhe locally. Thin firm 
employs the Tate proce'tw o' in-place olealiinC cuin lining. 

Tunnel Construction Methodli 

Tunnels for water taneimission lintoi may be constructed by 
conventional or machine tunnelling. (;onveniional. tunnelling in 
rook formation involves the cyclical repetition of the following
 
operations: drilling, bla.tine, loading, and removal' of excavated 
materials; installation of primary supports where necessary; and 
the mixing, hauling, and placing of nonorete to form the secondary 
lining. It its sometimes desirable to defer the installation of the 
seoondary lining tntil driving oper.ttiolio have been completed or are 
remote from the linin- operations. 

In the machine ttuxellin: method, a tunnel excavating machine 
would be employed at one tnnnel face sinmlutaneously with conventional 
tunnelling at the other face. There are ma7ny variations of mechanical 
rock excavators. Most adopt the same principle in which the machine 
bores a pilot hole into which an expanding 'packor" is placed to 
form an anchor by which the machine pulis itself forward, enabling 
a larger rotating cutter head to bore the %unl. The cutter head 
may be moved forwa-rd from 0.5 to 1.0 i,within the frame by hydraulic 
jacks. When the cutter has been advanced to its full distance, the 
cutter head is retracted and -then the Frame is pulled forward and 
locked in place ready to beu.in the next advanco. The cutter head 
is fitted with teeth or rollers which cut or spell the rook faces 
as the cutter head revolveo. Cutters munit be replaced frequently 
depending on the hardness of the rook being excavated. Tunnel 
excavations are normally electrically powered. Excavated material 
is picked up by a series of revolving buckets, discharged into a 
belt conveyor and carried to rail haulthe truces. A tunnel driven 
by a mechanical excavator ,ias a smooth bore as contrasted to a 
jagged, broken rock surface that resuts from conventional tunnel
ling methods. 
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The average rate of hrie3 iin, by either COr 3nti.crl or machine 
tunnelling would depend on the nature of the mater.ial ard conditions 
encoantered. Higher rates can be cbtained with a high de' ree of
 
mechanization and L. carefully C,±snod 
ai-i executed pzoo~.dure. On
 
the other hand, conventional tunnelling, although it mky be slower,
 
will require less foreign exchange costa.
 

Pumpjnr Staticon 

General. Water imapply, pwini, :vtatLcn( .Zky ., Cla:! ji'Cjd into
 
deep well pumping stations, booster pumping szation and raw water
 
pumping stations. The uecond type iay be installed as of a
part 

treatment plant or' pert of the water distribution system.
 

Centrifugal andl turbiic -typc: pumrp ar, the moot commonly used
 
pumping ux;its in waterworks applications;. Prime-o.over, may be
 
electric moto:eI diesel engine, ;:as engine, 
 or other suitable energr
 
source which can develop the required power. Because of their 
re
latively low cost compar ed to )thor typos of prime movers, electric
 
motors are tke f£,ored type where electric power io available at
 
reasonable costs. Dual drive pumps can be used 
 for operation by
 
electric m6tor or by enjwine.
 

Pumping installations axo usuall.y hoU i,r- a Strmcture that
 
will provide protection nrom the elements and security from theft,

tampering, etc. Each station is provided with 
 the necessary suc
tion ard discharge pipin - and valvirg, controls, and a metering
 
system with suitable iricating, totalizing and recording facilities. 
Attention is also gdven to water hanner. 

The structure which will house the pups and appau-tenant equip
ment is constructed from locally available iranonry, -ood and rein
forced concrete inaterialm, In some inutallationso, deep well pumps

equipped with weatherproof motors are not provided with pumphouse.

The interior flanged pipcs and val" s ze ia.de from locally avail
able valves and cemcent-linud steel or cdst irun pipes, wherever 
possible.
 

Woll i.2 e!! i To types of deep wl.l pumps in common use are the deep well turbine pump argi the ;ibmerible (or uubmerible)
deep well pump. The firot type conrisots of iinpellers in sories 
installed below the minimurn expected hater level d1uring pumping.
Each impeller is encased in a housing or bowl an;d ie called a stage..
The nmmber of sta 7es noccsarv for any giver ,isialla~ion depends 
on -the head that each sjtage can develop kit a I'iveu urnpinr rate
and on the total pumping head. Power in tranrri-ttf to the impellec; 
through suitable shafLin6 from a prime c.over unlly initalled at the 
ground surface. 
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The submersible deep well piump is usually equipped with an 
electric motor drive, In this type the motor is installed in the 
well iteelf. 

Booster Pumpin Stations, The most widely used type of pump 
for booster pw7pin, stations, whether in a treatment plant or in 
a distribution system, is tho centrifugal pump. A centrifugal pump 
consists essentially of a rotating impeller which draws water into 
a center and a stationary casing which guides the water into the 
discharge outlet. Advantages 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 pressure. 

In the Philippines, the manufacture of centrifugal pumps and 
motors is still in its infancy. For most waterworks projects, 
it is anticipated that pumping units will be imported items. If 
and when Philippine-manufactured equipment with the capability, 
efficiency, and quality desired become available in the future,
 
local product shoul.d be considered in the final design and cons
truction phases. 

Raw Water Pumping+Stations 

Raw water pumpinet stations, &5 used herein, are intended to 
mean pump installations that draw water from a surface source such 
as a sprint, river or lake. Such pumping stations are similar in 
many respects to booster pumping stations but may inolude some 
featuree and facilities not normally needed in booster stations 
such as intake screens, protection against flood waters, etc. 

Water StOrage .Tanks 

In the Philippines, water storage tanks, both elevated and 
ground tanks, are usually constructed of either cast-in-place rein
foreoed concrete or of steel. Prestressed concrete tanks, although 
gaining in use and popularity in other countries, have not been 
used in the Philippines. The relative economics between reinforced 
co,orete and steel tanhe depends somewhat on the tank size and tower 
height for elevated tanks. Generally, in the larger sizes, rein
forced concrete tanks are more economical than steel tanks unless 
steel plates and other foreign-made components can be imported tax

free. In smaller sizes, the construction costs of steel tanks are
 
comparable to that of reinforced concrete. However, maintenance 
coots of steel tanks are generally higher. This factor can make 
the total annual costs of steol tanks greater than those of rein
forced concrete tanks. 
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Water Treatment Plants 

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

Modern "complete" water treatment plants employ the processes 
of flocculation t sedimentation, filtration, and disinfeotion. 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 construct
ion fields which must be utilized to build the treatment plant 
include: 

(1) General construction consisting of all earthwork, rein
forced concrete work, civil works, and building cons
truotion. 

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

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

(4) Pipeline and plumbing works inoluding piping for the 
in-plAnt water system, sanitary sewers, storm drains, 
and building plumbing. 

gith good construction supervision, all these construction 
work can be done by qualified Philippine contractors. Special 
material and equipment for the plant will have to be imported.
 

C - 26
 



APPENDIX D 

OUTLINE SPECIFICATIONS 



APPENDIX D OUTLINE SPECIFICATIONS 

TABLE OF CONTENTS 

Subitle 

Spring Intake Structure D-1
 

Hydraulic Control Structure D-1
 

Dams and Appurtenances D-1
 

Diversion Dams D-2
 

Access and Service Reads Dm2
 

Water Transmission Pipelines D-3
 

Water Treatment Plant D-4
 

Administration Building D-4
 

Well Construction D- 5
 

Flow Meters (Kair2.ine Meters) D-6
 

Deep Well Turbine Pump D-6
 

Submersible Deep Well Pump D-7
 

Diesel Engine D-8
 

Diesel Generator Unit D-9
 

Chlorination System D-9
 

Installation of Equipment - General D-10
 

Booster Pump Stations D-11
 

Storage Tanks D-11
 

Distribution System Piping and Components D-12
 

Pipe Cleaning and Lining D-12
 



APPEDIX D 

OUTMINE SPECIFICATINS 

Spring Intake Structure 

All spring intake structures shall be constructed 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 
be covered and provided with outlet pipe(s) and valw(s), over
flow(s), vent(s), drain(a), covered access manhole(s) and other
 
neceerWy appurtenances and site works. The intake facility shall 
also include a weir or other suitable device for flow reasurementa; 
security fencing; chlorination facilities (if neoessary); general 
site improvement including drainage facilities for possible surface 
runoff; and an all-weather access road. Reinforced concrete oons
truotion, piping, fittings, valves, and all other materials and 
attendant work shall conform to LWUA Standards. (he water dis
trict shall acquire ownership of the intake structure site.) 

Hydraulic Control Structure 

Hydraulic pressure control 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 vertical baffle and by eddies or turbulence formed from 
the directional change of the jet after it strikes the baffle* The 
hydraulic control chamber shall be constructed of reinforced con
crete and shall be covered. It shall be designed such that it can 
handle the design maxum flow. The chamber shall be provided with 
the necessary piping, overflows, and other protective devices. Th 
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 distict.) 

Dms ad Appurtenances 

The construction of dams and appurtenances shall be performed 
by firms and personnel experienced in this line of work. Tht on

tractor shall furnish plant and equipment which will be effioientp 
appropriate and large enough to secure a satisfactory quality of 

work and a rate of progress which will insure the completion of the 
werk within the stipulated time. 

he dam construction will include the main dam structure, upstream 
and downstream cofferdams, tunnels, diversion channels and spillways 
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The zoned embankment dam will consist of a vertical core
 
protected by filter and transition zones, and rolled rook-fill
 
shells. The upstream face of the dan is protected by riprap
 
against wave action.
 

Materials for the dams shall be as designed and speoified
 
and shall be obtained from designated borrow areas, excavations, 
or manufactured from rook obtained in reqTired excavations.
 

The areas to be occupied by the required permanent construct
ion and the surfaces of all borrow pits shall be cleared of all 
trees, stumps, exposed roots, brush, rubbish, and other objection
able matter. Excavation shall be made to the specified lines,
 
grades, and dimensions. All necessary precautions shall be taken 
to preserve the material below and beyond the established lines 
of all excavation in the soundest possible condition. All excava
tions for ebanknent and structure foundations shall be made in
 
the dry.
 

The diversion tunnel shall be conrete lined. The portal 
structure will be provided with a slot for installation of stop 
logs for closure of the tunnel. The spillway will consist of an 
vngated overflow concrete structure and a concrete lined obute. 

The raw water intake will be multi-ported and shall be cons
tructed of reinforood conrete,
 

Diversion Dams
 

The construction of the diversion dam shall be performed by

firms and personnel experienced in this line of work. The Con
tractor shall exeroise care to preserve the natural landscape 
and shall conduct his construction so as to prevent any unnoes
sary destruction, soarringt or defacinW -" the natural surround;
ings in the vicinity of work.
 

The Contractor shall construct anr ., tain all necessary 
cofferdams, ohannels, flumes, drains, swaps, and/or other tempo
raz7 diversion and protective works; shall furnish all materials 
required therefore; and shall furnish, installt maintain, and 
operate all necessary pumping 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 IMUA standard
 

specifications and supplementary specificatiens. 

Acces, and Service Roads. 

The construction of access and service roads to water supply
 
facilities shall inolude all necessary clearing and grubbing, ex
cavation, fill and backfill, roadbed preparationt installation 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 now access 
and service roads. 

All roads shall be constructed in conformity with the specified 
lines, sections and grades. Materials and their installation shall 
be in accordance with the latest revision of the Bureau of Public 
Highways Standard Specifications for Highways and Bridges, local 
requirements, and supplementary specifications. 

Water Tran ission Pipelines 

Raw and treated water transmission pipelines may be construct
ed of cast iron, ductile iron asbestos cement, steel or prestressed 
concrete (with steel cylinder5 pipe. 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, sir/ 
vaoumn and air release valves, blow-off., inspection manholes, ex
pansion joint., flexible couplings, anchorages, thrust blocking, 
2."d surge arresters. 

Pipe, fittings, valves, other materials and installation, joint
ing, testing and disinfection shall be in accordance with INUA Stan
dard Specifications, where such specifications are applicable to the 
particular material or work. Available Standard Specifications of 
LWUA include those for cast iron, asbestos cement and steel pipes; 
gate and butterfly valves; blow-off.; air valves; and work relating 
to their installation. 

Ductile iron pipe shall be manufactured in accordance with AWA 
C151 "Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-
Lined Molds". Fittings shall be either cast iron or ductile iron 
conforming to AWWA Cl1O "Qray Iron and DWctile Iron Fittings, 2 in 
through 48 in "o All pipe and fittings shall have a oment mortar 
lining and bituminous seal coat on the inside in accordance with 
AWA C104 "Cement Mortar Lining for Cast Iron and Ductile Iron Pipe 
and Fittings". 

Prestressed concr3te cylinder pipe shall conform to AWA C3019 
"Reinforced Concrete Viz1,r Pipe-Steel Cylinder Type, Prestressed". 
Fittings shall conform to the specifications for cast iron, ductile 
iron, or steel pipe. 

In general, all piping shall be designed for a minihxm working 
pressure of 1095 kg/sqom (150 psi). The pressure class of fittinog, 
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couplings, special castings, and valves shall be at lewt equal to
 
the pressure class of the pipe to " installed. Joints shall have 
the same or greater strength than the connecting pipe.
 

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

All pipeline installation shall be in strict conformance with
 
applicable AWWA and/or LWUA Standards and with the respective

manufacturer's instructions and recommendations.
 

Water .Treatmen Plant 

Water treatment plants designed to provide complete treatment 
would generally include facilities for chemical mixing, flocculation,
sedimentation t rapid sand filtration, post chlorination, chemical 
storage, baokwashing, treated water atoraget and waste waahwater 
and sludge disposal. 

Chemical mixing chambers, flocculation and sedimentation tanks,

filter boxes and treated water storage tanks shall be constructed
 
of reinforced concrete.
 

Filter materials shall consist of filter sand and anthracite
 
conforming with specified requirements with respeot to composition

and grading. 
For each filter unit there shall be installed the
 
neoessary control valves, rate of flow controller, loss of head
 
gage, flow meter and recorder.
 

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

Concrete work, yard and in-plant piping* and painting work shall 
be in aooordano, with LWUA Standard Specifications and supplementary 
specifications. 

Piling (ifrequired), structural steel, architectural works, 
instrumentation and electrical works, mechanical equipment, and all 
other items not covered by IMUA Standards shall be constructed as 
specified. 

Administration iild-g
 

The construction of administration buildings shall be of the 
materials and workmanship called for in the drawings and speoifiob
tions. The administration building will generally consist mainly 
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of offices but may include a water analysis laboratory, meter testing 

and repair shop, general work shop, and storage facilities. Items 

of work shall include site preparation; foundations; concrete and 

masonry work; roofing and mstal work; carpentry and joinery; plumb

ing, ventilation, and air-conditioning systems; lighting and power 

systems; architectural and other special finishes;painting work, 

landscaping and general site improvement work. Applicable LWUA 

Standard Specifications shall be employed in the construction work. 

Well Construction 

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 appurtenances and incidental work for 

construction of the deep wells. The work shall include drilling;
 

installation of temporary casing, conductor pipe, well screen;
 

developing and testing of the well; gravel packing; grouting, well
 

completion and disinfection; and site work and clean-up. 

The well shall be drilled using the cable tool (Percussion) 

and/or rotary process, or other process acceptable to and approved 

by the Ingineer. 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 composed of 

well rounded particles and of specified grading shall be used. The 

procedure to be 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 Engineer. 

Developing of the well shall be done with care and by methods 

that will not cause damage to the well or cause adverse subsurfaoe 

conditions that may destroy barriers to the vertical movement of 

water between aquifers. Upon completion of well development, test 

pumping shall be done in accordance 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 satisfactory construction and development 

samples of the well water shall be collected and analyzed in a 

laboratory acceptable to the Owner.
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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 which exist
ed before the well construction work, unless otherwise specified. 

Flow Meter. (mainline Meters) 

Flow meters for mainlines shall be differential pressure

type, propeller meters, 
 or other suitable end acceptable devices. 
Differential pressure type meters may be venturi tubes, Dall flow 
tubes, orifices or nozzles. The flow meter shall include suit
able instrumentation for remote indicating, recording and totalling.
Flow meter and accessories shall be products of reputable manufac
turers that have manufactured such devices for fluid measurement
 
i'or at least five years.
 

The venturi meter tube shall be of standard or long form 
design, the included angle of the outlet cone being approximately
80 - 10'. The tube shall have a body of h.gh tensile gray iron or 
close grain, high tensile iron. Both inlet and throat sha1 have
 
integrally cast annular pressure chambers with multiple even spaced

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, obstruction to the
flow. The meterhead shall be oonneoted to the tube by means of a
flanged connection, designed for easy removal from the tube for 
inspection and repair. The shall be furnished with propelmeter a 

ler of plastic or 
other suitable material mounted in the meter
tube. The meter shall register within 2 per cent of the true flow
of water at all flows within the minimum and maximum rating. The 
propeller type meter shall conform to AWW C704-70 "Standard for
 
Cold Water Meters - Propeller Type for Main Line Applications".
 

The flow meter shall be designed for a minimum working pres
sure of 10.5 kg/ce (150 psi). Range of flow will be specified
by the purchaser. Ends shall be flanged 250 lb American Standard 
unless otherwise specified. 

Deep Well Turbine Pump 

Deep well turbine pump shall be water lubricated, line shaft 
vertical turbine pump, electric motor or diesel engine driven or 
both (dual drive), as required. Pump characteristics and operating 
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conditions will be specified for each partioular installation. Pump 
shall oonforu to ANSI B58.1 - 1971 (AWAEO1 - 71) "American National 
Standard for Deep Well Vertical Turbine Pumps - Line Shaft an Submer. 
sible Types". Diesel engine and accessories shall conform to " speci
ficat ions for diesel engine, except as n;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 motVr shall be star-delta starting. The motor shall 
be vertical hollow-shaft squirrel cage induction type complying with
 
ANSI 050.2. The motor shall be of ample size to drive the pump oon 
tinuously over the specified range at the ambient temperature without
 
the load exceeding the service factor. Motor operating oharacterie
tics (voltage, phase, frequency, speed) and control and protective
 
devices shall be as specified. A suitable base of high grade cast 
iron or fabricated steel shall be provided for mounting the meter,
 
and with discharge elbow having above-ground discharge outlet with
 
companion flange. 

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

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

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

The pump and prime movers shall be products of reputable manu
facturers which have been regularly engaged in the manufacture of 
these equipment for the last five years. The manufacturer shall, if 
required, furnish a sworn statement that the equipment :Zurniohed end 
installed comply with the requirements of the applicable standards 
and the specifications. The equipment manufacturer/supplier shall 
furnish the services of competent personnel to supervise the install&
tion and testing of the equipment. Spare parts, operation and main
tenance manuals shall be provided. The pump equipment and controls 
shall be housed in a suitable permanent structure that provides 
protection from the elements, damage, or vandalism. 

Submersible Deep Well Pump
 

Submersible deep well pump shall conform to ANSI B58ol - 1971 
(AWWA E1O1 - 71) "lerioan National Standard for Deep Well Vertical 

Turbine Pumps - Li.e Shaft and Submersible Types". Operating condi
tions and requirements will be specified for each particular installa

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

Submersible cable, surface plate, strainer, discharge pipe, 
pump bowls, impellers shall comply with the requirements of current 
ANSI B58.1. 

The pump and accessories shall be products of reputable manufac
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 fur
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 Engine
 

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

The unit shall be furnished for battery starting. Starting shall 
be accomplished 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 injetors. 
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Diesel Generator Unit 

The diesel generator unit shall be complete with excitation 
system, controls, steel subbases, exhaust silencer, fuel system 
and all essential and desirable auxiliaries for a complete installa

tion. The unit shall be arranged for manual pushbutton starting 
and stopping and manual transfer of load to the unit when it has 
attained rated 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 
manufacturer regularly engaged in the production of this type of 
equipment. The diesel engine and accessories shall be as speoi
fied under Diesel Engine. The diesel engine shall be arranged 
for direct connection to the alternating current generator. 

The generator shall be especially designed for direct connect

ion to the diesel engine and shall be for the specified phase, fre

quency, and voltage. Tropical insulation with fungus protection 
shall be provided. Each unit shall be properly screened to prevent 
the entrance of rodents. The complete generator unit shall be free 
from critical speeds and torsional vibration that will endanger its 

satisfactory operation, or cause undue vibration in any part of the 
equipment, throughout its entire operating range of speed and load. 

The generator control panel shall be either shock-prQof 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 YCW meter, combination ammeter-voltmeter 
phase selector switch, 3 pole line circuit breaker of suitable asmper
age, and elapsed running time meter. 

Chlorination System
 

C'a.orine gas, in 150-lb cylinder or ton containers, whichever 
is moot suitable for the particular installation, shall be employed 
in all chlorination stations. (Hypochlorite solutions are an accept
able substitute.) Chlorine solution shall be added to the water to 
be treated through chlorination equipment and accessories specifically 
designed and suited for the purpose. 

Chl.rinators 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.
 

D-9
 



Chlorinators may be directly mounted on 150-lb cylinder or ton 

container, wall - or floor-mounted unitc. Models of a design that 
,permit enlarging the capacity by replacement oi1 ( ,i7:,N,:c i, it 

the flow meter will be preferred to those with fixed maximum oapa
city. The chlorinators shall also bc cf - that will permit 
either manual or automatic operation, the latter with the u1a of 
auxiliary equipment. At least two unit- shall be provided and in
stalled, one serving as stand-by. The oompleted installation shall 
include all necessary piping, valves, controls and ooo.wsories 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 acs
quired by the district and necessary improvements and protective 
features shall be incorporated.) 

Installation of Equipment - General 

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

Tho general and equipment contractors shall be responsible for 
the equipment they supply. They shall use only competent personnel 
and appropriate equipment necessary to properly align, level and 
secure equipment 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 

intended. These representatives shall also instruct personnel and 
mechanics of the Owner in the operation, care and maintenance of the 
equipment. Complete sets of operating and maintenance instructions 
shall be furnished as required. 

The Contractor shall submit a certificate from the manufacturer 
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-imll vertical turbine pumps is particularly 

critical if long servioe-froe life is to be ewrected. Installation 
should only be done by experienoed personnel following specifications 

of ANSI B58.1 -- 1971 (h'rfHA El01 - 71) and paying particular attention 
of all parts.to straightness of lii shafts and proper aligirment 

Booster Pump Stations
 

Booster pump stations shall be designed and constructed to 
comply with establishod criteria and standards of the LWUA as well 

as other requirements peculiar to each site. Booster pump facilities 

will generally conaiht of pumphouse, pump units, suction and discharge 

piping, control valves, gauges, flow meter and recorder, control and 

proteotivo equipment, oite works and security fencing. 

Pump units shall be cestrifugal, turbine, or submersible type. 
pumps shall be either eLsotrio motor orCentrifugal and turbine type 

diesel engine driven. Submersible booster pumps shall be motor dri

ven. Each pump shall have optimum efficiency at the specified duty 

point. Motors for electrically driven pumps shall be of adequate 

horsepower for the full operati.ni range of the pump. 

Storage Tank# 

Elevated and ground storage tanks shall be generally constructed 
of reinforced concrete. For small capacity elevated tanks, steel 
tanks on steel towers way prove to be more economical and should be 

given consideration in the final design phase. Grouad tanks may be 
circular, rectangular or other shape acceptable tc ai: approved by 

Tanks shall be designed in accordance with applicablethe Owner. 

national and local structural and sanitary codes. It shall be struo
turally sound with ample provisions for wind and/or seismic stresses.
 

and reinforced concrete work including waterproofing, dis-Concrete 
strictinfection, painting, and el other incidental work shall be in 

compliance with LWUA Standard Speoifi-.ations and . appi3ontary Speci
fications. All tanks intended for storing potable water shall be 

covered and watertight. For both elevated and ground tanks, avail

able LWUA standard tanks shall be used to the fullest extent possible. 

Necessary piping, valves and accessories for operation, maintenance 

and safety shall be provided. Piping shall include inlet-outlet, 
Shut-off valves, check valves, automatic
overflow, drain, and vent. 


flow control valves, water level indicators and instrumentation,
 

shall be provided as required. 
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Distritut.n System b~ijanEd Components 

G(rnral requiremen- ! with respect to materials, installation 
and Ler appurtenant w ,rk for water transmission pipelines are 
applioable to distribut on system pipelines. Other distribution
 
syE:1Csi ,:omLpIenta, ±ro., ,Aing fire hydrants, service oonneotionu 
and oustomer water meters, shall be installed according to LWUA 
standard details and standard specifications.
 

Pie Cleaning and Linirg 

Eipe cleaning and lining shall include all materialst labor,
 
equipment and all incidental work necessary to clean and line the
 
interior of pipelines in-situ and restore the pipelines in ser
vice. The work shall be performed by trained workmen under the
 
supervision of personnel experienced and competent in this parti
ou- 'le of work.
 

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
 
suffered severe deterioration and/or corrosion. Any section of
 
pipe that shall be cleaned and lined shall be restored to servioe
 
in as short a time as 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 conneotions, 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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TABLE VI1-B-1 

WATE WELL DATA SUMMARY 

Nominal 
Diameter 

Depth 
Total 

rom Grn2E Surface (!.
Cased SWL I/Test 'L 

Test 
Yield 

Specific 
Capacity Year 

-ube - - _____ (!Re) (i20/n) Completed 

TLT-1 Barrio San Jose, Tarlac 100 25 23 -1.5 3.1 0.6 0.4 1961 
TLC-2 Barrio Dalayap, Tarlao 100 21 18 -0.9 3.1 0.6 0.2 1962 
TLO-3 Bo. Mababanaba, Tarlac 112 46 14 -5,8 10.7 0.3 0.1 1973 
TLC-4 Bo. Culipat, Tarlac 112 61 56 -3,1 3.4 0.6 2,1 1973 
TL-5 Mabini Street, Tarlac 200-150 169 162 -3.7 9,8 4-7 0.8 1970 

TLG-6 Bo. Pao, Tarlac 100 22 10 -5.5 7.0 0.6 0.4 1962 
TLC-7 San Vicente, Tarlac 200 50 41 -0.3 15.6 -,3.9 1.3 1958 
TLC-8 Bo. San Nicolas, Tarlac 200-150 237 20-186 -2.4 15.2 6.3 0.4 1954 
TLC.-9 Bo. Balingoanaway, Tarlac, Tarlac 62 24 -3.1 4.6 1.3 0.8 1957 
TLoC-10 Romalo Blvd. Tarlac, Tarlac 200 170 106 -2,4 6.4 4.7 1.3 1950 

TLC-11 NIA P102 (T-14), Tarlac -1.6 29.7 70.8 2.5 
TLC-12 Camp O'Donell San Miguel 250 139 133 -8.5 29.0 7.3 0,4 1962 
TLC-13 Taguipore, Sta. Ignacia 00 52 37 -2.1 10.9 1.5 0,2 1958 
TLC-14 Camiling, Tarlac 100 9C 63 -2.9 15.3 5.3 0.4 1961 
TLC-15 Public Market Opd. Concepcion 100 152 152 -1.2 11.3 10.3 1.1 1960 

TLC-16 Public Market Cpd. La Paz 100 152 152 -0.3 19.8 9.8 0.4 1960 
TLC-17 Tambugan, Cariling 100 80 778 -2.5 5.2 3.7 1.5 1958 
TLC.18 Legampi, San Miguel 100 152 134 =4.2 5.7 3.8 2.5 1958 
TLC-19 Atencio, Moncada 100 193 137 -1.2 2,1 3.8 4.2 1958 
TLC-20 Batao Tibag, Tarlac 100 168 46 -10.0 14..7 4.0 0.4 1957 

TLC-21 Calumpit, Capas 100 247 54 -8.0 12.7 3.8 0.8 1957 
TLC-22 Salapinge, Gerona (NIA P53) 200 205 181 -2.4 21.2 101.8 5.4 1974 
TLC-23 Bo. Bamculong, Victoria (NIA P57) 200 263 180 -0.1 23.6 98.2 4.2 1974 
TLC-24 Bo. Tinapatan, Tarlac (NIA P60) 334 200 145 -0.4 15.5 106.4 7.1 1974 
TLC-25 Bo. Sta. Cruz, Tariac (NIA P62) 319 124 95 -2.9 26.3 39.4 1.7 1974 

'/Static Water Level 

2/Purnping Water Level 
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TABLE VII-.B-1 (Cont inuqd)
 

WATEa WELL DATA SLtWJURY
 

b Lcion 

Nominal 
Diameter 
L=-

Death foround-
Total Cased 

urface () 
SWL Test PWL 
-

Teat 
Yield 

s) 

Specific 
Capacity 
(lROZm) C 

Year 
mpl tea 

TLC-26 
TLZ-27 
TLO-28 
TLC-29 
TLC-30 

Bo. San Jose, Tarlac (NIA P63) 
Tarini, Tarlao (NIA P65) 
San Andrea, Victoria (NIA P67) 
Bc. 2laya, Pura (NIA P68) 
Caluluan, Concepcion (NIA P77) 

200 
200 
334 
334. 
200 

200 
199 
205 
190 
154 

171 
154 
155 
145 
144 

-21i 
-0.5 
-2. 
-1.7 
+1.4 

30.1 
27.3 
31.1 
29.5 
17.7 

63.6 
78.3 
46.6 
73.4 

100,.8 

2.3 
2.9 
1.7 
2.7 
5.3 

1974 
1974 
1974 
1974 

TLC-31 
TLC-32 
TLC-33 
TLC-34 
TLC-35 

San Manuel, Tarlac (NIA P81) 
Tinapatan, Tarlac (NIA P831 
Tinapatan, Tarlac (NIA PgO, 
Tinapatan, Tarlac (NIA P92) 
Buenavista, Tarlac (NIA P95) 

340 
400 
40-3 
400 
400 

303 
221 
240 
219 
245 

235 
218
175 
217 
207 

-1.9 
-1.8 

18.7 
21.6 

91.6 
84.6 

5.5 
4.3 

1975 
1975 

TLC-36 
TLC-37 

TLC-.38 
TLC-39 
TLC-40 

Matindog, Pura (NIA P97) 
San Fernando, San Fernando 

(NIA P39) 
Palacpalac, Victoria (NIA P78) 
Trinidad, Tarlac (NIA P85) 
Sta. Cruz, Ta Paz (NIA P84) 

400 

400 
400 
400 
400 

297 

263 
195 

257 

237 

231 
139 

247 

+1.4 
+0.8 
-2.7 
-1.0 

5.9 
26.,1 
17.8 
17.7 

10.1 
95.0 
90.8 
104.1 

8.9? 

1.4 
3.5 
6.0 
6.2 

1974 
1974 
1975 
19-5 

TLC41 
TLC-,42 
TLC-43 
TLC-44 
TLC-45 

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

400 
330 
400 
400 
400 

212 
202 
197 
212 
189 

157 
89 
90 
185 
129 

-1.7 
-.2.2 
-4.0 
-3.7 
-0.O3 

23.9 
31.5 
25.9 
28.8 
29,8 

96.4 
57.1 
69.4 
84.5 
63.0 

4.3 
2.0 
3.2 
3.4 
2.1 

1975 
1974 
197A 
1974 
1974 

TLC-46 

TLC-47 

Hacienda Luisita Well No. 2 
Pasaje, San Miguel, Tarlac 
Hacienda Luisita Well No. 3 
San Sebastian, San Miguel 
Tarlac 

300-230 

300-230 

198 

195 

183 

144 

-41 

-2,9 

8.3? 

32.1 

54.5 

54-5 

13.0? 

2.1 

1952 

1952 
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TABLE VII-,B-1 (Continued) 

WATER WELL DATA SUMMARY 

Nominal D~eth from Grod Surface (m) Tent Specific 

Number LOC tioo 
Diameter Total 

-

Cased 
-

SWL j/ 
-n, 

Test PWL Yield Capaoity 
(etDad) 

Year 
00201 

TLC-48 

TLC-49 

TLC-50 

Hacienda Luisita Well No. 4 
Pando, San Miguel, Tarlac 
Hacienda Luisita Well No, 5 

utout, San Miguel, Tarlac 
Hacienda Luisita Well No. 6 
Bantog, San Miguel, Tarlac 

300-200 

300-150 

300-150 

163 

183 

137 

162 

183 

137 

1952 

1953 

1953 

TLC-51 

TLC-52 

TLC-53 

TLC-54 

TLC-55 

Hacienda Luisita Well No. 7 
Cutcut, San Miguel, Tarlac 
Haciemda Luisita Well No. 8 
San Miguel, Tarlac 
Hacienda Luisita Well No. 9 
Ybilogt San Miguel, Tarlac 
Hacienda Luisita Well No. 10 
Motrico, San Ydgel, Tarlac 
Hacienda Luisita Well No. 11 
San Miguel, Tarlac 

300-150 

300-150 

300-150 

300-150 

300-150 

198 

189 

203 

203 

223 

198 

189 

203 

203 

223 

-0.4 7.6 37.9 5.2 

1953 

1953 

1958 

1954 

19z.4 

TLC-56 

TLC-57 

TLC-58 

TLC-59 

TLC-60 

Hacienda Luisita Well No. 12 
abilog, San Miguel, Tarlac 

Hacienda Luisita Well No. 13 
Mapalacsiao, Tarlac 
Hacienda Lisita Well No. 14 
Asturias, Tarlac 
Hacienda Luisita Well Not 15 
Buenavicta, Tarlac 
Hacienda Luisita Well No. 16 
Mabilog, San Miguel, Tarlac 

300-150 

400-200 

350-200 

400-200 

198 

238 

244 

213 

197 

229 

229 

211 

-4.1 

-7.6 

-15.2 

28.4 

59.5 

37-9 

142.0 

63.1 

6.9 

1.4 

1954 

1961 

1961 

1968 
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TABLE VII-B-I (Continued)
 

WATER WELL DATA SUVRY
 

&nmber Location 

Nominal 
Diameter 

De.th from G 
Total Cased 

-ou&Sface (M) 
SWL Test PWL 

Test 
Yield 

Specific 
Capacity Year 

-pl.Bni 

TLC-61 

TLC-62 

TLC-63 

TLC-64 

TL-65 

Hacienda luisita Well No. 17 
Ungot, Tarlac 
Hacienda Luisita Well No. 18 
Outct, San Miguel, Tarlac 
Hacienda Luisita Well No. 19 
Pando, San iguel, Tarlao 
Haoiemda IAisita Well No. 20 
Pando, San iguel, Tarlac 
Hacienda Lmisita Well No. 21 
Palo, San Miguel, Tarlac 

440-350 

400-200 

400-200 

400-200 

183 

213 

214 

230 

168 

213 

214 

229 

-1,6 

0 

-1.8 

0 

0 

10.7 

17.7 

140 

20.7 

17.1 

41.0 

107.3 

91.2 

94.6 

75.7 

4.6 

6.1 

7.5 

4.6 

4.4 

1970 

1966 

TLC-66 

TLC-67 

TLC-68 

TLC-69 

TLC-70 

Haoienda Luisita Well No. 22
San Miguel, Tarlac 
Hacienda luisita Well No. 24
Balete, San Miguel, Tarlac 
Central Luisita Well No, 1 
Obrero, Tarlac 

Central Luisita Well No. 2 
Diftillery - Tarlac 

Central Luisita Well No. 3 
Proxima Al Desoargada,
Tarlac 

400-300 

400-300 

200-125 

300-150 

300-150 

134 

183 

195 

183 

213 

132 

183 

191 

183 

213 

-3.1 

-6.7 

-4,6 

0 

-2.7 

19.2 

42.1 

18.3 

11.3 

13.7 

94.6 

44.4 

22.1 

41.6 

37.9 

5.9 

1.3 

1.6 

3.7 

3.5 

1974 

1951 

1951 

1951 

TLC-71 

TLC-72 

TLC-73 

Central Luisita Well No. 4
Prente Ala Oficina Molina 
Central Luisita Well No. 5
Casino Al Club (Bagazo) Tarlac 
Central Luisita Well No. 8
Detras Oficina Gral-Tarlac 

300-150 

300-150 

300-150 

213 

213 

274 

213 

213 

269 

-2-7 

-2.0 

-1.5 

13.1 

9.6 

39.8 

37.9 

37.9 

3.8 

5.0 

1951 
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DESCRIPTIVE DATA."-' . .LOG 
OE(RTH.... 1I C SI rRAT IFICAT ON 

W;LLI NO CDM .. 
(OTHER) ...... 9 C.. .. .D I I S JRFA C 

LOCATION MA-IN S... ___....____.___"_:,,H5Fs .- LLW STICKY:?.jD6.. .. 1"Y .. . 

CITY 
. . . . . . . . . . ... 

7. 23 
.. I--..oW 53ICKY CLAY 

PROVINCE _ TARqLAC 12-.2 4 0 .- ... , : . 3...;' , 

NST. 
DRILLER1"7 _ _ 

AL 47 jI 
' .

-_. 

~S A 
'l LLOW SHALE WITHtESTONE a ADOrE. R,%2 

STARTED 77 .......... 

COMPLETErD . .. OSER J- I ... 
OWNER . -L...OW STICKY CLAY 

STATUS .............. .. II . .- I S,"DY CLAY
3 H, 1 125 , . . . . . ..... ... . .. .. .. . .3J -iD -, !S DO0_.'E... .................
 r Vl 130 , :7-77- F1 I-IF :'.:Ar, "Y CLXY]"., .' I..7-.:'...,C;AStNG DIAl,EER 2_OO..MM '.50 MM " i /LI A::D CA 

4-5.5 7 2
j STICKY CL.AY AND

' :: I ;ADOBE R.OCK 
DRILLERS TESF DATA: 54. . A ... . ...... 

DATE Ly :l 
.STATIC WATER LEVEL L: N AIlE STICK(Y CLAY, LIME 

2 5'F.CK 5 ArOBE ROCK 
PUMPING WATER LEVEL t.8 6! 6 225 

1or1J STICKY CLAY 
TEST PUMP YIELD 4.7 LFSA 

.77.7 'Z 9...i.21 ADOBE 

L---.UE STICiKY CLAY 
t 2 80 .] . ."-: ! . . ..... ... . . . .. ... . .' .3 --

WATER QUAL!TY DATA: 80 

-L EI Si ,KY CLAY 

ADO. ROCK 

IC:6.c 340 :j- -. __- .... .... ..............
 

UE STICKY CLAY 

73 35..... 
F JE SANDY ADOKBE CLAPY 

i1"E .:ANr)"' CLAY 
-
29-6 4..-

I4AP.KS; 
:PECiFIC CAPACITY - 08 LPS /M 

Eli IE STICKY (C AY 

i Ii :-1. - -1 

I It41 
LOOSI- BLUE AI '. 

55.5 '510 'Jv. . O. L .E. .. ... 

!Il,5 !5 n.0 .- .. ,. < £ . .. . . ,., 

-1:1-. (3 VI.. FU'E 
Wi.L DATA SI-ti F 

FAS ItI. ITY T L , FIN 'AT hki. ik 

SlYO,' TFjJ4 PRO\, NII! AgEAS CDMLWA N11 -.L TLC ~ 



GRAPHIC LOGDESCRIPTIVE DATA 

CASINGG. . ST RATCAT.N . . . 
..-j .F. .WE LL . . . . . . . - T 

W HER) 4. ,._C... B 	 .iOUN5 <-1,,

LOCATION .. 	BO :;iD.:IG L . . ........... . ... .. . ...- - -

cSAND 	 5; . C.I 

PROVINCE "AR.LAC.Y 
CONST. Y. 

. I 	 ~fIDRILLER ................................ 
DRILLERI SAND 
STARTED 25 1,A 1954 . . .... ....... . 4 

3 20 	 .... A . ..SAN
CMPLTED 2'- P L 1 OF CLAYOWNUR............... 


R' ADORE CtA-CASNG DIAMETER POP MAM-150MM............ 


DRILLERS TEST DATA: 

DA7E .. 	 i, 

STATIC W-,TER 	 LEVEL Z. ,OM INW'0V. 
Z2 	 SADwc 1 GRAVEWL921 

7 54 -. 
PUMPING WATER LEVEL.. 

:*.ITEST PUMP "IELD . LPS 

.. L, 'E ADOUIL CLAY 

cAS.E-)D.EPTIH. 	 200 MM, 0-.?0.4 M lull
 
150 MM 0.4- 15.7 M t0. -. 

-.............pi.....SPECIFIC CAPAOIVY 0.5 L..PSiM 41.5 464..... 
147G 484K. Fi,. SANDwIrH ORAEf. 

V. .	 t, !,-T. -R;A-IE 500 ti.. -" .2j . BI ...... --

4 I ? 
...
18f .r3 .. ...\ . .. rM 0I~ ..,U 	 --Eo...AD E.[-


82.9 600 ! .iil 

III
 

.I.... .". ....23 6 6e 7?'6 1.! . .
 

APPENDIX FIGURE V:,-B-:
WELL DATA SHEET 

WELL TIC-8'TrP IIV"L WATrAS CDM - LWUASF(A':5<;L 	 \.ASLI"F'.'/ i T N' FR'FiI;ll'L AIASOF 




DESCRIPTIVE DATA GRAPHIC LOG 

'ELL NO. 

LOCATION 

( CDM) ....-... 

OTER)......-w---- .......--ROMULO BLVD 

DETH 
M).L (F_ 

_, 

CASING 
. 

STRATIFICATION 

GROUND SURFACE 

CETOW RTC AC 0.77=L; YELLOW CLAY 

CONST. BY .. ... ......... . . . ..... . . 

sTAR 
C MLETE)
0 WNEP. ... 

23 FEBRUAR.Lt950.. 
23 o ........ 

22 AP.L -5 
...................................... 
i 

25.9 
.. 

~y 

8.5 
. . -

BLUE ADOBE CLAY 

ELWCA 
YELLOW CLAY 

STA.................... .. 6.. 120 

* 
. ............................... 

CASING DIAMETER 200 MM 
.. . . . . . . 473 

f ., , ,5.1.9 

R, ER TEST DATA: 
[PATE .............................................. ........ 

STATIC WATER LEVEL 2.4 

155 

ISO 

BLUE STICKY CLAY 

BLACK SANDY CLAY --

STICKY CLAY
BLACK ST KY CA 

PUMPING 
........................................... 

WATER LEVEL 6.'4M ....... 
95 228 

rEST PUMP YIELD ...: p.. 

BLUE ADOBE CLAY 

REMARKS. 
CeSED t)EPTH 06 I M 

1F.tF( CAPACITY :1.2 LPS/M 
1062 

09. 
114.,3 
117.4 

355 

360 
375 
385 

.7 

i 
k;7-

SAND ROCIK 
BLUE ADOBE 

, SANDY CLAY 

126.5 415 
ADOBE BLUE CLAY 

SANDY CLAY 

138.7 
140.2 

45n 
460 

I' 

HARD ROCK 

SANDY CLAY 

152.4 500 

BLUE 3TICKY CLAY 

163.7 
16Z7170.,I 

537 
50558 --

SANDY CLAY 
SAND ROCK 

APPENDIX FIGURE VII-B-4 
WELL DATA SHEET 

AU S PflINY FOR WATE;1 1,1111 ITY 

,U"Pt OF 1-F14 PROVINCIAL AR~s COM -LUU WELL TLC - 10 



DESCRIPTIV= DATA GRAPHIC LOG 

DEPTH 
--- ..... ...j . " ........ ..
WLL NO0. CO ,M.! ... .. :: .... . . . .. . . 

(OTHE-- 53 	 -IA-P ASING STRATIFICAION 
LOCAIION 	 ... iAJGN G.-CROUND SURFACE 

___,---.--:-- - . ...... 2 	 .6:.- : CLAY 
.... .. ... .. ...... 

PoV.,CE TAR_ A-
C IT Y _-. 

, .F 

c0 NS 'r. B : .. . ...... . . .. . . . . . ... . i.- 7 

DR;LL.ER 	 --

FrAPTFD 	 _ MACh 7, - Z SAND WITH LITTLE 
. . . . ...... SILT AND CLAY 

'i H ,tI~L l 
_ 	 .---c _STTU ---. -..... ...

-~1476 

CASING Di.TE ...... ........ 


GRAVEL. WITH LITTLE 
AND CLAY

ThE T .' ,SILT 
_DLATE .. _1 iPR!L 1974 _ 

STATIC WATFR LEVCL. 2.9 M. 

PUM N A'TER . E E [. 1.... .9_L.........
 ,-i.7L-AY WiTH SOME 

.S4 ,-7-(:GRAVEL
 

z d!Ap 'i'- Ui. .. ....... 8399 2_..0 	 -- -.
FET 
....--.. . ....... ... ..... -.. . ..- .-.. - .-... . ....
 

GRAVEL, CLAYEY 
RE MAR KS'-. . SOME SAND 

CAPACITY 5.4 LPS/M :
 

CASING 0-EP'H fl01M.
 

119 390.4 

? 

(OMITTED FROM LOG) 

I ... ' "Ile CLAY, SOME GRAVEL 
-]488- 1

,59 488.( 	 GRAVEL,'SOME CLAY 
153 -777'0.; 0 	 AND SAND 

;: w - . .... .-..... ... 

7 CLAY, SOME SAND 

181 597.8 1 AND GRAVEL 

APPENDIX FiGURE Vit..6-5 
WELL DATA SHEET 

L 	 -A IfSiIL TY STUDY FUR WATER--7--
SUPPLY OF 	 -EN PROVICAL ARE 3 "'DIAE A WELL TLC -22 

http:DR;LL.ER


DESCRIPTIVE D A PAPHIC LOG
 

WEL L NO ( C D Mi) c 21: . . _ l 'l_ : . " . "' ' LFT)I( ...... - : . '' . .. . . ' 
. F0 U N D , . "--G SUR FA C E 

. .... ................ ......... " : SAND
........... ... .......... 


T OR I A VIC . .'. 

CONST BY V. .. ... .2i .R A V EL 

D LL t. AY lcj 4 CLAY WITH . LirTL EK 
t:':-.._ .C A F ' , :. T -.- ; '; ' '' ''/!! GRAVEL 

OWNER . -.- . 

CASING DIAMETER 250o MM M.M 79 2b.. . 
ILIE 

GLIVE HDRILLER'S TEST DAr.,A 
052 . - , . . . . .. .DATE 1.4 1-1AY 1974 

i 2I. . 
3'T A IC . LEV. EL. ... .1? M .. . GRA V EL, CLA YEY_A R 

O. .. ... 2 0 i3I.0- L A Y , G RAV E LL 

PUMPII WA-F! 71 LEVEL.-. 23,44. M 2 4O3GVE 
I-':- I _ : AY , S OM E GRA VEL 

TEST PAUMP ' U . 8- LS 4. -ANO SANt 

: E,.. I j GRAVEL CLAYEY

LI20MF'4 101-FL ER~74 M .. 2: . 4 - " . 
SME SAND 

L 
_-I 

S:PF-CIFIC CAPACIT Y 4. 2 I-PS! N/, 

C'Ac-' DEPT 7 C M 0 -3'7 M ~I~
p IM 

2.. ,M .4 - 180 MI 

STCRELN 250 MM 37- 101 M i
 

200 M 174 
 CLAY WITH LITTLE 
-- - .... GRAVEL 

263 86Z.9 . 

APPENDIX FIGURE VII-B-EWELL DATA SHEET 
EA.iWtLI r STUDY FOR WATE.R . EL AA HE 

SUPP l OF TE.N APEA WE L L. T LC --23P wi ,iNCIAL Ar£E 3U '., OLF, r ,, -CA C D M - LWU A I 



-----

DEPTH  - i. Z-7 
WEL I(-SCr IPIVE DATA 

24STRATIFICATIONW I-LrE , LN (7*,. C(~FM ?4 ___TI 
-OTHER ,;A - p6'! 

LOCATION _ BARRIO INAPATAN 

r.I 

PROVINCE 

CONST BY 

, _i., 

DRILLER 

STARTED 
COMPLE'TEFD 

47 MAY 
19 JUNEC 0 

iS74 
1974i PL E 

___-:__-_ 

'r.E 

OWNER 

SSTATUS 
. . ......... 


CASING DIAMETER 3 MM 

DRILLERS TEST DATA 

DATE i9 JUNE 1974 _."_._ 

STATIC WATER LEVEI 0.4! M. 

LEVEL. 15.08M.PUMPING WATER 

TEST PUMP YIELD 106.6 LPS 

K4REM ARYS. 

;'v. i- HL' 449 M 
GMA'h PIACKLD 

TRANSM S9iVITY 1080 CUMD/M 

SPE ;1'3 LPIS 'll 
c) REL- ED " . R - .330 MM SCREEN: 

6 .0 50 . 
):-. -999GRAVEL 

I 0 15 4 rill 
299 ' 

.,0 -i 9 M 

STUDY FOR WATER 
SUPPLY OF TEN PROV;NCIAL AREAS 
IFtASIsIt. ITY 

f)M,MI 

I 

~~ 

60 

04 

12
12-

144.9 

150 

166 
168 

200 

7~I 

42.7 
49.2 

~~~4150.9 

19 6.9 

3412 

4 -30
4720 

475,4 

492.1 

54463 
551.2 

656.2,. 

C S N .[
GRAPHIC LOG
 

CASIN3
 

(, RUND SURFACE 

(,N[) WTH .SOME 
ZT1 3 CLAY"LT AND 

.. . 
.... .GRAVEL WI LITTLE CLA. 

- -WI CLAY W ITH SOMES 

:- RAVEL AND SAND 

-K

-', . . ... . ...... ... 

-. .. GRAVEL WITH
 
_ LITTLE CLAY
 

- CLAY, SOME GRAVEL. 
..... . ... . 

GRAVEL,CLAVEY WITH 
SOME SAND 

7 AY WI- S 

W7.;.1 CLAY WITH SOME 
AND 	 SANDIGRAVEL ID 

'r- ; GRAVEL,CLAYEY 

7 

C CLAY, SOME GRAVEL 
1 --

J WITH 
LITTLE CLAY 

-.
 
1;! _0CLAY AND GRAVEL
 

I_ CLAY, SOME GRAVEL 

J 	 I 
~1 :.. GRAVEL, CLAYEY 

.T 	 CLAYI LITTLE GRAVELY 
SILTY, FINE SAND 

:.I I I 

,APPENDIX FIGURE VIi-R3-
WELIL DATA SHEE-1 
WEUAWELL TLC-2 ' 

1 



DESCM PTIV E DATA GRAPHIC L0G 

I TRATiFICATiONJ I"". .. - 1-i CASING 

LOCATION ... ," __.; ..... GROUND SURFACF 

CITY TL. ,5liEILL iZL 

PR0Vi NCE 
CON.ST. Y 

T 
9 5:.OAS 

NP %IMI-DIM TO VERi 

D~~qiLLER~~ I 9'3,3 :-:. (::C AYEY 

---------- .. R \'L EB L I7~US.... ..... .. .. . .... ... ..........
COMPLETED TER LL 7- -A 

IAM ............... MM............. F£A SINT.. ) .. TE _,_;.f . 1'_ :."." ,..NF.IE ..M _ !~~ 

TE"GRUAVEL, PEEBLE S1:: 

SRI LLNR TIS NAT PE 
ATED 14 197i4W .. 6 

15 2,CIY, T RAVELLY')4 

DRILLERS TEST TA"I. 
DATEC M4 ,L',. 19 74 

...... ... ....... .............. .. ,L,:CI.A:E 'h.
STATIC; WATER L.EVEL . 9 ... M........ . .......
 
M . MItIN 'IA 

" CLfAY, GRAVELLY 

PUMPING WATER LEVEL .5 ° 

TIESTr P OMP YIELD ... !. -f'_............_. __
 

R.ARKS. CLA, tGAVF. LLY, SILT'; 
SPECE (I C CAPACITY I 7 1..s /M , 6:1 3 : -: . .. .... ... .. .. 

CASING PEP1H 400 MM C-- 42.0 C,.
M. , 4 2.06 .- 4; 17, 5 1. 4 - 57.45, 

60 C2 .- R9. 23- M SOMEFm6 95 40 L CLAY 

SC~rE:Ei "3 Ftt' SL.OTS) 5t.54,MT5 ( • 48 !- .' 

5745)- GO 'r.06- M---c i_ E........................r....... ..62 89.23 1 3 4 2"5 5 .. . 

84 275"1 
HOL.1 W f-E.ACKF!. LED FROM 124 ,M 

TO 95.,1' 

. 4510 A12 9 i -2 

Oa -I Y, S;ILTY, V.ERy 
i 1,LITTLE GRAVEL 

.. o 

4. ,.. 

t24 4o~ ;'' . *::. - ..... .... .. . 

APPENDiX FIGURE Vil. 
WELL DATA SV. 

FEA.S 16L,,Y o R WT ERNruL,,CDM -LWUA WELL TL.C - .. 
SUPPLY OF TsN PROVINCIAL AREAS 



DESCRIPTIVE DATA GRAPHIC LOG 
DEPTH. TRATIFICATION 

.

(:M ) T CASIN G 

TLC.-
WELL No. (COM ) 
(OTHER) NIEP- GROUND LEVEL 

LOCATION 0. SAN JOSE CLAY SAND 5 GRAVEL 

CITY _ _SAND, COARSE- GRAINED, 
PROVINCE TARLAC 16 ~ SOME SILT & GRAVEL 

CONST. BY GRAVEL N
E IRA L AC4D 

DRILLER NIA _ a0 LITECA 
STARTED 

COMPLETED 30 JULY 1974
 
OWNER
 

STATUS
 

23Q MM, 7.CASING DIAMETER 20 . 

CLAY, GRAVELLY 
8 SOME SAND 

DRILLER'S TEST CATA" 
DATE 
STATIC WATER LEVEl 2D6 M 

PUMPING WATER LEVEL 30.06 M 

TEST PUMP YIELD k.LELP * 

. .: .. .. . ... 


103 

WATER OUALITY DATA: SAND, FINE-GRAINED 
TOTAL DISSOLVED SOLIDS: AND SILTY 
314 PPH 
292 PPM 121 

124 GRAVEL, SANDY, SILTY 
128 SANDt SILTY a CLAYEY 

CLAY, VERY LITTLE 
REMARKS: GRAVEL, SILTY a 

CASING DEPTH - 171.30 M SOME SAND 

GRAVEL PACXED 
TRANSMISSIVITY - 250 CU/M 

'SPECIFIC CAPACITY - 23 LPS/M
 
SCREENED INTERJLI.

335MM SCREEN:
 
50.0-11.4 M.
 
02.O-7 5M. 

200 MM Sc EN: 200 
73 B- 171.4M.
 

SLOT SIZE-C0
 

APPEMOX FIGURE Vi$i Q 
WELL DATA S iET 

0 Wi4 CIDM L AtA8IILITY STUIDY1 
SUPPLY OF TEN OVINCAL AKDASLWUA WELL TLC-2G6 



0i 
DEZ'RIPTIVE DATA 	 GRAPHIC LO 

'CASING STRATIFICATION~ 
NOL.(ioCDM) 27c 0. (FT)

(OTHER ) - NIA P G -/ " G O N S8A ; 
R_ . .. 

TI O TAR tJ I 	 . . . .U e*:N M EL SOME CLAYLO 'CAN 

CITY 	 i CLAY, SANDY 5 SILTY 
PROVINCE LAC GRAVEL COBLE 'O 

NT. BY 7 o BOULDER SIZED
DRILLER0-	 ..............
 

* _T____F______T• 	 CLAY, GRAVELLY 
COMPLETED 6 A'U 1974 	 $AND SOME GORMVEL 

AND 	 SLAYOWNER 	 34 

CLAY, SANDY 
STATUS 

..... 	 . .. . . .AND 8ILTY 
0aa 

DRILLERS TEST DATA: 

DATE-
STATIC WATER LEVEL O,. M. 	 AD $RAEL0 	 AND GRAVEL., 

SILTY 

MJMPING WATER LEVEL 5.1 M 
87 	 N 

TEST PUMP YIELD |" . - -'tAVEL, GR CLAY-"' 
SOME SAND 

WATER 0UALITY DAA: 7 CLAY, S0M4 t;Rv L. 

TOTAL DISSOLVED SOLIDS 3 P ANDPFD 

CLAY, LITTLE GPAVEL" 
, ~ AND SAND 

CLAY, SA-%Vr 

REMARKS: CLAY, GRAVELLY 

TRANSMMASSIVITY -B76 CUMD/. 

S~PECIIrIC CAPACITY -3.0 LPS /FA9 	 5.NED INTERVALS; --- ' SAND, SOME GAI... 

443.0 -44.9 M 
*~1A- 1580412 

900 - 92.9 mN 

200 	MM SCREEN: 
92.9- I26.5m APPE WIN rKUGM 
138.7- 153.0M 	 WELL DATA 8Yi: .''- . 

tRA3litLI*TY SITU DY Pon W&XM! 

L OF CDM-LWUA 	 WELL TLC2J 
MV I 	 I -w, -Se. 

0 



DESCRIPTIVE DATA GRAPHIC LOG 

WELL NO. (,I ) L) -28 
(OTHER s N PAroG 

LOCATION -SAN A;NOPS 

CITY VICT1RIA 

PROVICE TARLAC......-CO S Y14 
CQNSI: t 
DRILLE.R 

BTARTED - JULY 274 

COMPLETED _ EPTEMBER 1 74
OWNER 

• 

CASING DIAPMETIEP :33 hik 

,. 

2., 

I 
20 

9 

55 

FT FI 

0,9 
4 

,CLAY,4-.9 
52.5 
65,6 

t28.0

-

180.5 

,CLAY 

GON" 

I -- GROUND SURFACE 

SAND 

SILTY 
\ GRAVEL 
\1BAND SILTY 

CLAY, SILTY $OME SAND
AND LITTLE GRAVEL 

GRAVEL AND CLAY 

DRILLERS 
DATE 
STATI 

TET DATA1 
'4 SEPTEMBER 

WATfER LEVEL 
1974 
2. toM, 

PUMPI, WATEN LEVEL 29.0 m. 

TEST PUMP YIELD 46.7 LS CLAY, SANDY 
AND SILTY 

REMARKS: 
SPECIFIC CAPACIT ' 1.7 LP$/M. 

126 

S3 5 

413.4 

442 , 4 

SAND 
-

AND CLAY 

GRAVEL., SANDY 
WITH LITILE CLAY 

1,60 .5.4.9q 2 

CLAY, SOME
F'7'. SILTY WITH 

SAND 
GRAVEL 

? 7j GRAVEL AND CLAY 

AIm 
SUPPLY 

LI'Y TUDY -or100W 
OF TEN Pi'tQV1ICIAL A~fA CDM LW~UA 

WELL bAlASOE: 
ELLDA T L
WELL TLC-2.0 



D'F5CRIPTIVE DATA GRAPHIC LOG 
.C-2N. CD'.... LL _FDETH 

WEL NO.1 

(OTHER) NlA4P 38 
LOCATION BARRIO YGROUND 

CITY__U~6CITY ... URA . . . 

PROVINCE TARLAC 
__.__ 14CONSTY 17 


D)RILLERV 

1974CLAY, . 
COMPLETED 5 SEPTEMBER 1974 2-
,STARTED 30 JULY .. . .. . . 

OW...R.........
 

STATUS 


CASING DIAETER 334 M 

DRILLERS TEST DATA; 6 
D)ATE SEPTEMSOER 1974 

STATIC WATEi LEVEL .8M. 

PUMPINO WATER LEVEL 29.90 M. 

TEST PUMP YIELD 71.5 .PS 

REMARKS$:. 
SPECIFIC CAPACITY 2.7 LPS/M. 

I 

4 
44,96 

190 


19.7 

45,9
 
!55. 


r_______ 

Ap 

! ,$ 


Li 

364.2 

4";J,4...

47 .6
 I 

'623.4 

1 -w -STRATWICT I ON 

SURFACE 

CLAY AND 8A4D, .iT 

CLAY WITH, .TLE 

AEL 

SANDYGRAVIELL., 
CAY. NO-A 

' 

r GRAVEL. AND CLA.Y 

AND 
A7 

AN0 0R V L 
L 

-4 CLAY,SANDY 

GRAVEL.CLAY WITH LIT"I I 

t 

CLAY, GRAVELLY, 
SOME SAND 

GRAVEL, 

T 
SOME 5ARD 

IAX 
I-7 

"pr 

CLAY WITH 
OFAVEL 

.OM1'. 

TIPPE-fDix FIGURE ',,-"..K:WELL .-


T
' Ot WATFR *A,F E SIlfLITY 3TUDY -.. 
DL W WELL TL .,.,,,Pi Of TEM ,O,,CAL ,RC-




:' ' ' ;  )ES e' A TW DATA 6rs AiI'P LOG 

T- - CASINO I STRATIFICATION 
WE . T______C(:;-L30 L 

140 P ,-IGROUND SURFACE 
LOCATION1 CALULUAN 

SAND AND CLAY SILTY 

. . . . . . .h .- " -. SAND, SILTY 

_OIST 12 39.4 . -"_, 

D,-*.,"-CLAY -M l- SAND, SILTY 

TAiqT D §IP; 127 4 20 .;5.6..... YOW • 

........................... SAND, SILTY, CLAYEY
 

$,ATU .. ,CLAY AND SAND, SILTY 

___ _______ 35 114.8 

rSING( F7IA~mETTF CC M _____ 

Cl AY SANDY WITH
 
LITTLE SILT
 

,PILLER T Es rATA:
 
DATE .. 

STATIC V, TER LEVEL 1.40 t ABOVE 56 183.7 :-, __, 

.... SAND AND CLAY
 .........-. 60 196.9
 
PUPIkIO WAMT[- LEVEL 19.14 M. '-

. --- AND
,.-i__'_N_ CLAY, SILTY 
TEST PUNIIP YIELD 101.0 LPS.--

77 26
7" 22.9 GRAVEL SOME SAND 

, 79 259,2 \AND LITTLE CLAY 
P.E AAIKAX.-

SPECFIC CAPACItY 4.9 LPS/M. 

77 

-- ' CLAY WITH LITTLE 
770 ORAVEL 

109 357,6 ---- , 
III 364.2 _ GRAVEL, ;OME CLAY 

,CL.Wi SOME SAND 

144,2 473I. .__ _ 

WELL DATA S1HE!-T 
LOAWEILL.rx3*lT~~o~oir~'ltA'L AA~r'z'l3'COM TLC - 30) 



00FCCRIFT,/I DATA ORAPHIC LOG
 

.- '-_FASINO STRATIFICATION .......
 

(OTH ,CRI NIA - P41 T- I) 
-GROUND SURFACELOCATION SAN y IOL. 

.4 31 .?,l,.CLAY _ 

14 45,9 SAND AND __".__ 

2ROVL'-L L."' 22 72.2 mSAND _ .....
 

CONST BY 
CLAY, SOME SAND ANDkDIILLE 

53 17. . SILT, LITTLE GRAVELSTARICE 

57 187.0COMPLETED 
OWI'JER 

CLAY, SOME GRAVEL 
......... SAND,AND SILT
 

. 92 301.8 7 ,,CLAY AND GRAVEL... 

GRAVEL
CASINGS MIAUETIR .... . 

105 344.4 CLAY 
53 CLAY . . . ..... . . .... 370.6 .............. 
 GRAVEL
 

120 393.6
 
DAILL,S "TEST DATA:
 

*STATIC. WATV.P? tLEEL 'XzL 

PkIMPIMG WATC-34 LEVIEL 

TEST PUMP YIELD 

-- CLAY, SOME FINE 
R JAAR. 51: GRAVEL, SAND 

AND SILT
SPECIFIC CAPACITY 


NO PUMP TEST DATA
 

L. A1.SI
 

£03 9 .8-

APPENDIX FIGURE V11-044 
WELL DATA SHEET 

*UPPILY cF TtN PROVIIAL AARC J-LIUA WELL TLC - 31 



D)ESCi'lIPT IVE DATA GRAPHIC LOG 

WELL NO. (COP ) TLC- 32 , -- 3.T ,.,_1ING 
1(OTHER)P3 (T- 2) 

• LOCATION TINAPATAN 'GROUND SURFACE 

CLAY AND SAND
CITY 7W 
PROVINCE TARLAC 42.6 *, 0 CIO 

4%*9. IQ.- GRAVELCONST. ElY 21 66.9 ,oCONST. BY 

WSTRTED ' ": 

COMPLETED
 
OWNER .
 

STATUS __# _ _, 

. CLAY, LITTLE GRAVEL, 
-. *-". SAND AND $ILTCASINO DIAMETER _._. 

DRILLER§ TEST DATA: ."7"1"7. 

DATE - 

* STATIC WATEP LEVEL .

9 301.9'r,1 
.,, ",
PUMFING WATER LEVEL _?. ?.,' GRAVEL AND $AND 

103 337.8 
-O3TENT PUMP YIELD ,Z CLAY 

!00 354.2 RAE 
*4 GRAVEL:..v.J 


-- I CLAY 
REMA22 400.2 GRAVL

REMARK128 419,821k CLAYSPECIFiC CAPACITY 132 433.0 -

..2: :- GRAVEL, LITTLE SANDNO PUMP TEST DATA 

145 475.6ANCLY 
'_.: CLAY, RAV LLY 

6o 9. 

.. GRAVEL.,SANDY
 
.... ., . .,, 

;67 547, , -4f - CLAY, SOME GRAVEL 
173 57.4 2 -_,- __ 

___+ "''" GRAVEL, SOME SAND1z. T CLAY, AND SILT 

zoo 656,0 CLAY 

*205 672.4 ' SANDSTONE 
209 685.5 

CLAYSTONE 
221 724.9 

APPEMX FIGURE VIt-B45 
WELL DATA SHEET 

frlEASUSILITY¢ bTUDY FOR' WAYI" p 

DuPPLY OF T.. PROVICIL , =te CMM L.WUA WELL TLC -52 



I 

DF.SR P'riVF DATA 	 RAPHIC LOG 
DEPTH cIOSRY~CTO

WELL. NO, (COM) TLC - 33 4-. (m). L _F_[ 
iOTHER ) NIA.,P 9 0 {T- c)-G RO 	 UF
LOCATION TINAPATAN 	 O N SU F C 

r,,.,,,,, 	 '1BROWN CLEAN $AND WITHCITY TARLAC 	 7 23.0 A E 
I ';TI 	 . 0., BROWN GRAVE WITH

CITY w?4, *:V; SAND AND SILT
 
PROVINCE TARLAC 14 45.9 "
 
CONST. BY , BROWN SILT AND CLAf
____-"-4 

DRILLER 22 7 , BROWN SAND WITH
 
STARTED .0 9a. 4 - .. SILT AND GRAVEL
 
COMPLETED 	 .
 

I J. BROWN SILT AND CLAYOWNE 
4'_ 141.0 '- ___._
 

STATUS .... . . .. ;N
 

*..,.- -..... GRAY SAND AND 
CASING DIAMETER .	 GRAVEL WITH SILT 

DRILLER rEiT DATA; 	 74 242.7 
At.4&
DATE * .J 

STATIC WATER LEVEL .. ", GRAY GRAVEL, SILT 
___A A AND CLAYEY 

PUMPING WATER LEVEL - 4. 

101 331.3 71X., X r
 

TES3T PUMP YIELD *v.
 
TET UPG	:-: GRAY GRANULE GRAVEL 

. . . ;ANDSAND 

- ... . ....-- 117 383.-

REMIARKS: "," SILT AND CLAY
 
NO PUMP TE3T DATA 1,31 429.7
 

,'. J..1". 

,. LIGHT GRAY TO WHITE 
, -" SILT AND SAND WITH A. 

15'6; 1 1-... 

: .:".; ... GREEN GRAY SLtT 

.,.. £.... AND SAND 

175 574.0 
*o" *:.~> SAND 

, , ASH 

200200656.065.0 	 s".SLT CLAY""Z". IADAND 
205 672.4 +: t. 

, GRAVEL AND SAND WITH 
, ,-,," LITTLE SILT AND CLAY 

225 738.0 
"CEMENTEDRAVEL 

"*,AND SAND 
240 757.2 .. .. .. 

APPENDIX FIGURE V11-843 
WELL DATA $V1EET

fffASIMILIT Y U) O tT 
, K;.L CDM-LWUA 	 TLC-3,UPLY, To, R0Vo,, RI% 	 WELL 



DESCRIPTIVE DATA GRAPHIC LOG 
DEPTH/1 

3 PCASING STRATIFICATION 
WELL NO (CDM) T C 34 _M). , _ . 

(OTHER) NIA- P92 
LOCATION TINAPATAN -GROUND SURFACE 

" GRAY SAND AND SILT 

TARLACCITY 

PROVINCE TARLAC 	 1O 32.8 BROWN SILT AND CLAY 
CONST BY _ _-_"-__ 	 _...3 19 62__

DJILLER 	 . .=
DRILLER 	 BROWN SAND AND SILT 
STARTED" 

STARLTED 31 101.7 L 

"
 

COMPLEII D _____________ 

OWNE R" 	 " 
OWNER 	 BROWN SILT AND CLAY 

STATUS_______-	 -

CASING DIAMETER57 	 87.0 

GRAY SILT WITH SOME 

AND AND CLAY 

DRILLERS TEST DATA: 	 74 242.7 
.'. _. :71-Z.DATE D:!TE GRAY BROWN SILT 

STATIC WATER LEVEL _ ___-__ AND CLAY WITH SOME 
.. SAND AND GRAVEL
 

PUMPING WATER LEVEL 	 96 314.9 

TEST PUMP YIELD ____'__.__GRAY BROWN SAND 
AND GRAVEL 

IH7 :383.8 -: 

REMARKS: BROWN CLAY WITH SOME 
N) PUMP TEST DATA .AND AND GRAVEL 

136.5 447.7 

SILTY SAND 

I151 495.3 

.	 SILT, CLAY AND 
FINE SAND WITH 
SOME GRAVEL
 

1"r BROWN GRAY CLAY 
l WITH SILT 

181 593.7 	 -1--
SANDY SILT WITH CLAY 

218.95 718.2 

APPENDIX FIGURE VII-B-17 
WELL DATA SHEET 

rEAS I91L ITY STUDY FOR WATER
SUPPLY or EN PROVINCIAL AREAS CDM-LWUA 	 WELL TLC-34 



NOTE: 
PROVIDE OPENING FUR WELL. ,(to .
 
f"UI P DISCHARGE HEAD OR 'LRURFF rL -y ' " O.0910. (GRAYFIL- FILL rIPE
 

S " ... c.,:NG Hf. GE 

,04,0,.i2 r , -  . 

',S 

C' rETE PUMP BAE., 

"ELI SURFACE CASING - 550 MM 

IS M. MINIMUM DEPH GF0-11 KAL 

., 

I ~-~GN~v-.I.PACK 

.. EEL FUMP HOUSING CASING-
M.IMMADIAMETEFR 

S... ... R:DUCING CONE 

- .. . E BLANK CASING 200 MM 
-- :ff=_:_-..,DIAMETER 

S i2C, !,,i'M TIA1,M-1i ER ,.b Mr SLOT 

"-.. IN'U:1-3.. WIRE WRAPPED 

,1 -C-JHROSION RESISrANT STTEL. SCREEN4 
I 2 PA~tDOPP031S IF E EAb±E 

CENTRALLIZERS- I 

i,.~ ~:f 
!" " " .i . .. I , .- 

I".~~~~0t,. . 

-t 
~ 

... 

-... S-TEL BLANK CASING ' 2M. 'AINI MU I 

_ NGTH ) 

~~E. kTi.DRIL.L ( BACKFILL. IF tEXC[E:SS!VF-

A'PPROX. 300,:).:.. 
(.:. ! APPENDIX FIGURE V If-i 

GENERAL_ DESIGN 

rI:,'i LI ![ _,I'P .Y 0F 
S.TUDY, FORTrN P A 'AlI C;I WAAT"RARE4S ,. p

'RD , ""[ 't!OTA 
GROVELI r''L 

R Y 
PP,- .-W 

DR IL L E D 



SUPPMMT TO P1,3"un vXI-B-i.8
 

GOTEA O)PSTRUICTIX)N Sr~gETIONh3
 

(mo ifi. tin -iqli~t i aet ud grout 
550 ir rftoe Gaig 

2 'rif iiter piic~t hole inside s wfa 

&-nd oE- 'to 
zitabln imr-eblo .&uaes 42bi(vOmi tAte if 
affioierilu pareable rateris iko rct fotundo 

4-. sainle-F IorL locate 

that o&'i be dlled innide th-v surfaoas oasing 
to a depth abir fiv-, metaoY below the lowest 

.roabJ6 Zone. 

6.~ install sbring o~f i-Lai-A and so.--on -with soreefl 
O3ppoite all preable Zonesi* 

7 P gravel,?ac-


3Ca lesanmd de-Lvelop well thoroughly.
 

90 I'rte wg A,*
 

10. I Gsigm Punp
 

11, Contruct well head faaoiitie's.
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WATM TREATWIT ALTERNATIVES
 

Disinfection of water supply may be accomplished through 
chemical application of chlorine, iodine, ozone, ultra-Ndiolet 
radiation and oxidizing agents. 

Chlorination is a uiversal disinfection process used in most 
municipal water systems. Chlorine, a potent oxidizing agent, destroys 
bacteria when mixed under certain time constraints ard when applied 
in correct dosage.
 

Iodine has chemical properties that make it an effective agent 
against virus and certain bacterial cysta. However, research indi
cates that iodine treatment in excess of three weeks mAy have detri
mental effects upon individuals afflicted with thyroid diseases. 

Ozone a ble gas ard active form of o.Vgen, is rated to be a 
more vigor: u c:iuizing agent than chlorine. This versatile element 
not only disinfects but also sterilizes. It also helps in color 
reduction, iron and manganese oxidation, taste and odor control. 

Despite its impressive kiown qualities, ozone is yet to achieve 
universal acceptance.
 

Ultra-violet radiation is another method of disinfection appli
cable to small water systems. It involves high-cost equipment and 
requires considerable amount of power. Moreover, this type of treat
ment requires high quality water, otherwise the ultra-violet rays 
may be absorbed 1y substances present in the water supply. 

The use of metal ions with bactericidal properties such as copper, 
silver and mercury is limited by their cost, availability and potential 
adverse healtih effects if not properly dosed. 

Bromine as a water disit'ectant is costly and scarece. Liquid 
bromine produces irritating fumes and causes severe 1rns. 

Oxidizing agents such as potassium permanganate and hydrogen 
peroxide have weak purifying qualities that require long contact 
time and high -Iosage.
 

The economics of disinfection serve as an important, if not
 
sole, basis for the selection of a treatment method suitable to a
 
parti ular water system. Selection ic not necessarily based upon 
the cheapest method available but on its dependability, effective
ness, suitability and reasonablensts in cost. From this viewpoint, 
ozone and chlorine merit further consideration. 
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Ozone, as earlier indicated, lacks extensive practical appli
cation buit its versatilitS makes it advantageous over chlorine under 
certain conditions. It can be more effective and economical when 
used for two or more stages of water purification. When taste and 
odor in water are organic, ozone may be as effective as ohlorine. 
When disinfection only is required or water supply is clear, however, 
chlorine will be much more economical.
 

Plant-scale studies on ozonation show that it entails bigger 
capital investment than chlorination by the ratio of 3 or 4 to 1. 

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

Since the early 1990's, chlorine has been widely used in water 
treatment but recently in Ite 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 several cities in the e-stern 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-erode chemicals ar pesticides that pollute 
the river sources are increased. 

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

DISTRMTION SYSTEM ALTETIM 

General
 

The distribution system, in general, is composed of a network 
of distribution mains, internal distribi.tion networks, storage faoi
lities, booster pump stations, booster chlorination stations, and 
appurtenances such as valvee, fire hydrants, meters, and service 
connections. Tho distribution mains are the larger pipelines which 
take the water from the transmisvion lines to the demand areas. The 
internal network system consists of the smaller otreet mains which 
distribute the water to consurere along smaller atreets of the city 
and subdivisions. Booster pump stations are required to raise water 
from lower presaure zones to higher pressure zones where oonsumrs
 
are usually at higher groutnd elevations. The booster chlorination 
stations are required at the fringe areas of the water district to 
keep the chlorine residual at the desired ooncentration. The die
tribution storage facilities provide supplementary flows during the 
peak-demand periods8 The transmission lines convey the water to 
and from the storage facility depending on whether it is filling or 
emptying. 

The valves are placed throughout the distribution system to 
keep small service areas isolated by closing the valves at times 
when maintenanoe is required. The fire hkyrants are connected to 
the distribition ystem at regular i.ntervale depndiig upon the type 
of area served. The service connections convey the water from the 
internal distribution system to the consumer. Meters are placed on 
the service oonnectioi line to measure the amount of water consumed 
by the oustomer. The components of the distribution-system desoribed 
above are illustrated in Appendix Figurn VIII-D-l. 

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

(1) e St in For most components of the distribution 
system it is possible either to install the capacity required 
for the esign year or to stage the construction of the component 
by installing part of the rtquired capacity in an early cons
truction phase and the rGmaining capacity in a subsequent phase. 
Examples would be: a .OtO00 oum storage tank built in 1980 for 
the design year 2000; or a 6,000 or= storage tank built in 1980 
and a 4,000 oum storag tank built in 1990. Installing a small
er size component initially has the advantage of reducing capital 
cost in the initial construction period. Also, staging provides 
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flexibility as more data will be available at a later date and 
the assessment of population and economic growth may indicate 
a new location is] preferab]e to that originally planned. In
 
any case, studies should be made to indicate the econoinic 
feasibility of stagiiig 

(2) Location. Sometimes, more than one location exist for
 
the oonsaruction of the distribution system component. In
 
some 
oases, economic studies will aid in the selection of the 
most desirable site, and in other cases, practical consider
ation and engineering judgement will be of primary importano. 

Each component of the distribution system and its respective alter
natives are discussed in subsequent sections. 

Distribation Mains 

The alternatives for distribution mains are location, size,

staging and the spacing in the network. To avoid land costs and
 
also to place the mains as close to the demand center as possible,
the alignments for future distribution mains shoald be chosen along

existing and planned road and street rights-of-way. Where the 
service area will extend to areas without planned or existing road
ways and streets, the location of the distribution mains is deter
mined by topcgraphio features. As much as possible, the distribu-.
 
tion mains should be looped to avoid dead-and service areas; to 
minimize the number of ooacesaionaires affected wLhan valves are 
closed for maintenance; and to provide adequate pressure at times 
of maximum demand as the demand can be supplied from more than
 
one direction.
 

The distribution main network system is designed to provide a 
minimum pressure of 14 m during peak-hour conditions. The minimum
 
size of distribution mains has been taken as 200 mm. IN general,
this size is large enough to provide adequate pressure during peak
hour and fire-flow conditionn. In some residential areas, alter
nating 150 mm and 200 mm pipe sizes is adequate. Staging of di&
tribution mains is economical at 10-year intervals in areas having

wide streets and low population densities. Houever, in high-density
 
areas having small streets, it Is usually preferable to avoid two
stage construction. 
There is limited space for utilities in these
 
areas and considerable dieruption ocoura when the street is excavated 
for the new water main. It isbetter to install the pipe sine re
quired for ultimate design in these congested areas so that these
 
problems can be avoided,
 

It is desirable to maintain the maximum spacing for distribution

mains at 1,000 meters. This will provide uniform size and spacing 
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for the in i t .; .. : 'frpfea re distribution through
out the sytem. A wei'r ipa i-.; th i W.ibution mains would re
quire -. ,. s.T, i1%grthi int. n.l di4,titb,1ion nj t-ork Lo i aini
tami f'~'v Jo'ring fire-.41ow and ah-otp'id 

It is not r-acrmierided that th minimam distribution main sizes 
be staged. Howuverq larger maine cni be ataeiu in some instances. 
A requ-IJ-d ~Iru~ ~ 20~ fnr Yeax 20040 dtriauh6 ca be~ con
veniently iita-a with one 200 Lv line irl: S and, another 200 mu 
parallel. line in Sta,-re llowv~jr, Steg U extra ofI3n 11 O coat 
15 pe nini m!- be inclind~d in the oonqtr-oton of the pac;a!lel lint 
beoauseo of the problem enoounltred with interties to the Sta I 
line and saafegaarding ssrvi-e onnctions and sonatimen transferring 
the oomaectiona tith t1h internai iuetwcrk. 'Ile economio evaluation 
of' a tw*o-bt~ii toon21 of 2:50 IineQ,-, a'~stio a fmml is 
shown be]ows
 

EVALUATION OF DI6TRIBUTION MAIN STAGING 

1976 Present Worth 2 

Construt o n Pipe Coni-truct-- Frojeot Annual Capital Annual Salvage Nei 
Size ion Coat l Coat Cost cost Cost Value CoeAlternative Period 
 ALLWn(r~ (?L m) mL 2 

Sinul6.Stage 1980 250 4"75 648 3 412 14 19 4C 

Total 4C
 

Two.-Stage 1980 200 360 491 2 312 9 14 3C 

1990 '200 414 565 2 116 2 19 5 

Total 4C
 

Com-oa'is-on, of" " two alternatives ahows that constructing two 
parallel 200 ur ].inra in each vtage oouSt almost the aawe " a single 
250 mm line in 3tage I. In this case, it wouJ4 probabl, be better to 
install a 200 ai line .ir'tially bocause of the lwr oapital cost and 
&daed flexibil:Lty. Similar. Catwulations for staging a 30 lie 
with parall6l 2,50 , id 200 mm iino3a indicate only slight savings 
with two-stag;3 :oi-Lruotton. S:-ica:i,on of' distribution maine whioh 
should be st,,d ;iut follov an analpy:i- of the peak-hour and firo 

11990 contraction cost inoludoo 15 pri" cnt penalty. 

Dinoount rate in 12 por cent, 
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flow conditions to be sure that the smaller line constructed in 
Stage I will be hydraulically adequate until the seoond line is 
instal lcd.
 

The timing of the Construction of the distribution main systems 
should be such that an attain.nble level of growth in the distribution 
system is m.Ujti.ined. Areas having higher densities of potential 
customers should be conneote6. in the early construction periods 
because the cost per connecttion will be lower and more revenues will 
be generated, Aloo, extension of service to large demand crastomers 
such an ov areas wouid be desirable ainduatr.is . commrcial when 
reliable water supply is avnilable. Servica to this type of cumtomer 
would have a po-sitive impact on the economy of the study area. 

Disribution Storage Tanks 

Distribution iutorage tanks proyide supplementary supply during 
peak-hour demand periods, during fire-flow demand periods and during 
emergency periods when source supply is reduced. The recommended 
distribution atorage volume is 15-20 per cent of maximum daily supply 
requirements. The storage facility is designed to empty during peak
hour demand periods and to fill overnight during minimum demand 
periods. The storage tanks should be located as close to the demand 
center as possible and on the oppoeite side of the service area from
 
the source. By locating the storage in this manner, the peak-hour 
pressures will be higher a& the supply can be provided from two 
directions. 

It is recommended that storage facilities be constructed on
grade with an operational level fluctuation of 3 to 7 m. The storage 
tanks should be of reinforced concrete and oovered to prevent oon
tamination. Initially, adequate land area should be purchased so 
that the ultimate storage capacity of the site can easily be accciuo
dated. The storage facility is designed and constructed in increments 
so that the desired capacity is available when needed. It has been 
observed that staing at G.-yaar intervals is an economically appro
priate time increment based on the discount rate used in this study. 

For operational purpoases the storage overflow elevation should
 
be the same elevation as the HOL control at the source. Locating the 
storage at the same elevation as the source is sound engineering prac
tice. The range of operating pressures within the distribution system 
is reduced, This keeps the pumping heads at booster stations and wells 
at more constant levels, simplifying operation of the pump station. 
No maintenance of double-acting altitude valve a't. the storage faci
lity is required unlike when the storage is at a lower elevation 
than the source, 
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Tank filling will take place during the minimum demrnd periods.
 
Amount and duration of minimum demmad can be determined by 24-hour
 
consumption records. Since -these data rare not available, it is
 
assumed that the minimum demand is about 30 per cent of the average
demand for a period of 8 hours. Assuming a tanlk with 7 m water 
depth, the differential head between the scurce HGL elevation and 

-
the storge l:acik is a m.ximum c' 7 m when thc- tank is empty and 3-5 m 
when the tnk is half full. 11 c-uise of this small head diffornntial, 
care must be taken in choosing i.c.- tion and size of the suply ]ines, 

Plaoin- Lc store HGL At nn e.].vation lower thran the ,iource
 
elevation is bec this will
not recommended -e mean that areas at
 
the extreme ends of the dis tributio, :3yIlt.-m wilt have insufIicient
 
pressures unless inordinatel- lare distribution mains are provided.

If locatin4; the distribution .anh at lowe elevation than
to[cra, a 

the source is ucn!3idered, a doubl.....a,cniL: *t,<,7it v2j ve (or con
tirnuous manual control) must be piaced on the supply line to the
 
tank, he vAve c]nses when the i-ter elovation in the ta , reaches 
the overflow ]eve and opcns wh i. the nr1,13sure dropus i,n the. distrioz
butien system, , rmittin.o wa.;er /ro;,n he sLorage to enter, if the 
valve is not mraintained at al. times, it could fail to operate proper
ly ad cauoe lower pre~ssuros in the distributio. ny'Acm than required.
Because th st()raj i at -n elevation loss than the sourco, it is 
difficult to obtain the required. I'low from the storage during peak
flow demands an; most of the supply will. come from the directicm of the 
source, the location of' the highest HGL. 

When suitable ground storage sites avre not available, it is pos
sible to utilize elevated Gtorb_ tanks or standpipes. If poasib,)i, 
the overflow elevation should be the s;ime as the EGL control on the 
source transmission line. nhe operational ranTg of elevated otorage 
may be reduced to 5 meters. In the case of standpipe storage the 
volume lower than the top 7 m should not be considered as part of the 
opera.tional volume, Economic studies can, aid in the selection of the 
best location. Th1e present worth cos- of the storag-e twik and the 
transmission line for several alternative sites should be evaluated 
to detc:!ine the least--cost al-tornat ive. 

Ln some cases it is more economioal to lo(;cae a portion of, the 
distrib.tion stora;e volume at the souroe jiGL *ontrol. 'I reduces 
the pijvidiameter requirod to fill the distribut.ion n'tora-e tank 
located at the other end of the s-ystem. Howevcr, locating storage 
at the source will nmean th.a.t more supply must come from the source 
during pelc-4our deomand peri(ods. Several alternative distribn-tion 
and source storage schemes should be evaluated to determine the best 
apportionment of the required utorage volume. 
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Internal Network -ystem
 

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 connections. The alternatives in
 
the internal distribution network are dependent on the level of water
 
service provided. 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 are:
 

Zpe of Area 	 Fire-Flow Demand 

Commercial, induetrial and High- 20 Ips at each of two adjacent
 
Value Residential fire hydrants
 

Single Family Residential 10 lps at each of two adjacent
 
fire hydrants
 

The internal network design is controlled by either of two conditions:
 
peak-hour demands with minimum main pressure of 10 m or fire-flow
 
demand coincident with maxinum-day demands with a minimum h.ydrant
 
pressure of 7 meters.
 

In order to determine the response of the internal network to
 
several flow conditions, a detailed study of the internal network was
 
made. Commercial/residential areas in several cities in the Philippines
 
were analyzed to deterinine a .omposite 100 ha area. A typical 100 ha
 
area in the ooro 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 iength of internal network pipe will also be
 
8-12 km for a 100 ha xrea. An average of 8-12 km per 100 ha area 
corresponds to 80-120 inof pipe per hectare served. The 80 in per 
hectare would be in less densely populated, high-value residential 
areas, and the 120 m per heotare would be in densely populated, mixed 
residential and commercial areas. The 80 m of pipe per hectare
 
was used in the design study in order to evaluate the internal net
work under the most stressing conditions - less pipe per heotare
 
will cause 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:
 

Altezaative 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 nm pipe is 
3:1, i.e., 6,000 m of 100 mm pipe and 2,000 m 
of 150 mm pipe. 
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Tho th-w~ r sly~ 1,nmr3 .re o.valated by izo~g~the Ocmputer 
to iiK't17,? ax; £r Varyingpjoulation'i&:fl't, fo~ densities. 
Mo?, hIla~ m zu~ t Ix.~d rasidtential and coemer

wat"~ ~ 2-ap,:'rm'J'r u4 " e a 'iaja total demand. The demnand 
* . ~vc -~o ~ve&.The alternatiw. networks'*4~iJ~ ~i~tj 

1~~~~cc.ii4i ( i~g aotor of 2.0) and 
~~ 1ir~~ i 'u.', i~ T~ rnini'Limm pressur'e in the 

ytU isi Wited in AppErflcixL Talble VIII-Dl1 

APE1YTYX TA__P:E ITHI-D-1 
1NINDt4U, ink~t INBRX,'AU At11-MANATIVE 

DoIl 'iHOIu Yirf. -Plow Fir'e Flow 

k- I 7 1 

AlII(X) /ha 11 18 

11')0 iw -.-v 200 /hi- Di 11 

300/ha 1 3 

10 7 

inf 0.11)0ato indn if'/ 148 
th1C)4 10 is M; 

*~-\'i~&, I.Eoi7,0 ni: jo inrit4 n 

r o~ '. -,aE; jajt Lred beNW 'ir j t sit aaxe +,he mininu preasure 
cri t-"i tiatisfie,,i i~n -11, coxxi.-~ial fire tes~t, 
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Tedl,.t. .at Alternati- . can meet minimum pres

sure requirements for all condibtiona for a population density of
 

100 people per heottre. However. ,iniimnun criteria camiot be main
tained for hig her . Aiternativz 2 meets the pressure 
criteria for all population densities studied. Alternative 3 also 
satisfies the minimum criteria for all population densities studied. 

1rhe con... A!t c,rnatives I and 3 is the two 
area.150 = linesi which .trc placed in the middle of the 100 ha 

The two 150 mm lines add confiderable carrying capacity to the in

ternal notwork as iiidicatcd by the data in Appendix Table VIII-D-i, 
Alternative : cti.i mt.at r.num preszureo .uring camercial fire

flow teat. hEvn though c 150 mm fire hydrant might be connected to 

a 100 mm pipe, it io possib].e to support the commercial fire-flaw 

becaucae ,ater can Ix, a lpplied from at least two directions and the 
larger, supportirng 150 mm mai-a or distribution main is no more than 
250 w away. 

Other cceputer studies were carried out on Alternatives 1 and 

3 by incroabi.n the total JenL th of intornal network pipe to 120 Mi/ha. 
The pe5ak hour pres'.res were inoreased approximately 2 m as the peak 

was sprc.ad among imore pipes. H, ever, the fire-flow preshour flow 
as O van a muchsures increased only elightly the fl applied to 

smaller area of the system, 

networkThe conntruction . for inata3 ling the interm]. 

piping for each alter-native, and several _u alternatives of total 

internal network piping are listed below: 

Length of Pipe Rlatio of ConstructioO 
. 100 W . Z150 rm CsAlternative 


1 - All 80 80:0 6,0O 

100 mm Pipe 100 100:0 8,OOO 

120 120:0 9,600 

0280 12,0002 - All 80 

150 mm Pipe 100 Ol0 15,0o0 

320 0:120 181000 

80 6o:, 7,800
3 - Yixed 

1C 80:20 9,4o
100-150 mm Pipe 

120 100:20 11,000 

6Costs do net include valves or fire hydrants* 
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Alternative 3 is 15-22 per cent more than Alternative 1 and
 
35-39 per cent lees than Alternative 2. Thougi Alternative 1
 
provides sufficien oervice for reiaentia! areas up to 200 people/ha,
 
Alternative 3 is tho recomiraended inernal network system. Alter
native 3 c meet minimum pressure requirements for higher density
 
levels and during ccommc.-rcial fire-flow conditions. This alternative
 
can serve an area 'ohich is initiaily ro sidential but gradually becomes
 
commoercial without reouiriag reinforcement. Also, further tests in
dicate that Alternative 3 can meet minimum pressures up to 400 people/
 
ha when 120 m/ha of internal network pipe io reqquired.
 

The minimum reccmiended pipe size n the internal network is 
100 mm, SPaller pipi wot'ld reduce peak-hour prnesures and would 
severely limit fire-fi., hting potential. Thcugh pipes less than 100 mm 
are cheaper, the insrlallaticn o_ jts are not significantly less than 
that for 100 min pipe A13o, the orpacity of smaller pipe is con
siderably lehs. Ths i-;±tallaion price per unit of capacity is shown 
in Appendix lYij.tr VTLI-)-3 for pipe sizes razging frm 50 to 350 mm. 
The curve turn.- upward very sharply for pipes smaller than 100 mm. 
On a capacity b-12is, the 75 mm pipe coatf- 80% more than the 100 mm 
pipe and is thus not :ccqauo nded for internal network pipe. 

StiLging of int-;ranl network pipes is not uually eoonomioal or
 
practical. Z troeLs n8d utilities should 1A provided in accordance 
with development and zcnin1 plans. The internal network should be 
designed with the uiitimate plan of the area, fixing the required 
demands and fire ±, Tus,Mow the period for staging to be economioal 
would have to be 10 y-',ars or more. 

Une valves in the distribution main network and the internal dis
tribution system should 'Do .spaozd so that interruption in service due 
to maintenance would affect as few customers as possible. Each in
ternal network con-ontion to a distribution main should have a valve 
so that repai- to an intonial main would not require closing of valves 
on distribution mains. H1igh-demand areas should have more frequent 

'valve spacirn. than lor-dremand areas. Valves should normally be placed 
at street interseo tions ,!-th a minimum spacing of 300 m to 500 m depend
ing on the character of the area0 

Fire hydrants wili be placed at street intersections to permit 
quick location and enable fi-e-fighting in several directions. In 
high-value are'"s, hydrants will be spaced a maximum of 150 m apart 
with twu outlets --1 x 60 wmi hoed outlet and a. 1 x 100 mm pump outlet. 
The hydrant will b3 connected to a main with a minimum diameter of 
100 mm. In single-fnmily esidential areas, hydrants will be con
nected to 100 mm mains and spaced a maximum of 250 m apart. The out
let will be connected to a 1 x 100 mm pump or hose. 
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Customer serJie connections consist of a connection to the
 
internal network main and a service 
 line to the customer. Mhe

service line will be provided with a "gooseneck" for connection
 
to the main and a service meter will be provided for continuous 
measurement of water provided to the cuutomer. A valve should be
 
inserted in the seryvice ahead of the meter to enable 
 the Water 
District to terminate service when it becomes necessary. 

Booster Zone
 

Portions of the service area at elevations which are too high
to be served from the same HOL control as the service area at lower 
elevations, must aerved by booster pumpage. Thebe booster pump
station raibeu; the HGL to sufficient levels to serve the conces
sionaires in the booster zone. A storage tank should be located in 
the booster zone to supp]y peak-hour demand. The storage tank should 
be located on the opposite side of the booster zone from the booster 
pump station. Tbn boooter zone atoraR. should have an overflow ele
vation no more ihan 70 m above the lowest ground elevation in the
 
booster zone. The booster pump station should be designed to pump
 
maximum day supply requirements.
 

Booster pump station should have at least two pumps to permit
maintenance without interrupting service. One of the units should
be diesel or fas-r;owerud to pennit a minimum level of service inter
ruption during power ehortages. 

Hand Pump Wells for Urban Areas 

An alternative to a piped water system in urban areas is hand 
pMsIp wells (MVN). Under existing conditions in the Philippines,
HPW will probably provide, at the pump, drinking water signinot 
ficantly less safe than a pined water system. Water from the HPW 
may be contaminated while being carried from the pump to the point
of use. In thi, respect, safety of -he piped water is not guaranteed 
if also carried. 

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

Water from a HFW is ordinarily not used in adequate quantity 
to support a sanitary sewer system and would not otherwise be very
helpful to public or neighborhood cleanliness. HM is, in this 
respect, inferior to a piped water systeme This specific advantage 
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of a piped water system over HPN is J.es& important if there is no 
sanitary sewer system, or if the urban area in question does not 
have the funds to provide private water-borne waste system as subs
titute for the public sanitary sewer system. 

Similarly, water from a good piped water system is ordinarily
 

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

In summary, water supply from HPW does not have the advantages
 
of a piped 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 system located away from the house. A piped
 

water supply not available continually during at least the day-time
 
hours or available only at a distance from the house is generally
 
inferior to a HPW located in the premises.
 

Therefore, the HPW may provide a valid alternative to the piped
 
water system in certain urban areas if funds are not sufficient for
 
a modern upgraded piped water service. 

oDyes and Costs of HFW
 

Hand pump wells may be classified in two categoriess
 

I. 	Water level high enough for suction 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 is a critical factor which influences costs.
 

High Water Level HIN. A high water level HIN includes the
 

following oomponentsa
 

I. 	A simple pitcher pump, which should be brass lined and
 
connected to a 32 mm pipe. It may have a piston diameter
 
bUtween 60 to 100 mm (2 to 4 in) and a stroke of 25 to
 

125 mm (3 to 5 in). Whatever the stroke and piston dia
meter, replacement cup leathers must be readily available
 
to the people using the pump. A PVC lining is acceptable
 
instead of the brass lining.
 

2. 	A well screen, commonly called a "well point" when used
 
with a hand pumpt as it commonly has a point on the end.
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to connect S1 1 aquifer the ptimp.the, i ocrlr),n the to 

A conorete or nisonry platform troy be providcd around the pipe 
at the ground uc,,f. 4 tI rIot et.-iit m_ for &aiitarypurposes 
if the oonnjectirg pipe i 10 m1long ov rxore. When riot essential., 
platforms are commonly left to tho puip unor to pro-vdide, and are 
therefore not an e-pense to 'the publin, prog'a7.. If a platform is 
provided, a short drain is uua-ll" also providoe to carry waste
water away from the immediate vicinity of the well. 

The cout c.f a hand pump well i the cost of the materials at
 
site, plus the cost of' labor of inf;tallation and the cost of super
vision. The average cost of auch a 1{M will vary from P11000 (at
 
20 m depth) to ?3,G0O (at 75 m depth).
 

flnWater Level ITI. A deep water Ievel. hand Pamp well 
should have the pumpir- ele ent. the; Vaip piston, installed below 
the 	Dumping water level. If the pumping water level is at 15 mt 
for 	instance, the pump pis-ton muot be If- m or moro iu.der ground. 

The 	 essential materials of uch a well would include: 

1. 	 A pump, or mrv properly, a prump cylinder, which should 
be brass linod Fteel of 57 tw, (21 in) or 54 mm (2 3/16 in) 
diameter. The cylinder shLouid include the piston, of 
tbree-cup type, and the bottowi valve assembly. The cylinder 
should connect on the top to 62 mm (2-j in) diameter pipe 
and on the bottom to a 62 emi (21 in) diameter pipe. 

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

3. 	 Galvanized steel pipe of 62 un (2j in ) nominal diameter 
to connect the well screen to the pump cylinder and serves 
as well as casing. 

4. 	 Galvanized steel pipe of 62 nm (2Z in) nominal diameter to 
conneo the top of the pump cylinder to the discharge heado 

5, 	 A pump rod to connect the pump piston through thn discharge 
head to the pump handle. If the rod is riot more th* about 
12 m long it iay-be of 11 Mri (7/16 in) steel. If more than 
about 12 T? long the pump rod should be wood. 

The average ooat of an HN will v-ary- from F*2,900 (at 20 in depth) 
to P8,000 (at 75 m depth). 
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In the five study areas, there are certain fringe areas7 that 
could potentially a.dopt the HPW as an interim measure for water 
supply until such time as the permanent conventional system extends 
toward those areas. The following table shows such areas and 
probablv per capita oosts if a IIPW were provided for each home: 

Water Pumping Well 'UPW Per Capita 
District Community Level Depth Cost Cost 

At___ 10n -


NOWD Clarin near 40-50 P2,900 ?290 

surface
 

CNWD Bauud 3-6 20-60 N1,800 P260
 

MCWD Liloan 8-15 20-30 P3,OOO P430 

MCWD Compostela 15 30-50 p4,400 P630 

1he IPW has a per capita cost which is 50-100 per cent of the 
per capita cost of a piped water system. Because of the better level 
of service and fire-fighting potential of the piped water system, 
the HPW alternative is not recommended in areas where a piped water 
system is a viable alternative. Hence, those areas within the Water 
District which have a population density of 100 people per hectare 
should be served by a piped water supply. 

I'Where groundwater conditions are favorable for HPW.
 

-/Based on 7 persons per house.
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APFPEDIX VIII-1 

WAfI.R RE$OURCES CONS)MATION HASUMS 

Alternatives at.ilable to counteract future (and present) water 
shortages consist of the following: roeuse of wastevaterp desalting, 
precipitation augentation, land manage ent; and dual plumbing 
system . These alternativea are discussed below. 

Wawtewatar ReuDO 

One of the poiential alternativry in "oeting future water demand 
is the reuse or reoycling of vastewater (swe&V,). In Sinepore, re
claimed wastewater is ,.ied in thb i-ooling process in industries. A 
full-soaie musoipal "use facility in Windhoek in Southwest Africa 
bmilt in 1969 providon P_major source of potable water. 

Renee of waytet-uter cin 'e acoompliohed in two wOyss by natural 
self-purifiation which makes roue possible for irrigation and re
charging of ground and surface waters, and by technologi al process# 
The technology of reuse involves treatment of wastewater from the 
oowmity for domestic, induotrial, irrigfttion and other purposes* 

Complex treatwent processes are necessary to remove the object
ionable characteristics of wastewater and make it suitable for a 
particular use. There are three basio phases of treatment - primar, 
secondary and tertiar7. One of these or all may be applied depending 
on the types of use and pollutants present in the wastewater. 

Studies on wastewater reclmation deal with enbanoinS its eec
nomio feasibility for lar&,-soalo use aud technological expansion. 
Achieving these objectives will depend on several factors. 

It is technologically poosible to produce water of any desired 
queaity from any source. However, the cntrolling factor is eco omios. 
For instance, because of ite lesser solids content, wastewater recla
nation is simpler than seawater desalting as an alternative source of 
supply. 

The feasibility of wastewator reclamation as a source of water 
supply will be limited in the study area aince wastewater volumes 
are currently minimal, and future increases in sewerage are expected 
to be slow. 
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DesaltiB& 

Desalting i tht rOess Of 00Dverting 6rAwter into fresh 
water. It invoiw.e r 'ain ; wnai aPOunts of the eoeat's 
salts and mi.irals. 

There a hr-e biaic mathzda ct deoaiiing: distillation, 
freezing and 1ectrbdiaysis , ach with several variations. 

Ovor 90 pjr cexit of thc -efwnt applitation of desaltine is 
done by diatiliction. In this presses, seawater is evaporated and 
the vapor is cnrdensed. Salt deposits ferm en the smrf aoes of the 
evapamrting equipment s-nd tht desulinated water is the resulting 
distillate. The lat castly distillation unit wtes solar energ 
as heat source. 

Electrodi~dysis obtaix2 frieh water b'y using an electric cur
rent to separate the ions of the cantaminatin oaltu. 

In the pracess 9f freezing ice is formed from a saline solu
tion and is melted to prziduce fresh water. However, the melted ice 
sometimes has a salty taste. 

In 1970, 33 small desalting plants ware put into operation 
throughout the world, with a combined capacity of 226,000 camd. Kuwait 
has the largest plant with a 113 600 cumd capacity which is suffi
cient to supply a population of 150%00. Other plants aro found 
in the Netherlands, the United States, Venezuela and Aruba. 

For the moat part, desalting is still experimental. At present 
it is not technically and economically feasible to convert meaningful 
amounts of seawater into fresh water. All the processes have inherent 
defects for general us*, including the problem of disposing about 50 
per cent of removed nalts and minerals of the total treated seawater* 

These prowassee are also ostly because they involve significant 
quantities of enere. Whereas treatment of ordinary wa:6er supply 
costs about five cents per 1,000 gallons of fresh water, deaalting 
costs about S1.00 ptr 1,000 ,allons of desalted water. This cost 
covers enlZ the plant itself and excludes necessary transmission faoi
lities. (These are pre-energy crisis costs.) 

Precipitat ion Auventat ion 

Rain can be artificially induced to increase water supply 
(although it does not diminish the need to collect it). The most 
common method of stimulating rainfall is cloud seeding. 
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The theory b h nd c:Iaud seeddiAg is that under c(ertain oondi
tions, air contzinin- ;iub ,nobtu4 ~l .± yield precipitation

that might peavibly mcuxt be'AAu-s of the bsence af particles rof
 
dust, crystal oheicai drapletr3 In cloud oeedini, such pk
ticlaei are artifi&v in t rulratnrated to
-pL.cd clouds 

stimulate rainltl 1 T1 v zt -IicIeu uited Jin tLe method are ueually
 
silver iodide crystals.
 

The cesto of ce;Ld oeedani" in 1971 rned from 30.81 to $1.86
 
per thouotd cubic meters of additional run-off. This cost range,
 
hogver, waa derived frm pi.,ninL reports and as suoh, might not
 
represent actual
 

Cloud Aeeding does nvt nlwayis yield the desired effects of 
increased rahiuf l,. ir nts show that the method also results 
in decreases iu the uEia-nt of expected precipitatiwn. These effects 
have not beeo afficiently d ai1ain- theory advanced istbulhth a 
that the ar.n,'of raiaifi&'l dapandi iji th typzs of claud systems 
being seeded, 

Increaous in ;ne -ipI. n do mi necossarily preduce prop- r 
tional inci'eais us.ablt wter supply. Th&i epprt uities to 
increase precipitatien depend an olimatic conditions such that 
during the dry seaoon, water supply inoreases are les frequent.
Preoipitation a~lmelrtation encruras th A'.awthef vegetation that 
can reduce usable wiater yield, 

land 'Manament 

Land management can affect the amount and quality of water 
available for use, It is a mathad of both incraasin4 and censerv

ing wator oupply. 

Two ptential Gchniquis sf land maraement tha-t, applr t a 

Philippine condiiitina art) forest mauavia-at Ad c4tral of streaw.
bank vegetation, Feresta impact upn iter supply in a number of 
ways. They intercepit rain an the surface ef the loavDa They dr.w 
moisture from the usil and release it inta the atmosphere by trams
piration. Through th~ir "ts9 leaves and other parts, ferests 
facilitate the infiltaiiti4 of precipitation Int the ;i]. They 
also tend it shade tne 6:il And slow down m:ind velocity, thus 
reduciS evap eztivc frm tha Sazil surface, A -yalteration ox the 
amount and type of vegetation, such as deforestrationo will affect 
water supply. 
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Pkhre&;oj -eia or deep-rooted vaetatxon along the banks of
 
oanuals and rivers oronime vach water in their growth. Especially
 
.wa e r oiri.tation is Jovw this veretation may reduos 
tha 6tr .']ow, ani the dirohargsr of springs. Sometimes, it also 
tends to uoruvA flood stageB when it invadem stream channels and 

Y-eO~O~ ~~TW1O~A~ ~h:ea *xe voefu1 in th zoes 
that thoy pwidia an important tildiife haitat; otherwise, they do 
not have food vlue, Based on these uses and effects on the water 
aupply, tbe-T hav to te wanated na.efu.1 " uprooting then is not 

ceisarlj't~c~t nmwer to AInuraing water oupply. 

A relati-ly emli inaczeatnt of the total public water supply

detds highly potablo and clsen "tor much am that required for
 
dAriingt oo.in, "rtnaing and washing clothes. It in possible, for
 
inctnte to viso iaater for toilet flushing, washing streets, fire
fight.ine, hero froah potable watet i.n in short aupplj,, such a in 
Siagaor*s and ,)4og a du~l aystiAm has "onoatrated its effective
nes. Por examplo, in Hongkog durihg the aevere drought of the
 
auwe of 1963, wator rvio man xationed into the various city
 
sootora 4 hour* v": 4 days Faxtraneous uses of water such as toilet 
flushin& were therefore aavsrkly out-tailed. In some of the high-rise
 
govornment housing ia Hongkong, dual plumbing system has een uned,
 
with sea .ater for toilet flunhing,
 

Thera are two main objeations hat have teen identified in the
 
use of duan iiyote - cross-oonneotions and associated cost. Dual
 
water supply syatem whore one yatet dalivere potable water and the 
other system farnishes untreated water can very well lead to water
borne disease 3utbriaks. Whore proposed, the dual water supply system

should have th noo&potable vupply clearly indicated and separated
 
from the potatle oupply, Proper plum'bAa codes and supervision of
 
plumbing insallation oould ninimize this health hasards
 

If an exintinn ystem is to be replaced entirely by a dual system,

the cost say well be inreaaonakle. However, if the existing water
 
supply piping iz retained as a potable (drinking) system and a new
 
non-potale pipe network utilizing sea water is added, there is
a pos
sibility that the economics may prove the dual system to be worthwhile. 
Savings romilt where the non-potable oystem serves high-rise multi
faail4 dwelling units with high population density, The inoreased *ost 
resulting from -the independent system mW be offset 1W elimiating the 
need for developing new water resouroes and abeo all, retaining pre
high quality i.ter for desetic consumptioa. Aordingly the feasibi
lity of the &uPA syatem hAs already 'een proven. Neauss the potable 
water system will not e uid for fire protection* its distriltion 
system need not be designed for high pressure otherwise required in a 
system with high fire demand. 
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APPEDIX ixUa 
mIsciLiArnous (F'ARLY ACTION) IYPROVEMTS
 

TO EXISTING SYSTM
 

It M 1. 	 Install approximately 1,020 m of 200-m pipe parallel 
to the existing 75-cn pipeline between the connection 
to Well Wo. 6 and the end of the 100-mm pipeline on 
Vicente Street, This will permit considerably greater 
produotion from Wells No. 6 and 7, presently constricted 
by the high head losses in 'the existing 75-amm pipeline* 
The new 200-am pipeline uill be incorporated into the 
long-term program. Materials required for thin work 
include:
 

(a)~	One-1,0 2 0 mn-~ ?0-mn Pipe 
To-200 x 75 mm Tees 
Ono-200 x IO mm Reducer 
T-o-150 mi Valvem 

In addition, the two valves located along the existing 
75-4m pipeline (presently throttled or closed) should 
be fully opened. 

Item 2. 	 The existing elevated storage tank, which presently serves 
only nearby government offices, should be re-piped to 
"float" on the distribution system. This will ptirmit 
better service and pressures within the system. 

In addition t Wells No. 1 and 4 should be disconnected from 
the individual 100-imi fill pipes leading to the top of 
the 	elevated reservoir# and connected directly to the
 
2 00-cim pipeline alowng Makabulos Street. By making the 
alterations and operating the appropriate reservoir 
valves, both the wells and the reservoir will "float" 
on the system, providing better customer service at 
greater efficiency. 

The following materials will be required for these works:
 

For ReooneOtion of WNellNot.4 

b 	 One - 200 x 100 mm Tee 
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Fr Rgpomgotion of Well No. 1 to Disohagoge 

Lige 	of Kgpl.Ro,_2 

(c) One -	 100 x 100om Tee 

Fbr CoymecAoo-f Reservoir to 100-mm Pipeline 

toRlo-gret 

(d) One -	 150 x 100 mm Reduoer 

In addition, approximately 200 m of 100-mm pipe 
previously connected to Wells No. 1 and 4 can be 
recovered for use elsewhere. 

Item 3. 	 As aystom performance is improved by additional source 
capacity and reoonnectic. of the reservoir, certain pipe
line connections and interties between existing pipes 
shoald be made as follows: 

Ra.mnation of eiDeljine "gaDs" 

(a) 	Between 100-mm pipes along Tafledo St. at 
J. Imma Street. 

(b) 	 Between 100-mm pipes a)ong Mabini St. at 
J. Luna Street. 

(c) 	Between 100.4= pipes along Eepino St. 
between Mabini St. at Hilario Street. 

(d) 	 Between 75-am pipes along Espino St. 
between labini St. and Tafiedo Street. 

Int rties 

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

(f) 	 Between 100-mm and 100-mm pipes at the 
intersection of Romulo St. and Zamora"Street 

(g) Between the 75--mm and 100-mn pipes along 
Romulo St, near the reservoir* 

Item 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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(a) 	Remove concrete pumphouse floor in the
 
vicinity of the well.
 

(b) Excavate a 0.3-m annulus around the well
 
casing.
 

(a) Fill the excavated annulus with cturent
rich concrete, 

(d) Repair the pumphoulte floor ensuring that a 
slope is maintained away from the well. 

(e) 	Remove the source of contamination*
 

(f) 	Disinfect tho well with any avai~ablo chlori
nating agent, surging the well to ensure
 
good 	penetration, 

(g) 	Pump the well to waste until the water pro
duced is "clean" and free of chlorine. 

(h) 	 Re-test well water samples to check the 
absence of pollutants.
 

(i) 	 If the well water proves to be potable and 
safe, re-commission the well, if not, abandon 
it. 

Item 5. 	 In order to maximize water production from the existing 
wells, it is recommended that specific capacity tests be 

performed to determine the possibility of obtaining 
additional water by installing larger pumps. 

In addition, it is recommended that the pumps presently
 
inatalled in the existing wells be tested to determine 
the need for repair or replacement. The cost of one new
 

pwrpset has been included in the Early Action Program 
cost estimates shown in Table IX-i. 
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APPMZUI im. 

It toprojeot A grtoth of the dintritlon 
ep m ir Qd.r- imto tho requireA Mesditure for intezzal 
mk"*_rk pip.ingj saxio0 ,. im<na.iozs, u d r iruento for fire 
ydr~tta Ta r-rjeoion of diwtritationi eyrtvm growth is basedi 

ci (1) a t-ortim of tha population sarved into sevral 
veoitr" aitl'rir, tJia studk tr; (2) a Cai1 doreano in the 
nrxt~!i:,a~m~r evM c&oh oorintionj .m1, (3) the numbia' 

of oonac-Uz ojtciz o hootare of are&mered. IS& of 
t~eme in diacu'ist4 ia detail in mbasqunt meations. 

fte popalation sermA projeotiozs given in Chapter VI are 
ivid.od into~ pr*@*zt a&-Mae aroas, 1990 study area, and year 2000 

orhz4 azna Themo pr otion are tabmlatea below: 

A. Preat sr'ioe Arm 5,100 31,500 38,600 48,500 

S, 19510 fllmy - 30,700 43,400 72,800 
C. Year 20W ftuy Area 5,500 15,8 

Ttl 5,100 62,200 87,500 137,100 

Thf rx-,.,3 avwraz mmbor of oonmmm"er p ooneoction in th* 
WD is e imbod to be 6g9, Over the nqxe' 25 e4r, thi fir 
it ams"eA to daoreame grrdlly because. of() deoreasing po-As. 
tion rowtb whiah will reduce the maber of persons per hou ehuld, 
(2) ivoreamimg *.o i. gio h whioh will mble more honeholbs 
to ores or rmd ' ii units; an (3) more reliable water service 
ard suppi& which will elinime the practice of non-oomoessionairm 
'borrowine water from oonceaioires The average number of po 
sons per eonnetion in projeoted as mhowwb low: 
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A. F-~i~656 

C, 19,Q,0 .ArE. 6.5 6,2 5*5 

The~numbe. ,,'" '.: ~ cc otion ia aumt-d to be higher in 
th~ ~'~~~j1f'± ~ thn ii 'lie ctrvi ce a rr4 ion 

~ ci ~ i~y tbe oonaeclod per
ohar6 <f i;.rea tv < u t t t ition of tho, toul mYber
 

of hect, si'vj., 1' ;m ,: 'tht.T"4O arppMoxima-t.el ' 275
 
h& i, a 'c:a~r . Tha, - 7/, ooessionairee
 
or a v , of ?conneoton per heotare, Thir. is a low 
fit-aj - -_ ijenzi ho'ta-- arn ref!L6oLa tho poor water 
sez~viee r';ntut~i '!wvldce 1 t-e TW .) Such (emiiiions ind-icate 
th. zs ,.. 07 r4E-- r -c'vio , , irov'd %ho .. e iist _,ict.nhoUd exeot a 

17: -the numbei of conceoionaire8, The mimber
of Onnectiofl pe htfotare in the preoert oe1v-ice area is expected
to incjre;,ac to 27 Ly 17990 arni to 35 l- year 20M, Tho method used 
ill c&Thtaating th, 1ijuilbe' cf h.ctaros to be eened in the 1990
 

..... for t >har 1985 is illustrated beJ.ow
are. 

fl ,ben of Hec:,arer Srv, . . r o7 People S. 
ThYnmber of Coxm.mers per 
Connection X 
NuIkber of Connections per
Hectare 

315 hla
6.5 x 15 

The 315 h- ropreeenit; the ,et ar-a, enrml This area should be 
inoreamd lh- 20 pter cent to reflect the land which will be used
fo? sohoolt3 csurohey, and. other institutions. Thus the total 
area ornred in the 1990 :U371u &rea would. be approximately 375 
heotureh. The pr-j e ae-oe exea for the TWD im li ted in 
Appi-,ndir. Table UX-C- I 

S
A.ea rr -eioe o " 

The prenrt ~ o aza of e',"71: ha in the TWD can be separated
into two types of sexviot - serice 1W coennection to the internal 

IR-.-,2
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APPMDIX TABLE Il-C-i 

PROJECTION OF JAREA S1E-) 

Number of Area Servad Number of Area SBe-ed Nmbe2 oif A Sern,
Connect tion Connect ioi 'a) 

Stui Area er Hectgar Net Gr n ectar.r ?ie L--0 ' aHe, 


A. Present Serrice Area 21 229 275 27 22$ 22 = r" 

B, 15990 Stu4 l-ar 15 315 375 18 aaq 465 25 52,.' 

C. ZYiar 20kO 3iaduy Area -276 .21 19278 

T o t a 1 650 830 1,'



nitkorf aystem and ge.vi-,e by co.netiction to Jistribution Maius. 
Conceoio l.iria by ,inair of 100 =a in diameter or smaller 
are those e&e.red "cy the intmri._O -etworh sys.eit Those -oneCrsion 
-iro onected to Pipe 150 rnflird iameer and ].ar6er are considered 
to be rvc ibd ditribw.tion Fnaine, Of the present service area of 
275 hM, 2-0 ha iJ s~eiv.d the interval network system and five 
heotar , y diatribuation ainm It is asumed that the practice 
of makinn7 direct o .naeotion to di..tribution mains will contimne, 

11.3 thre., !ie mrved hy diatribution iixns is subtracted 
from th6 total oervice are. to deter-A!na the area which will receive 
interwal network plpin.4. It in estimated th t 25 m oan be served 
on each side of d(tirtvibution waine No service area is attributed 
to those ti ,tribution m,,infj paaoinC lk rou I areas of very low popula
tion denaity or to mai; parallel to existing maiua* The areas served 
by- triLhtion ma.ing are listed below: 

Length (si) of distribu
tion mainp likely to 
wipport concfs~ione.iree 26,000 37,000 59,200 
Corr e.pondnrg area (hi) 130 185 300 

Vie &ezpanvionof the service area and the area served by the in. 
ternail network f-yetet is given in Appendix Table IX-G-2. By 1990, 
the tTWP will have ext-nded interral network service to serve a 
total of 645 ha ar.! ty year 2000 to serve a total of 840 ha. The 
pruient area served by internral network wIll be reiuced as larger 
distribution rains will serve a.wider part of the existing service 

Feve&lrls installing no, Arter:nal network sstve in the 
recommendf d progran it will be necessary to reinforce or replace 
the aiistinF interml network. This iill consiit of installing 
now 1 .3 -rl a-d 150-rmm pipes to replace old pipe or pipei of too 
s;.c,2 1 a di -Aetei to p-ovlide adcraate service Dead-end pipes
wil.l be ]oopA, -wlveswill be repair3. or new ralves will be in
saIled a d ncw 'ire hyd-ant, will be inrtal] ed, 

n .rdcr to ;a:f.c.age the growth of the aysem and to obtain 
finxncirz in approxi mately equal increments, the %rpaxsionof the 
internal Xetwork ay~te.rq is divided into five construction periods 
betieav M978 Land year, 200o. r,,e fi..st three periods are four-year 
i:ntervals the last of which ends in 1990. The final two periods 
are five-year interwale, the last ending in year 2000. The oon
s. rn ction program for the internal network is listed below: 

U-L4l4 

http:ay~te.rq


pj)4 E~,T-T;, ARFEA S1&I)V BY MT RJJA4T~ 

A. 	 Area wredx. Iby distri-1itiion 
130 185 300 

B, 	Arou ve,,rewor '-y 14.*Oi , F
 

1, .. i ,i. 270 230 2:J 
 230 

2, . 290 415 610 
- . Tht]. 270 520 645 840 

C, Tcttl S a .v. rA 275 650 830 1, 140 

$e~rvie Afrea 

!. I(~7332 	 I5. 12 

932- 860 	 1.3 180 
c. 198&..9c 40 '115 

230 415 

TI, Secen : ! Stpge 

A. 199G-95 95 

Sb-total 195 

Gramd Total 230 	 610 



Tho ojert of rl)inforai-I thc, eritir int-M.:rxzl network sysem~ 

- ~ c~ c~.ilo..' %-' r o~f :rxa1 network 
pipe rvl - u 1 ho coj' network~ 1ac cozit .Ltto-rnal 

Sofi' 1>hv reP ir,f lbe :~2 c~olifitruOtion 
:~(~a~ Ylt~o o.ux'i~:..t ti :ts proposedli~ ~'a- itm . 

t-hat i .i3& A of, 1 i~~2 i tbo poblaczion area be 
pi'ovid&-,. !ir: draiAto Shiri vil. z.-~irupon. tn tllc 150 ha of the 

-,-O,- t~~&1V{T 
&~; M.~ot~ 'i~ ct~.;~il'o -V.,ra rtoo will gradually 

-,nrcik .i :3c 'Ehat by YE~r I ot' Stki& 11 the 131- 0lato otf y
drxt Ali 'ZOinci1Ae with Ll., c~ixiLiti of' tho Zitornal net. 

wqoric 1 V!c :-.r~t~nooLt~o yi~-L st 1 't ed 11 tem Co 
Table VYI-,2. IcvL it, i algo made fo: upgrding 80 ha of re-. 

vdezn--i, fir- c.zic to a f -u service. The schedule 

jTh a i~uld. t2l-l roof.i.'o ffire protection 

frc 
for fi: ,c hyrix'&-tL iwta ij lieixcd below: 

i 1-ae Arc% oIdential Area 

A, 19783-82 50 
B, (2. e.6 30 150 
G0. -9&-90 30 200 

A, 1999~-195 40 380 

B- '1995-2000O 80 160 

CcrorA~.24r ~;.'up,,x.i:, rooidbintia1 I'irti 4e.rrioe to high,.



The projection of tho immber of oonection io obtained lay 
* 	 divid.ing the rpomlation scitve& Lu tho study area waxb-sootors IV 

the average umber of people per eonwtione The number of oon
nectioris projected for each mib-aector ii li dt below; 

.7oo S--~ 	COCOeCoetionw-

A, Peekut Service Area 746 4,846 6,127 8,083 

B, 1990 S-Tudy A.ea 	 4.,723 7,000 13,236 

C, Yoax 2000 	 Study Arem -. -.4 

T,!A 	 746 9,569 14,044 24,192 

Rorxmde 	 99600 14,000 24,200 

Detueoll 19753 ar 19'78 I.he miber of oonneatxions is projected -to 
i creaeo,from to 10O. The mter suppJ for the new oon
oaeuionairao can be obtained by an effective metering program 
to aliminate wanto at flat- te conecions This oan be aohievt 
by reducibg leakage in distvibation main= and by increase in 
=upply Whez rupi-g heo de aro lowemed at Wells Noe 6 and 7. The 
sohodule for inta llation of iseirioe connection is listed as 

Total ftmber of 
.hm'bf of Corneetions Coinections at 

LI. ~tKJAz Aotior. end 

lie 

l!I. 


*1

meuts Program 

(,976-. 1978) 

First Stage 
A. 197882 
B, 1982.86 
O. 1986-0 

SvoZnd Stage 

A. 1990-95 
B, 1995-2000 

254 	 1,000 

4,900 	 5.900 
4,600 10,500 
3,500 .14,000 

5, 	 19,000 
5f200 	 24,200 



Daring -the leakage wrvW whioh will be comduoted as part of 
the Early Action Program it is anticipatod that existing servioe 
connections will be identified as a major leak&4e problem. The 
service connections are made with GS pipe. lEperienoe with the 
GS pipe (especially Schedule 20) indicates that severe corrosion 
causes leakages in 10 to 20 years$ and in even less time in oorrosive 
soils, Though no data a e available it is assumed that all of the 
existing oonnection will require replacement bV 1990. The re
pl.oement schedule is listed below": 

Comber of Eisting ServiceConstruction Periodtobe R aced 

I. First Stage 

A- 1978-82 200
 

B. 1982-86 200 
C. 1986-90 346 

The oost of servioe connections will be shared between the
 
water district and the concessionaire. The cost of a 5/8-inch
 
or 3/4 inch service connection is P500 V/ based on 1976 cost es
timates, The water district will pay one-third of the service
 
connection cost and the concessionaire will pay two-thirds of
 
the cost. The concessionaire will pay for the water meter (?19o
 
for 5/8-inch meter). The service connection costs for the re
placed connection and new connections are itemized below:
 

ReplIacment Coot (ry/ New Connection 

A. Service Connection Line 

1. Concessionaire 333 333
2, Water Dietrict 167 167 

B. Water Meter 

I Concessionaire - 190 

Total 500 690 

The foreign exchange component of the meter is assumed to 
be 85 per cent of the cost of the meter or P160, 

Z/Connection oset includes P0 for pavement req)laoement, 

!Meter costs for existing wmetered connections are included 
in the Early Action Program. 

IX-0-8 



prga for -,ach comr.0ovent of' 
:n this 

eA-M0ho m. 0~ MI hf;du'. of i"i.irov w ent a han been 
the liuri't t"on eaente ibc: seoion, For 

00,-,(ir ;riA~i~
d ,. . " " , = fo.:, Tep l. i t,wr.vcd a. .vi be. of..r 


f-Igin-c- L1,-1 The~phased conr

i 9 5v924 

5v551 
V,, i9B6-,90 .4,240 

15715 

A. I99o-9i 4,836 

B4 i9952OOO 4,979 

Total 9,81I 

In all pbe-oaz -h6 !ie"t portion of the internal distribxr
tion y coctraction oo't erevioe womnectiona. Thecwm io thf 
servioe oonnectior-.. are 60 par cent of the oonstruotion cost in 
the first atage ax1 70 pe' oe-it in the secorim tapge Approximately 
two-thirde of the tr',ice 00=otion cokiti- w-Jll be borne by the 
conceso .i-e t thue, reuoig t-he iong-term capital cost require.

uttt of' tl5 water dI-; -

I7X-C-9
 



APP DIX TABLE I-¢C-3 

SU YARfOF DXSTRtBTJTION SYSTEM 00STS 

onstruction 

-Za±L I tOA 
Unit 
CoatZ 

Total Co 

Coali 

onm FoC 

First Stage 

A. 1978-82 Internal Network 
Reinforcement 150 ha P 5,800/ha 870,000 375,000 

Nfw Service Area 
Fire Hydrants Hig6

120 ha ?100200/ha 1,224,0O0 54O00 

High Value Are. 100 ha 1b 3,100/ha 310,000 180,000 

Residential Arw 50 ha. ? 770/ha 38,500 22,500 

Senrice Connect!ona 
Replacement 
New Conneotiona 

200 
41900 

P 
P 

500 
690 

100,000 
3,381,000 

48,000 
19960,000 

B. 1982-86 

Sub-Total (Rounded) 

Internal Nrtwork 

Reinforcement 40 ha 

New Service Area 180 ha 

Fire !ydrants 
Higb-Value Area 30 ha 
Residential Area 150 ha 

Service Connections 
Replacement 200 
New Connections 4,600 

P 5,800/ha 

?10,200/ha 

P 3,100/ha 
P 770/ha 

P 500 
P 690 

5,924,000 

232,000 

1,836,000 

93,000 
115,500 

100,000 
3,174,000 

3,126,000 

100 000 

810,000 

54,000 
67,500 

48,000 
1,840,000 

Sub-Total (Rounded) 5,551,0DO 2,920,000 

I -0-~10
 



APPENDIX TAWIm LE .- (Conti=Me) 

SUMMARY OP DISTRIBUTION SYSTEM COSTS 

sxon"!totion Unit Total Consumption FRO 

-1 ~~titj7 PM Cloi) 

C. 	 1986-90 Iht e ,nal Network 

fRfinforoewent 40 h. P 5,800/ha 232,000 100,000 

Nev Service Area 115 ha ?10,200/ha 1,173,000 517,50 

FJire Fl-drsata 

High-Value Area 30 ha P 3,100/ha 93,000 54,0(y) 

Residential Area 200 1% ? 770/ha 154,000 90,000 

S3rvioe 	Coraect ions 

Replaoememt 346 P 500 173,000 83,04!) 

New Connctions 3,500 P 690 2,415,000 1,400,000 

Sub-total (Rou-nded) 4,240,000 2,245,000 

Grand Total (Rounded) 15,715,000 8,291,000 

L- 1990.-95 intarnal Network 

Ne Servioe Area 95 ha 10,200/ha 969,000 427,500 

Fire 14yrants 

Hi!g-Value Area 40 ha P 3,100/ha 124,000 72,000 

Residential Area 380 ha P 770/ha 292,000 171,000 

Scavioe Connectionu 

Ne" Connections 5,000 ha P 690 3,450,000 2,O00,00:[) 

3.ub-Total (Rowaded) 	 4,836,000 2,671,000
 



SIJMARY !P I TIF~TI0N S'YMfM OD STS 

Ccn ;.ot ion Unit Total Conm tion Fm 

B. 1995-2oc Intevhnaa Netw-Or 
1'N"w Smrvico Are I w hu FIO,200/ba 1,020,000 450900C. 

High-Valuo Are& 

Residntial Air.o, 

Sawviei Corneotivng 

New Connections 

Babuftal 

Grand Total 

80 ha 

160 Im 

5v20 ha 

3$100/ha 

P 770/ha 

P, 690 

248,000 

123,200 

3,588,000 

4,979,000 

9,815,000 

144,000 

72,OO0 

2,080,000 

2,746,000 

5,417,000 
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"C. ',POPULATION SERVED 

2: -

P S D 
r-il 

*.- , ....--.-.. .. ........... . ...-. _ _ _
.. .............. ........... - -.-


a / 
I ~ ----- NUMBER OF SERVICE/ / CONNECTIONS 

15 r) .) ,,'j 19 019020 .. .... . . .. - . .. . . . . . . . . 

20' .. ..... .... .. . ...... ....-.. .... /. 

1970 I(JSO t990 2000 

YEAR 

APPENDIX FIGURE IX-C-I 
PROJECTIONS FOR 

SERVED ANDrEA~tI~TY TUY?ORWAERPOPULATION 

A,,EASSUP. .'.,o 'tE, ,PRov,,, ,,,L CDM-LWUA NUMBER OF CONNECTIONS 



TA LAf WATER DISTRICT 2000 DYSTRIRUYTON 

INPUT AIfP fIIIPtj T IN LPS 
NO OF NO!ES 43 
NO OF rlTPfS. 47 
MAX NO OF ITFRATIONS 20 
PEAKIN('. FACTOFR 1.50000 
ALLOW P-DROP f:R/STATIC - PT 50.0 
STAT(C HGL FnR P-1rOP CALC 70.0 
MAX UN8A( - ( VS 0. toooo 
MAX ALLOW VFL -MPS 3.000 
MIN ALLOW VE . - MPS 0.400 
MAX AILOW L - M/1O00 M i0.00 
MAIN ALL ( I L.-- M/1000 . 0.50 
MAX ALLOW PRVSS - ATM 7.000 
MIN ALLOW PRfSS -. ATM 0.700 
NO OF HFADS TO BE READ 2 
NO OF UNKNOWN CONSUMPTIONS 2 
SUM OF FIX FO DEHANOS 82.57 
BANDW 1DTH 3 
ITER I UNBAL 18.17 LPS 
ITER 2 UNRAL 9,35 IPS 
lTFR 3 UNRAL 2.89 . PS 
TTFR 4 WNBAL 0.97 LPS 
ITFR 5 UNRAI. 0,16 LPS 
ITFR 6 IJNBAL 0.00 LPS 

SOLUTION NO. 1 RFACHED IN 6 ITERATIONS 
0.0043 LPS UNBALANCE 

SYSTEM AT PRESSURE ZONE 1 PK 1* CON91
 



AWUDII 'TABLE
 

'PE 
10 

NODFS 
FROM-TO 

DIA 
MM 

I 
MTRS 

H-W 
C 

K-VALLIF FLOW -- VEL--
MPS--CK 

---HEADLOSS---
MT MT/1O00 CX 

1 1 2 200 1000. 110 0.123E-01 1.64 0.05 LO 0.03 0.03 LO 
2 2 3 200 900. 110 0.I1lE-01 0.48 0.02 LO 0.00 0.00 LO 
3 
4 

48 
1 

3 296 
47 296 

850. 
1080. 

110 
110 

0.156E-02 
0.198E-02 

7.89 
7.43 

0.11 1O 
0.11 1O 

0.07 
0.08 

0.08 LO 
0.08 tO 

5 5 1 250 320. 110 0.133E-02 46.57 0.95 1.64 5.11 
6 5 7 200 1140. 110 0.141E-O1 5.08 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 0.513E-02 38.60 0.72 4.45 2.93
9 9 8 200 1500. 110 0.185F-01 25.17 0.80 7.28 4.85' 

10 7 10 150 1400. 100 0.837F-01 9.96 0.56 5.91 4.22 
11 6 5 250 920. 110 0.383E-02 32.69 0.67 2.44 2.65 
12 3 12 200 560. 110 0.692E-02 18.33 0.58 1.51 2.70. 
L3 12 1i 200 600. lIr, 0.741E-02 5.54 0.18 LO 0.18 0.29 tO 
14 13 12 200 1320. 110 0.163E-01 10.73 0.34 LO 1.32 1.00. 
15 
16 
17 

14 
15 
16 

13 250 
14 250 
14,200 

370. 
980. 

1540. 

110 
110 
110 

0.154E-02 
0,408F-02 
O.I90E-OI 

14.62 
28.07 
8.03 

0.30 LO 
0.57 
0.26 LO 

0.22 
1.96 
0.90 

0,60
2.00.
0.58

18 
1o 

17 
I7 

16 
18 

200 
150 

1440. 
1300. 

110 
100 

0.178F-01 
0.777E-01 

25.41 
2.11 

0.81 
0.12 1O 

7.11 
0.31 

4.94; 
0.24LO 

20 
21 

19 
19 

17 250 
11 150 

1900. 
1800. 

110 
110 

0.791F-02 
0.902E-Ol 

42,32 
7.41 

0.86 
0.42 

8.14 
3.68 

4.28/ 
2904" 

22 
23 

29 
29 

9 200 
30 150 

1200. 
1250. 

110 
100 

0.148E-01 
.0,748E-01 

40.29 
1.27 

1.28 
0.07 LO 

13.91 
0.12 

t1.5 -HI 
0.09 1O 

24 
25 
26 
27 
28 

26 
27 
28 
20 
21 

6 200 
26 200 
27 200 
6 200 

20 200 

1350. 
1100. 
1500. 
600. 

1600. 

110 
110 
110 
110 
110 

0.167E-01' 
0.136E-01 
0.185E-01 
0.741E-02 
0.198E-01 

35.19 
39.09 
42.20 
13.71 
14.94 

1.12 
1.24 
1.34 
0.44 
0.48 

12.18 
12.05 
18.94 
0.§4 
2.?5 

9,02.. 
10.96 1 
12,63.-IH{ 
1.9t 
1.85

29 21 24 150 1550. 100 0.927E-01 3.67 0.21 L0 1.03 0.6' 
30 24 25 150 1150. 100 0.688E-01 1.56 0.09 L 0.16 0.14 LO 
31 
32 

?2 
22 

21 200 
23 200 

1500. 
1600. 

110 
110 

0.185E-01 
0.198F-01 

21.16 
1.56 

0.67 
0.05 1O 

5.28 
0.05 

3.52 
0.03 LO 

33 31 13 250 1400. 110 0.583E-02 16.91 0.34 LO 1.10 0.78"' 
51 45 4 500 1000. 120 04.21E-03 65.66 0.33 LO 0.28 0.28 LO 
53 2 46 250 520. 110 0.217E-02 7.34 0.15 LO 0.09 0.11-L0 
54 47 46 250 220. 1.0 0.916F-03 7.34 0.15 LO 0.04 0.17 L0 
55 
56 

48 
4 

46 150 
47 250 

400. 
720. 

100 
110 

0.239F-01 
0.300E-02 

2.75 0.16 L0 
18.60. 0.38 L0 

0.16 
0.67 

0,39LO 
0.93 

57 448 250 270. 110 0.112E-02 28.45 0.58 0.55 2.051 
.01 
L02 

lOt 
102 

5 250 
3 250 

50. 
50. 

110 
110 

0.263E-03 
0.208E-03 

44.00 
44.00 

0,90 
0.90 

0.23 
0.23 

4.60 
"4.60 

.03 103 8 250 50. 110 0.208E-03 44.00 0.90 0.23 4.66 

.04 

.07 
104 
107 

15 250 
19 250 

50. 
50. 

110 
IL0 

0.208E-03 
0.208E-03 

44.00 
44.00 

0.90 
0.90 

0.23 
0.23 

4.60 
4.60 

.08 108 29 250 50. 110 0.208E-03 44.00 0.90 0.23 4.60

.09 
L10 

109 
110 

28 250 
22 250 

50. 
50. 

110 
110 

0.208E-03 
0.209E-03 

44,00 
24.00 

.0.90 
0.49 

0.23 
0.07 

4.60 
1.5 ' 

,-..14
 



APP5DIZ TABLEU4. (C~d~j 

OU ATA
 

vuo0E GROUND FLOW HGL HEAD ------ PRESSURE -------
ELEV ELEV MIRS ATM---CK PCT DROP---CK 

41.0 -37.50 67.13(J 26.13 2.53 9.91 
40.0 -32.43 67.IOU 27.10 2.62 9.68 
41.0 -34.03 67. 09U 26.09 2.53 10.02 
40.0 -18.60 67.72U 27.72 2.68 7.60 
41.0 -25.03 68.76LI 27.76 2.69 4.27 

6 42.0 -16.21 71.21U 29.21 2.83 -4.31 
7 40.0 -12.94 68.481U 28.43 2.76 5.08 
8 31.0 -12.75 71.5511 34.55 3.34 -4.69 
9 36.0 -15.12 78.83U 42.83 4.15 -25.96 
to 38.0 -9.96 62.57U 24.57 2.38 23.21 
1i 40.0 -12.94 65.41t 25.41 2.46 15.31 
12 40.0 -23.52 65.5811 25.58 2.48 14.72 
17 43.0 -20.80 66.90U 23.90 2.31 11.47 

43.0 -21.48 67.12U 24.12 2.34 10.65 
41.0 -8.52 69.09U 2.09 2.72 3.15 

16 46.0 -17.38 68.03U 20.03 1.94 8.98 
1" 49.0 -14.79 75.14U 26.14 2.53 -24.46 
tp 40.0 -2.11 74.82U 34o82 3.37 -16.08 
I 46.0 -1.68 83.27U 37.27 3.61 -55.30 
0 40.0 -1.23 72.15U 32.15 3.11 -7.17 

21 33.0 -2.55 79.10U 42.10 4.08 -1.3.79 
22 31.0 -1.27 80.38U 49.38 4.18 ,-26.62 
2-. 30.0 -1.56 80.34U 50.34 4.87 -25.84 
2 30.0 -2.11 74.07U 44.07 4.27 -10.18 
2 25.0 -1.56 73.92U 48.92 4.74 -8.70 
; , 33.0 -3.90 83.39(; 50.39 4,88 -36.18 
27 30.0 -3.10 95.45U 65.45 6.34 -63.61 
2.: 25.0 -1.80 114.39U 89.39 8.65 HI -98\.64 
2': 30.0 -2.43 92.74U 62.74 6;67 -56.84 
3p 77.0 -1.27 92.62U 65.62 6,o35 -52.61 
3! 65.0 16.91U 68.00 3.00 0 29 1.0 40.00 

55.0 65.66U 68.00 13.00 I.26 13.33 
4, 42.0 -17.43 67.01U 25.01 2.42 10.68 
47 42.0 -18.69 67.05U 25.05 2.42 10.55 
4 44.0 -17,82 67. 16U 23.16 2.24 10.91 

101 41.0 44.00 6899U 27.99 2.71 3.47 
102 41.0 44.00 67.32U 26.32 2.55 9.23 
10? 37.0 44.00 71.78U 34.78: 3.'37 -5.39 
104 41.0 44.00 69.32U 28.32 2.T4 2.35 
10 46.0 44.00 83.50U 37.50 3.63 -56.26 
108 30.0 44.00 92.97U 62.97 6.10 -57.42' 
'09 25.0 44.00 114.62U 89.62 0.68 HI -99.15 
ic 31.0 24.0') 80.46U 4q.4.6 4.79 -26.81 



'..,.AC WATER DISTRICT 2000 DtSTRIBUTION SYSTEM AT PRESSURE ZONE I FILLING CONJ
 

4PUi AND OUTPUT IN LPS 
) OF NODES 43 
1 OF PIPES 47 
X NU OF ITFRAT[ONS 20 
:AKING FACTOR 0.30000
 
LOW P-DROP FR/STATIC - PCT 50.0 
'1TIC HGI FOR P-DROP CALC 70.0 
,X UNRAL - LPS 0.10000 
, ALLOW VEI. -MPS 3.000
 
N ALLOW VEL - MPS 0,400 
,X ALLOW H[ - M/1000 M 10.00 
N ALLOW HL - M/1000 M 0.50 
, ALLOW PRESS - ATM 7.000 
N AL! OW PRESS - ATM 0,700 
OF HEAVS TO RE READ 2 
OtF UNKNOWN CONSUMPTIONS 2 

M OF FIXFD DEMANDS -115.09 
NDWIDTH 3 
ER 1 UNBAL 34.62 LPS 
ER 2 UNBAL 18.98 LPS 
ER 3 (JN8AL 6.12 LPS 
ER 4 UNBAL 0.28 LPS 
E , 5 UNRAL 0.00 LPS 

LOTION NO. I REACHFD IN 5 ITERATIONS
 
0.0028 LPS UNBALANCE 

I ,,0-16
 



,4PPMTXl TAB~LE U,4.5 (Cout3mPA) 

IPE NOfVES DIA L H-W K-VALUE FLOW -- VEL-- -- HEADLOSS--
J0 FROM-TO MM MTRS C MPS--CK MT MT/I060 CK 

1 I 2 200 1000. 110 0.123E-01 9.48 0.30 LO O.8O 0.80 
2 2 3 200 900. 110 0.111E-01 12.02 0.38 LO 1.11 1.24 
3 3 4q 296 8%0. 110 0.156F-02 40.76 0.59 1.49 1.75 
4 1 47 296 1080. 110 0.19BE-02 37.36 0.54 1.61 1.49 
5 5 1 250 320. 110 0.133E-02 54.36 1.11 2.18 6.81 
6 7 5 200 1140. 110 0.1t41E-Ot 0.43 0.01 LO 0.00 0.00 10 
7 8 7 200 1200. 110 0.148F-01 5.01 0.16 LO 0.29 0.24 LO 
8 8 2 261 1520. 110 0.513E-02 32.68 0.61 3.27 2.15 
C 8 9 200 1SOo. t1o o.1I5E-01 3.76 0.12 LO 0.22 0.14 LO 

10 7 10 150 1400. 100 0.837F-01 1.99 0.11 LO 0.30 0.21 1O 
11 6 5 250 920. 110 0.383F-02 14.94 0.30 LO 0.57 0.62 
12 3 12 200 960. 110 0.692E-02 8.46 0.27 LO 0.36 0.64 
13 i1 12 200 600. 110 0.741F-02 3.88 0.12 10 0.09 0.15 LO 
14 12 13 200 1320. 110 0.163E-01 7.63 0.24 L1 0.70 0.53 
15 14 13 290 370. 110 0.154E-02 24.34 0.50 0.5? 1.54 
L6 15 14 250 980. 110 0.408E-02 35.83 0.73 3.08 3.15 
17 14 16 200 1540. 110 0.190E-01 7.19 0.23 LO 0.73 0.48 LO 
18 16 17 200 1440. 110 0.I7BF-01 3.72 0.12 1O 0.20 0.14 1O 
19 17 18 190 1300. 100 0-717E-01 0.42 0.02 1O 0.02 0,01 tO 
20 17 19 250 1900. 110 0.79[E-02 0.34 0.01 LO 0.00 0.00 10 

21 15 11 150 1800. 110 0.902E-01 6.46 0.37 LO 2.86 1.59 
22 9 29 200 1200. 110 0.148E-01 0.74 0.02 CO 0.01 001 LO 
23 29 30 150 1250. 100 0.748E-01 0.25 0.01 L) 0.01 0'00 10 
24 26 6 200 1350. 110 0.167E-01 20.24 .0.64 4.37 3.24 
25 27 26 200 1100. 110 0.136F-01 21.02 0.67 3.82 3.47 
26 28 27 200 1500. 110 0.185E-01 21.64 0.69 5.50 3.67 
77 6 20 200 600. 110 0.741E-02 2.06 0.07 LO 0.03 0.05 1-0 
28 20 ?1 200 1600. 110 0.198E-01 1.81 0.06 LO 0.06 0.04 LO 
29 21 ?4 150 1550. 100 0.927E-01 0.73 0.04 LO b.05 0.03 LO 
3n 24 25 150 1150. 100 0.688E-01 0.31 0.02 1O 0.01 0.01 LO 

31 21 22 200 1500. 110 0.185F-01 0.57 0.02 LO 0.01 0.00 L. 
32 22 23 200 1600. 110 0.198E-01 0.31 0.01 1O 0.00 0.00 LO 
33 13 31 250 1400. 120 0.496F-02 27.81 0.57 2.35 1.68 
51 4 45 500 1000. 120 0.121E-03 87.28 0.44 0.48 0.48 LO 
53 2 46 290 520. 110 0.217F-02 23.64 0.48 0.76 1.46 
54 46 47 250 220. 110 0.916E-03 9.71 0.20 L 0.06 0.28 LO 
55 46 48 150 400. 100 0.239E-01 10.45 0.59 1.85 4.61 
56 47 4 250 720. 110 0.300E-02 43.35 0.88 3.22 4.48 
57 48 4 250 270. 110 0.112E-02 47i65 0.97 1.44 5.33 
Lot 101 5 250 50. 110 0.208F-03 44.00 0.90 0.23 4.60 
L02 102 3 250 50. 110 0.208E-03 44.00 0.90 0.23 4.60 
03 103 8 250 50. 110 0.208E-03 44.00 0.90 0.23 4.60 
104 104 15 ?50 50. 110 0.208E-03 44.00 0.90 0.23 4.60 
L07 107 19 250 50. 110 0.208E-03 0.0 0.0 LO 0.0 0.0 LO 
:08 100 29 250 50. 110 0.208E-03 0.0 0.0 L 0.0 0.0 1t! 
109 109 28 250 50. 110 0.208E-03 22.00 0.45 0.06 1.28 
110 110 22 250 50. 110 0.208F-03 0.0 0.0 LO 0.0 0.0 UO 



APPODIX TMUL U4"5., (Contiau.i) 

NODE GROUND FLOW HGL HEAD ------- PRESSURE------
ELFV ELFV MTRS ATM---CK PCT DROP---CK 

1 41.0 -7.50 71.81U 30.81 2.98 -6.26 
2 40.0 -6.49 71,02U 31.02 3.00 -3.40 
3 41.0 -6.81 69.9111 28.91 2.80 0.32 
4 40.0 -3.72 66.98U 26.98 2.61 10.08 
5 41.0 -5.01 73.9qu 32.99 3.19 -13.77 
6 42.0 -3.24 74.57U 32.57 3.15 -16.30 
7 40.0 -2.59 74.00U 34.00 3.29 -13.32 

37.0 -2.55 74.29U 37.29 3.61 -12.99 
9 36.0 -3.02 74.07U 38.07 3.69 -11.98 
10 38.0 -1.99 73.70U 35.70 3.46 -L1.55 
il 40.0 -2.59 69.64U 29.64 2.87 1.21 
12 40.0 -4.70 69.55U 29.55 2.86 1.51 
13 43.0 -4.16 68.85U 25.85 2.50 4.28 
14 43.0 -4.30 69.4tU 26.41 2.56 2.17 
15 41.0 -1.70 72.SOU 31.50 3.05 -8.61 
16 48.0 -3.48 68.68U 20.68 2.00 6.00 
|7 49.0 -2.96 68.48U 19.48 1.89 7.25 
18 40.0 -0.42 68.46U 28.46 2.76 5,13 
19 46.0 -0.34 68.48U 22.48 2.18 6.35 
20 40.0 -0.25 74.54U 34.54 3.34 -15.12 
21 33.0 -0.51 74.48U 41.48 4.02 -12,10 
22 31.0 -0.25 74.47U 43o47 4.21 -11.46 
23 30.0 -0.31 74.47U 44,47 4.30 -11.17 
24 30.0 -0.42 74.43U 44.43 4.'30 -11.06 
25 25.0 -0.31. 74.421.1 49.42 4.78 -9.82 
26 33.0 -0.78 78.94U 45.94 4.45 -24.16 
27 30.0 -0.62 82.76Ui 52.76 5.11 -31.90 
28 25.0 -0.36 88.26U 63.26 6.12 \-40.58 
29 30.0 -0.49 74.06U 44.06 4.27 -10.16 
30 27.0 -0.25 74.06U 47.06 4.56 -9.44 
31 65.0 -27.81U 66.50 1.50 0.15 LO 70.00 HI 
45 55.0 -87.28U 66.50 11.50 1.L1 23.33 
46 42.0 -3.49 70.26U 28.26 2.74 -0.93 
47 42.0 -3.74 70.20U 28.20 2.73 -0.71 
48 44.0 -3.56 68.42U 24.42 2.36 6.09 

101 41.0 44.00 74.22U1 33.22 3.22 -14.56 
102 41.0 44.00 70.14t) 29.14 2.82 -0.47 
103 37.0 44.00 74.52U 37.52 3.63 -13.69 
104 41.0 44.00 72.73U 31.73 3.07 -9.41 
107 46.0 0.0 68.481J 22.48 2.18 6.35 
108 30.0 0.0 74,06U 44.06 4.27 -10'.16 
109 25.0 22.00 88.32U 63.32 6.13 -40.72 
110 31.0 0.0 74.47 1 43.47 4.21 -11.46 

ni-c..i8
 



APPIDIX TAMAU 33 4
 

ST5SU DATA
 

TARLAC WATFR r)ISTRICT 2000 DISTRIBUTION SYSTEM AT PRESSUPF ZONE 2 -K44R CON0fTION 

NPIjT AND f.)[IPUT IN IPS 
NO] OF NODFS 17 
J) [IF PIPF-S 19 

HIAX NO OF ITFRATIONS 20 
PFAKIN(; FACTOR 1.50000 
Ai.LoW P-DROP FR/STATIC - PCT 50.0 
STATIC HGI. FOR P-DROP CALC 90.0 
MA( IXNRAI. - LPS 0.10000 
MAAX ALI. OW VIEL -MPS 3.000 
MIN At0,IW VFL - MPS 0.400 
MAX ALLOW 1-1L - M/ 1000 M 10.00) 
MIN ALLOW HL M/1001 M 0.50 
MAX ALLOW PPFSS - ATM 7.000 
MIN ALLOW PRFSS - ATM 0.700 
NO OF HFAnS TO RE REAr) - I 
NO OF UNKNOWN CONSUMPUIONS 1 
SUM OF FIXFI) DFMANDS 21.87 
13ANDW 10TH 2 
TTFR I tJNBAL 16.45 t PS 

ITFR 2 IJNRAL 4.11 LPS 
ITER 3 UNRAL 1.21 I.PS 
ITFP 4 UNRAL 0.00 LPS 

SOL.UTION NO. I RFACHED IN 4 ITERATIONS 
0.0006 LPS UNRALANrF 



AD-P=DII wh uC" (Goxntbnze) 

)IPF N )FS DIA L H-W K-VALUF FLOW --VEL-- --HFADLOSS---
NO FROM-TO MM MTRS f MPS--CK MT MT/1000 CK 

34 33 3? 200 1860. 110 0.230F-0l 16432 0.52 4.05 ...2.18 
35 
3 6 
31 
18 
39 
40 

33 
34 
34 
36 
35 
36 

3't 200 
35 200 
31 150 
37 150 
.32 200 
35 200 

07O. 
1 100j. 
1200. 
1200. 
;f0. 

1020. 

110 
110 
100 
100 
110 
110 

0. 120E-01 
0.136F-.0l 
0.718E-O1 
0.718F-O 
0,926F-02 
0.126F-01 

18,42 
11.65 
1.97 
0.73 
4.11 
11.00 

0.59 
0.37 10 
0.11LO 
0.04 10 
0.13 LO 
0.35 Lt 

2.64 
1.28 
0.25 
0.04 
0.13 
1.07 

2.72 
f.i.6 
0.21 LO 
-r03 UO 
0*17 LO 
1.05 

41 
42 
43 

38 
39 
40 

36, 241 
39 200 
39 200 

1450. 
1920. 
1I20. 

110 
l10 
110 

0.4qOE-02 
0.237F-01 
0.13BE-01 

25999 
19.70 
21.83 

0.49 
0.63 
0.69 

2,04 
5.92 
4.17 

141 
3.08 

-3.73 
44 
45 
46 
47 
48 
49 
105 
106 
Itt 

:)0 
42 
43 
44 
17 
41 
105 
1.06 
111. 

41 200 
41 200 
42 250 
38 200 
39 200 
1i 200 
33 250 
40 250 
43 250 

1440. 
1180. 
1160. 
100. 

1050. 
400. 
50. 
50. 
50. 

11O 
110 
110 
110 
11o 
110 
110 
110 
110 

0.178F-01 
0.146F--'O 
0.483F-02 
0.123E-02 
0.13LF-0 
0.494E-02 
0.208E-03 
0.208rF-03 
0.208F-03 

12.13 
8.84 
10.82 
21.87 
13.98 
13,98 
44.00 
44.00 
12.00, 

0.3 n t-0 
0.28 LO 
0.22 LO 
0.70 
0.44 
0.44 
0.90 
0.90 
0.24 LO 

8 
0.82 
0.40 
0.37 
1.71 
0,65 
0.23 
0.23 
0.02 

1;0'26 
.0,70 
?),34 10 
3,74 
1-,163 
4.63 
4.60 
4.60 
0.42 LO 

IZ .a l 



APPUDIX TA&BLE MC.-6 (Govtimi.d)
 

WID DATA
 

NODE CP OUN D FL OW HrL HEAD PRESSURE-
Ft.FV ELEV MTRS ATM---CK PCT DROP---CK 

17 49.0 0.0 95.260 46.26 4.48 -12.82 
32 41.0 -20.43 84.3901 44.39 4.30 11.22 
33 43.0 -9.25 88. 44U 45.44 4.40 3.33 
34 50.0 -4.80 8.So8U 35.80 3.47 10.51 
35 52.0 -18.54 84. r2. 32.52 3.15 14.43 
36 60.0 -14.26 85.5U 25.53 2,4A 14.72 
37 60.0 -2.70 85.551) 25.55 2.47 14.85 
38 64.0 -15.58 87.63U 23.63 2.29 9;13 
19 55.1 -16.11 93.r4U 38,54 3.73 -10.12 
40 57.0 -10.03 9l.72U 40.72 3.94 -23.38 
41 53.0 -6.99 95.911( 42.91 4.t5 -15.97 
42 50.0 -l.9q. 96.730 46o73 4.52 -16.83 
43 C;I -1.18 97.131) 46. t3 4,47 --18.28 
44 

105 
70.0 
45.0 

21.87( 
44.00 

88.00 
89.671) 

18,00 
43.67 

1.74 
4.23 

10.00 
2.96 

106 57.0 44.00 q7.95U 40.95 3.96 -24,08 
111 51. 12.00 97. 151 46,15 4,47 -18.33 



ATFP)W1U NBLI L.
 

%RLAC WATER DISTRICT 2000 DISTRIBUTION SYSTEM AT PRESSURE ZONE 2 FILLING COND
 

4PUT AND OUTPUT IN LPS 
) OF NODES 17 
) OF PIPES 19 
kX NO OF ITERATIONS 20 
EAlIU!NG FACTOR 0.30000 
.LOW P-DROP FR/STATIC - PCT 50,0 
FATIC HGL FOR P-DROP CALC 90.0 
kX LIN1AL - LPS 0,1.0000 
X AI.LOW VEL -MPS 3.000 

(N ALLOW VEL - MPS 0.400 
4X ALLOW HL - M/1O00 M 18.00 
[N AL.OW HL - M/I000 M 0.50 
X ALLOW PRESS - ATM 7.000 
(N ALLOW PRESS - ATM 0.700 
) OF HEADS TO BE READ I 
) OF UNKNOWN CONSUMPTIONS I 
)M OF FIXED DEMANDS -31,63 
NDWIDTH 2 
'ER I UNBAL 16.26 LPS 
*ER 2 UNBAL 2.02 LPS 
"Ek 3 UNBAL 0.14 LPS 
'ER UNBAL 0.00 LPS 

)LUVION NO. i REACHED IN 4 ITERATIONS 
0.0006 LPN UNBALANCE 

I.V.2
 



I)E 0DIA L I#- Vo K-VALUE FLOWJ -- VEL'-- -iEACLOSS-" 
NO .ROM-ui' Am 4TRS t MPS--CK MT MIiO00 CK 

3 .*;3 :K . 0DC 1f.- I O 0,30E-01 16.24 0.58 4.97 2.67 
:k5 

6 
33 
.' 

34 
3s 

200 
700 

970 
iio0. 

0iO 
Ito0 

0.1ZE0 1 
-O1|36E'-01 

23,90 
14, 6-1 

0.76 
0.7 

4.28 
tV.95 

4.41 
1.77 

? 150 1200, 100 O.718E-01 8.33 0.47 3.64 3.03 
, . 1200. 100 0.?i8F-Oi 7.79 0.44 3.22 2.68 

35 200 750. 110 0.926E-02 14.16 0.45 1.25 1.67 
1,-' 7)6 200 1020., 110 0.126E-Oi 25.06 0.80 4.91 4.81 

',1 36 28 C?.i 1450. 110 0,490E-02 30.00 0.56 2.66 1.84 
42 3 ;,3 200 1920. 110 0.237E-01 4.74 0*15 LU 0.42 0.22 LO 

40 39 200 1120. tin 0.13E8-01 2.66 0.08 LO 
44 41 ,4C 200 L440. 110 0.178E-01 4.67 0.15 L 0.31 0.21 LO 

elt 
-It2
4 3 

41 200
42 250 

1180.
160. 

110
110 

0.146E-01
0.483E-02 

11.37
11.76 

0.36 LC
0.24 L0 

1.31
0.46 

141t
0.40 10 

47 38 4- 200 i00. 110 10,123E-02 31.6.3 1.01 0.74 7.40 
ib kl 39 200 1050. 110 O130E-O1 5,30 0.17 LO 0.28 0.27 LO 
4,9 41 .l 200 400. 110 0.494E-02 ,,,30 0.17 LO 0.11 0.27 LO 

.05.05 33 250 50. 110 0.20.1E-03 44.00. 0.90 0.23 4.60 
.:06 .10. 40 250 50. 110 0.208E-03 0,.0 0.0 LO 040 ,0.0 LO 

1l] 43 250 50. 110 0.208E-03 12.00 0.24 LO 0.02 0.42 LO 

IX4--23
 



NODE GROUND F.OW 
ELEV 

i1 49.0 0.0 
32 40.0 o4.09 
33 43,0 4.~85 
34 50.0 -0.96 
35 52.0 -3.71 
3b 60.10 -2.5 
37 60.0 -0., 54-
38 64,0 -3.12 
39 55.0 -- A. 22 
410 57.0 -2.0i 
-1 53,0 -1.10 
42 50.0 -0,40 
4 3 51.0 -.0 2,' 
44 ?0.0 -31b 63U 
05 ..45.0 14.00 

1.01 57.0 !5. 07.75U 
1 51.0 2(0O 

HCL 
fLVV 

87.ISU 
96.*,O0 


,0l.l4U 

96,76U 
94.81U 
391,9oU 
93.12L! 
87, 24V 
87,,66U 
87.75U 
8a06.u 

89.371U 
89,83U 
86, 50 
01.27U 


89,9 85U 

MEAi .. 
MTRS AYt--A.K PCT DR.P---CK 

38.95 3.77 5.01 
St. 906 5.43 
5802 52-23. 
46. 76 4t 5.3 -16,90 
42-81 4.14 -1Z.6, 
29.30 2,t19 0.32 
33.1.2 3.21 -10.40 
2324 2a25 10,61 
32.6 3.16 6.68 
30.75 2i-90 6.82 
35.06 3.39 5.25 
39.37 3o8. 1.58 
38.83 3.76 0,3 
'16,50 1.60 17.50 
56.27 5.45 -25.03 
30.75 2.98 6o-6 
38.85 3.76 0.37 



APM~IX fe.-H 

YANCMENT OF (WOMDA RIOUROCS 

The basio problem related speofioalLy to groundwater resouroes 
inmament in TUD oooerns preserving the pri ary uter sources for 
pemnent use, The wells of the TAr~3e =a are 1 fh the mt 
i porant sources, thus various measures must be adopted to preserve 
'heir usefulnees 

All TUD lls oonstruoted in the area should be equipped with 
flow-o.mauring devices. A continuous program of flow and water 
lvel masuremeatt, as well as water quality determination# should 
be itzalementedo This will determine a variations in well and 

tquifer performance or uter qvality, which may indioate the need 
for Daintenanoa or other corrective eaurse* *The maintenance of
 
C.eooiated rainfall records maY assist in determination of the 
lrn-irm prospects of the respective well fields as water supply 

9-bw muaament coniderations with regerd to wells should in
olude a monitoring progrma of flow rates, pumping time, pumping 
im-ter levels, static water levels and water quality. Themse re
cortiz should be maintained on a daily basis. Water quality anal.
oest consisting of the parameters indicated in Chapter IV# should 
be porforzd at least once a month, 

11rhe nodewpath network shoun in Appendix Figure IX--Il illus-. 
traees the develoent and tranwmisuion of water quality monitoring 
and flow gaging data from the stream to the level of management
d~aoinia-as. 

Nodes 1 and 2 represent functions to te performed 1y the water 
d.istriiot These two functions involve the actual field sampling 
end l ooratory analysis and the recording of data infield 6nd 
laboratory notebooks and eventually oomputer input file forms. 
Nod'e 3 represents the storee function, Data may be stored di
eotly as field and laboratory notest then published in monthly 

reporit and copies sent to LWU& and the National Water Resources 
Comloil (NWRC), One of the future plane of MO is to computerize 
ita data system* 

The disseminting nodes, represented as 4, involves the re
trievral from the IWRO computer file, or copies of field and labo

r-Ao,-. notes, annualt monthly, or other periodio reports and 
wxwmriese* The prooeesing node t 5, represents data somary 1y 
teohnioal personnel and consultants for derivation of water 

* IXa-l 



r 
trends, problem areas, and derivation of alternative solutions to 
water q-mity/quantity problems0 This leads to the deciaion-4mking 
step, (, -whreian plannLng deoioions axe made, based on sound water 
quality/quatntity knowledVo 

qu~ihDy/quo'~J t~.~}~. tjp .*n for the dafibiition of Ion, term 

Uj'iati- anxud review of the sampling program should be performed 
by the wv tcr district -qnd their consultants as the goals and needs 
of the area change, These agvnoi43s should be responsible for main
taining communication ay.mong all the involved aVencies. All data and 
information should be routed. through LW[I and. NWRC, 

IY,-H-2
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APP&MDIX MXI 

UPDATING TH, WATER SbUPLY NAISTER PL41 

After the water frappl; miertcr plan has been adopted and 
initially implemented, it will be necessary to undertake a program 
for continuously updating and keeping the plan ourrent. Plan up
dating should take plaoe at least once every five years, or sooner 
if signifioant oahm occur. Uplating is required to asses N-he 
effectiveness of the current plan, the benefits 6sined, the aotual 

coats, the problems encountered, and to provide overall review, 
refinement, and direction for the f-ature. 

In timep certain aspects of the plan may change, These as.peots 
directly conern= or as' related to the following areas; teobno
logical changes2 social goal changes, land uSe oncopt ohanges, and 
population projection changes, 

One of the first steps in the updating procedure is to deter
mine to what degree the previous plan has been implemented and the 
direction of implement ation This determination has a dual purpose* 
First, it will reflect the basic -uitability of the original plan 
and second? it will serve as the basis on which to update the plan. 
Technological changes in the water supply field may result in imprwitd 
design criteria and contemporary construction methods enough to alter 
the alternative steius analysis results. Social goals will "M
doubtedly change and there may be more or less emphasis on eoviron
mental and ecological control. 

The use of land may change in some areas therely altering 
population distribution and the need for previously unplanned-for 
water services. Popiulation projections may also be altered as 
refined information becomes -tvailable. Transportation networks 
and employment opportunities will be major determinants in the 
patterns of population distribution. 

An -pdated report ehould contain sections or chapters similar 
to the current plan. The first ohapter should be a eumary of the 
updated findings, conclusions, and recommendations, 

The second chapter should include the objectives of the up

dating exercise and the major events that lead 	 into the need for 
updated. descriptionupdating. The third chapter should contain an 

of the study area. 

Chapter IV should include the implemented facilities of the 

master plan, deviations thereof and reasons for the deviation from 

the master plan. It should include present updated water use and 

source flow data, and should describe watar quality problem areas, 
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Dat. oo norning former water quality problem areas should be assessed 
to fin. -what improvemento hnve been made and to document any need 
FPr additional imprvemont. These data should have become available 
thuough the recommended monitoring and surveillance program. 

-he fif'th chapter should present new planning the design ori
teria tbat might have evolved after the master plan was adopted. 

Chapter VI should contain the projections and future conditions. 
In the areas of economic and demographic change, a review of all up
dated projections should be .ade to compare them with the previous 
plan.. W'hre significa.nt changes have occurred, the data should be 
i'med for an updated alternative analysis. 

Chapters VII and V-i1 should cotain a re-evaluation of water 
rouroes and alter-Ative Byetems, Where significant changes in 
-. conditions it will be neces)rojecticne of future have taken place, 
a..y to re-evialuate the economic comparison of the alternatives. 

Chapter IX should explaiin. in detail the updated plan. In the 
area of economic and financial feasibility analysis, re-evaluation 
of the internal rate of return as well as the rate structure should 
bo made. 
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APPENDIX Y-J 

XVIROGMEHTAL ASSESSMENT 

A. {'MMRAL 

The consideration of certain envirorinental fadtors ham been 
a necessary part of the decision-making process in analyzing the 
project. On a maoroscale, the project is a means of controlling 
and providing one environmental asset - water - for the needs of 
people in a developing community. 

To provide basic water supply, the project will involve the 
installation of deep and/or shallow wells; diversion or intake 
structure; treatment facilities; distribution system storage 
facilities; pumps# valves and other machinery; nustomer meters 
and fire hydrants; and a network of pipelines along streets, 
roads, highways and other rights-of-way (generally followinc 
normal routes of transport) specifically acquired for these pur
poses. Each component of the project, as it is construoted, will 
have a looal environmental effect 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. 

3. PROBABLE ENVIRONMENTAL EFFECTS 

Sgil Erosion 

A short-term adverse impact will result from eoil erosion 
and dust during construction of transmission and distribution 
pipelines.
 

Activities such as urban, roadway and pipeline contruotion, 
and agricultural development increase the sediments carried into 
the streams. Agriultural development may increase erosion four 
to nine times while urban construction may increase erosion 100 
times. When surface water has excess quantities of sediment t the 
following adverse conditions are experienced: 

1. Impaiment of recreational values 

2. Reduction in fish propagation. 
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area to its original state as soon as possible, 

The erosion and dust problem can be minimized by the inclusion 
of strict erosion and- dust control criteria in the contract spciJ
fioations. 

Noise 

During the construction period, noise associated with heavy 
equipment and traffic will occur near the construction sites. This 
temporary disruption will have only a moderate short-term impaot. 
Wells with electric motors or engines and treatment plants will be 
moderately noisy. Suoh equipment must be housed within concrete 
(or block) structures so that noise transmitted is inimal. 

Asthetics .. 

The transmission and distribution lines will be installed be
low ground level, the surfaces of which will then be returned to 
original condition. The treatment, storage, pumping, and other 
supporting faoilities and equipment are relatively inoonspiouous 
and will have little or no adverse effect on the existing environ
ment. To minimize the adverse effect on the existing environment, 
the design of physical facilities must be done unobtrusively and 
in harmony with tke su -roundine areas. 

Inoroaae inWastewater 

A long-term adverse effect of the water supply project is the
 
unavoidable increase in wastewater. As the available water supply
 
increases, so will wastewater increase. Water-flush toilets are
 
expected to increase in use as local economy progresses.
 

The additional volumes of wastewater that improved waterworks
 
will generate are anticipated 'to be disposed of through the same
 
means being used throughout the Philippines, i.e., septio tanks,
 
cesspools, and through surface drains in ditches or gutters. In 
terms of being a burden to the existing surface drainage faoi
litios, or causing flooding, wastewater is insignifioant, V oom
parison with run-off from even a minor rainstorm, although minor 
revisions to surface drainage facilities may be necessary to
 
prevent unsightly or undesirable accumulations.
 

There are no current provisions for wastewater oollection,
 
treatment or disposal on a nationwide basis. While knowledgeable 
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. Tf 
left unattended and unresolved, unsatisfactory disposal of waste
water could present an additional hazard to public health, and 
could ooneivably produce an adverse visual effect on the environ
ment. The potable water system will not be in danger of oontami
nation from the wastewater isinost assuming proper installation and
 
operation of the new improved distribution systems, the water 
supply will be under sufficient constant pressure to prevent in
filtration. In fact, the incidence of waterborne diseases should 
decline since many present water systems are subject to contami
nation by infiltration owing to nocasional negative pressures on
 
distribution systems. 

In the Philippines, waatewater has not been given the sig'
nificance or priority it enjoys in more developed countries. In
 
the contemplation and order of priorities, local decision-makers 
consider basic water supply and distribution to be far more
 
important than sewage disposal and at this point are simply un
willing to consider investing an equal amount, and possibly more t
 
of capital funds in sewerage as in1 aterworks improvements. In
 
the highly urbanized coastal area-' such as 1ianjla, Cebu and 
Zamboanga, the order of priority appears to be water supply,
 
drainage/flood control and then wastewater disposal.
 

ftfo* planning the implementation of draina v and/or waste..
 
water facilities, a policy decision wust be made on whether the
 
works should be designed on the basis of separate piping for sur.
face run-off (storm) and (sanitary) wastewater, or of a combined 
system. This can only be accomplished through a feasibility
 
stu y. It is, therefore, essential that oewerage feasibility 
studies be conducted as expeditiously as possible after the
 
initial phase of water supply implementation is underwaV. 

/un the Philippines, only Manila and Zraboanga have some form 
of wastewater disposal system. At present Manila is basically
served by an antiquated sewaW disposal syntem designed t, serve 
220,000 (Metro Manila Is now about 4.9 million in population). , 
Praotically all other liquid wastewater is trans,orted to natural 
drainape systems through open ditohes, gutterst anals, etc. Yet 
there is no evidence of intolerable or unacoeptale public health 
oonditions as a result. Zamboanga has a system which wav built 
in 1913 and has had no signifioant improvements since then. It 
SsrVeu about 20 per cent of the core city area. 
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Environmental Effects of an Impoundmnent 

The construction of a water supply impoundment will have
 
positive and negative impacts on the environment. Evaluation of
 
these impacts on the environment ir~ioates a net environmental
 
benefit. 

Positive lmpaots, A water supply impoundment will provide 
safe, adequate and economical water supply to an urban area. The 
alternative to this impoundent/tranamission/tleatment scheme is 
brackish water treatment of pumped groundwater in the specific case 
of Netropolitan Cebu. Besides being over four times expenei-e,more 

the brackish water treatment scheme involves very high energy use*
 

The lake or impoundment created behind the dam will provide 
a scenic and aesthetic aaset to the *osmunity, This lake will 
attract tourists to view the wateracape which would haw then re
placed the currently denuded and eroding hillsides. 

Reservoir storage, if properly oprated, will also reduoe the 
destructive effect of flash floods in areas downstream dam.of the 

Negative Impats. The impoundment will: 

1. increase the lose of water due to evaporation; 
2, change the habitat of any wildlife and other faun; 
3. 	 serve as a nutrient trap, holding nutrients which other

wise would have moved downstream. 
4. 	need to relocate people/homes from the watershed. 

Lost of water from evaporation is a relatively minor impact 
since water in the uncontrollad rivers eventually gets lost to the 
sea*# 

While inundation means 4. i o, soMe non-aquatic specles,
the reservoir will provide a -eno at for waterfowl and other 
lake-oriented species. 

Nutrients "trapped" in the impoundment may aooelerate entro
phication within the lake, stimulating the growth of algae and 
aquatic weeds. 

With careful consideration during final design, these negative 
impacts of the project can be significantly reduced* 
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Inoreae in Mjation to Urban Areas 

In the Philippineal. migration trom rural to urban areas in
inescapable. Rural migrants seeking new economic opportunities
usually have two distinct choices of destination: the Nbtropolitan
Manila and the other urban Being thearea. 	 moat favored migra
tion 	point, Metropolitan Jqnila, howeer, has rAached a level
when present government policies incline tewards migration res
traint, in the meanwhile, other urban areas of high growth pc
tential aeait fra'ther doevaopment.
 

Metropolitan Manila is tro blod with "people" congestion,

"traffic" congestion, lack of housing, environmental problems

(water and air pollution), ua -ployi7ent, slums, poor quality of

life, etc. For these reasons plan- for regional development in
selective urban areau and routh centers such as Batangas, Dagnpan,
Baguio, -luegarao, Legaspi, Iloilo, ButuanCebu, and Davao (in

the order of dietano- from Metropolitan Manila) are currently

being din.e-used.
 

The 	 regional dovelopment plan offers opportunityan 	 to
minimize population density 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 between quality of life and city living. Such development
plan intends to intercept rural migration to Metro MUnila aa4
redirect thiv to the various regional development oenters. 

Infrastructure projects including water supply projects are 
strong stimuli to urban growth. It is usually admitted that a
potable water supply is a naeossary condition for economio growthand development of an urban area. Infrastructure projects
such as public housing, roads, comwiuioations, markets$ etc.,
become more beneficial when an adeqtate water supply p.Wojeot aooom.
panis such investments, 

1herefore, tho provision of water supply proJotato 

selected and disper-ed urban areas in the Philippines will assistt 

(1) inthe current policy of discouraging migration into 
Wetro Manila; 

(2) 	 in enhancing in a meaningful way the various regional
development oenters throughout the Philippines. 

IX-J-6
 



C. IRRIEVERSILE COMMITENT OF RESOURCES 

The primary impact of the recommended plan on natural re
sources is the use of ohlorinev power amd fuel during the operating 
phase, and the use of materials t foreign exchange, etc., during 
the construction phase. The labor time for construction and opera
tion is also a natural resouro. fIoever, in view of high unemploy
ment in the tudy area, the use of thia resouroe has a beneficial 
impact.
 

Secondary resource commitment occars as a consequence of new 
development encouraged by expansion of the water supply system. 
As the population continues to increases areas of land will be 
irreversibly committed to residential, comer.ial, and industrial 
uses. Well-developed and successful land use plannine will mini
mize the lose of open space and related natural biota. 

Do BNEFITS OF THE PROPOSED ACTION 

Halth efeits 

Tha establishment of a water supply system in a community will 
necessarily bring about health benefits to the population. Un
doubtedly, the provision of safe, potable water to the population 
in a prerequisite for the maintenance of minimum health standards* 
These health benefits are ordinarily manifested in the followings 

1. 	 A significant reduction in the incidence of waterborne 
diseases such as cholera, dysentery, gastro-enteritis t
 

and 	 typhoid/paratyphoid. As a result, there will be a 
dooreare in the amount of time lost by income earners 
who 	are afflicted with such diseases. 

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

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

Otber Benefits 

The water eupp'y project will generate other benefits as shown 
in the following tab,. This table indicates the implication of 
having (with) or not having (without) the water supply project. 
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Hypothesis 


1. 	Water Adequacy 


2. 	Water Quality 


3. 	 Personal Hygiene of 
Served Population 

4. 	 Personal Satisfao-. 
tion 

5. 	 Employment Benefits 

6. 	 Fire Potection and 
Fire isurance 

7. 	 Water-Using Indus-
tries in Area 

8. 	 Local Tourism 

9. 	 Development of Areas 
Adjacent to Core City 
Area into Housing 
Subdivisions 

I0. 	Wastage of Water - a 

Valuable Natural 

Resource 


11. 	 Land Values 


"Without" Project 


will 	continue to become 

in short supply; service 

will 	be intermittent and
 
unreliable, 

will 	continue to provide 

unsafe water and water-

borne diseases will con
tinuously be a threat. 

because of current water 

shortage, personal clean-

liness is expected to 

range from marginal to
 
lacking.
 

will be minimal; signifi-

cant time spent in fetch-

ing water. 


no improvement, 


no improvement; area vul-

norable to extensive fire 

damage because of water 

shortage; no reduction in 

insurance because the le-


'1ith"Proiect
 

supply will be adequate at
 
continuous pressure.
 

supply will be safe, whole
some 	and healthful.
 

will enhance personal hygiene
 
and overall appearance and
 
cleanliness of the populationo
 

release time for other pro
ductive activities; provides
 
'"iodernization"benefits;
 
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
 

vel 	of fire risks will re- wall reduce fire risks.
 
main 	essentially the same.
 

no inducement to indus- water-using industries will 
tries which use water as be encouraged to expand faci
a primary or secondary in- lities, or relocate in the 
put to locate in the area. areas 

non-availability of piped availability of water, if
 
potable water and poor accompanied by sanitation
 
sanitation facilitiei will program, will help boost
 
be a deterrent to local local tourism
 
tourism.
 

no impetus to the develop- will help spur the development
 
ment of areas adjacent to 

core city since not much 

economic activity can 

occur without adequate 

water supply, 


wasteful consumption of 

water will continue be-

cause of the absence of 

safeguards to check its 

use, 


market value of land will 

remain at present levels 

except for effect of in-

flation, 
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of areas adjacent to core city
 
into housing subdivisions
 
because water supply avail
ability somehow enhances
 
standard of living.
 

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

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



E. ALTEPMAT1VM TO TRE ROPOD ACTION 

Alternatives to the proposed (conventional) water supply 
project consist of the folloving3 denalting of sea or brackish 
water, wastewater rouse and dual plumbing. These are discussed 
below.
 

D altini 

Desalting is the prooess of converting seawater into fresh 
water. It involves removing substantial amounts of the ocean's 
salts and mineralso 

There are three basic mthodo of desaltings distillation, 
freezing and eleotrodialysia, each with several variations. 

Over 90 per cent of the preuent application of desalting is 
done by distillation, In this prooess, seawater is evaporated 
and the vapor is oondensed. Salt deposits form on -te surfaces 
of the evaporating equipment and the desaliznated water is the 
resulting distillate. The least costly distillation unit uses 
solar energy as heat eouroe. 

Eleotrodialysis obtains fresh water by siaing an electric 
current to separate the ions of the oontaminatting salts, In the 
process of freezing, ioe is formed from a saline solution and is 
melted to produce fresh water. The melted ice, however, somtimes 
has a salty taste. 

In 1970, 33 emall-eized desalting plants were put t0 opera
tion throughout the world, with a oombined capacity of 226,000 cumds 
Kuwait has the largest plant with a 113,600 cumd capaoity sufficient 
to supply a population of 150#000o Other plants are found in 
Netherlands, United States, Venezuela and Aruba* 

For the most part, desalting is still experimental. At pre
sent it is not technically and economically feasible to convert 
meaningful amounts of seawater into fresh water& All the process
es have inherent defects for general use, including the problem 
of disposing about 50 per oent of removed salts and minerals of 
the total treated seawater. 

These processes arex also costly because they involve signifi
caut quantities of energy. Whereas treatment of ordinary water 
Gupply coSts about fivep cents per 1,000 gallons of fresh water, do-. 
saltine costs about $1.00 per 1,000 gallons of desalted water. 
This cost covers only the plant itself and excludes necessary 
traramission faoilities. (Also these costs are pro-energy orisis 
costs&) 
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Reont-mic faviors eajnoit be ign'x--m i~f dlosaltirsg is to be con
sidered for application in the Philippines. Existing conditions, 

especially the continual inflationary effect of the worldwide oil 

crisis and technologioal limitations, do not allow the iw Adiate 

of deaslting tc auddent watr supply in the Philippineu Unuse 
til a technolcioal breakthrough oac:'rs which will require ty 

miniml uee of energy, desalting appearo to be economically i&

practical at present.
 

Wastewater Rse 

One of the potential alternatives in meeting future water 

demand is the reuee or reoyoling of wastewater (sewage). In 
Singapore, reolaimed wasteuater iv usGed in the industrial cool
ing proeso. A full-scale municipal rouse facility in Winhoek 

in Southwest Afrioa built in 1969 provides a major source of 

potable watero 

Reuse of wastewater oan be aecomplished in two ways: by 

natural self-purification which makes reuse possible for irriga

tion and reohai-ging of g&rmnd and aurface waters, and by technolo

gical prooens, The tochnology of reuse involves treatment of 

used water supplies from the oommunity for douestio, induetrial, 

irrigation and other parpoees 

Gomplex treatment proeesne aro neoessary to remove the ob-


Jeotionable characteriatios of wautewater and make it suitable
 

for a particular use. There are threa baoio phases of treatment 
primary, socondary and advanc d One of these or all may be ap
plied depending on the type-s of use and pollutants present in the 
wastewater6 

Studies on i deal with enhancing itswastowater oation 
economic feasibility for large-beale use and technological ex

pansion. Achieving these objeotives will depend on several factors.
 

water of any desiredIt is technologically poesible to produoe 

quality from ary souroeo However, the oontrolling factor is eoo

nomica. Because of ito lesser solids content, wastewater reolana
tion for instance, is simpler than seawater desalting as an alter
native solros of supply.
 

of water
The fenaibility of wastewater reclamation as a souroe 

supply will be limited aince wastewatar volumeu are currently mini

mal, with future increases in sewage exDeoted to be slow. 
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Existing wastewater treatment tec-hnology in currently
 
applicable for purposes other than potable drinking water 
use. Drinking water standards have not been designed to apply 
to recycled wastewa-ter and for this liquid, no potable water 
standards have been established yt. Erien by advaiced treat
ment, certain toxic elements in the uastewater remain. The 
techniques are not yet fully developed to treat adequately oer
tain objectionable characteristics of wastawater°
 

The advanced v"stewater treatment plant is not simple to 
operate. Moreover, ths prdblem of treatment is accompanied by 
another technological problem - disposing the significant quan
tities of solid matter removed from the treated wastewater. 

The wide application of wastewater reuse in the future will 
depend heavily on technological progrss and on public acceptance, 
in the case of using recycled wastewater for drinking. 

Any future consideration of wastewaer reure for municipal
 
water supply will require thorough studies. 'fte present and 
near future condition of minimal sewer collection facilities 
(and therefore minimal waotewater) in the Philippines precludes 
the possibility of hwmosuing wastewater as a oajor soure of 
water supply.
 

TuI,, Plumbi §.yM tea 

A relatively small increment of 'he total public water supply 
demands highly potable and clean water ouoh as that required for 
drinking, cooling, bathing and waahing clothes. It is possible for 
instance to use sea water for toilet flushing, washing streets and 
fire-fightin,. Where fresh potable water is in short supply, suah 
as in Singapore Pand Hongkong, a dual system has demonstrated its 
efficacy. For example, in Hongkoag during the severe drought of 
sumer 1963, water service was rationed into the various city seotors 
four hours evex7 four days, Extraneous uses of water such as toilet 
flushing iwre therefore severely curtailed* In some of the high
rise government housing in Hongkong, dual plumbing system has been 
used, with sea water for toilet flushing. 

thre are two main objections that have been identified in the 
use of dual system - croue-connections and associated cost. The 
dual water supply system whero one system delivers potable water and 
the other system furnishes untreated water can very well lead to 
serious waterborne disease outbreaks. Whore proposed, the dual water 
supply system should have the non-potable supply olearly indicated 
and separated from the potable supply. Proper plumbing codes and 
supervision of plumbing installation could minimise this health bazard, 
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If sa exiating systerra iu Ito eo rapla.ed entirely by a dual 
system the cct may well be taireonabe. However, if the exist
ing water supply piping is retained for potable (drinking) sys
tem and a new non-potable pipe network utilising sea water is 
added, there is a possibility that the economics may prove the 
dual system to be worthwhile. Savings aocrue where the non-potable 
system serves high-rise multi-family delling units with high 
density. The increased oost resulting f-rom the independent system 
may be offoot by eliminai ng the need for developing new water 
resources and above all retaining high quality premium water for 
domestic oonsumption. Accordingly, the feasibility of the dual 
systea hat alread~y been proven, NoausL the patablo water system 
will not be uked for fire proteotion, its distribution syste need 
not be designed for hiXh pressures that otherwise are required in 
a system which has a high fire demand. However, boeause most 
existing pipe systems have very marginal useful life remaining, 
the eoonomioa; will most likely miticate against a dual aystem. 

Conclusion
 

The abova stated alternatives are likely to be eooncioally
 
lose favorable than thr proposed conventional water supply project.
 

Wastewater reuse and du-2l plumbing have significant health 
hazards when comparod with the proposed projeot. 

DasalLin may eliminate impoundments end long transmission 
lines therby lessening the adverse effecte such as erosion and 
noise, and on aesthatica. However, desaltiog will sonriuse un
usually large quantities of power and energy. 

In all cases, wantewater will be generated and MAdliZ fa
cilities will 6till be required (except for the wastewater re
use alternativd)& Resources will still be comitted such as land, 
power$ fuel and human resources. 

From the overall (oonoics, healthand teohnology) viewpoint$
 
tx, proposed water supply project is still the most reliable and
 
eeonomioal solution to the water supply needs of these oemunitieso
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F. SM1ARY 

The probable enviromental effects are umtarized in
 
table form ,io:
 

SUMMARY TABLE
 

PRORABLE EFWIRONN MAL FFECTS 

1 te.m Torm Poali o etive solution-

Soil rosioi Short v tight construction 
space 

Dust Short V/ "do"
 

Noine - Constrution Short V' "do" 

Noise --Operational Lone V proper design
 

Aesthetics Long V0 "do"
 

Increase in Wastewater Long Unavoidable solve sewa problem 

Impoundkent Long oareful d s ign
 

Migration Lone " careful planning 

Resouroe Use LmnrJShort Unavoidable 

1. Careful design and construction will minimize environmental
 
disturbances while these will also create aesthetic and culturally
 
pleasing ccuditions under which man can develop his most desirable
 
potentialities.
 

2. The recomiended plan will enhance public health, improve
the quality of lifo in the ocomunity, and.guide its long-term growth 
and productivilty. 

3. The peso costs and the short-term adverse effeots are offset 
by the long-term benefits. When compared to the general benefits, 
particularly those of the health aspects and social uplift, the amount 
of upset is relatively minor,
 

4. The comwitment of resources is small oompa1red with the anti
oipated benefits. Resource use in necessary in the construction and
 
operation of a water supply system, but the overall benefits show the
 
overwhelming advatage of carrying on with the project.
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APPMrlIX TABLE X -F2 

SCHULE OF fMIRECIATION X 
TAPJAC WATR DISMICT 

( P x 1000 ) 

SES 

Year 5 
Servioe Life Category 

Years 257, Year Years 7 Years 

Total Annual Aocumulated 
Depreciation Depreciation 

,xanses Prior Yea-r50 

Book Value of Assez, 
Retired Durin the Year 

Years 25 ye as 15 years Years Total 

Net Accula r,, 
De prev -ati on 

Yea.r Fd 

1976 
1977 
1978 
1979 
19'80 

66 
71 
44 

137 
2(F, 

-
10 
21 
21 
21 

1 
3 

10 
22 
48 

-
9 
18 
18 
i8 

67 
93 
93 
198 
296 

2493 
25%0 
2653 
411 
6C6 

--

2335 
..... 
-

- - -
-

2335 
-

- -

41

1981 
1982 
19b33 
194 
1985 

533 
628 
726 
316 
912 

190 
190 
19C 
190 
19o 

75 
109 
143 
178 
214 

18 
18 
10 
16 
33 

816 
945 

1069 
12-0 
1349 

905 
1721 
2666 
3658 
4791 

-
..... 
-

-

--

-

-

17 

-

-

60 
67 
-

-

77' 
62 
-. 

2. 
2666 
35 
.. 

.986 
1987 
198, 
1989 
199C 

1112 
1212 
1287 
1367 
450 

351 
351 
351 
351 
351 

-56 
296 
328 
3.63 
400 

33 
33 
33 
33 
17 

1752 
1892 
1999 
2114 
2218 

6140 
7892 
9784 
11783 
13897 

..... 
-
-
.-

146 

-
-

-

-
-

-

-
-

111 

-. 
-

257 

78,2 

Ii7 3 
13S97 
15858 

1991 
1992 
1993 
1994 
1995 

1503 
1503 
1503 
1503 
2.50, 

351 
351 
351 
351 
351 

417 
416 
424 
434 
475 

25 
51 
51 
51 
51 

2296 
2321 
2329 
2339 
2380 

15858 
18004 
20225 
22366 
24326 

-
-
-
-
-

-
-
-
-

29 
100 
188 
379 
417 

121 
-
-
-
-

150 
100 
188 
379 
417 

18I4 
2022,"5 
22366 
243,26 
262S9 

1996 
1997 
1998 
1999 
2000 

1503 
1503 
1503 
1503 
1503 

351 
351 
351 
351 
351 

514 
566 
621 
672 
716 

51 
27 
37 
77 
77 

2419 
2447 
2512 
2603 
2647 

26289 
28202 
29947 
31750 
33821 

-
-
-
-
-

-
-
-
-
-

506 
529 
523 
532 
632 

-
173 
186 
-
-

506 
702 
709 
532 
632 

28202 
29947 
31750 
33821 
35836 
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UT AeA VLM DMSI5T~C 

Tno of Connection - f Poprin atiowtod Vo To Naber of Proportiona of Mrt 1agted UMe Total of Etintod total Nober rf Ztu~t 

1.. lSrt ±O/OoiWU?2IA1A 

12i 

3/4-iwh 

1-4nah 

2-1nhe 

Sub-T1otal 

607 
77 

37 

7-2 

67 
14 

13 

6 

100% 

311, 
66 

61 

28 

470 

1 
1 

1 

1 

315 
66 

61 

28 

470 

27867 
354 

170 

13, 

3325 

14 

1.3 

6 

100% 

15,6 

396 

368 

J1 

2830 

1 
1 

1 

1TI 

18906 
396 

368 

A a7 

2830 

T 

971 

466 

36~ 

9M 

55t1 
U62 

I079 

.4l 

al00 

55,,1 
1162 

1079 

.496 

8300 

1152 

W46 

680 

__y 

13300 

~ 

i 

1722 

599 

.1.23 

I 0 

-

, 

!5 

123( 

3/4-nob 

2-4aob 

-A 

2 

6 

-

38 

9 

53 

-

101 

24 

140 

. 

2 

2 

2 

2 

20 

48 

280 

-

110 

16 

47 

1 

32 

7 

4 

6 

342 

75 

471 

64 

2 

2 

2 

2 

684 

150 

. 

128 

3C2 

4* 

129 

3 

5W. 

119 

748 

10 

1CS 

238 

2A96 

204 

,*141 

64 

1W 

4 

,.7-W 

14 

90 

W 

. Z4 

9, 

64 

1014da 

S-
22-Tta 

746 

-
IC0% 

-

T35 

3(W-V3i 

L=. 

T 

3500 

-

100% 
o 

107 

30 

33 -
_ 

9600 I*=1* 

__ _ _ 

~ 
22 

34~ 

1/'1975 figures we. actualj 1980, 196r5 and 19M are estimated with tbe pvortion, of ,,-t-imaIn *au sli 

!/PropoT't±.s of -a i-1oa imee ca flw relationship. 

2/molu. et etoWX -tr .=0an Oindty M-'; the effect of s~inhaoo sntuyj chargue w1l be to INW940 
Sa ctmre at using the basic quartity of water allowd within the sinisam prim. 

rieining coatat. 

tota n ain" Ue .11 aIxw be 



APPEND1" TAWX~I~~4
 

LA.RI.C DTIrR3ThCffiWkTEI 

Ectim.ted 
Rate/RU Wlm!ber of DUe 

YZoar ) !Zcar !i j (Xr30E~ 

1976 100 365 
1977 1100 738 
1978 1.00 1111 
1979 1,95 1484 
1980 1.95 1857 

1981 1.95 2353 

1982 2.00 2850 

1983 2.00 3346 

1984 2,00 3843 

1985 2.30 4339 


1986 2.30 4708 

1987 2.30 5077 

1988 2.40 5446 

1989 2.40 5815 

1990 2.40 6184 


1991 2.60 6184 

1992 2.60 6184 

1993 2,60 6184 

1994 3,00 6184 

1995 3.00 6184 


1996 3,00 6184 

1997 3.30 6184 

1998 3.30 6184 

1999 3.30 6184 

2000 3.30 6184 


i~x 000 

.'iTotal 
Fm (Ba Other 1 Net 
3a1os Dt) Thcomo Tnoom 

365 7 7 365
 
738 7 15 746
 

1111 11 22 1122
 
2894 29 29 2894
 
3621 36 72 3657
 

4588 46 92 4634 
5700 114 114 5700 
6692 67 134 6759 
7686 77 15, 7763 
9980 200 200 9980 

10828 108 217 10937
 
11677 117 234 11794
 
13070 261 261 13070
 
13956 140 279 14095
 
14842 148 297 14991
 

160T8 322 322 16078
 
1,5078 161 322 16239
 
16078 161 322 16239
 
18552 371 371 18552
 
18552 186 371 18737
 

18552 186 371 18737
 
20407 408 408 20407
 
20407 204 408 20611
 
20407 204 408 20611
 
20407 204 408 20611
 

1-/other income (derived frcm meer roplaomant ohrges, contingency 
fees of new conneotions, servioe fees, etc.) is about two per oent of salos. 
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APUMM TBLZX X-U,4 

PB13ZCTMf ULAN= ?T
 
TAR=Ac VIMPA D!ST *
 

F,7oco 

Fixe Ammots
 

0zT zEValue of Fix"
Asz-Pei c4228 5651 8113 12092 16469 38221 4363T 48671 5,4093 60393 74336 78605 83129 67926 90WI (95 9r119 91463 92116 92796 93596 94U96 9537, 96137 97019 

Dnprocatiovu 2560 &M -AU § 2 -1 36_8 4791 6140 23 = "_ 1( 22366 24326 28 282C2 ZZ 
Yet Talus. of ?jiIiA-eats 1668 2998 7702 1483 15564 36500 40971 45013 49302 54253 66444 68821 71346 7429 7493 72921Vork I Prooss 21 794 69o97 67790 6657 65394 64549 63621 62316 6U183_402 1218 L6 ! 2291 6k41 8171 --  - _ . ..  - - .-- -Total Pixo Amoset 1668 3701 21C4 23670 32ME8 36500 41195 47304 55543 66626 66444 6881 71346 749 74943 72921 TC94 69097 6T79 66507 65394 645.49 63621 62316 61183
 

Cvr-*er% Aa,54ti 
Camb, (1) 2S (2a4) (. 7 (30) 1206 2372 3878(89) 6425 9377 12655 16445 20490 24739,oo=to,, iva.1 91 185 27- 72.4 9c0 1147 1425 1673 

3092 36060 41026 46 43 53281 59319 65603 72302 7806 aT421922 2495 2702 2919 3268 3489 3711 4020 4020 402PrvIrion for Bad Dtu 4638 463-8 463a 5202 5102 5102 5102(2) (2) (3) (1) M3) (11) (29) (17) (19) (50) (27) (29) (65) (35) (37) (50) (40) (40) (3) (46) (4) (c (5) (51) 51) 
%*&1 Curr.nt Asets. .M 182) _=V 62 A _ 4 _ AM 
 1 _j... .,.=.27_% 5.6..1.tJ8._ _ .. 37 -_%5 ---.

Total Ascots A;41 jgj!7 J184 $"a " MIR =I ___ Ag =C 
_ 

g.M I W UW =j & 

Curreut iabilitIMu 
hoaots parkl. 

Currant Natuitimr ofLo ne-..-ru--

Total Cwr-irt 

45 5 72 104 158 191 228 274 

2 

314 

283 

373 

4D8 

424 

424 

479 

4 U 

574 

_ 

650 729 

709 *.*_ 

787 

2270 

- 850 

1 1 

918 

6 0 

99 1071 

1689... 

1157 

22_54 

1249 

J_ 

1349 1457 

I_ 
15T4 

2_ 
&liti.. 

tazr-Term Deb
45 55 72 104 158 191 511 557 597 797 848 903 1283 1359 1999 2057 2401 2607 2681 2760 341 3503 3880 39M 4103 

(lossnt Curr,=tUNtrities) 923 13034 8657 20o13 28152 32834 37472 43368 53412 58281 62325 64571 67476 70170 69983 68713 67162 65473 63784 62095 59841 57587 55056 52525 49994 

a-nnt Cutributiam 800 
Caita Contribation 12 
Issio!". 11 

800 
27 
33 

800 
75 
66 

800 
483 
153 

800 
998 
262 

8oo 
1604 
537 

800 
2323 

879 

800 
3180 
1281 

800 
4171 
1742 

800 
5310 
2341 

800 
6412 
3424 

800 
7611 
4592 

800 
8921 
5899 

800 
10315 

7295 

8 
12770 

8779 

80 
12649 
10387 

800 
13448 
11995 

8o 
14159 
13603 

8oo 
14774 
15458 

8O 
15285 
17313 

700 
15700 
19168 

700 
16031 
21209 

8W 
1627J 
23250 

800 
16423 
25291 

8 
16473 
27332 

2-34P 
TOAtl Iq 1 tT 

%1a1squity mi 

1 
JW 

2 .4 
1102 W3A 

.2. = 
-4=Z 

2218 20g 
-ft 

82Ao_ 

8W6 
- .UM 
ISMS 1= 

.M-oJ 
IW 

__6 
1= 

= 
-2iML 

882 -L 
328V 

__ 
166 

15340 
4lj_Q-

I 2 2 1a 
"30 -,U67 

2611 
600..l40 

3660 42296 
MU 

4Y.2 9 

Ua~.. -4-4 



R.ATE 0F REtJ0 ON TOTAL flIVZIM" 
(DISCOUNTED CASH FLOW METHOD) 

TARIAC VAT DISTIC 
x= 1000 

Debt NetIncrease 
TotalCaush 

NetCash irs
Present 

TrialValue: 10% 
Second Tri1l

Present Value,.12% 

Year Service In Cash Inflow Investments Inflow Pao'tor Value Factor Value 

1976 
1977 
1978 
1979 
1980 

-
83 -249 

273 
779 
1801 

(1) 

(2632) 
840 
755 

(1) 
332 

(2359) 
1619 
2556. 

935 
.2126 
8496 

11764 
8654 

(936e 
(.7141

(10855 
201-45) 
(6098) 

1.000 
*109 
826 
.751 
.683 

(936) 
(1631) 
8966 
76i9w 
k4165) 

1.000 
.893 
.797 
712 
.636 

(936) 
(16,02 
(651 
(7223 
(3878 

1981 
1982-
1983 

2534 
2955 
3681 

759 
1236 
1166 

3293 
4191 
4847 

5288 
5640 
7178 

(1995) 
1449 
2331) 

.621 

.564 

.523 

(1239) 
(817) 
1196) 

.567 

.507 

.452 

(1131) 
(735) 
(1054) 

1984 4212 1506 5718 9439 3721) .467 (1738 .404 (1503 
1985 4936 2547 7483 84-2 (94.) .424 (402) .361 (343, 

1986 5707 2952 &." 5570 3089 .36C 1192 .322 
19a7 6071 3278 939 4269 5080 .350 1778 .287 1458 
1988 6310 3790 10100 4524 5576 .319 1779 .257 1433 
1989 6846 4045 10891 4797 6094 .290 1767 .229 1396 
1990 7088 4249 11337 3132 8205 .263 2158 .205 1682 

1991 7683 5753 13436 274 13162 .239 3W45 .183 2409 
1992 
1993 
1994 
1995 

7568 
7735 
7734 
7582 

5588 
4946 
5817 
64,38 

13156 
12681 
13551 
14020-

294 
532 

1032 
1097 

12862 
12149 
12519 
12923 

.218 

.198 

.180 

.164 

2804 
240. 
2253 
2119 

.163 

.46 

.130 

.116 

2097 
1774 
1627 
1499 

1996 
1997 
1998 

7430 
7843 
7640 

6038 
6284 
6699 

13468 
14127 
14339 

1306 
1602 
1584 

12162 
12525 
L2755 

.149 

.135 

.123 

1812 
1691 
1569 

.104 

.093 

.083 

1265 
1165 
1059 

1999 
2000 

7714 
7486 

6504. 
5936 

14218 
13422 

1298 
1514 

12920, 
2472i-/ 

.112 
,102 

1447 
2 

.074 

.066 
956 

163 
+1734 -4609 

Rate of Return - 10,05% 

i--Includes Net Asset Value of P12811 

Total Assets - ?151654
 
Total Liabilities (54099)
 

Asse (ae
M7421
 

Net Asset ValueP123 
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APPFDIE XI-C 

QUANTIFIAJ LE BENEFITS 

Increase in Land Values 

Appendix Table XI-C-1 shows the present worth of benefits 
associated with increase in land values, based on the following
 
assumptions:
 

1. 	In accordance with the staging program of the con-. 
struction of facilities, the sea-vice ar'ea waa pro
jected to increase annually by 40 ha from 1978 to
 
1982, by 56.2 ha from 1982 to 1986 and by 42.5 ha
 
from 1986 to 2000.
 

2. 	The land use distribution of 36 per cent commercial,
 
industrial and institutional; and 64 per cent re
sidential, was used from 1979 to 1982, From 1982
 
to 1986, the land use was assumed to be 17 per cent
 
commercial, industrial and institutional, and 83
 
per cent residential. Prom 1986 to 2000, land waw 
classified into 15 per cent commercial, industrial 
and institutional and 85 per cent residential. 
This classification was based on the water demand 
projections in 1985 and 1990 by consumer category, 
as shown in Table V-7, Chapter VI. 

3. The 1975 costs of land are: 

Residential : P 80 per sqm 
Conmi rcial/Industrial/Institutional : P170 " " 

These costs were assumed to be constant over the projection
 
period.
 

4. 	 The portion of the total cost of land specifically attribut
able to the provision of water supply was assumed to be
 
20 per cent of the cost of land.
 

5. 	A discount factor of 12 per ce, was used to obtain the
 
present values of the benefits. This is believed to be
 
the opportunity cost of capital and is commonly used for
 
public investment projects like water supply development. 

XI- C-i 



APP NDIX TABLE XI-C-1 

PORTION OF LAND VALUES ATTRIBUTABLE TO WATM SUPPLY PROJECT 
TARLAC WATIM DISTRICT 

Year 
Land Use 

Com/Ind./Res. 
(sqem) 
Residential 

Cost of Land 
in MP 

Com./Ind./Ins. Residential 

Cost of 
Served 
Land 

20% Benefit 
Due to Project 

Discount 
Factor * 

Fp** 
of Benefit 

in M P 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

144,000 
144,000 
144,000 
144,000 
95,540 
95,540 
95,540 
95,540 
63,750 
63,750 
63,750 

256,000 
256,000 
256,000 
256,000 
466,460 
466,460 
466,460 
466,460 
361,250 
361,250 
361,250 

20.160 
20.160 
20.160 
20.160 
13.376 
13.376 
13.376 
13.376 
8.925 
8.925 
8.925 

10.240 
10.240 
10.240 
10.240 
18.658 
18.658 
18.658 
18.658 
14.450 
14.450 
14.450 

30.400 
30.400 
30.400 
30.400 
32.034 
32.034 
32.034 
32.034 
23.375 
23.375 
23.375 

6.080 
6.080 
6.080 
6.080 
6.407 
6.407 
6.407 
6.407 
4.675 
4.675 
4.675 

0.712 
0.636 
0.567 
0.507 
0.452 
0.404 
0.361 
0.322 
0.287 
0.257 
0.229 

4.329 
3.867 
3.447 
3.083 
2.896 
2.588 
2.313 
2.063 
1.342 
1.201 
1.071 

V0 
1990 

1991 
1992 
1993 
1994 

63,750 

63,750 

361,250 

361,250 
10.163 
I 

8.925 

8.925 

14.450 

14.450 

23.375 

23.375 

4.675 

4.675 

0.205 

0.183 

0.147 
0.130 

0.958 

0.856 
0.762 
0.687 
0.608 

1995 
1996 
1997 
1998 
19991 
2000 

I 

63,750 

I 

I 

361,250 8.925 
r 

14.450 23.375 

I 
4.675 

00.116 
0.104 
0.093 
0.083 
0.074 
0.066 

0.542 
0486 
0.435 
0.388 
0.346 
0.309 

P34.577 

Discointed at 12 per cent
 
S*PV - Present Value or Present Wortk.
 



To determine the w~ount of benefit arising from the reduction
of income lost of those aff.icted with watex-boj'ne distsaoes, perti
nent statistits on morbidity rate were gathered from the Department

of Health. From 1963 to 1973, an avprage of I.I08 out of evry

100,O00 population in Tarlac province were afflicted with primary
water-borne dise:toes everyf ye.-, regardle8 of age, sex and income

class. The same rate was use for the 7tniciity of Tarlac in

the absence of sp'ecifio data. The morbidity r;te in the study 
area 
was assumed to remain constant durirn the 23-year projection period, 

Since not all of those af"licted with said diseases are =ago
earners$ an adjustment was made aocordingly. Rased on the 1970
Census on Population and Housing :f the 11ational Census and Statin
tics Off ice, 30 per cent of the city's population was economoally

active./ It was assumed, threfore, that onl.y 30 per cent of 1..108
 per 100,000 who w,4re afflicted with primary water-borne diseases 
were economically active. 11ence, this ia the only segment of the
polmlation who would suffer a rieduction ii; income due to said 
diseases, ]irthermore, the affliocted wage-earners were assumed -o
be earning 8 a day and unable to work for 15 days on the averz'*because of their illness. The final fi.ure corresponding to theeconomic cost of time lost due to water-borne diseases was thereby
arrived at by multiolying the n.rbor of peopjc afflicted with watpr
borne diseases by 30 per cent, by *8 a day aix! then by 15 days. 

Another health benefit that ciuld be associated with the estab
lishment of a safe public water supply system is the reduction of the
economic cost of the premature death of those afflicted with wator
borne diseases in the study area, Obviously, the reduction of the
life span of the population caused by caid dieaseos is an economic 
loss to the conmunity,
 

This economic loss due to prematur.e death was determined by
multiplying the number of peopla who die because of water-borne 
diseases (assuming that a wate- supply improvement program were 
not undertaken) by 30 per cent and then by P1i,629. The projected 

*1/Economica].ly active population inoludea those who al'e 10 years 
old and over, whether employed or unemployed, excluding retired pe-
sons, students and housewives.
 

X1- G-3
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number of such deaths was based on the average of the 11-year 
mortality rate for primary water-borne diseases in Tarlac pro
vince, as gathered from the Department of Health. These figures 
indicated that 52 persons died of the 1,108 per 100,000 who were 
afflicted with water-borne diseases. This mortality rate was 
assumed to be constant over the projection period. The 30 per 
cent corresponds to the portion of the study area population who 
are income-earners. The P11,629, on the other hand, is the monetary
value of each death. This was derived from the estimated income 
to be earned by the average wage-earner over a period of five years
discounted at 12 per cent plus 20 per cent associated economic 
costs such as funeral expenses and burial plot (summation of P200 
a month x 12 months x discount factor + 20 per cent associated 
costs). 

The third health benefit that can be derived from the improve
ment of the water supply in the study area is the reduction of the
 
medical expenses of persons afflicted with water-borne diseases.
 
According to the Lipa City pilot survey on "Ability to Pay", 2/ 
an afflicted person spends P113.00 on the average for medical 
expenses, which'include hospitalizationt medicine and doctor's 
fees. Based on this finding, the total medical expenses incurred 
due to water-borne diseases were arrived at by multiplying P113.00 
by the number of people afflicted with such diseases in the study 

The sum of all three economic costs related to health benefits
 
had to undergo two final adjustments to arrive at more meaningful 
figures. First, 40 per cent of the total economic loss due to
 
water-borne diseases was taken as the health benefit directly re
sulting from the water supply improvement program. This reduction 
was male to account for the fact that not all water-borne diseases 
are caused by a poor water system and may also be due to less than 
ideal personal hygiene or lack of sewerage facilities. Second, the 
40 per cent health benefit was discounted to its present worth at 
12 per oent. Appendix Table XL-C-2 shows the calculations associated 
with the health benefits for the municipality of Tarlac. The total 
present value of said benefits after the adjustments amounts to 
.1.2 million. 

-/Refer to Methodology Mamual, Chapter 20 for "Ability to 
Pay" studies., 
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TOARLC *.ATM DISTrRICT
 

Year 
Study Area 
Pomilation 

Cost of Time 
Lost Due to 

Illness 

Eoo. Loss Due 
to Prm,.at'±re 

Death 

Cost of 
Medical 
&penses Total 

40, Reduction 
Due to Proiect 

Discount Present 
-actor *Value 

1978 
1979 
1980 
1981
1982 

111,510 
114315 
117,195 
130,145
123,165 

P44,479 
45 598 
46,747 
47,923
49,128 

P202,2q3 
207,362 
2 1, ,t606 
-17,958
223,437 

?139,613 
143,127 
146,733 
150,426
"154,208 

2386,387 
396,10"7 
406,0,4,6 
416,307
426,773 

"'",554795 
158,443 
162,434 
166.523 
170,709 

0,7;28 
0.636 
0.567 
0.507 

30179 

103,3c8 
94,41?
86,549 

19831904 126,265129,445 50,36551,633 
229,060
234,829 

158,089
162,070 

437,514
448,532 

175,006
179413 

0.452 
0.404 

79,10-3
72,423 

1985 
1986
1987 

132,700 
135.975 
139,330 

52,931 
54,238
55,576 

240,734 
246,676
252, 

166,146 
170,2j6
45,7214447 

459,811 
471,160 
48,2 85 

!83,924
188,464 

0.361 
0.322 
0.2885, 

56,397
60,635 
5"-

1988 
1989 
1990 

142,765 
146,290
149,900 

56,946 
58,352
59,792 

258,993 
265,388
271,937 

178,747 
183,161
187,681 

A94,686 
506j901
519,410 

197,874 
202,760 
207,764 

0.257 
0.229 
0.205 

50,83, 
46,43"
42,59 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

149,900 

4 

59t792 

-014 

271,937 

4 

187.681 

' 

519,410 207t764 

4 

0.183 
O.463 
0. 
.1.130 

0.116 
0.104 
0.093 
0.083
0.074 

38,02! 
33,86, 
30,334 
27,009 
24,o10 
21,607 
19,322 
17,244
15,375 

2000 149,900 59,792 271,937 187,681 519,410 207,764 0.066 13,712 

Pj,235,021 

Discoited at 12 per oent 



Reduction in Fire Insurance Costs 

Because of the unavailability of specific information, certain 
assumptions had to be made in order to quantify the benefit due to 
the reduction in fire insurance custs: 

1. According to the 1970 Census on 11ousing, there were 21,297 
dwelling units in the municipality of Tarlac of which 14,536 units 
were made of concrete and galvanized iron. 

2. 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 (eqaivalent to 13,0,2 units) are located in the service rrea. 
This 90 per cent assumption was based on the fact that the service
 
area covers almost the entire poblacion of the municipality where

there is usually a heavy concontration of dwelling units. 

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 to be actually insured.
 
These were classified into 36 per cant commercial, industrial and

institutional and 64 per cent residential from 1978 to 1985. From
1985 to 1989, they were classified into 17 per cent conmercial tindustrial and 83 per cent residential. Thereafter up to 20009 they 
were classified into '5 per cent commercial, industrial and institu
tional and 85 per cent residential. This classification was based 
on the projected water demand by consumer category in 1985, 1990 
and 2000, as shown in Table V1-7, Chapter VI. 

4. Based on the study area population projections in Chapter
VI, it was assumed that the number 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 service area has been projected to increase, on -he assump
tion that each household consists of 6.5 members. 

5. The assumed standard value per unit and the corresponding
premium rate for buildings in provincial areas (based on the general
tariff rates set by the Philippine Insurance Rating Association)
 
are as follows:
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Value/unit tiumAa 

Residential 1 75,000 P 422.25 

Commercial 100,000 1,250.00 

Industrial 100,000 1,250.00 

Institutional 100,000 500.00 

6. The level of fire insurance cost was derived by multiply
ing the number of' iismired dwelling units in the core city by their 
corresponding premiums and summing their products. 

7. It is probable that the level of fire insurance costs may
be expected to be reduced by 20 per cent because of an improved and 
plenti. water supply system and increased fire-fighting capabili
t ies. 

8. With the developmenL of the area, 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 general remain constant over a number of 
years, the quantification of the reduction of fire insurance costs 
from 1979 to 2000 is neverthe'.esas presented in Appendix Table XI-C-3 
to illustrate the impact of an improved water supply system. 
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APPEMIX TABLE XI-C-3 

REDUCTION I11 FIRE INSURANCE COST 
TARLAC WATER DISTRICT 

Total Level of 20% Reduction 
Insured No. of Insured Units Cost of Insurace. Insurance Due to Project Discount PV of Benefit 

X Om./I%.iId. Resdetial Com.iIn t.IInds Residential Cost (Benefiti) Factor * (1976 Pricea) 

1979 3,311 1,192 2,119 P1,490,000 P 894,748 r2,384,748 P476,950 0.712 r339,588 
1980 3,395 1,222 2,173 1,527,500 917,549 2,445,049 489,010 0.636 311,010 
1981 3,480 1,253 2,227 1,566,250 940,351 2,506,601 501,320 0.567 284,248 
1982 3,568 1,284 2,284 1,605,000 964,419 2,56%9419 513,884 0.507 260,539 
1983 3,658 1,317 2,341 1,646,250 988,487 2,634,737 5269947 0.452 238,180 
1984 
1985 

3,750 
3,845 

1,350 
654 

2,400 
3,191 

1,687,500 
817,500 

1,013,400 
1,347,40o 

2,700,900 
2,164,900 

540,180 
432,980 

0.404 
0.361 

218,233 
156,306 

1986 3,940 670 3,270 837,500 1,380,758 2,218,258 443,652 0.322 142,856 
1987 4,037 686 3,351 857,500 1,414,960 2,272,460 454,490 0.287 130,439 
1988 4,137 703 3,434 878,750 1,450,006 2,328,756 465,751 0.257 119,698 
1989 4,239 721 3,518 901,250 1,485,476 2,386,725 477,345 0.229 109,312 

>41990 4,344 652 3,692 815,000 1,558,947 2,373,947 474,789 0.205 97,332 

h1991 
1992 
1993 

4,344 
I 

652 3,692 815,000 1,558,947 2,373,947 474,789 0.183 
0.163 
0.146 

86,886 
77,391 
69,319 

1994 
1995 
1997 

0.130 
0.116 
0.104 

61,723 
55,076 
49,378 

1998 1 
0.093 
0.083 

44,155 
39,407 

1999 
2000 

t 
4,344 

t 
652 3,692 815,000 1,558,947 2,373,947 474,789 

0.074 
0.066 

35,134 
31,336 

Total - ?2,957,546 

Discouted at 12 per oet 



Reduction in Fire Damage 

Based on the records of the municipality's fire department, 
from 1973 to 1975, the average annual loss due to fire in the
 
area was estimated to be ?565,000. 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 considorably due to a 
combination of factors, includiig the presence of water supply.

Other factors are fire prevention consciousness; adherence of
 
households, commercial, irlustrial and institutional establish
ments to fire prevention regulations; and intelligent urban
 
planning 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
 
reduction in fire loss due to the project.
 

Since installation of fire hydrants will be undertaken on a
 
staggered 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. Prom 1982 to 1986, 
another 45 ha every year in both high-value and residential areas 
will be extended fire protection. From 1986 to 1990, additional 
57.5 ha every 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 Construotion 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 construction costs that would be incurred up to 1990 were in
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 annual fire damage from 1973 to 
1975 in the municipality
 
is P565,000. Since P565,000 represents the annual fire damage to
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the entire study area and not to the porLion provided with fire 
hydrants, an adjustment was necessary using the following formula: 

No o 	 hectares with. inatalled fire hZE
 
No# of hectares in study area
 

This was done for eaoh year from 1979 to 1990. Thereafter 
up to 2000, the 1990 level of annual fire damage was maintained 
irasmuch as project co ts considered were up to 1990 only*
 

After determining the annual fire loss in the portion of the 
study area with fire kydrants, it was then assumed that this loss 
would be reduced by 75 per cent because of the proposed project. 
Obviously, the increased fire-fighting capabilities in the study 
area in the form of new fire hydrants and rehabilitated old fire 
hydrants with adequate water pressure and in sufficient quantity 
will go a long way in controlling fires. The existing 47 fire 
hydranto in the study area were not taken into consideration be
cause their effectivity is practically nil..
 

Last]y, the reduction in fire damage was discountel at 12 per
 
cent to its present worth. Appendix Table XI-C-4 shows the fire
 
protection benefit in TWD. 
In the first approach where 1976
 
prices were uced and then discounted, reduction in fire damage
 
amounts to 7161,917. 
 In the second approach where inflation was
 
considered, the same benefit amounts to N0O0013.
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PYPENIX TMALE X -G-4
 

REDUCTION T7 PRE DAMAGE
 
TARLAC WAT 11'X59F,1I0T 

75% Reduction 751 Reductiou 
Annal due to 'Foje't due to Project 

Ye ar Fire ])amage (First Approach) (Sscond Approach) 

1979 P 4,726 r 3,545 P 4,718 
190 9,452 7,09 10,378 
1981 14,179 .10,634 1.6,812 
1982 18,.5 14,179 24,218 
].983 24,576 18,432 33,989 
1984 30,248

598535919 
22,686
26,939 

45,910
57,946 

1986 
.i987 

41,590
T, 37 

31,192
36,628 

71,118
88,530 

i.98 8 56,084 42,063 107,765 
1989 63,331 47,498 129,005 
1990 70,573 52,934 152,397 

1991 70,578 52,934 152,39 
1992 
1993 
1.994 
1995 

1996 
1997 
1998 
1999 
2000 70,578 52,934 152,397 

T 0 T A L 

*Discounted at 12 per cent. 

Discount 

Factor* 


0.71?U 

0.636 

0.567 

0.507 

0.452 

0.404 

0.36i 


0.322

0,28 


0.257 

0.229 

0.205 


0.183 

0.163 

0-147 

0.130 

O.116 


0.104 

0.093 

0.083 

0.074 

0.066 


T of 
F" of Benefit 
(P'irat Approach) 

'(Second 

2,.524 3,359
 
4,509 6,600
 
6,030 9,532
 
7,189 12,278
 
8331 15,363
 
9,165 18,548

9,725 20,918
 

10,044 22,900

10,512 ,40
 

10,810 27,696
 
10,877 29,542
 
10,851 31,241
 

9,687 27,889
 
8,628 24,841
 
7,781 22,402
 
6,881 19,812
 
6,140 17,678
 

5,505 15849
 
4,923 14,173
 
4,394 12,649
 
3,917 11,277
 
3,494 10,058
 

P 161,917 P 4.00,013
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incremental Revenue 

Since water is essential to human life, all members of the 
sorved population in the study area presumably would be willing 
to obtain it in sufficient quantities at some given price. With 
the present water supply system, the concessionaires of TWD are 
paying an average of PO.39 per cubic meter, with a present aggre-
Cate consumption of 270,00 cubic meters per annum. With the pro
posed improvements of the system's facilities, the volume of water 
consumption is expected to increase considerably to serve the needs 
of the growing population. This will bring about additional revenue 
to the water district. 

In the first approach adopted for the economic analysis, the
 
following steps were taken in the computation of this benefit:
 

1. 	The projected water consumption of the served popula
tion of TWD from 1977 to 2000 was obtained from 
Table VI-7, Chapter VI. Since these figures are in 
cubic meters per day, they were first converted to 
cubic meters per year by multiplying them by 365 days. 

2. 	The present consumption of 270,000 cubic meters of 
water per annum was deducted from the projected annual 
water consumption to obtain the incremental volume 
of water consumption that is directly attributable to 
the proposed project. The inoremental volume was
 
further broken down by type of consumer category:
 
domestic and commercial/industrial.
 

3. 	The incremental volume for each consumer category per
 
year was then multiplied by the proposed water charges#
 
as determined in Chapter X, Financial Studies. The
 
water charges used here, however, do not reflect the 
effect ofinflation. Lastly, the benefit was dis
counted to obtain its present worth.
 

The second approach involves the concept of "consumer's sur
A.lus't, as well as, incremental total revenue rather than incre
mental volume as used in the first approach.
 

"Consumer surplus" in the case of a commodity like water refers
 
to the excess of what the consumers are willing to pay for water con
suoed over what the water district is charging them, It is believed 
that the true value of water is actually higher than the water district0 
rates. This true value (or economic value), therefore, should be con-
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sidered in the determination of this benefit. It is estimated 
that the economic value of water is 50 per cent higier than the 
proposed water rates in the case of domestic water and 20 per 
cent higher in the case of coimecial and industrial water. 

The steps followed in the second approach are similar to 
those in the first approach except for the fact that the revenues 
of the present system were dedu-ted from the revenues of the 
aggregate 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 consunpion) but also an increase 
in the water rate. Consequently, this will resull 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 be) are those contained in Chapter X and reflect the 
effect of inflation up to 1990. 
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1980 
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1982 
1983 
1984 
1,5 
1986 
1987
1988 
1989 
1990 
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270 -
38
453 183 
913 64 

1,424 1154 
1,953 1,683 
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2,847 2 o5T7 
3,267 2,997 
3,650 3,380 
3,9*9 3,727 
40307 4,037
4,636 4,366 
4,982 4,712 
5,293 5,023 

10. 

1 
52 ut 5,, 

20 O135034295 
.,2. 

-

!5U, 37,,
124.0 59 0 
4887 154 
837.3 316.6 

1,248.1 4349 
1,620.5 W485 
2,014.4 562.6 
2,415.3 531.7 
2,805.4 57.,6 
3,106.8 6.02 
30379.8 657.2
3,670,9 695,1 
3,97S.8 733.2 
4,25M. 763.5 

10.130 

763,.5 

] .Co 
.51
.83 

1.47 
I33 
1.?3 
1,17 
1.08 
1.0 
1.07 
1001 

095
.4 
.t 
.83 

.83 

2. 

1065 
2,94 
2.66 
2.46 

2.~ 
2.4 
2,.ci 
2144 
2,42 
1.30 
.. M 

1-74 
1.66 

1." 

1-2.9 
7. 

1,13.6 
2,5352 

,'A. 
2, 1-(5. i 
2,415.3 
3,0ol2.8 
31379 
3,2.a
3,450.6 
3501.3 
30535.41 

-j5. 

-. 

!Y-!9 
453 -, 
'342.2 

1.069.9 
1 

1,21!-2 
1,163 4 
1,229.6 
1,31,1 
1,24to
1 
1,290 
1,267,04 

-jgu 

-CA 

2A11LA-II 
2.. 
7r-017,0 

1,95518 
2,6c..1 
3, nL3 ; 
3,9~8 
35-7. 
A,2314 
Is14I3.7 
40595
At064,t , 
4,1t1 8 
4,024 

-0. 

_4 k 

0-.'1 
01,2 

,60 
0, 
" 5.'r 

0" ~6 
0.04 
0.361 
O1k.22 
".28 ~ 
CI, 7 
(X2292!099.3 
05 

0-183 
163 
16 

G093 

0.0"6TJ 

19. 0 

!-P4.3-9 
11 S. 

,5.44 

44 
1 527 .5 

4.3.8 
4 24.3
A.=2.7 

9"4.6 
878.9 
782.9 
701.2 
624.4 

4467 

3Wl 6 

o~ Wull. vuim at deliz-vad 

irojectim Period to Obtais the 

=-er 

-Ina 

mountlng 14 270#O000 

incremat. T01=00 
=a 

a * a I1 652216 

dotW from tbe pwaoeu 

26,392.5 

d*vwv uat 

91,614.2 

tkarsvt)o tba 

V ,451.3 

*w~mmW ai 12 jin ot. 



1
A

 


0f
 

C7 0 0 a
 

a
 a 

t uio a
-A

S
y
4
 

14 
om

 

4 IS
* it

1,44 IM U
 

4: 
A

.1 

0 
* 

I 

IL
I 

0'* 

go 

1-43 

'A
nnu 

m
Q

 
_
_
_
. 

i&
~

 
IP

A
 

_
_
_
 



kPIACXfTLZU 172I-1 

ilZ .-..;-,7 .k"I 5-2 5,4r ,, 

Pro _____ -sla& - -orr-Domati -momx LAA....L.Pt a 

boaucs DeOe"2Lt 
hi!tructixe 4;,86.0 1 7912.3 5t075-7 594-7 4,481.0 224.z ,5. 2, ~X 217, 4,57y6,0.2v14. 

bl Xquipsnt 2,669.U 21.6 546-4 643 0141 24.2 459.ti 2f5° 12.1 45Y.5 3, CK 2,3 

%mt-* 
x4mi n% 

4. 3250G 
64cO 

mg.!
435-C. 

3.45. 9 
211.0 303 

26-,959e5
2&0,7 

23u
90 

264
17J-.7 

102
5n,0 

~ 22
I5 2~1.5 1"171.4 ).A70. 3~544,1 

Itistriticn Rai=n 11,244.0 59985.7 5,25p,.3 r246 4-1333*7 226-7 4 7 7,le2A4 1233 41117. Z l 76Z.,1 C'7.~ 
latorinal Ratw 8,303.0 3,625.2 4477".8 856.6 3, 471, 0 183L.0 3.O. 11155(0. 4z".4 3,4400 8,45F,.41 
5.zrvi=~ oza -D 
S Wot~ra 

Frg7,051.4 
3,35443 

1, 7 S3.3 

2, 03-, 
40,M.1 

1016i 

6-11.1 
2 958-3 
1,6&62.2 

181.8 
801.a 
450.4 

48' .3 
2,1%6.5 
1,211.3 

24.5 
107.fi 
(0.64 

464.t 
2,04.7 

.51 

3,1~ 
4313.9 

12"3 

09 
90. 

225.2 

464-5 
2,OAP42. 
145".2z 

,7>~) 
7,369,,, 
IA97.7 

287 
5,653-f 
1,.24941 

Wgtr Diwtricst 3! ldUW 2,166.0 lC098 14562 239&2 91760 458 671.4. -.11. l9.6 LI71. 2,-nc* 1,69-r'-

Nor 117.1 9.9tO 18*1 - 15,1 069 17.2 115.6 - 17.2 1u..0 12 . 
Pipto 160 7 91.8 68.9 48 641 3.2 60.9 110.2 2.4 60-9 1734 1434 
otk- 30a 30.2 3*7 26,5 1.3 25.2 - 1.9 25o2 27.. 22., 

%himes 1.21.0 712.5 45.5 48.5 2,4 .1 87.0 - .1A 1.1o13 l1, 

IpoWk 351,0 i99.3 .51.7 ?V2 14*.5 It.2 1-37.3 23M. 3.6 137.3 Oar I 3u, 
outr sliraft 49%.0 423.8 7542 -24 12.8 ,1-l f922 - -R6 - -2 - -M:2r .. zW 

BJR-7Ci= 49,695.0 23,&-8.3 -25Y8647 4l63&.4 21,209.1 1,0603 20,145. 2,593.0 2,329.k3 20,48. 51t0721. ",2834 

2I;.&M 0 moo...L2 202,2 262. 233.14 

lVam. 499 23,82f63 26,163.7 4,650*4 -21,936&1 05124,SI 0,431. 26,73. 2,329.3 20,431.0 31,353.3 



APPENDIX TABLE XI.-

Mw'ULCMM COST (1974 PRM ) 
TARLAC WATER DISTRIOT 

P"x 19000 

1976 
1977 
1978 
1979 
1980 

1981 

1982 
1983 
1984 66.0 6SO 
1985 67.1 67.1 

1986
 
1987
 
1988
 
1989 
1990
 

1991 
1992 66.0 (8.0 134.0 
1993 67.1 147.3 214,4 
1994 18102 181.2
 
1995 328.5 32.,5 

1996 3284.5 328.5 
1997 370.0 3700 
1998 35449 354.9 
1999 313.4 313.4 
2000 6604 

TOTAL 332.2 2,405.2 2,737.4 
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1976 
1977 
3978 
1979 
1960 
1981 

240s2 
1,109.5 
3,049.9 
5,741.1 
3,935.6 
2,369.6 

52.0 
540 
56.0 
58.0 
60.0 
62.0 

124.9 
599.1 

1,707,9 
3,329.8 
2,361.4 
1469.2 

239.3 
336.0 
455.6 
870.6 
435.0 

-

4 
8 

12 
16 
20 

-

92337 
26.9 
54.7 

139.3 
87.0 

-

0 M7. 

1982 
1983 
1964 

2,322.6 
2,5064 
2,969.6 

,4.0 
6.0 

6500 

1,486.5 
1,654.2 
2,019.3 

32.9 
274.8 
4862 

26 
32 
36 

9.2 
87.9 

17.%0 
1985
1966 
1967 
198 
1989 
1990 
1991
1992 
1993 
1994 
1995 
1996 
1997 
1996 
1999 
20o 

I 

2p585.9
1,703.5 
1,217.3 
1#217,3 
1,217.3 

6,.1 

-

,L32o787.9 

70.0 
72.0 
74,0 
76.0 
78.0 
800 

1,810.1
1,-6.5 

90..8 
9251 
9495 
481.7 

21,046.0 

24.*9 

3,372.3 

40 96.8 

S.4, 

18&4 
188 4 
188.4 
92.7 

56.3 
117.2 
139.1 
252.1 
252.1 
284.0 
2744 
2 0.5 

2,514.1 

6.6 
13.3 
20.0 
26.7 

40.0 
47.0 
53.0 
"0.0 
67.0 
73.0 
80.0 
87.0 
.93.0 

12.4 
25.1 
37.7 
24.8 

22.5 
5.%1 
73o7 

151.3 
16.9 
207.3 
219,5 
209.2 
Z 

1,431.2 
- %a. 

54.7 4.0 
-U.0 

233.7 *33*. 

btsl htnw Valas 2,A44.3 



gmWJmy OP IXMMiC 0n? 
PI.S? API' ,OA 

TABLLC XLM 9TQI.1C 
P x 1,00 

mmct 
O lt 

wlva4s 0 & x 
Tals Ost_____.__ 

Ttal 
Coot 

liKS 0 =* 
Fator 

lspacry f 
I 

Procostlotoo 
pyatPrat 

G__ pp__ 

P ofr 
FT o& 
0 IhCo-_._ 

?v€,P cr 

1976 
1977 
1978 
1979 
190 
1981 
1962 
1983 
1984 
1965 
1986 

1987i 8 

995.2 
2,052.1 
497438 
8,939.6 
6,018.2 
3,457.6 
3,424.2 
3P942.4 
4,821.3 
4,033-3 
2,525.4 

1,831.81831 -8 

66.0 
67.1 

12.0 
47.0 

112.0 
240.0 
438.0 
522.0 
604-0 
703.0 
761.0 
863.0 
922.0 
976.01,1lO.O 

1,007.2 
2,099.1 
4,855.8 
9,179.6 
6,456.2 
3,979.6 
4,028.2 
4,645.4 
5,648.3 
4,963.4 
3,447.-4 
2,807.82,941 8 

1.000 
0*893 
0.797 
0.712 
0,636 
0.567 
0.507 
0.452 
0.4" 
0.361 
0.322 
0.2870 257 

995.2 
1,812.5 
3,780.8 
6,365.0 
3,827.6 
1,960,5 
1,736.1 
1,782.0 
1,047.8 
1,456.0 

813.2 
52.747 * 

247 
242 

12.0 
42.0 
89.3 

170.9 
278.6 
296.0 
306.2 
317.8 
3JM. 
311.5 
296.9 
280-128553 

1,007.2 
1,874. 
3,8701A 
6,535.9 
4,306-1 
2,256.4 
2,042.3 
2,C0n,7 
2,282o9 
1,791-6 
1,130c1 

605.87 56.o 
1969 1,831.8

19 5 
1,178.0
1,232o0 

3,009.8
2*3.373 

0.229 
0-205 

419.5 
18506 

269.8
252-6 

689.2 
438.1 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000
2001 

134.0 
2144 
181.2 
328.5 
328.5 
370.0 
354.9 
313.4 

23,4443 

1,232.0 

16 0 

1,232.0 
1,366.0 
1,4" 
1,4132 
1,560.5 
21%50.5 
1,2.0 
1,586.9 
195454 
1,611*4 

0.183 
0.163 
0.146 
0.130 
0.11. 
C6W0 
0.09 
0.083 
0.074 
0.066 
o.o . 

21.8 
31.3 
23.6 
381 
34.2 
344 
29.5 
23.2 

-
1,383.2 

225.4 
200.8 
179.9 
160.2 
142.9 
126.1 
1-46 
10.2 
91.2 
8161 

225.5 
222.7 
211.2 
18347 
1l.0 

162.3 
149.0 
131.7 
114.4 
169 

TOL 51,353. 2,737-4 22,0400 769131. 26,096.3 31.0 4.043.0 33,333 

-1,303.2 

31,97%.1 



AL M2IZ TALX n.X.5 
=GWBT OF =3K)XIC "DW 

TAMAC WA- R DI!rftUC 

~bx 000 

hamlast bsuaet-el hcaaioe d ca ,t.d FI of Py or FT of PV of PT of 
Isplaossant s;@ 8MI 0 and N Ttal Disoow-t Project khp1aoJo ftavsa 0 an X T,*tr 

1976 99542 12.0 1,007.2 1.000 995.2 12.0 1,037.2
197.7 2,257.3 
 50.8 2,308.1 0.Lk93, 2,015.8 45.4 2,061,.2
1978 5,740.0 13o.6 5,870.6 0.757T 104. 4 678.9
1979 11,890.6 302.4 12,201.0 0.712 6,471.,8 215.3 8,687.1
1980 6,810.6 595.7 9,40.3 0.6--6 03.5 378.9 5,9?2.4 
1981 .5,466.5 766.8 6,233.3 0.567 3,099-5 ,34,84,U53431982 5,8.5 958.5 6,807.0 0.507 2,965.2 486.0 3,451.21983 7,269.8 1,204.9 8,474°7 0.452 3,285.9 54.6 3,830.5
1984 9,1040 131.5 1,408.6 11,144.1 0.434 3,660.0 5.1 569.1 41,9-,2.219 5 8,675.6 144.3 1,725.1 10,545.0 0o361 1,131.9 5201 622.8 3,806.8
1986 5,757.9 1,990.6 7,748.5 0.322 ,-854 6.0 2,V5.0

: 1987 4,427,5 2,276.0 6,703-5 0.287 1,270., 653.2 1,93.9
1988 4,693,1 2,795.0 7r458. 0.257 1,206.1 718.3 1,9Z4.41989 4,975.2 3,204.2 8,179.4 0.229 t,135.3 733.8 T,873,1
1990 2,606.4 3,618.4 6,224.8 0.205 534.3 741.6 1,276.1

1991 3,618.4 3,618.4 00183 
 662.2 66.o2 
1992 4,o4.2 0.163 6.g 589.8 652.71993 617.3 4,235.j 0.146 90.1 528.3 618.41994 521,7 4,140.1 0.130 67a8 470.4 5. 2995 945.8 4,564.2 0.116 109.7 41-97 529.4. 
1996 945.8 .41562 0.1C4 98.4 376.3 474-71997 1,065.2 4,683.6 0.093 99.1 336.5 435.6198 1,021.8 496W.2 0.083 84.8 300.3 N85.119", 902.3 - 4,520.7 0.074 66.8 267.8 334.6
2000 1,092.3 3,618.4 4,710.7 0.066 72.1 238.8 310.9
2001 -_- - 0.05. ------

89,0.6. 7,773.4 57,223.6 154,023.2 44,028.0 85.9 11,091.2 55,976,1 

sm 1.tuL inlIp 10 pe a" 1976 to 1960, l .iot pe eas tIm tow to 1985 a w adx pe oulti 195 to 1990. 2in w v tog*20W, the emamltiontator was maitained at Its 1990 1..1. 
*"Seb.t 11ma~ pw tim196 to 1990. th0 mematiom fatr wa emafta Ime MO9 lovel.IV .1t mwt kWouttmUP to 2=00, &t Its 

Dts~atat 12 per OUR* 



INTM L DMIMMIC 
TAMLAC U.TE 

RATE OF RFZU-U 
DIZ7:2iNM 

gelg DiscountLsa-&te clte 

1976
1971 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1"65 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

2001 

140-1 

355.4 
7,0.9 
8,694.3 
9,363.6 
9,888.1 
l0518ol 
10v728.0 
11,282.2 
11,461.0 
9,818.7 

10,138.2 
10,194.4 
10,213.3 

222,819.3 

1,007.2
2,099.1 

4,855.8 
9,179.6 
69456.2 
3,979.6 
4,028.2 
4,645.4 
5,648.3 
4,963.4 
3,447.4 
2,807.8 
2,941-8 
3,009.8 
2,137,3 
1,232,0 
1,366.0 
1,446.4 
1,413a2 
1,560.5 
1,560.5 
1,602,0 
1,586.9 
1,545-4 
1,611"A 

76,131.2 
23_44__ 

1.000 
0.730 

0.533 
0.389 
0,284 
0.207 
O.151 
0.110 
0.086 
0.059 
0.043 
0.031 
0.023 
0.017 
0.012 
0.009 
0.006 
0.005 
0.003 
0.0025 
0.0018 
0.0012 
0.0010 
0.0007 
0.0'-%C5 

0.00D04 

102.3 

189..4 
3,069.6 
2,469.2 
M 938,2 
1,493.1 
1,157.0 

922.6 
665.6 
492.8 
304.4 
233.2 
173.3 
122.6 
91.9 
61.3 
51.1 
30.6 
25.5 
18.4 
13.3 
10.2 
7.1 
5g 

13,7 .9 

1.522.3 

2t588.1 
3,570.8 
1,833.6 
823.8 
6G8.3 
507.7 
485-8 
292.8 
14Z.2 
8"7.0 
67.7 
51.2 
25.6 
11.1 
8.2 
7.2 
4.2 
3.9 
2.8 
2.1 
1.6 
1.1 
Q& 

13,673,1 

-1356,-. 

577 

698.5 
2,9 O.6 
4,75#46 
6,510.9 
8,190.0 
9,582.2 

10,875.7 
13,821.4 
15,124 9 
1f,2863 
18,279.1 
19t625.8 
20,827.8 

i 

20,827.8 

2,308,1 

5,8To,6 
12,20! .0 
9.406.3 
6,233.3 
6,807.0 
8,4T4.7 

11,144.1 
10,545.0 
7,748-.5 
6,703,5 
7,48 1 
8,179.4 
6,224-8 
3,618-4 
4,004.2 
4,235.7 
4,14. 
4564.2 
4,564.2 
4,683.6 
4,640.2 
4,520.7 
.207 

153,IB336 
67490 

-

000
a0 63 .4 

0.694 86 
0.579 1,708.A 
0.4n2. 2,917 
0-4a 2,617.4 
0.35 2,743.6 
0.279 2,673-4 
0.233 2,534.0 
0.194 2,681.4 
0.162 2,450.2 
0.135 2,198.6 
0.112 2,0W7',.2 
0.093 1,825.2 
0.078 1,624-6 
0.065 1,353.8 
0.054 1,124.7 
0.045 937.2 
0.038 791,4 
0.031 645.7 
0.026 541-5 
0.022 458.2 
0.018 374.9 
0.015 312.4 
0.013 

-01

.754735,54.2 

1,v922.6 

4,Ovh,2 
7, 05. 4 
4,53348 
2,505.8 
2,280.3 
2,3,4-4 
2596.6 
2,045.7 
I,255.2 
905.0 
83,6.7 
7607 
485.5 
235.2 
216.a 
190.6 
157.3 
141.5 
118.7 
103.0 
83.5 
67.8 
9.WU8A§ 

-QA
35,335, 

(4.229) (1.ooo) (o.9M) (1.ooo) (4.132) (j.ooo) (1.006) (1.000) 


