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Volume I! (Appendices) of the Technical Final Report for 
the Misamis Occidental Water District Waxho Supply Feasibilitya 
Study oontains detailed information relating to several chapters
of Volume I. The appendices may either pertain to ore than 
one chapter of Volume I or to specific sections of a chapter. 

Appendices A, B, C and D refer genomlly to aeveral ohapters
of Volume !a Appendkx A, Design Criteria, is fundamental to 
studies in all chapters of the Technical Reporte Appendix "' 
Basis of Cost Notimate , has been used in the preparation of 
oost calculations in Chapters VIII and IX. Appendices C and 
D are related to Appendix B and to the contruction of the 
recommaed plan described in Chapter IX. 

The other appendices refer to specific chapter sections 
in Volume It The appendices are nui1ere aocording to the 
chapter and nection to which theV refer. Thus, Appendix
VIII-D refers to Chapter VIII Seation 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 quality.
 

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.
 

Populatic, Projections
 

The total service area population would be projected on the
 
bases of separate projections for the core city or 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 ''vertly served in the study area will be bavied on number 
of piped water connections and average number of people per urban 
household as obtained from the official census books. In the es
ti, ation 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 t industrial, commercial and public
 
areas within the water service area will be designated either
 
from the existing master development or zoning,plans of the commu
nity or from data on other cities with similar characteristics.
 
A projection of the land use pattern for the study area will be
 
shown on a map and summarized in a table.
 

Pressure Zones
 

Depending on general topography of the water service area
 
there may be one or more service pressure zones in the water dis-
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tribution system. The maximum difference in ground levels in any
 
pressure zone will not be more than 50 meters.
 

Separate supply lines from the source will be provided for
 

each zone where economically feasible,
 

Unit Water Demands
 

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

estimated for the utuds- area. Past water district records and
records from similar cities will be used for early 6stimates.
 
dhen using the water district records, the actual metered cus
tomersand borrowers would be considered separately. For borro
wers, an average unit consumption of 20 Ipcd 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 will 
represent different economic classes of customers. This measure
ment will be conducted in areas which have adequate supply.
 

Unit domestic consumption will be increased by 1 to 2 per
cent ea3h year to account for economic growth within the commu
nity. 

b. Institutional and Commercial: Irstitut'onal and comnmercial
 
water demands will be estimated as a percentage of domestic
 
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 hectaie will be used in the estimates for
 
this purpose.
 

c. Inductrial: 
 At prevent, there is no heavy industry in the study
 
areas. 
However, available zoning plans designate areas for
 
future heavy industrial develcpments.
 

Past records on the water consumption of existing light

industrial establishments will be studied to establish unit
 
flows required per unit area. 
If no record,. are available, aunit flow of 10 cum/day/ha (.-ross) aill be used in the e:;Li
mates.
 

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

Unaccountable Water
 

dith a review of the available water di:3tr-3t records or con
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sumption pattern in :;imilar cities, a tentative percentage of the
 
total supply reluirement will be established for unaccountable
 
water for the early studies. The final estimate of unaccountable 
water will be based on actual field measurements. Unaccountable 
water may include waste and unrecorded usage. It is assumed that 
the amount of unaccounted-for-water will be reduced gradually with 
the implementation of staged improvements to the system. 

Total Supply 

A total of various water demands and unaccounted-for-water 
will be the total water supply requirement for the study area. 
If there is more than one pressure zone in the study area, the
 
required supply in each 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 maximnm-day to average-day ratio of 
1.2:1 and a peak-hour to averLL;c . j 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 &ub-areas repre
senting different population densities and demand patterns. Loca
tions of the existing large demand customers (e.g., industry, mili

tary base, university campus, airport, etc.) and their water usages 
would be obtained through the water dijtrict 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 3,ystem Analysis 

After gathering all pertinent daa, the existing system will
 
be analyzed through a computer program. All the pipelines, 100 mm 
and larger, wil. 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 maximim-day and peak-hour flow condi
tions. About 5 per cent of inioUcountable water will be allocasted totransmission line and the remainint unaccountable water will beevenly distributed in the diutribution 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
iraulic 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 portion, 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 
"C"value 100 110 120 

b) Cast Iron Pipe
 

Size (M-1) 100-150 200-300 350-500 
Age: new 100 110 120 

10 years 90 100 110Y 

20 	years 80 90 	 ICY5 

30 	years or 
more 70 80 I001/ 

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 maximnw-day demand, : typical commercialresidential area will be cheoked 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
 

2/Subject to field verification.
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first and the eooromy of construction staging for 1990 shall be 

oheokdd specially for supply, treatment and transmission facilities. 

A systen skeleton will be prepared for each pressure zone. 
asFuture pipelines will follow existing roads or proposed roads 

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 as practical and 

economically feasible. The primary system which will be checked
 

hydraulically first will include (200 mm) and larger pipelines. 

The projected average day demand loads will be distributed at nodes. 

For computer input, the pipe data will include a pipe numberg connect

ing node numbers, diameter, length and "C" value; the node data will 

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

the design year.
 

The maximum hydrostatic pressure in the system will not exceed
 

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

the pre-established HGL elevation would be evaluated carefully for 
to use them or to phase them out.deciding whether to continue 

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 wil-l
 

values will be applied throughout thebe used. The following "C" 
studies:
 

Pipe Size (mm) 	 "C" Value
 

200-300 	 110
 
120
350-500 


600-larger 	 130 

A field cleaning and lining of existing large size mains will 

be considered as part of the improvement program. An operational 

storage volume of 15-20% of maximum-day demand at the design year 

will be provided (19% for 	Ozamiz and Clarin). 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 determini,
 
pump head characteristics the estimated minimum water level in 
the well, head losses through suction pipe assembly axid the head 
required in the system would be investigated. 

Booster pumps will be selected either to meet peak-hourly 
demands if there is no distribution storage or to meet maximum 
daily demands if there is an adequate 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 pressure less than 14 m at any point of 
the primary system). 

b) 	Minimum flow plus tank filling if the storage tank site
 
is located too far from the demand center* (The minimum 
flow is 30 per cent of the average daily demand). 

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

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

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

Supply facilities : HGL elevation and variation 

Flow input capacity 

Pipelines : sizes, locations"C" values 

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

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

Wells : safe yield, water level 
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Hydrants : inlet-outlet charcteristics, louations 

Valves : check valves, closed or throttled valves
 

In evaluating and solecting the pipe material for use in the
 
7nroposed improvement program of the study area waterworks systeu9 
oareful consideration should be given to the following: 

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

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

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

d. Operation and maintenance problems; and 

e. Zconomic ounsideration 

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. Mini
mum pressure class of pipe will not be less than 7 kg/sqcm. 

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

Because of the brittleness of the material, the use of cast
 
iron pipe and ashestos cement pipe is generally limited to the
 
nmaller sizes. In addition to the inability to take large bending
 
loads, with brittle pipe, sudden failures can occur and discharge
 
large volumes of water that not only cause extensive damage, but
 
mky -:Aso 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. 14any 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 in 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 comparison,

which mAv be made among the recommended pipe materials for the

required service 
and capcity as shown in the following table: 

Diameter (mm) Service

Pipe Material 
 10-100 150400 450-600 700-1200 Distribution Transmission 

Prestressed Concrete _ x x - -
Steel 
 x -x
 
Cast Iron - x x - x 
 x 
Ductile Iron - x x x x x 
Asbestos Cement - x x - x
 
Polyvinyl Chloride
 
or ]olyethylene 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. Thim 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 ma4 .it are observed.
 

Valves 

To isolate and drain pipeline sections for test, inspection,
cleaning and repair a number of valves are generally installed in
the line. The most cottionly used valves are gate and btterfly
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 or stop the flow Inslow down of water. a 
distribution system, large numbers of shut-off valves (gaLe and

butterfly) are utilized. 
Gate valves are more applicable to pipe

sizes up to 300 nn in diameter. For larger siz:e pipelines butterfly
 

A alvanized steel pipe.
 
3Service connections only.
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valves will be used.
 

Valves in a distribution system ill normally be located at
 
street intersections. The valve spacing in high consumption areas
 
would be closer than low couasumption areas. A maximum valve spacing
 
of 300 to 500 m wIll be considered in preliminary layouts. 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:,ce 
with the service requirements. Va!ve design% and manufacture will
 
conform to the crurrent AWJA or AZTM specifications. 

Fire Hydrants 

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

a) High value residential, :ommercial and industrial areas:
 

Spacing : 150 m, maximum 
Connecting pipe size : 100 mm, minimum in looped aeygtems 

150 mm, minimun in dead-end ayetems 
Hose outlet : I x 60 mm (2-31 -in) 
Pumper outlet : 1 x 100 mm (4-in) 

b) Normal single family residential areas: 

Spacing : 250 m , matxiium
 
Connecting pipe size : 100 mm (4-in)
 
Iiose-Puaper outlet : 1-100 mm (4-in) 

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

Flow Meters 

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 piezometric head between the undisturbed flow and the 
constz-iction 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 nay 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 oounon are positive
displacement and propeller meterso The positive displacement
type meters are more accurate in measuring small flows* This 
type of meter is not 
fine particles as it 

recommended, however, for waters having
is likely to become inoperative due to 

clogging. 

Plumbin& Code 

The Philippine National Plumbing Code shall be applicable. 

Distribution Storage Tanks 

Distribution storage tanks are used to provide storage volume 
.to meet 1luctuations in water use, to provide fire storage, and to
stabilize pressures in the distribution system, The tank in rela
tion to the service areal ahould be located as muoh 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 bdraulic 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 anadequately sized storaged tank it is possible to have supply and 
transmission facilities operating, more or less, at a steady rate 
which is normally to be around maximum daily demand for the design 
years 

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 
7 m will be assumed for the operational storage. 

The maximum hydrostatic pressure in any pressure zone in the 
distribution system should not exceed 70 meters. The tank overflow
elevationg 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 o. a stand-pipe, all 
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covered. A tank shape can be rectangular or circular. Roof slab 
of a tank will b, supported on interior columu. The tanks are 
normally constructed from reinforced concrete or steel. Reinforced 
concrete tanks would have less maiiitenance costs and also will not 
require foreign exchange. 

Piping in a tank will consist of incoming flow pipe, overflow 
and drain pipe, and outgoing flow pipes. 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
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 storage uits for the service area 

Booster Pump Stations 

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

Selection of pumps will be based on system-diacharge 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 distriAution 
system, the system curve shall be studied through computer analysis. 

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

If the water has to be pumped through a long transmission line 
before it reaches the distribution system, an eoonomnical 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 power

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 senaing device 
 to automatically
stop the pump on a high discharge or low suction pressure. For 
proper operation, maintenance and safety of a pump the following
equipment generally provided on the discharge line are: 
 shut-off
 
valve, check valve, surge relief valve, pressure gage, flow meter
 
and 	 air and anti-vacuum valve. 

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

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

Pumps are to be constant speed single stage, horizontal or 
vertical centrifugal type. The minimum number of pumps in any
station will not be less than two. Pump ratings, make anti model
 
in the system will preferably be the sane 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 even when pump isstation one out 	of
service. 
Where electricity is not reliable, consideration should
 
also be given to having one of the larger pump motors close-coupled
with a diesel or gas driven engine. Py this, at least part ofstation capacity will be available in the event of power failure. 

Water Quality Criteria 

The water provided by a public water supply system should 
be free from substances h.rmful 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 be free from encrusting or corrosive
 
properties and should be clear t colorless, tasteless
 
and odorless.
 

Maximum acceptable concentrationl of some of the most signi
ficant constituentu of water, as established by the Philippine 
National Committee on Drinking Water Standards, and by the World 
Health Organization (WHO) are to be used as guideline. 

Surface -later Sources
 

The treatment of water from a surface source must be economic
ally feasible and should mee+ the current requirements of Philippine
 
Drinking Water Standards wit.. respect to bacteriological, physical,
 
chemical and radiological qualities.
 

The quantity of water at the source(s) shall be adequate to 
supply or supplement the water demand of the service area at least 
until the year 200. 

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:.Lge 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 minimum 
recorded flow minus riparian rights would give the minimum amount of
 
water available from a particular source for the study area. This 
minimum flow rate will be compared with the estimated total tross 
water demand in the study area to decide whether any impoundment 
is needed and when needed, Without a need for impoundment reservoir 
a water diversion and intake structure would be required for the 
supply. If an impoun%ment 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 aOjusted for evaporation and riparian rights. Demand 
lines drawn tangent to the high points of the mass curve represent rate 
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11 of withdrawal fr,m the rp"orvoi:. Issuring the reservoir to be

whrever a demand line intersects the mass curve, the maximum
 
departure 
between the demand line an(! the mass curve represents
the net reservoir capacity required tv satisfy the demand. Usually 
some volume in the reservoir, which may be also called doad volume, 
ie allocated for siltation. 

In order to determine the basic dam height, arpa-volume curves 
are drawn up for each feasible darn site. From thess curves a d.vn 
height can be selected which would create enough volume of reser
voir to satisfy the demard and dead volume requirements. Estimated
reservoir volume will be increased by 25% 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 strea 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 municipal usage. 
 In accordance with the governmental require
ments in tht Philippines any proposed dam 60 m or higher must be
 
communicated 
 to the National Power Corporation. 

Raw Water Pump Stations 

Location, arrantement, type of equipment and struzture are

important aspects of 
a pump station to be investigated in the
 
design. Before deciding on 
a raw water pump station, an economical 
cost comparison will be made for gravity flow though a tunnel alter
native if area topography is suitable. 
A raw water 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 'De designed for the maximum daily demand in

the design year. 
Pump3 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 engine driven vertical turbine pumps
will be used for the raw water pumpage. 

A - 14
 



Staging of Source Development
 

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

The staging of construction will be in accordance with the
 

following demand conditions:
 

Facility Dertiand 

Dams
!ater Treatment Plant 

Avera~-e-Day 
Iaximum-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. 

Surveyp 

Water quality surveyo 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. 

Groundlwater.-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 being: either excessive hardnesst 
or iron and manganese. The spring recharge area must be protected 
from pollution. 
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In the construection staging of spring developmentt the measured 
minimum yield should meet the maximum daily demand of the study area t
if adequate storage is provided for peak-hour demands. 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, inter
ference 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 and test well results, the
 
aquifer coefficients will be estimated. With this and hydro
geological appraisal of the area, practical design yield, well
 
size, depth and spacing can be planned. Water quality analysis
 
will indicate treatment recuirements of the source.
 

Construction stavin 
of wells should follow the same criteria
 
as explained for spring dovelopmert.
 

,ater, in general, has to be pumped from a groundwater well
 
with the exception of flowing artesian wells with adequate yield.

Pumps norially 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 combinod in one unit placed below the water 
surface of the well. The pump bowls mcq 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 pumping level. 
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4here the souice of electric power is not reliablj, diesel
 
engines will be considered for pump drive units, Pumping head
 
will be determined by pumping- level in the well and minimum
 
pressure requirements in the distribution syste:n during peak
hour demands or by tui< filling operation during minimum hour 
demands. 

Water Treatment Works 

Objectives oi 'ater Treatment. In the design of water treat
ment plants, the provision of safe water io the prime 5oal. 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 usine facilities that are reasonable with respect

to capital and operating costs. In plant design the various alter
natives will be investigated inoludiwj plant performance and cost
 
studies.
 

General Desipn Considerations. Where previous experience
with treatment of the same or similar source is lacking, special
studies would be necessary for design purposes. These special 
studies may include tests conducted in the laboratory, in exist
ing plants or in pilot plants. The rated or nominal design capa
city of the treatment plant will be the maximum daily water demand 
of the system for the design year. Using water demand projections,
 
a logical prograin 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 

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 impoiiar.t units such as flocculation, settling and
 
filter basins is to be less than two. Stand-by units will be pro-
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vided for specially when the plant treats a water that is highly 
contaminated, 

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

In plant sizing and layout, the 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. Contruot
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, but the number will be suffioent to
 
provide stand-by capability.
 

(4) Operation of filters# flocoulators anJ chemical feed
ing equipment requires the most .attention of operators*
It i! therefore desirable to arrange the plant so that 
these functions are close together, rather than widely
separated. 

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

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

(7) 	Unessential instrumentation will be avoided.
 

Tmves or Water Treatment Plants 

The quality of 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 according to raw water 
quality is a useful guide to the designer. However, such classi
fication is not a substitute foz engineering studies including, 
in some instancest 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 if the water is highly turbid. 

Water filters cn 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 
followin 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 
Type of Aeration sqm per 1,000 

cum/d4 

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 .round water whic:h has a high content of 
carbon dioxide, iron and manganese and hydrogen sulfide. 

Mixing. Coagulation of particles in the water with the 
addition of cheminals is accomplished during mixing processes. 
Where only a coagulant is used or where sequence of application 
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-AP1D TABLE 1-1
 

APPLICATION OF TREATMMT METHODS4
 

Water Quality 	 Pret reatment Treatment Special Treatments 

o 	 o. S01r4.C 

0 	 -, 

-r 0 4 0) d 0~J S 
Constituents Concentration *4 4) r 4 -2 i 0o F4 d 00 

Q 
0. M 0 0 r- X 4)*24-A 

, *.4 40q 0X M~ 0 CO;.f 'd1- d'd+"4 .40 -O a~ 4)i = Cda 	 0 

Cd 	 a)4) ., 4)1 	 0 S4 0 *s0 4 .2 :04* Cd 0 4rq ) a~)CC)r0 + 
o i- r 00rq4 r- 0 ;% A-4C a ,. d 

2. e 	 .80 . r. rn -a + ,e_1g 

Coliform ITN per 100 ml 	 0-20 E 
(monthly average) 	 20-100 0 0 0 0 E
 

100-5,000 E E E 0 E
 
>5,000 E 0./ E M E 0
 

Turbidity-units 	 0-100 0 0 
10-200 0 E E 
>200 0 0V/ E 

Color-Mg/l 	 20-70 0 0 0 
>70 E E 0 

Tastes and odors noticeable 0 0 0 0 E 
Calcium carbonate-mg/l > 200 0 E E E E 
Iron and manganese-mg/l 	 4 0.3 0 0 S 

0.3-1.0 0 E E 0 
>1,0 E E E E 0 0 

Chloride-mg/l 	 0-250250-o0o 
500? E

Phenolic compounds-in/l 	 0-0.005 0 0 0 0 
> 0. 005 E E 0 E 0 

Toxic chemicals E E E 0 
Less critical chemic'is 0 0 0 0o . 

4-ssential; 0-optional; S--special justification required. . alternate, dilute with low-chloride wter.
 
Kperchlorination shall be followed ty dechlorination. -JDouble settling shall be provided for coliform
 

exceeding 20,000 M.B.N.
 
§Ar extreme muddy water, presedimentation by plain settling may be provided.
 

Source: Water Treatment Plant Design, ASCE, ALA., CSSE, 1969 edition
 



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

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

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

Sedimentation following chemical coagulation and floooula
tion is used to remove color and turbidity by adding coagulants9
 
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 tanksp 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 aid in control of the overflow.
 

Most sedimentation tanks used in water purifioation 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 clarification basins. Because of simplicity in
 
construction, operation and maintenance the horizontal-flow 
t-pe basins are expected to be applicable in the Philippines.
 

Horizontal-flow tanks may be either rectangular or circular 
in plan. Circular horizontal-flow tanks are usually center feed
 
type with radial flow. In a rectangular tank the flow lines are
 
parallel and all in one direction. The flow usually enters one
 
end of the tank through a perforated or diffusion wall, travels
 
the length of the tank, and then exits over some type of effluent 
weir. 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 
exf.-rionce with full-scale plant operations and from pilnt
plant research. Raw water quality varies from one source to 
another, therefore, only tentative design criteria can be estab
lished for preliminary Jesign works. 

The temperature of the. water, the specific gravity of mate
rials in suspension, and the size and shape of the suspended
 
pr'"''-s influence sediiTo-niation process. Experience has shown 
.1,0t hi.jher tank. overflow rates cani be used in warm waters. A 
particle With hil1her specific gravity will settle faster. The 
time oF retention in the sedimentation tank is important, because
 
lonjjer timt- permits more floc contacts and, hence, more floc 
growth.
 

The purpose of the settling tank is to hold the water for 
a period of time during which the velocity of flow through the 
tank has been greatly decreased to allow sedimentation occur.'o 


The main characteristics of sedimentation tank involvad include 
the tank surface area, which is dependent on the surface over
flow rate, the tank depth, which is dependent on the detention 
time, 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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APPENDIX TABLE A-2
 

DESIGN PARAMETERS OF SETTLING BASINS 

Raw Water Treatment Overflow Rate 
(ouml/ ), 

Detention 
Time (hr). 

Velocity 
Through 

Basin /min 

Tank 
Depth 

(m) 

Surface 

Surface or 

Alum flo 9 

Ferrous flo09 

Lime softening 

25-50 
30-50 
40-60 

2-4 
2-4 
1-3 

0.15-0.50 
0.15-0.50 
0.20-0.60 

3-4 
3-4 
3-4 

ground 
Without subsequent 

filtration 10-20 8-12 0.05-0.20 4-5 
Plain selimentation 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 depth, 
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. 

9With subsequent filtration.
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APPENDIX TABLE A-3 

TYPICAL WEIR OVERFLOW RATES 

Weir Overflow Rate 
%ype 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 pump 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 multi-layer
 
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/sqm 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 Us 
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-. 
tio 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 fiiter media
 
is specified to have an effective size of 0.35-0.50 m and uniform-.
 
ity coefficient of about 1.!. 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/l. 

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 washwater must 
be supplied and by problems in securing uniform distribution of 
washwater that increase with larger areas. 
 The largest filter
 
unit normally employed is about 200 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 gallerye One end of the row 
of filters should be kept unobstructed to permit future expansion.
In proposed plants in the Philippines the filter tops will be open
 
as there will be no freezing problem. Clear-well storage will be
 
located not underneath the pipe gallery but in an area adjacent to
 
the filter basins.
 

Depth of water over the filter media for warm water may be
 
about 1.5 meters. This much of adequate water depth above the
 
media would reduce the possibility of air binding during loss of
 
head operation.
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Filter baokwashing is done to remove from the :d 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 oum/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 recomended ve1ooij for 
water filtration units: 

APPENDIX TABLE A-4 

RECOMMENDED VELOCITIES FOR FILTRATION UNITS 

Location Velocity 
(r/see.) 

Influent 1.10 
Effluent 1.5 
Backwash 3.5 
Waste 2.0 

Cost Estimates
 

The construction coat estimates of proposed improvements 
will be based on projected July 1976 unit prices. The estimates 
will show foreign and looal cost components of the project cost. 
Construction cost projections will be made for all items which 
will be included in a water supply project* When using a source 
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 
for 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 construction 
cost for major items. 
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The total project cost of any alternative scheme will be
 
bomputed in the following manner: 

1. Construction Cost: A 

2. Engineering and Contingencies 0.25 A 

Sub-total B 

3. Land Cost C 

Sub-total D 

4. Administrative and Legal Fees: 0.03 D 

Sub-total E 

5. 	 Interest During Construction (at 12LIF 

Total Project Cost G 

Economic Cost 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) Iechanical Equipment: 25 years 
c) Land: infinite 

Total project cost will include construction cost, engineering
 
and contingencies, land cost, administrative and legal fees 
and interst during construction. Present worth of capital
 
costs will be calculated backward from completion time of cons
truction. 

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

Annual costs will include personnel, 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 escalation factor will be applied to July 1976 prices as
 

all of the schemes will be affeated in the same rate.
 

Salvage value of a facility will be estimated by using linear
 

depreciation for its value throughout its service life.
 

Economic comparison of altsrnative schemes and selection of 
the least cost scheme will be baaed on present worth of net dis
bursements during the period of 1976-2000. 
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APPENDIX B
 

BASIS OF COST ESTIMATES 

General 

Cost data refer basically to estimated construction costs1 
which include all materials and labor, together with some allowance 
for related miscellaneous work and contractor's overhead and profit* 
The cost data have been converted to unit prices in table or curve 
form for easy application during feasibility studies. In develop
ing the estimates, data and information from various sources incild
ing 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 United 
States, 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 (ENR) and used extensively 
as a guide for construction cost projections. Based on price move
ments 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 (unskilled and skilled), local materials, contractor's over
head, 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 construct
ion 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 cons
truction costs only. The total project cost would include other items 
as surveys and engineering, contingencies, land and easement cost, 
administrative and legal costs, and interest during construction. The 
project cost is the sum of construction cost# 25% engineering and con
tingencies, land cost, 3% administrative and legal costs, and 12 per 
cent interest during construction. 
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"Dams and Appurtenances 

Dams and appurtenances are special structures and as suoh,
 
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 dams and appurtenances
 
are listed in Appendix Table B-1. Application of the unit costs
 
to estimated quantities for a given dam project will yield esti
,matesof the construction cost for the project or components
 
thereof*
 

Tunnelm 

The construction costs of tunnels are heavily dependent on 
a :large number of variables. Among these are the typo of rook 
or other material encountered, the physical or structural defects 
,of the rooks, the extent to which water is present in the forma
tions along the route of the proposed tunnel, length of tunnel to 
ibe drivel, the size and shape of tunnel, the method of attaidLg 
the tunnel headings or faces, method of drilling (conventional vs 
!machine), ventilation and dust control requirements, the muoking 
operation employed, timbering,.steel supports and reck bolts re
S:.quired, design and thickness of concrete lining, the skill and
 
ability of workmen, and the knowledge and experieAo of their 
supervisors. Reasonably accurate construction costs of tunnels 
are difficult to estimate, more so in the absence of cost data on 
existing installations. Reliable estimates can be made only after 
thorough investigation of the tunnel route by boring., geological 
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 prices developed
 
Ior 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-2. Construction cost for each tunnel 
!projeot mut be estimated individually. 

Deep Vel~s 

,'Coft data for deep well construction are presented in Appendix 
Mture B-3. The costs are based on actual costs, 'bidprices, and 
conatraot prices for deep wells. 

he "estimating prices include materials and labor costs and 
-a" for .non-gravel packed wells with perforated casing in lieu of 
..a;well :soreen. Costs of materials are based on the use of imported
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APPENDIX TABLE B-i
 

1UNIT COS T VOR DAM AND APPURTENANCES 

A. Dam Embankment 

Unit Cost
 
(July 1976)


Item Unit r Remarks
 

Nobilization L.S. 2 300000 

Clearing and Grubbiz4- ha 1,500 Under water add 15% 
Common Excavation CuM 16 Under water add 15, 
Hard pan Excavation cum 20 Under water add 15, 
Pock ,x-cavation cum 25 Under water add 15% 

Rockfill for embankment 

quarry excavation cum 65 

Hauling and Placement cum/km 8
 

Placement of coarse aggegate cum 12
 

Placement of fine agregate cum 12 

Impervious earth core
 

hauling oum/km 8 

placement cum 7
 
Backfill
 

dump cum 8 

compacted (machine) cum 60
 

Crushed rock cum 50 material 

Riprap (placement) sqm 30
 
Steel sheet pile inplace ton 10,000
 

B. Roads
 

Common Excavation for Roads cur 4 
Road Embankment cure 6.5 placement and compaction 

nForeign exchange component of dams and appurtenances is 30%of 
total construction cost.
 

2 Lump sum.
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Maoadam Pavement 

Bituminous Surface 

C. Spillway 

Excavation 


Concrete (Plain) 

Reinforced Concrete 


D. Miscellaneoui 

Generators 
25 kw 


50 kw 


100 kw 


250 kw 


Structural Steel 


Sluice Gates 

Miscellaneous 


APPENDIX TABLE B-i (Continued) 

sqm 20 

sqm 27 

(see previous unit costs) 

oum 500 

oum 900
 

L.*S 3,000
 

L*S. 10,000 

LS. 15,000 

L.S. 20,000 

ton 8,000 

LS, 50,000 

.S. 10% of Total 
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APFFVDIX TABLE B-2 

TUNNEL CONSTRUCTION COST 3 ESTIKATES 

(July 1976 prioas) 

Foreign Xiroharge 
Ite 
Number Work Description 

A. Items with Unit Quntities 

1 Open Exoavat ion 
a) Rook 

b) Hard Pan 

o) Soil 

2 Tunnel Excavation 

3 Tunnel-Concrete Lining 

4 Tunnel.-Steel Supporta 

5 Rock Bolts 

6 Grouting 

7 Drainage and Ventilation 

8 Misoellaneous 

9 Cofferdam and General Dewatering 

Component Total Unit Coot
 
( of total) (peos)
 

45 25/oum
 

45 20/c
 

40 16/cum
 

50 100/cum
 

10 600/cum
 

30 (See page 6)
 

20 (See page 6) 

10 (See PLO 6) 

(See pace 6) 

20 (See page 6) 

17 (See page 6) 

3Does not include en4inooring and contingencies, land cost,
 
administrative and legal fees.
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APFENIMU TABLE -.? (Continued) 

B. Unit Prices Varialbe With Tmnel Inaide Diameter
 

(All unit prices in poiso per meter of tunnel) 
Item Tunnel diameter (m) 

Number Work Descrit ion 1 -Q 1Q 2Q0 
4 Steel Supports4 800 900 1,100 1,300 1,550 

5 Rock Btolts 4 350 40 450 500 550 

6 arout ineg4 400 500 650 800 900 

7 Drainage and Ventilation 500 550 600 650 650 

8 Misoellaneous 500 600 750 900 1,000 

C. 	 Estimated Lump Sum Cott for Cofferdam, Channels and General
 
Dewatering.
 

Drainage Area of River Esiimated Cost
 
106
x 1 


40-50 	 2,0
 

50-100 3.0 

100-200 4.0 

200-5oo 4.5 

500-80 5.0 

D. 	 Mobilization and Demobili-ation - P?00,000 

4Fbr 	required length only.
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Schedule 40 black iron pipe casing. Labor costs include mobilizp
tion and demobilization charges, drillinp, installation of casing, 
perforating, developing the well, test pumping, well disinfeotion 
and grouting the upper 15 to 30 m of the well.
 

Dtep Well Pumps and Pumphouses
 

Construction cost estimates for deep well pumps and pumphouses 
are shown in Appendix Figure B-4, The estimates in Appendix Figure 
B-4 are based on the use of diesel engine driven deep well turbine 
pumps and include discharge piping and valves, 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 Punmp Stations 

The cost curves which are shown in 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 
pump wet well. A superstructure for housing pump, motors and 
controls and necessary piping is also included. Cost of land, 
power transmission and substation, and 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 to use 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 the 
costs obtained from these curves.
 

Water Mains
 

Cost studies have been made on pipes of various materials
 
including cast iron, asbestos cement, steel, ductile iron and
 
pre-stressed concrete. The unit cost of pipelines is based on
 
the assumption that all pipes will be locally manufactured. The 
estimated unit in-place costs based on lower limit of cost envelope, 

B-7 



are presented in Appendix Tables B-3a and B-3b. The costs include 
pipe, fittings, jointing materials, excavation, pipe bedding, b.Ok
fill, laying and jointing, concrete thrust blocks, pressure and
 
leakage testing, disinfection and flushing, pavement replacement,

clean up, transportation, contingencies, and contractor's overhead
 
and profit. Cast iron pipe costs assume AWWA class 150 pipe with
 
inside cement linin, outside tar coating, 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 curves for booster pump stations are shown in Appendix
Figure B-7. Development of these curves is based on available
 
local information and US costs with some adjustment for the labor
 
component. Booster pump 
 station costs include pumps and motors, 
necessary controls, piping and a superstructure. Depending on
 
location of the pump station, cost of access road, power trans
mission line and a substation and land would have to be added to
 
the cost- obtained from this curve.
 

Ground Storage Reservoirs 

Constrnzotion coat estimates of ground storage reservoirs are

presented in Appendix Figure B-8, including steel, reinforced con
crete and prestressed concrete tanks. The costs for steel and rein
forced concrete 
tanks are based on updated costs of actual construct
ion in the past in the Philippines and in other parts of the world.
 

For tanks constructed of prestressed concrete, the costs were 
based on prices of similar tanks constructed in the United States 
adjusted to reflect local prices of 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 accesso
ries 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.) g&te valves conforming to AWWA Standard 
C500 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-4. The unit prices include a locally
manufactured cast iron valve box and cover* 
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APPENDIX TABLE B-3& 

ESTIMATED UNIT COSTS FOR PIPFLINES IN PLACE5 

JULY 1976 

Diameter Peso Component Foreign Exchange Component Total _(,,,,) (?./l,) _. _ (S/,,) . ... .(ry/a 

100 94 3-7 120 

150 140 5.7 180 

200 190 10.0 260 
250 330 14.3 430 

300 400 21.4 550 

400 530 35.7 780 

450 640 65.7 1,100 

500 740 80.0 1,300 
600 9oo 90.0 1,530 
800 1,090 111,4 1,870 
900 1,605 108.0 2,360 

1,200 2,000 183.0 3,280 

1,350 2,660 295.7 4,590 
1,500 2,890 337.0 5,250 

5 The above unit costs are used in the alternative studies. 
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APPDIX TABLE B-3b
 

ESTIMATED UNIT COSTS FOR PIPELINES IN PLACE 6
 

July 1976
 

Pipe 
Diameter Perso Component Foreign Component Total 

.(,,,, .(. /,) .. (r ) 

100 113 4.5 145 
150 19o 7.8 245 

200 263 13.8 360 

250 350 17.9 475 

300 436 23.4 6oo 

350 429 44.4 740 

400 505 52.1 870 

450 586 6096 1,010 

500 650 67.1 1,120 

600 802 79.7 1,360 

700 976 89.1 1,600 

750 1,103 92.4 1,750 

800 1,160 97.1 1,840 

900 1,336 112.O 2,120 

1,000 1,468 123,1 2,330 

1,050 1,575 132.1 2,500 
1,100 1,657 139.0 2,630 

1,200 1,757 160.4 2,880 

6The above unit costs are used in the computation of capital 
costs.
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APPENDIX TABLE B-4 

ESTIMATED IN-PLACE COSTSY OF GATE 
VALVES, BUTTERFLY VALVES 

Inside In-Place Cost 
Diameter (mm) Item r/umit 

100 Gate Valve F 2,040 

150 Gate Valve 2,800 

200 Gate Valve 4,310 

250 Gate Valve 5,780 

300 Gate Valve 7,240 

300 Butterfly Valve 7,400 

350 Butterfly Valve 9,400 

400 Butterfly Valve 12,000 

450 Butterfly Valve 169300 

500 Butterfly Valve 19,300 

600 Butterfly Valve 45,200 

750 Butterfly Valve 75,600 

900 Butterfly Valve 113,000 

7a) Include valve box and cover of each item given*
b) Costs are for July 1976, 
c) Gate valves are looally manufactured items* 
d) Butterfly valves are imported itemw
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Butterfly Valves
 

Current local practice uses butterfly valves instead of gate
 
valves for sizes 400 mm and larger. Butterfly valves are not manu
factured in the Philippines and therefore cost data for this type 
of ,/alire are based on the assumption that these valves will be 
imported. The unit in-place costs are given in Appendix Table B-4. 

Miscellaneous Valves 

Miscellaneous valves employed in water supply systems include 
check valves, pressure reducing valves, altitude valves and surge

relief valves* Except for small size check valves, none of these 
valves is manufactured locally. 

The unit costs are based on the assumption that all materials 
to be used, except the valves themselvesq are locally manufactured. 

The costs of altitude and pressure reducing valves include an 
isolation valve (gate of butterfly depending on size) before and 
after the main valve and a valved by-pass line of the same diameter 
as the main line. The costs of surge relief valves include a shut
off valve (gate or butterfly) preceding the relief valve. All unit 
costs include all fittings, connections, and miscellaneous materials.
 

Fire Hdrants 

The unit in-place costs for fire hydrants assume the use of 
dry barrel, compression type, traffic model hydrant with 2'-in hose 
connection and one 4-in pumper connection. The cost figures are 
shown in Appendix Table B-5 and include fire hydrant, gate valve, 
tee filling, jointing materials, concrete thrust blocks, miscella
neous materials, and installation. All materials are assumed to 
be locally manufactured. 

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 polyethylene (PE) plastic 
pipe without a "gooseneck". The other type consists of a service 
line made up of GI pipe and employs a PE plastic pipe gooseneck. 

The unit in-place estimating prices for service connections from 
in to 2 in are shown in Appendix Table B-6. The cost figures 
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APPENDIX TABLE B-5 

FIRE HYDRANTS 

Size 
In Plae Cost 

(Let 

100 Mm 7,900 
150 mm 8,800 

APPENDIX TABLE B-6 

ESTIMATED TNIT CONSTRUCTION COSTS1O FOR 
HOUSE SERVICE CONNECTIONS 

PE Pipe GI Pipe
Diameter Service ServiceConnection Connection 

366 414
 
S399 494 

1 509 606
 

706 855
 
z-. 872 1,068
 
2 1,260 1,462
 

9a) Costs are for July 1976.
 
b) Hydrants are locally manufactured.
 

l 0 a) Above costS are for July 1976.
 
b) Costs do not include curb stop, curb box and cover t
 

water meter, and surface or pavement replacement.
 
a) All materials are locally manufactured*
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are based on the assumption that all materials and components of theservice connection would be locally manufactured, The unit oosts 
also assume connection to asbestos cement water distribution mains 
and include a servioe clamp in all cases. 

Not included in the unit costs are curb stops, curb boxea 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 prices. 
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AP1FN DIX C 

CONSTRUCTION MATERIAI1S AND METHODS 

(jne ral 

The cons ;ruciLon of water supply system components such as 
sou.rce of auppliy facilities, tran.ission mains, treatment and 
- -. ri I_.,-ut.'i n .*ic-,em works requires a wide range of construction 
proccdu.i-os and spCLfic materials designed for each purpose.

Co i.":,tr m.. vary fr,-.- the laying- of snall underground pipe

1'n, t ttho -truohion of reL-tively large structures including 
I .4 cortr;;cticr, of buildings. insftallation of complicated mocha

i.i.ba) ,:-'d , iectrioal q ipoent, excavation of all types, construct
ion below r cr. 1 level, pavement removal and replacement, and a 
hos-i of' other types of construction depending on the nature1 magni
tude and compl,_xity of the waterworks project, This chapter des
cribes o.-b'tnin mterials and methods of importance in obtaining 

- . - ' the . c cn-rtruct ion needed to carry out the intent of preli
mflry c ezi gn. Construction iusit be such that proper and economioal 
operation is assured in order to protect the large investment that 
must be ma,de to achieve the goal which is to make an adequate supply 
of* safe and potable water available to the people. 

Facoor Af feci -IL -onst ruct ion 

Factorv afft ctivig the facil.ity and cost of construction of 
w-ater system components Jnclude climate and weather conditions, 
availability of" construction materials, aviilability of skilled 
and conimuon labor, apecial construction equipment requirements, 
exia-ting developmrits, andf soil conditions. 

The climate of the area will influence the construction
 
e,'thcdn to be used and the speed with which work can proceed, 

For exsaiple, protracted periods of intense rainfall will cause 
interruption and dely in construction work and may require 
horing 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 i.n 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 ooxotruct
ion of water system facilities, particularly water distribution main 
construction procedures, are the width of streets; presence or ab
senoe of sidewalks, curbs, and gutters; traffic density; and other 
existing or proposed underground utilitieso
 

Soil conditions are expected to vary for different areas and 
from place to place in any given area. Pertinent soil information 
for the construction of the various components of the water system 
improvements should be gathered and evaluated in order that any 
special construction problem or requirement oan be properly deter
mined and provided for. For example, seils with high sulfate con
tent may eliminate consideration of asbestos cement pipe for water 
mains. In cases where transmission and distribution mains are to 
be laid in unstable soils, across streams, swamps, or marshlands, 
the soil conditions should be thoroughly checked that they can with
stand the load, or the pipeline materials and joints should be 
selected and designed with provision for any excessive settlement
 
that may 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 necessary, 
however, to bring in to the project area certain technical personnel 
and specialists to supervise the work and installation, and to ins
truot in the maintenance and operation of complicated items of aohi
nery and equipment. 

In some large Philippine cities, there may be local construct
ion contractors with the competence and resources to underkake all
 
or portion of a waterworks project. In the event that local cons
truction expertise and capability are not available or are deficient 
in some respects, several Metropolitan Manila - based construction 
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 specialized equipment
 
not only because it is virtually impossible or extremely difficult 
to accomplish the work with human pewer but also for faster, more 
efficient, more economical, and better quality of work. In general, 
however, the use of equipment-intensive construction procedures for 
waterworks improvements in the Philippines should be avoided if 
possible. Common construction equipment such as trucks, cranes, etc., 
may be available in some project areas. Government-owned construction 
equipoent for infrastructure projects assigned to highway regional or 
district offices may be available for use by private contractors on 
a rental basis. 
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Existing and propesa devlopments in a project area would nor
mally create some problems with respect to the contruction of wa
ter supply faoilities6 For economy and ease in construction, the 
implementation of waterworks projects must be planned with due 
consideration of other ixtilities amd public works construction 
progreaso 

In any 6onatructian work, materials and preoeiures &" two of 
the most importae. items needed for the suocessful prosecution and 
comletion of the projeot Many construction materials and prom 
oodures are oia-mon to several types of rsonntruotiono Others are 
mere specialized in nature and apply only to certain types of structure 
or work. In the following sections wre dinatisoed noe of the mae
terials and procedures thut are normally neededi and employed in the
 
owstruotion of water supply sywtesae Nhfoation is presented an 
materials that go into concrete workq various pipe materials and 
valves, fire hydrants, servioe lines, pump and water meters. 
With the expmuding aotiv Lies and progi-as in water supply develop
ment in the Philippine., the engineering and construction of large 
capacity water supply works9 suoh a -tresissiontunnelst water 
mains, ater treatment plants g pumping stations, and storage re
servoirs are expeoted to increase. Common practices in the construct
ion of these faoilities are discussed briefly in this report. 

saM .and %26vel 

Sand and gravel aV be needed in large quantities in a. water 
supply development project area for use as concrete aggregates1 
pipe bedding, road surfaoingg eto Uxavailability of theme materials 
in the amounts needed within reasonable hauling distance to a pro
ject area could add materially to the construction osts. In any 
water supply feasibility study and construction prograam investigatim 
should be carried out to locate sources of sand and Smvel and de
termine their suitability for the various workso 

Cement 

Cement is manufaotured in large quantities in the Philippines 
and in recent years has been one of its export productso Am of 
1974, there were 18 operating oement plants in the Philippines t 11 
lceted in Lwwaq two in the Visavasn, and five in Mindanao. The major
ity of the existing cement plants started original eperation or under
went expansion within the last deoadeo In additiong 24 cement pro
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jectis were registered vith the and Exoh.aUI CommisSion.
 
The operating plants have a total capacity of 173.4 million bags
 
of cement of 43 kg each. Total produc ,. in 1.974 amounted to
 
about 85 million bags, or about 3.6 million nietric tones, of which
 
approximately? 20 per cent wws exported.
 

No aerious or special problem is likely to arise with r e Mct
 
to cement requirements of auy water supply pwoJec. in the Philippines.
 

Reinforoi Steel 

For reinforced conorete oonstrution, ateel reinforcing bars 
are fabricated by 27 zteel2 mills in the colait.i. Pe .ted product
ion of reinforcing steel of the p] ts for 1974 amounted to 240,000 
metric tons. Steel manffacturing normally oonforms to ASTM standards. 
Reinforcing bars in sizes from 6 -o 25 mii p.tei',O.'i ly availablee For 
the larger sizes, bars are available in plain and deformed sections. 

Concrete
 

Prom the foregoing, it oan 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 PiR2
 

Asbestos cement pipe waB 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 sixtios. 

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 r&nges: asbestos, 15 to 20 per cent, 
silica, 32 to 34 per cent, and cement, 48 to 51 per cent. By virtue 
of its methods of manufacture, asbestos cement pipe is smooth on the 
outside, and due to the polished mandrel used in its formation, it 
normally has a very smooth interior bores Therefore no coatings of 
any kind are used. Because of its chemical composition, 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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content. With its smooth bore, it has a high "C" value at installa
tion that oun be expected to remain high throughout use. The low 
content of uncombined calcium hydroxide ensures that the leaching 
effects of soft waters will be at a minimum. Purchasers may specify 
a limit for uncombined calcium hydroxide. Disadvantages of this pipe 
include low strength, brittleness, disintegration, leakage, and low 
ductility. 

Asbestos cement pipe which has been used for over a decade for 
water mains in the Philippines is widely accepted in this country 
and often has been the pipe material of choice for small sizes (80 mm 
to 300 mm) primarily because of its relative economy compared to fer
rous pipes. The pipe is produced by two manufacturers with factories 
in Metropolitan Manila, and under the trade name Eternit and Italit, 
respectively* Pressure pipe is readily available in sizes from 80 mm 
to 600 mm for rated working pressures up to 130 mm. Pipes are general
ly manufactured according to ISO R-160 specifications and supplied in 
4-meter lengths. A significant feature of asbestos cement pipe manu
factured under the ISO specifications is that the required test pres
sure is only twice the rated working pressure. 

Inquiries as to whether asbestos pipe conforming to ZWWA stand
ard 0-400 can be manufactured by the local plants revealed that the 
pipes can be manufactured but at higher costs than ISO pipes because 
of the stringent requirements of the AWWA standard. For example, the 
AWWA standard requires a hydrostatic test pressure of 3J times the 
rated working pressure. 

The AWWA standard covers two types of asbestos cement pipe: Type 
I - for use where contact with aggressive waters and/or soils with 
sulfate content is not expected, and Type II - for use where contact 
with aggressive waters and/or soils with sulfate content is expected 
to occur. The standard limits the unoombined calcium hydroxide (free 
lime) for Type II pipe to one per cent. To meet this requirement, 
the local manufacturers indicated that the cement to be used might 
have to be imported if locally produced cement would not prove suit
able. For Type I pipe, there is no prescribed limit for uncombined 
calcium hydroxide. 

Locally produced asbestos cement pipes are normally joined with 
a coupling of the same composition and strength as the pipe and joints 
are sealeC with double "0" rubber rings. Mechanical joints (Gibault 
joints) for joining asbestos cement pipes, or asbestos cement-to-cast 
iron pipe are also produced locally. 
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In recent years a question has been raised with respect to the 
possible health hazard that may be associated with drinking water 
which has flowed through asbestos cement pipe. In an effort to 
determine the scope of the problem, the A/C 1'ipe Producers Associa
tion (U.S.) contracted with the American Water Works Association 
Research Foundation to study the problem of asbestos in water, speci
fically with relation to the use of asbestos cement pipe. One con
elusion of the recently completed study is that though 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 asbestos fibers. Highlights of the other
 
findings and conclusions of the study are:
 

(1) Asbestos can cause granulomatous and fibrotic reactions 
in the lungs but there is no evidence that it does so in the 
gastro-intestinal 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 popula
tions for 40 or more years in Europe and the United States 
with no apparent increase in peritoneal mesotheliomas among 
'he public during thiu period 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 do risk to 
health from the use of such systems is small approaching sero. 

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

Cast Iron and Ductile Iron Pipe 

General. There are two types of cast iron available for 
water systems: gray 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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Gray cast iron has charaoteristics of long-life, toughness, 
imperviousness, and ease of tapping, that are provided by the 
chemical composition of the metal. Carrying capacity is ensured 
by proper linirn. 

The production of gray cast iron pipe consists of melting the 
metal in a furnace (cupola), the addition of such other materials 
as needed for the final desired composition, and the actual casting, 
usually by a centrifugal process. As a molten iron is withdrawn 
from the cupola to a ladlel small amounts of graphite and ferro
silicon are added to adjust the carbon and silicon content; this 1e 
termed inoculation. The amounts of carbon, silicon, manganese# etc., 
although small, materially affect the structure of the iron. Each
 
of the chemicals added is controlled in amounts to produce the
 
desired qualities in the castings.
 

In gray cast iron, the major part of the carbon content occurs
 
as free carbon or graphite in the form of flakes interspersed through
out the metal. An appreciable volume of graphite flakes makes gray
 
cast iron more resistant to corrosion than the purer forms of iron
 
because graphite does not corrode. Graphite in cast iron also affects
 
the machinability of the pipe, that is, it makes the pipe more easily
 
tapped and threaded for insertion of a corporation cock.
 

Cast Iron Pi2!. Cast iron pipe has been used for water supply
 
systems in the Philippines for more than half a oentury. Prior to
 
the introduction of asbestos cement pipe, cast iron dominated the
 
market for water supply piping. Until locally manufactured cast
 
iron pipe became available in the 1950's, all cast iron pipes used
 
were imported. 

At present, centrifugally cast iron pipe is maufactured by the
 
Filipino Pipe and Foundry Corporation and marketed under the trade
 
name "Silva Pipes". This company's plant is located in Mandaluyong
 t 
Rizal and has an annual capacity of about 33,000 metric tons. Pipes 
are centrifugally cast in metal molds and are available in sizes 
from 150 to 600 mm unlined or cement lined* The pipe is manufactured 
with bell and spigot ends for leadcaulked joints. Bell and spigot 
iron pipes are made in conformance with (U.S.) Federal Spucification. 
or AWWA Standards. The Silva plant also manufactures cast iron fit
tinea, and Gibault joints for asbestos cement pipe to cast iron pipe. 

Ductile Iron Pipe. Dactile iron pipe is stronger t tougher, and
 
more ductile than gray cast iron, Its characteristics are due to
 
the configuration of the free carbon or graphite in the irono Duotile
 
iron is defined as cast iron with graphite in spheroidal (nodular) form,
 
It is produced by adding an inoculant, usually magnesium, to molten
 
iron.
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Duotile iron is chemically akin to gray cast iron of low 
phosphorous and low sulfur content, the latter obtained by destlur
izing in the oupola. Magnesium can be added, after the removal of 
sulfur, in a post-inoculation treatment, with a silicon-base magne
sium alloy. 

Ductile iron pipe is oentritugally cast in the same manner as 
gray cast iron, but the melting and inoculation phase of the process 
is more complex; the casting.phase is the same. At present, this 
type of pipe is not manfaotured in the Philippines. 

Steel Pipe
 

Early use of steel pipe for carrying water was in large, long, 
and exposed transmission lines in relatively dry areas where oorro
sion was not a problem. Other applications in other areas more 
common as soal-tar coatings beoame available. Steel pipe is used 
in the Philippines in ma distribution and transmission lines as 
well as in inplant systems. The American Water Works Association 
(AWWA) has prescribed standards for steel pipe for use in water 
systems. The Local Water Utilities Administration (UIUA) of the 
Philippines has adopted (U.S.) Federal Specifications SS-P-3854 
dated January 31, 1964 and Amendment I dated February 27, 1968, 
with some modifications thereof, as its standards for steel pipe 
and specials. 

As described by AWWA Stamdards, there are two types of steel 
water pipe: fabricated, electrically welded steel pipe and mill
type steel pipe. Both types may be coated and lined.
 

Fabricated electrically ielded pipe may be produced by auto
matie welding machines or by manual operations. AWWA Standard 
C201 gives detailed specifications for this type of pipe. Mill
type steel pipe may be furnace welded (continuous butt-Volded or 
furnace butt-welded), electrically welded, or seamless. AWWA 
Standard C202 sets forth the specifications for mill-type steel 
pipes. An AWWA committee has been working to combine the above 
two standards into a single standards 

Large and mall diameter steel pipso are manufactured in the 
Philippines. The International Pipe Industries Corporation with 
plant in Pasig, Rizal manufaotures spiral welded pipe from 100 to 
1,200 - diameter. As of January 1975, this plant had a ospaoity 
of 15,000 metric tons per year but was undergoing expansion to 
double its present capacity. Pipe can be manufactured and cement 
lined according to AWWA Standards C202 and C205, respectively. 
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Five other plants produce small size pipe from 10 to 200 mm diameter. 
Both black and galvanized iron pipe can be produced according to ISO 
or ASTM Standards. In 1974, the total production of these five plants
 

amounted to 31,600 metric tons.
 

Prestressed Concrete Pressure Pipe 

There are four usual types of concrete water pipe, classified 
according to the method of reinforcement. These types are: cylinder, 
not prestressed; steel cylinder, prestressed; non-cylinder, not pre
stressed; non-cylinder, prestressed. 

AWWA has set forth design requirements for the first three types 
of pipe including minimum wall and lining thickness, reinforcing 
spacing, and core coat thickness specifications. 

The steel cylinder, not prestressed concrete pipe is covered 
under AWWA Standard C300. 

The prestressed concrete embedded cylinder pipe consists of a 
water tight steel cylinder, steel joint rings, a concrete core, high 
tensile wire reinforcing and a cement-mortar or concrete coating. 
Rawging in diameter from 16 to 144 inches, it is considered highly 
suitable for major water supply and transmission lines. This type 
of pipe is also recommended for unusually high pressure distribution 
lines. AWWA Standard C301 covers this type of pipe. 

The ron-cylinder, not prestressed reinforced concrete pipe is 
normally produced in diameters from 600 to 3,500 mm. It is a ver
tically cast pipe with dense concrete walls reinforced by one or 
more steel cages. A1WA Standard covers this type of pipe. 

The fourth type of concrete pipe (prestressed, non-cylinder 
type) is not covered by AWWA Standards. This pipe consists of a 
concrete core manufactured by centrifugation, both longitudinally 
and circumferentially prestressed by high tensile wire, and protected 
by a dense coating of premixed cement-mortar. 

Although prestressed concrete pipe is not yet manufactured and 

used in the Philippines, it is recommended that this type of pipe 
where it is applicable, be considered in the final design of facili

ties. Unofficial information has revealed that two Philippine 
companies are planning to put up factories to manufacture prestressed 
concrete pressure pipes. 

Plastic Pipe
 

Plastic pipe as a commercial product was first intoduced in 
Germany in 1930 and in the United States in 1940. Polyvinyl chlo
ride (PVC) was the first type produced. Later came cellulose acetate 
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butyrate (CAB) and polyvityledine chloride (Saran). Volume produot
ion of pipe began in 1948, when polythylene (PE) was accepted for
 
various water uses.
 

Early production of plastic pipe was in sizes below 50 am, and 
most of the plastic pipe sold was for service lines and household 
plumbing systems. As developments in the plastics industry progressed,
larger pipe sizes became available, and plastic pipe is today 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 materials that are, have been,
 
or may be used in water systems. Only three, however, are in common
 
use: PVC, PE, and ABS (Aorylontrile Butadiene Strynene). ABS has 
been used primarily for drainaget waste, and vent (I;V) pipe and fit
tings for interior application. ABS has been popular a few years 
ago for water systems, but because it has only half the available 
hoop stress of PVC when subjected to internal pressure t the latter
 
product is considered to be better material for water
a lines. 

Available U.S. standards for the manufacture of plastic pipe

for use in water systems include ASTI, Department of Commerce,

Commercial Standards, and USASI Standards.
 

PVC and PE pipes for use in water systems are manufactured 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 
m :n 3 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 thickness. In the 
case of ABS and PVC pipe, the outside diameter is used; for PEt 
the inside pipe diameter is used. The SDR and hydrostatic design
stress of the pipe affects its pressure rating which is defined as
 
the estimated maximum operating internal pressure at which the pipe
 
can function without failure.
 

Classes of PE pipe available include Medium Density, Schedule 
40; and High Density, Sohedule 40, 80 and 120. Pipe sizes are from 
10 to 40 m, 60 m rolls for sizes 40 to 60 mm, and 25 to 30 m length
for pipe 75 to 300 mm,in diameter. 

To date, plastic pipe has not been used extensively in the 
Philippines for water mains. Limited oxperienoe with PVC pipe
water mains used in a high pressure distribution system has not 
been satisfactory because of frequent failures and leakage parti
cularly at the joints. One problem that has discouraged or deterred 
some engineers to specify PVC pipe is the non-standardization of 
fittings and connections among local plastic pipe manufaturerae 
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Thus, a project becomes a captive market for a particular brand of
 
pipe once the project starts to use the particular brand. 

Plastic pipe materials acceptable to UWUA are PVC, PE, and PB 
(Polybutylene) and tentative standards therefore have been adopted 
by this organization. PB pipe, however, is not currently manufactured 
in the Philippines. 

Valves and Fire Hydrants
 

Gate Valves. Gate valves for water systems are normally of
 
the double-disc type, with parallel bronze-mounted seats, cast iron
 
body, gate rings, wedges, and a non-rising stem with or without 
handwheel, or outside screw and yoke (OS & Y) type. Valves used 
for small lines (100 mm to 300 mm) in distribution systems are 
frequently furnished with an operating nut and installed with a 
valve box extending to the ground surface, providing accessibility 
to the operating nut. For valves, 400 mm or larger, which are in 
general power operated, vaults with manhole access are generally 
provided to facilitate operation and maintenance. Also valves 
larger than 400 mm are often equipped with smaller by-pass valves, 
to reduce the pressure differentials and the power required during 
opening and closing operations. Gate valves for water service are 
covered by AWWA Standard C500. At present, most of the gate valves 
used in the Philippines are imported mostly from the U.S9 or Japan.
Valves up to 300 mm diameter conforming to AWWA requirements, how
ever, can be manufactured in the Philippines. 

Butterfl& Valves. In recent years t butterfly valves have been 
increasingly used for water systems. Advantages of this type of 
valve are: driptight shut off, little maintenance t low head loss, 
small space requirement, reliability, and generally less expensive 
than gate valves, particularly of the larger sizes. The AWWA has 
two standards for butterfly valves: AWWA Standard C504 which covers 
rubber-eeated valves from 100 to 1,800 mm diameter for pressures up 
to 10 kg/cm2 , and AWWA Standard C505 which covers metal seated valves 
from 100 to 1,800 mm diameter for pressures up to 15 kg/cm . 

Butterfly valves are not currently manufactured in the Philip
pines.
 

Air Valves. Air valves should be installed at high points in
 
transmission lines, to permit the escape of air when the pipeline

is being filled and to admit air when the pipe line is being emptied 
for maintenance or repair. It is usual to install air valves of the 
automatic type which open to release air accumulating during normal 
operation of the pipeline. 
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Blow-off Valves. Blow-off valves are generally installed at
 
low points of transmission pipe lines and at low points and dead
ends in distribution systems to provide an outlet for removing sedi
ments that may accumulate in those places. Ordinary gate valves may
 
be used for this purpose, with provision for conveying the water and
 
sediments "blow-off" to a suitable point of discharge.
 

Miscellaneous Valves0 Miscellaneous and special valves for
 
water systems include check valves to permit only one direction
 
flow of the water, surge relief valves for surge and water hammer
 
proteotion, altitude valves for controlling water levels in reser
voirs and/or pump operations, and pressure reducing or regulating
 
valves for dissipating excess pressures. None of these valves is
 
manufactured in the Philippines.
 

Fire HFydrants. Fire hydrants that are in common use in Philip
pine towns and cities are of two types. One is a wet barrel type 
consisting of a 60 mm or 75 m riser pipe, usually GI pipe; a 60 or 
75 mm GI tee or 900 elbow; and a 60 mm fire hose valve. A shut-off
 
valve is generally installed between the hydrant and the water main
 
to which it is connected. This type can be fabricated and assembled
 
in the field, or in the shop ready for installation and connection to
 
the water main.
 

The other type of hydrant is similar to that commonly used in
 
European and North American communities. This hydrant is a dry
 
barrel type, with compression type main valve, 100 m or 150 
inlet connection, and one or two 60 =rhose outlets and one 115 mm
 
pumper connection.
 

The first type of hydrant has a disadvantage in that unless
 
sufficient pressure in the main for the fire flow can be providedt
 
it will not be effective for fire-fighting. For this reason the
 
second type of hydrant appears to be advantageous.
 

Water Service Lines 

Water services or service are pipes of usually small diameter 
that run from distribution mains or branch mains to customer pre
misese The water service connection is usually attached to the 
street main by means of a corporation stop which may be inserted 
while the main is in service and under pressure. Where the service 
connections are expected to be larger than 50 mm in diameter, tees, 
wyes or special branches are installed, along with the water main
 
construction. Ordinarily t water service to the customer's premises
is turned on or off at a curb stop, accessible through a curb box. 
Various pipe materials haw been and can be used for the service 
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lines. Noa-flexible materials require a flexible "gooseneck"
 
connection to the corporation cock. Gooseneck connections may be
 
lead, copper, or flexible plastic.
 

At present, galvanized iron pipe is used in the Philippines
 
for most water service connections. Galvanized iron pipe has a
 
relatively short life because of its susceptibility to the corro
sive action of soil on the outside and the water inside the pipe.
 
The use of plastic pipe material for service connections may
 
reduce this corrosion problem to a minimum.
 

Water Meters
 

Any modern water supply system should be equipped with the
 
proper type of water meters so that the water produced and deli
vered can be accurately measured. Key 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 Philippines, thpse 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 Manufacturing Corporation in the Philippines. An
other local company, Domingo S. Jose, Inc., is in the prooesL of
 
putting up a factory to manufacture various sizes of meters under
 
the trade name "KIMMON" under license by the Kimmon Manfacturing
 
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 mm 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 satisfac
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, common construction materials for
 
waterworks have been briefly discussed. The remainder of this
 
report will be devoted to a general description of construction
 
practices for deep wells, tunnels, water treatment plant, water
 
mains, pumping stations, and storage reservoirso
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Dee~p We.lls
 

Water wells have long been used in the Philippines as sources 
of public and private water supplies and for small and large quan
tities of water. Wells that have been used for piped public water 
systems are generally of the drilled well type and capable of supply
ing several tons or hundred of gallons of water per minute. At 
present there are about half a dozen competent and experienced deep 
well drilling contractors in the Philippines. Present practice of 
deep well construction in the Philippines is normally by the per
cussion (or cable tool) or rotary method. Specifications usually 
call for the contractor to submit a well log. In unconsolidated 
formationst the well is usually cased with imported Schedule 40 
black iron pipe. A telescoping casing employing two pipe sizes is 
commonly installed. As a rule, no well screen is used principally 
because of its high cost. Openings from the aquifer(s) to the 
well are provided by perforations in the casing. The perforations 
can be made in the field. Gravel packing around well screens or 
perforations is very rarely practiced. 

After the installation of the well casing, the well is deve
loped. Local well drilling contractors employ development methods
 
such as pumping, surging and bailing, and development wit compressed
 
air.
 

Test pumping follows well development. The purpose of test
 
pumping is to provide information of the yield and capacity of the
 
well, which in turn helps in determining the capacity of pumping
 
equipment. Water level measurements are taken during pumping
 
(drawdown measurements) as well as after the pumping test is com
pleted (well recovery). Common practice is to specify a 24-hour
 
or 48-hour pumping test.
 

Water Main Construction Procedures
 

Water mains are generally installed to a definite alignment
 
and grade. In the Philippines where freezing is not a problem,
 
the depth of cover over the pipe specified usually depends on the
 
surface load conditions. The minimum cover for the alignments which
 
are subject to traffic loads is 90 cm. For the areas with no traffic
 
loads a minimum cover of 60 cm may be used. Trenches may be dug
 
manually or with excavation machinery.
 

Trenches are excavated as shallow as possible but still provide
 
enough depth for surface loading. Deep trenches are avoided since
 
they usually require shoring and bracing and, therefore, are costly.
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Trench Widths. Sufficient trench widths are provided to permit
 
installation of the pipe, with room for the workmen to make up the 
joints and to tamp backfill under and around the pipe. Trench widths 
are governed by type of soil, pipe size, and excavating equipment.
For asbestos cement and concrete pipes, unnecessarily wide trenches
 
are avoided to minimize excessive backfill loads on the pipe. For 
asbestos cement pipe, the following widths are used" 

Trench Width (cm)

Pipe Diameter (mm) Minimum Maximum
 

100 45 70 
150 or 200 50 80

250 or 300 60 90
350 or 400 75 100 

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

Wide trenches for small diameter pipe are avoided t particularly 
in hard clay soils. Otherwise, the weight of backfill becomes out
 
of proportion to the 'beam strength of a small pipe, 

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

Excavation, Whether excavation is done manually or by machine,
the excavated material is piled on one side of the trench at a die
tance away from the trench sufficient to prevent excavated material
 
from rolling back into the trench and also to provide room for 
walking aling the trench. In congested areas, it is usually neces
sary to haul and stockpile the excavated material temporarily at 
some other location and excavated material suitable for backfill 
operations. Material unsuitable for backfill is disposed off the 
site.
 

Sheeting and Bracing. The need for sheeting and bracing to pro
tect against cave-in depends on soil conditions and trench depths.
They are installed where required not only to prevent delay in pipe 
laying but also to protect the workmen and the public.
 

C - 15
 



Pipe BedAdn. 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 ptoperly. For greater load bearing 
ability by the pipe, the trench 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, etd voids filled 
with well tamped soil. For trenches in rock, unsuitable soil, or 
soft or wet soil, special bedding is provided. This is specially 
important for AC and CI pipes because of their lower tensile strength 
and brittleness.
 

For formations of rock or unsuitable soils, the trench is ex
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 is made in the trench to permit proper 
jointing of the pipe with the type of joint employed. For asbestos
cement pipe laid directly on the trench bottom, a coupling hole
 
about 8 cm deep and 15 cm longer than the coupling is dug at the
 
joint location. For cast iron pipe 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, Laying anC Jointing Pipe. To avoid unnecessarily 
handling, pipes and fittings and other accessories are placed as 
near 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 strung
 
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 jointo For asbestos 
cement pipe, general procedures are given in AWWA Standard C60., 
which are followed in the Philiplines. The laying and jointing of 
cast iron and steel pipes conform with applicable Portions of AWWA 
Standard C600, C603 and C206, Federal Specifications and in acoord
ance with the recommendations and directions of the pipe manufac
turers. As part of the final design, detailed specifications are 
included in the jointing procedures for all types of pipe to be
 
installed. Furthermore, to have trouble-free ser-ice 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 are usually done after 
the trench has been partially barkfilled. Test procedures and
 
requirements, allowable leakage, etc., vary with the type of pipe
 
and joint. Procedures and requirements for asbestos cement pipe
lines and cast iron pipelines are specified in relevant ;MWA stand
ards. 

Backfilling. 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 backfilling
 
before leakage tests and comp]eting the backfill after the tests.
 
Select backfill material is placed at both sides of the trench
 
uniformly for the full trench width up to the horizontal centerline
 
of the pipe. The backfill material usually is tamped by hand under
 
and on each side of the pipes to provide a void-free support.
 

Where visual inspection during leakage tests is not required,
 

backfill is placed to the depth indlicated 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 backfill 
should be good soil free from rocks, debris, clods and other un
suitable materials.
 

Disinfection. 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 m/sec. The flushing may be done
 
after the pressure tests.
 

Suggested disinfection procedures are as described in AWWA
 
Standard C601. The usual disinfectants are chlorine, calcium hypo
chlorite or sodium hypochlorite 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/l 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 used, the chlorine concentration is increased to 
50 or 100 mg/l. 
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Water Service Connections. Components of a customer's service 
connection include a connection to the main (corporation cock), curb 
stop or turn-off valve and box, and the line itself. The service 
connection may be installed when the water mains are laid. Installa
tion operations consist of trenching, main tapping, laying the line, 
installing the valves, and backfilling. 

The trench may be dug by hand or by small backhoe. When dug 
by hand, the width must be sufficient to accommodate the digger. 
The trench bottom should be relatively flat and on the necessary 
grade. Special bedding is not required unless the soil is corrosive 
in nature and the pipe is not corrosion-resistant. Where the service 
line is made under a pavement, the pavement is removed and replaoed 
after the installation is completed.
 

Methods for tapping service lines to main vary depending on 
the service line size and material. Where the size and the wall 
thickness of the main are sufficient to provide adequate full threads 
for the corporation cock, small-size service lines are connected to 
the main by direct drilling, tapping, or by other method, and insert
ion of the corporation cock into the main. If the main is under 
pressure, the tapping, drilling, and insertion operations are done 
with a special tapping 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 threade, 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 
drilling 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 the property line, and 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. When the final 
connection is completed, the installation is tested under pressures
 

Bakfilling of trenches may be done manually or by machine. 
In either case1 large stones or boulders is not placed directly 
on the line. Backfilling without tamping is usually done to some 
reasonable level above grade to allow for settlement. 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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Pipe Cleanin4g and Lining 

General. Although pipe cleaning and lining per se may not be 
considered part of construction but rather of maintenance 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 inside of pipelines. The primary objective of
 
pipe cleaning is to increase the carrying capacity of a pipelinet
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) hydraulic, and (3) mecha
nical. The choice of methods depends on the pipe diameter, water 
volume and pressure available, length of pipe to be cleaned, amount 
of encrustation or sediment, ease of access, distance between access 
points, provisions for disposal of wastewater from cleaning opera
tions, and other local conditions. 

1. 	 Drag Cleaning. Drag cleaning is usually limited to pipe 
diameters of 100 to 600 mm. The cleaning equipment is pulled
by a power winch through a line that has been removed from 
service. The method utilizes a spring-steel cleaning tool 
that is composed of a series of scrapers, followed by an 
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 squeegees. 
The separate drag operations are repeated until the pipe 
wall is clean. Access opanings are made in the pipeline 
at intervals of 90 to 150 m depending on pipe size, line 
configuration, and condition of pipe. 
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2. 	 Hydraulic Cleaning. The hydraulic method of pipe cleaning 
is most practical in long, comparatively straight 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 pressL-.o depend on 
pipe size. The greater the volume of water available, the 
lower the pressure required. 

The tool used in the hydraulic cleaning process considts 
of spring scrapers so arranged that part of the water pushing
the tool is released through it to flush the sorapings 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, inserting the tool, replacing the removed section,
 
and 	making up the joints. At the discharge end of tsic run, 
a cut is made into the pipe and a special line attached to
 
discharge the wastewater and debris above ground for ulti
mate disposal to sewers, storm drains, or acceptable runoff 
areas. If the tool cannot be discharged through the dis
charge line, it is stopped in the main and a out is made in 
the pipe to remove it. Hydraulic cleaning is relatively 
rapid, effective, and economical. 

3. 	 Mechanical Cleaning.. In pipelines greater than 660 m in 
diameter, hydraulic cleaning becomes less practical, and 
mechanical cleaning is used. Mechanical cleaning is 
accomplished by an electrically-driven Pnd 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 
lining to pipelines in place: (1) centrifugal method, (2) rein
forced centrifugal method, and (3) mandrel process.
 

1. 	 Centrifug~al 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, 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 capacity that
 
results.
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The field equipment for centrifugal lining inc]udes
 
a variable speed winch for pulling the lining machine with 
its mortar hose and electric cable through the pipe; an
 
electric generator to supply power to the winch and to the
 
revolving head that dispenses the mortar; a specially
designed mortar mixer of the capacity needed to ensure 
ample mixing time; and a feeder to pump the mortar to the 
lining machine.
 

The lining material is usually a 1:2 portland cement
mortar, and the volume of mortar applied to the wall is 
controlled by the travel speed of the machine. A lining 
thickness of 5 to 20 mm is common on cast iron pipelines, 
but it may be as little as 3 mm. The thinner the lining, 
the smaller the reduction of the original cross-sectional
 
area of the pipe. Thin coatings may be sufficient in
 
smaller pipelines. The thickness of lining for steel pipe
 
lines depends on age, plate thickness, and condition of
 
the metal.
 

In large mains that contain few service taps or lateral
 
connections, all openings are plugged prior to lining and 
opened after lining by men working in the pipe. In lines 
below 400 mm diameter, where men cannot work, very little 
rv.tar is thrown into lateral openings, and any obstruction
 
-A the corporation cock is removed by blowing out the ser
vice line before the mortar sets completely.
 

Small mains tapped for service lines are usually by
passed by a temporary above ground line to maintain customer 
service. 

The cost of centrifugal in-place lining depends on a
 
number of factors, principally: pipe diameter, pipe length,
 
condition of the line, plan and profile of the line, bendsi
 
location and type of valves, length of section that can be
 
removed from service during the operation, by-pass require
ments, depth and type of soil cover, access, and traffic 
problems. The greater the length that can be lined at one 
time, the greater the production rate and the lower the 
CoSt. 

Centrifugal in-place lining is applicable to pipe 
sizes up to 3,650 mm. One of its advantages is that the 
line can be placed in service 24 hours after the lining 
process. The process has also been used on newly-installed 
steel pipelines. 
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2. 	Reinforced Lining. When pipelines of 600 mm or greater 
diameter are badly deteriorated, it may be desirable to 
reinforce the cement-mortar lining. This reinforcing
 
process consists of three steps: first, a course of
 
mortar one-half the final lining thickness is placed by
 
centrifugal machine, without troweling. 
Next, spirally
wound reinforcing rod is placed. (The rod spacing depends
 
on pipe size and strength requirements of the equivalent

steel area. The size of the rod varies with the size of
 
the pipe and the required reinforcing.) After the steel
 
rod is placed, a second course of mortar is spun into
 
place to the 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.
 

3. 	The Tate Process. The mandrel process, commonly known as
 
the Tate process 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

digging operations 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 connection is obtained by electrifyinq 
the household system and sweeping the "live" area with a
 
detector which tells the operator through headphones where
 
the connection is located. Customers suffer only little
 
inconvenience, 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 is cut and removed. Flexible steel rods to 
which a wire rope is attached are pushed through the main 
from one end and &.awn 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 12 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 gun" which spreads the mortar evenly over the 
walls of the cleaned pipe is then drawn through by winch. 
A smooth lining approximately 3 mm thick is left in the
 
main, excess water escapes through the rear of the "gun".

and 	the surplus mortar is removed and used to put a matoh-
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ing 3 mm lining in the 1 m length cut from the main at the 
start of the operation. This section is reconnected, the 
road surfaces at the opening are repaired, and the crew 
moves on to the next section to be cleaned and lined.
 

Pipe Cleaninp- in the Philippines 

Until recently, pipe cleaning and lining in place have not been
 
practiced in the Philippines. The Metropolitan Waterworks and Sewe
rage System (HiSS) has included these activities as part of its
 
improvement pros-ram. A New Zealand-based company which can under
take these types of work is currently available locally. This firm
 
employs the Tate process of in-place cleaning and lining. 

Tunnel Construction Methods
 

Tunnels for water transmission lines may be constructed by
conventional or machine tunnelling. Conventional tunnelling in 
rook formation involves the cyclical repetition of the following

operations: drilling, blasting, loading, and removal of excavated 
materials; installation of primary supports where necessary; and 
the mixing, hauling, and placing of concrete to form the secondary
 
lining. 
It i" sometimes desirable to defer the installation of the
 
secondary lining until driving operations have been completed or are
 
remote from the lining operations. 

In the machine ttunelling method, a tunnel excavating machine 
would be employed at one tunnel face simultaneously with conventional 
tunnelling at the other face. There are many variations of mechanical 
rock excavators; most adopt the same principle in which the machine 
bores a pilot hole into which an expanding "packer" is placed to 
form an anchor by which the machine pulls itself forward, enabling 
a larger rotating cutter head to bore th.e tunnel. The cutter head 
may be moved forward from 0.5 to 1.2 m 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 begin the next advance. The cutter head 
is fitted with teeth or rollers which cut or spall the rook faces
 
as the cutter head revolves. Cutters must 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 haulage trucks. A tunnel driven
 
by a mechanical excavator has a smooth bore as contrasted to a
 
jagged, broken rock surface that results from conventional tunnel
ling methods.
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The average rate of tunnelling by either conventional or machine 
unnelling wouli. depend on the nature of the materials and conditions 

encountered. Higher rates can be obtained with a high degree of 
mechanization and a carefully organized and executed procedures On 
the other hand, conventional tunnellin, although it may be slower, 
will require less foreign exchange costs.
 

Pumping Stations 

General. Water supply pumping stations may be classified into
 
raw water pumping stations, deep well pumping stations, and booster
 
pumping stations. The latter may be installed as part of a tree;t
ment plant or part of the water distribution system,
 

Centrifugal and turbine-type pumps are the most commonly used 
pumping units in waterworks applications. Prime-movers may be
 
electric motor, diesel engine, gas engine, or other suitable energy
 
source which can develop the required power, Because of their re
latively low cost compared to other types of prime movers electric
 
motors are the favored type where electric power is available at
 
reasonable costs. Dual drive pumps can be used for operation by
 
electric motor or by engine.
 

Pumping installations are usually housed in a structure that 
will provide protection from the elements and security from theft, 
tampering, etc. Each station is provided with the necessary suotion 
and discharge piping and valving, controls, and a metering system
with suitable indicatin-, totalizing and recording facilities. 
Attention is also given to water hammer. 

The structure which will house the pumps and appurtenant 
equipment is constructed from locally available masonry, wood 
and reinforced concrete materials. In some installationk,, deep
well pumps equipped with weathc.-proof motors are not provided 
with pumphouse. The interior flanged pipes and valves are made 
from locally available valves and cement-lined steel or cast iron
 
pipes, wherever possible.
 

Deep Nell Pumps. Two types of deep well pumps in common use 
are the deep well turbine pump and the submersible (or submergible)
deep well pump. The first type consists of impellers in series 
installed below the minimum expected water level during pumping. 
Each impeller is encased in a housing or bowl and is called a 
stage. The number of stages necessary for any given installation 
depends on the head that each stage can develop at a given pumping 
rate and on the total pumping head. Power is transmitted to the 
impellers through suitable shafting from a prime mover usually 
installed at the ground surface. 
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The submersible deep wel.) pump is usually equipped with an 
electric motor drive, In thie type the motor is installed in the 
well itself. 

Booster Pumping Stations. The most widely used type of pump 
for booster pumping stations, whether in a treatment plant or in
 
a distribution system, is the 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 drups or vice-versa, and smooth flow and uniform pressure.
 

In the Philippines, the manufacture of centrifugal pumps and 
moto:.-s 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 t 
local product should be considered in the final design and cons
truction phases. 

Raw Water Pumping Stations
 

Raw water pumping stations, as used herein, are intended to 
mean pump installations that draw water from a surface source such 
as a spring, river or lake. Such pumping station, are similar in 
many respects to booster pumping stations but maiy include some 
features 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
foreced concrete or of steel. Prestressed concrete tanks, although
 
gaining in use and popularity in other countries, have not been 
nsed in the Philippines. The relative economics between reinforced
 
concrete and steel tanks depends somewhat on the tank size and tower
 
height for elevated tanks. Generally, in the larger sizes, rein
forced concrete tanks are moe 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 
coats of steel tanks are generally higher. This factor can make 
the total annual costs of steel tanks greater than those of rein
forced concrete tanks.
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Water Treatment Plant 

Water that is to be used for drinking and public water supply
 
purposes must satisfy certain minimum quality requirements with
 
respect to safety, potability, etc. 
The water is subjeoted 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 minimuzi be given

"complete" treatment to minimize the risk from water-borne diseases*
 

Modern "complete" water treatment plants employ the processes

of flocculation, sedimentation, filtration, and disinfection. 
Other
 
additional treatment may be given depending on the quality of the
 
raw water and other factors.
 

The construction of a modern water treatment plant providing

at least complete treatment or its equivalent will require the
 
building of several components utilizing a multitude of skilled
 
tradesmen versed in certain specific fields. 
The major 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
truction.
 

(2) Mechanical work consisting of installing pumps, motors,
 
treatment plant equipment such as mechanical feeders,

sludge collectors, emergency generators, and other
 
process mechanical equipment. Also, all large size
 
flanged pipes and valves required within the plant may
 
be installed by this specialty.
 

(3) Electrical work consisting of general wiring of the
 
entire plant for lighting and power. The furnishing

and installation of simple controls, instrumentation
 
and communiications equipment may also be included as 
part of the electrical works contract. Where such

equipment are complicated and extensive, it may be 
desirable for this work to be undertaken separately 
from the general electrical work. 

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

With 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.
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APPENDIX D 
OUTLINE SPECIFICATIMS
 

Spri!L Intake Structure 

All sprinC intake struotures shall be constructed of re
inforced concrete. The intake structure shall be of a sis 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 valve(s), over
flow(s), vent(s), drain(s), covered access manhole(s) and other 
necssary appurtenances and site works. The intake facility shall 
also include a weir or other suitable device for flow meamsremental 
security fencing; chlorination facilities (if necessary); general 
site improvement including drainage facilities for possible aurface 
runoff; and an all-weather access road. Reinforced concrete cons
truction, piping, fittings, valves, and all other materials and 
attendant work shall conform to LWUA S3andards. (The water dis
trict shall acquire ownership of the intake structure site.) 

Hydralic 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 oa&A 
handle the design meximum flow. The chamber shall be provided with 
the necessary piping, overflows, and other protective devices. TM 
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 distrit. ) 

Dams and AgMrtenztces 

he construction of dams and appurtenances shall be performed 
by firms and personnel experienced in this line of work. T''. Con,, 
tractor shall furnish plant and equipment which will be efficient, 
appropriate and large enough to secure a satisfactory quality of 
work and a rate of progress which will insure the completion of the 
work within the stipulated time. 

7he dam construction will include the main dam structure, upstream 
and downstream cofferdams, tunnelst diver4ion channels and spillwao 

D-l 



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

Materials for the dme shall be as designed and specified 
and shall be obtained from designated borrow arease exoavations, 
or manufactured from rook obtained in required excavations. 

The areas to be occupied by the requirod permanent construct
io and the surfaces of all borrow pits shall be cleared of all 
trees, stumps, exposed roots, brush, rubbish, and other objeotios
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 exoavation in the soundest possible condition All eoxavap 
tiono for embankment and structure foundations shall be made in 
the dry. 

The diversion tunnel shall be concrete lined. The portal
 
struoture will be provided with a slot for installation of stop
 
logs for closure of the tunnel. The spillway will consist of am
 
uwaded overflow concrete structure and a concrete lined okute.
 

The raw water intake will be multi-ported and shall be cons
tructed of reinforoed concretes
 

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
wary destruction, soarrinc, or defa&,ov of the natural surround
ings in the vicinity of work. 

The Contractor shall construct, aintain all necessary 
oofferdame, ohannels, flumes, drains, dumps aad/or other tempo
rary diversion and protective works; shall furnish all materials 
required therefore; and shall furnish, install, 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 LMN standard 
specifications and oupplementary specifications. 

Acoess and Service Roads 

The construction of access anC vervice roads to water supply 
facilities shall include all necessary oleaing and grubbing, ex
cavation, fill and backfill, roadbed preparation, 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 tha construction of new aooess
 
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 Transmission Pipelines
 

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

Pipe, fittings, valves, other materials and installation, joint
ing, testing and disinfection shall be in accordance with LNUA 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 pipas; 
gate and butterfly valves; blow-offs; air valves; and work relating 
to their installation.
 

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

Prestressed concrete cylinder pipe shall conform to AWWA C301,
 
"Reinforced Concrete Water Pipe-Steel Cylinder Typ t Prestressdw.
 
Fittings shall conform to the specifications for cast iron, ductile
 
iron, or steel pipe.
 

In general, all piping shall be designed for a = uimtun working
 
pressure of 10.5 krsqom (150 psi). The prasuwe class ot fittings, 

D-3 



couplings, special castings, and valves shall be at least equal to 
the pressure class of the pipe tn Ie inctalled. 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 faotors. suf-
A 

fioient number of air valves shall be provided to insure full
 
protection of the pipeline.
 

All pipeliae installation shall be in striot conformanoe with
 
applicable AWWA and/or LWUA Standards and with the respective

manufacturer' instructions and recommendations.
 

Wter Treatgi.t Plant 

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

Chemical mixing chambers, flocculation and sedimentatzon tanks,
filter boxes and treated water storage tankc shall be constructed 
of reinforced concrete. 

Filter materials shall consist of filter sand and anthraoite
 
conforming with specified requirements with respect to oomposition

and grading. 
 For each filter unit there shall be installed the
 
necessary control valves, rate of flow controller, lose of bead
 
gage7 flow meter and recorder.
 

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

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

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

Administrationhkildji
 

The construction of administration buildings shall be of the 
materials and workmanship called for in the drawings and specifios
tious. 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 metal 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; groutingg 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 +-- Engineer. Well casing and/or conductor pipe shall be of the
 

diameteis, materials and class specified, or better. 

For gravel packed wells only cleant 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. 

and by methodsDeveloping of the well shall be done with care 
that will not cause damage to the well or canse adverse subsurface 
conditions that may destroy barriers to the vertical movement of 

water between aquifers. Upon completion of well developmnUt test 

pumping shall be done in accordance with a test procedure that will 

be furnished to the Contractor by the Engineer. The pimp 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 an possible to that which exist
ed before tie well construction work, unless otherwise specified.
 

Flow Motrs (Mainline Meters)
 

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

The venturi meter tube shall be of standard or long form 

design, the included angle of the outlet cone being approximately 
80 - 10'. The tube shall have a body of high tensile gray iron or 
close grain, high tensile iron. Both inlet and throat shall have 
integrally cast annular pressure chambers with multiple even spaced 
vents communioating with the interior of the meter tube. 

Propeller type meter shall have the same nominal inside dia
meter throughout its length to offer minimum obstruotion to the 
flow. The meterhead shall be connected to the tube by means of a 
flanged connection, designed for easy removal from the t-Abe for
 
inspection and repair. The meter shall be furnished with a propel
ler of plastic or other suitable material mounted in the meter
 
tube. The meter shall register within 2 per cent of the true flow
 
of water at all flows within the minimum and maximum rating. The 
propeller type meter shall conform to AUWA C704-70 "Standard for 
Cold Water Meters - Propeller Type for Main Line Applications". 

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

Deep We~lltrbine, 

Deep well turbine pump shall be water lubrioated, line shaft
 

vertical turbine pump, electric motor or diesel engine driven or 

both (dual drive), as required. Pump characteristics and operating 

D-6
 



oonditions will be specified for each particular installation. Pump 
shall conform to ANSI B58.1 - 1971 (AWWA ElO - 71) "American National 
Standard for Deep Well Vertical Turbine Pumps - Line Shaft ard Submer
sible Types". Diesel engine and accessories shall conform to 'he speoi
fioations for diesel engine, except as modified herein* 

For motor-driven pump, the motor shall be full voltage start
ing where the electric power system capacity and regulations permit;
 

otherwise the motor 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 con
tinuously over the specified range at the ambient temperature without 

the load exceeding the service factor. Motor operating characteris
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 assembly, auction 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 shallj if 
required, furnish a sworn statement that the equipment furnished and 
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 installs
tion and testing of the equipment. Spare parts, operation and main
tenanoe 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
 

- 1971Submersible deep well pump shall conform to ANSI B58.1 
(AWWA E1O - 71) "American National Standard for Deep Well Vertical 

Turbine Pumps - Line Shaft and Submersible Types". Operating condi
particular installa

tions end requirements will be specified for each 

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 characteristics 
(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.l.
 

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 driven 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 injectors. 
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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 frequency 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 speci
fied under Diesel Engine. The diesel engine shall be arranged 
for direct connection to the alternating current generator. 

The generator shall be especially designed for direct connect
ion to the diesel engine and shall be for the specifiea 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 torsionl vibration that will endanger its 
satisfactory operation, or cause undue vibration in any part of the 
equipment, throughout its entire operating range of speed and load. 

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

Chlorination System
 

C'-lorine gas, in 150-lb cylinder or ton containers, whichever 
is uicst suitable for the particular installation, shall be employed
 
in a-1 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, 

Chlorinators shall be the vacuum operated, solution feed type 
which meter the chlorine gas under vacuum and dissolve it in water 
forming a concentrated solution that is then injected into the water.
 
Direct feed chlorinators will not be permitted.
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Chlorinators may be directly mounted on 150-lb cylinder or ton 
container, vall - or floor-mounted uni's Models of a design that 
permit enlarging the capacity by replacement ol 1 :, VIX ; , 
the flow meter will be preferred to those with fixed maximum onpa
city. The chlorinators shall also b of P '. that will permit 
either manual or automatic operation, the latter with the uve of 
auxiliary equipment. At least two unit : shall be provided and in
stalled, one serving as stand-by. The completed installation shall 
include all necessary piping, valves, controls and P~o*msories in.
cluding chlorine scales, gas masks, and gas leak detection and alarm
 
systems,
 

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

Installation of Equipment - General 

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

The gozeral and equipm9nt 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 
otating that the installation of the equipment is satisfactory, that 
the unit is ready for operation and that the operating personnel 
have been sufficiently and thoroughly instructed in the proper opera
tion, lubrication and care of the unit.
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Installation of deep-Well vertical turbine pumps is particularly 
critical if long service-free life ts to be e.)xeoted. Installation 
should only be done by experienoed personnel following specifications 
oIf ANSI B58.1 - -9'11 (AtiJA EOI - 71) and paying particular attention 
to straightness of line shafts and proper aligi'rnent of all parts. 

Booster Pump Stations 

Booster pump stations bhall be designed and constructed to 
comply with establishad criteria and standards of the LWUA as well 
ae other requirements peculiar to each site. Booster pump facilities 
will generally consist of pumphouse, p~anp units, suction and discharge 
piping, control valves, gauges, flow meter and recorder, control =rd 
protective equipment, site wcrks and cecurity fencing. 

Pump units shall be oaatLif'ugal, turbine, or submersible type. 
Centrifugal and turbine type pumps shall be either electric motor or
 

diesel engine driven. Suletsible booster pumps shall be motor dri-
ven. Each pump shall have optimum efficiency at the specified duty 
point. Motors for electrically driven puns shall be of adequate 
horsepower for the full orpzratinr? range -f the pump. 

Storage Tanka 

torage tanks shall be generalJy constructedElevated and ground 
of reinforced concrete. For small capacity elevated tanks, steel 
tanks on steel towers may prove to be more economical and should be 
given consideration in the final design phase. Ground tanks may be 
circular, rectangular or other shape acceptable tc anx. approved by 
the Owner. Tanks ehal be designed in accordance with applicable 
national and local structural and sanitary codes. It shall be struc
turally sound with ample provisions for wind and/or seismic stresses. 
Concrete and reinforced concrete work including waterproofing, dis

infection, painting, and all other incidental work shall be in strict 
compliance with LWUA Standard Specifications az~i ,appl.±a intary Speci
fications. All tanks intended for storing potable water shall be 

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

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

Neoessary piping, valves and accessories for operation, maintenance 
proiided. shall include inlet-outlet,and safety shall be Piping 

overflow, drain, and vent. Shut-off valves, cheok valves, automatic 

flow control valves, water level indicators and instrumentation, 
shall be provided as required. 
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Distribution System Piping and Components
 

Gnr- ral requirement with respect to materials, installation 
and w.er appurtenant work for water transmission pipelines are 
applicable to distribution system pipelines. Other distribution 
syE IC4 l ',*aponents, inc.Luding fire hydrants, service conneotions 
and customer water meters, shall be installed according to LWUA 
standard details and standard specifications. 

PLpe Cleaning and Lining 

Yipe cleaning and lining shall include all materials, labor, 
equipment and all incidental work necessary to clean and line the 
interior of pipelines in-situ and restore the pipelines in ser
vice. The work shall be performed by trained workmen under the 
supervision of personnel experienced and competent in this parti
ou], 14e of work. 

Interior lining shall be cement mortar. The interior of pipes 
to be lined nhall be thoroughly cleaned of all rust, incrustation, 
dirt, oil and grease and other foreign matter. Necessary 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 service 
in as short a time as possible t 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; installation and removal 
of temporary by-pass pipes, service conneotions, plugs, olosure 
pieces; making and closing required access openings; surface res
toration; clean-up and disposal of debris and other waste materials. 
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APPENDIX TO CHAPTER IV
 



TABLE IV-E.-1
 

SYSTEM DATA 
OZAhIZ CITY EXISTING SYSTEM PK-HR(RESERVOIR AND PUMP FLOWS UNKNOWN) 

INPUT AND OUTPUT IN 

NO OF NODES 

NO OF PIPES 

MAX NO OF ITERATIONS 

PEAKING FACTOR 

ALLOW P-DROP FR/STATIC - PCT 

STATIC HGL FOR P-DROP CALC 

MAX UNBAL - LPS 

MAX ALLOW VEL - MPS 

MIN ALLOW VEL - MPS 

MAX ALLOW HL - MT/1000 MT 

MIN ALLOW HL - MT/1000 MT 


MAX ALLOW PRESS - ATM 


MIN ALLOW PRESS - ATM 


NO OF HEADS TO BE READ 


NO OF UNKNOWN CONSUMPTIONS 


SUM OF FIXED Dh]lANDS 
BANDWIDTH 


ITER 1 lINBAL 11.67 LPS 

ITER 2 UNBAL 4.99 LPS 

ITER 3 UNBAL 4.01 LPS 

ITER 4 UNBAL 0.99 LPS 
ITER 5 UNBAL 0.08 LPS 

SOLUTION NO. 1 REACHED IN 5 ITERATIONS 

0.0786 IMBALANCE 

LPS
 

63
 

92
 

20
 

1.00000
 

50.0
 

62.3
 

0.10000
 

3.000
 

0.400
 

10.00
 

0.50
 

7.000
 

0.700
 

2
 

2
 

36.52
 

10
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TABLE IV-E-2
 

PIPE DATA 

PIPE NODES DIA L H-W K-VALUE FLOW -- VEL- -- HEADLOSS---
NO FROM-TO MM MTRS C MPS-- CK MT MT/1000 OK 

1 2 1 102 100. 100 0.399E-O1 0.74 0.09 LO 0.02 0.23 LO 
2 2 3 152 90. 100 0.498F--02 1.35 0.07 LO 0.01 0.10 LO 
3 3 4 152 190. 100 0.105E-O1 0.63 0.0.3 L 0.00 0.02 LO 
4 
5 

7 
8 

6 
7 

102 
102 

194. 
120. 

100 
100 

0.774F,01 
0.479F,-01 

0.42 
0.94 

0.05 LO 
0.11 LO 

0.02 
0.04 

0.08 
0.35 

LO 
LO 

6 
7 

9 
9 

5 
8 

102 
102 

212. 
90. 

100 
100 

0.845F,01 
0.359E-01 

0.97 
2.71 

0.12 LO 
0.33 LO 

0.08 
0.23 

0.38 
2.53 

LO 

8 7 10 38 200. 80 0.143E 02 0.08 0.07 LO 0.14 0.72 
9 8 10 102 248. 100 0.989E-01 1.41 0.17 LO 0.19 0.75 

10 11 10 38 234. 80 0.167E 02 0.10 0.09 LO 0.25 1.09 
11 13 9 152 240. 100 0.133E-O1 4.65 0.26 1O 0.23 0.95 
12 15 2 152 366. 100 0.203E-01 3.29 0.18 LO 0.18 0.50 
13 16 17 152 465. 100 0.257E-01 2.61 0.14 LO 0.15 0.33 LO 
14 15 16 102 80. 100 0.319E-01 4.94 0.61 0.62 7.69 
15 14 15 102 110. 100 O.439E-01 4.07 0.50 0.59 5.36 
16 
17 

13 
12 

14 
13 

102 
102 

163. 
94. 

100 
100 

0.650E-01 
0.375E-01 

2.54 
1.08 

0.31 LO 
0.13 LO 

0.36 
0.04 

2.24 
0.46 LO 

18 12 65 102 190. 100 0.758E-01 1.43 0.17 1W 0.15 0.77 
19 65 11 76 114. 80 0.279E 00 1.01 0.22 LO 0.28 2.50 
20 11 23 38 55. 80 0.394E 01 0.19 0.16 Lo 0.18 3.21 
21 22 12 102 45. 100 0.1793-01 2.76 0.34 LO 0.12 2.62 
22 
23 

20 
19 

13 
14 

152 
102 

50. 
55. 

100 
100 

0.277E-02 
0.219F-01 

6.65 
2.04 

0.38 LO 
0.25 UO 

0.10 
0.08 

1,95 
1.49 

24 18 15 102 55. 100 0.219E-01 5.15 0.63 0.46 8.31 
25 19 18 102 110. 100 0.439E-01 2.36 0.29 LO 0.22 1.96 
26 20 19 102 160. 100 0,638E-1 2o62 0.32 LO 0.38 2.38 
27 21 20 102 54. 100 0.215E-01 1.84 0.23 LO 0.07 1.23 
28 21 22 102 46. 100 0.183E-01 O.4O 0.05 LO 0.00 007 LO 
29 35 23 38 220. 90 0.127E 02 0.25 0.22 LO 0.96 4.36 
30 25 22 102 100. 100 0.399E-01 2.55 0.31 LO' 0.23 2.26 
31 26 21 102 100. 100 0.399E-01 2.43 0.30 LO 0.21 2.07 
32 27 20 152 100. 100 0.554E-02 8.02 0.44 0.26 2.61 
33 29 19 102 150. 100 0.598E-01 2.45 0.30 LO 0.31 2.09 
34 28 18 102 150. 100 0.598E-01 3.22 0.39 LO 0.52 3.48 
35 26 27 102 54. 100 0.215E-01 0-74 0.09 LO 0.01 0.23 LO 
36 
37 

25 
24 

26 
25 

102 
102 

47. 
55. 

100 
100 

0.187-Ol 
0.219F,-01 

0.90 
1.36 

0.11 LO 
0.17 LO 

0.02 
0.04 

0.33 
0.70 

LO 

38 33 24 102 50. 100 0.199E-01 1.70 0.21 LO 0.05 1.06 
39 32 25 102 50. 100 0.199E-01 2.28 0.28 LO 0.09 1.84 
40 31 26 102 50. 100 0.199E-01 2.48 0.30 L0 0.11 2.14 
41 30 27 152 50. 100 0.2775--02 7.64 0.42 0.12 2.39 
42 
43 
44 

29 
31 
31 

28 
30 
32 

102 
152 
152 

110. 
54. 
47. 

100 
100 
100 

0.439F,-01 
0.299E-02 
0.260E-02 

0.38 
0.00 
0.03 

0.05 LO 
0.00 1O 
0.00 LO 

0.01 
0.00 
0.00 

0.07 
0.00 
0.00 

U) 
LO 
10 

45 32 33 152 56. 100 0.310E-02 0.25 0.01 LO 0.00 0.00 LO 
46 33 34 152 105. 100 0.581,-02 0.97 0.05 10 0.01 0.05 LO 
47 34 35 102 20. 100 0,798F-02 3.42 0.42 0.08 3.89 
48 
49 

35 
37 

36 
34 

102 
102 

520. 
50. 

100 
100 

0.207E 00 
0.199,-01 

1.77 
2.68 

0.22 LO 
0,33 L0 

0.60 
0.12 

1,15 
2.48 

50 38 33 102 50. 100 0.199E-01 2.62 0.32 LO 0.12 2.37 

IV-E-2 



TABLE IV-E-2 (Continued) 

PIPE DATA 

PIPE NODES DIA L H-W K-VALUE FLOW - - VEL -- - 4EADLOSS - - -
NO FROM-TO MM MTRS C MPS-- CK MT MT/1000 CK 

51 39 32 102 50. 100 0.199E-01 2.62 0.32 LO 0.12 2.38 
52 40 31 102 50. 100 0.199E-01 2.63 0.32 LO 0.12 2.40 
53 41 30 152 50. 100 0.277E-02 7.88 0.43 0.13 2.53 
54 41 40 102 54. 100 0.215E-01 0.53 0.06 LO 0.01 0.12 LW 
55 40 39 102 47. 100 O.187F,-01 0.21 0.03 LO 0.00 0.02 LO 
56 
57 

39 
38 

38 
37 

102 
102 

57. 
95. 

100 
100 

0.227E-01 
0.379E-O1 

0.15 
0.03 

0.02 LO 
0.00 LO 

0.00 
0.00 

0.01 
0.00 

LO 
LO 

58 
59 
60 

48 
47 
46 

37 
38 
39 

102 
102 
102 

52. 
55. 
55. 

100 
100 
100 

0.207E-01 
0.219F,-01 
0.219E-01 

2.79 
2.70 
2.69 

0.34 L) 
0.33 LO 
0.33 LO 

0.14 
0.14 
0.14 

2.66 
2.51 
2.49 

61 45 40 102 55. 100 0.219E-01 2.46 0.30 LO 0.12 2.10 
62 
63 

44 
43 

41 
29 

152 
102 

55. 
105. 

100 
100 

0.304E-02 
0.419E-01 

8.68 
3.70 

0.48 
0.45 

0.17 
0.47 

3.03 
4.51 

64 42 28 102 105. 130 0.419F,-01 3.41 0.42 0.41 3.87 
65 
66 
67 
68 
69 
70 
71 
72 

43 
44 
44 
46 
47 
47 
49 
50 

42 
43 
45 
45 
46 
48 
48 
47 

102 
102 
102 
102 
102 
102 
102 
102 

110. 
150. 
54. 
47. 
58. 
85. 

160. 
156. 

100 
100 
100 
100 
100 
100 
100 
100 

0.439E-01 
0.598E-01 
0.215E-01 
0.187E-01 
0.231E-01 
0.339F-Ol 
0o638E-01 
0.622E-01 

1.32 
2.24 
1.70 
1.04 
0.11 
0.00 
3.15 
3.19 

0.16 L) 
0.27 L) 
0.21 L) 
0.13 L) 
0.01 L) 
0.00 IX) 
0.38 L) 
0.39 LO 

0.07 
0.27 
0.06 
0.02 
0100 
0.00 
0.53 
0.53 

0.67 
1.78 
1.06 
0.43 
0.01 
0.00 
3.33 
3.42 

U) 
LO 
LO 

73 
74 

51 
52 

46 
44 

102 
152 

158. 
160. 

100 
100 

0.630E-01 
0.886E-02 

3.91 
13.19 

0.48 
0.73 

0.79 
1.05 

4.99 
6.57 

75 53 43 102 164. 100 0.654E-01 3.69 0.45 0.73 4.47. 
76 
77 
78 

54 
53 
52 

42 
54 
53 

102 
102 
102 

170. 
110. 
155. 

100 
100 
100 

0.678E-01 
0.439E-01 
0.618F,.-

2.68 
3.24 
3.37 

0.33 L)
0.40 L) 
0.41 

0.42 
0.39 
0.59 

2.47 
3.52 
3.77 

79 
80 
81 
82 

52 
51 
50 
6o 

51 
50 
49 
49 

102 
102 
102 
102 

100. 
55. 
55. 

350. 

100 
100 
100 
100 

0.399E-01 
0.219E-01 
0.219E-01 
0.140E 00 

2.98 
3.75 
0.18 
3.76 

0.36 L) 
0.46 
0.02 U) 
0.46 

0.30 
0.25 
0.00 
1.62 

3.00 
4.61 
0.02 
4.64 

LO 

83 58 51 102 110. 100 0.439E-01 5.25 0.64 0.94 8.58 
84 57 52 152 110. 1oo 0.609E-02 20.38 1.12 1.62 14.71 HI 
85 56 53 102 110. 100 0.439E-01 4.49 0.55 0.71 6.44 
86 55 54 102 110. 100 0.439E-01 0.04 0.00 LO 0.00 0.00 LO 
87 
88 

56 
57 

55 
56 

38 
102 

108. 
160. 

90 
100 

0.622' 01 
0.638E-01 

0.40 
5.49 

0.35 L) 
0.67 

1.13 
1.50 

10.46 
9.34 

HI 

89 57 58 102 100. 100 0.399F-O1 5.62 0.69 0.97 9.75 
90 59 57 152 60. 100 0.332E-02 32.08 1.77 2.04 34.06 HI 
92 61 60 102 1100. 100 0.439E 00 4.45 0.54 6.96 6.32 
93 64 61 152 1100. 100 0.609!3-01 4.45 0.25 U) 0.97 0.88 

IV-E-3
 



TABLE IV-E-3 
NODE DATA 

NODE GROUND FLOW HGL HEi.D PRESSRE- -
ELEV ELEV DITRS ATM- -- CK POT DROP--- C 

1 1.5 -0.74 2.280 0.78 0.08 LO 98.71 HI 
2 
3 

1.5 
1.5 

-1.20 
-0.72 

2.31U 
2.30U 

0.81 
0.80 

0.08 
0.08 

LO 
LO 

98.67 
98.69 

HI 
HI 

4 
5 
6 
7 
8 
9 

10 
11 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

-0.63 
-0.97 
-0,42 
-0.44 
-0.36 
-0,96 
-1.60 
-0.72 

2.29U 
3.14U 
2.93U 
295U 
2.99U 
3,22U 
2.80U 
3.06U 

0.79 
1.64 
1.43 
1.45 
1.49 
1.72 
1.30 
1.56 

0.08 
0.16 
0.14 
0.14 
0.14 
0,17 
0.13 
0.15 

LO 
LO 
W 
LO 
LO 
LO 
LO 
LO 

98.69 
97.31 
97.65 
97.62 
97.55 
97.18 
97.86 
97.46 

HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 

12 
13 
14 
15 
16 
17 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

-0.26 
-0.74 
-. 51 
-0.99 
-2.33 
-2.61 

3,49U 
3,44U 
3.08U 
2.49U 
1.88U 
1.72U 

1.99 
1.94 
1.58 
0.99 
0.38 
0.22 

019 
0019 
0.15 
0.10 
0.04 
0.02 

Lo 
Lo 
La 
Lo 
LO 
Lo 

96.73 
96,80 
97.40 
98.37 
99.38 
99.63 

HI 
HI 
HI 
HI 
HI 
tHI 

18 1.5 -0.42 2.95U 1.45 0.14 LO 97.62 HI 
19 
20 
21 

1.5 
1.5 
1.5 

-0.67 
-0.39 
-0.19 

3.16"U 
3,54u 
3.61U 

1.66 
2.04 
2.11 

0.16 
0.20 
0.20 

LO 
W, 
LO 

97.27 
96.64 
96.53 

HI 
H 
HI 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

1,5 
1,5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1,5 
1.5 

-0.19 
-0.44 
-0.34 
-0.19 
-0,20 
-0.37 
-0.57 
-0,88 
-0,24 
-0.12 

3.61U 
2,88U 
3.87U 
3,83U 
3,82U 
3.80U 
3,47U 
3.48U 
3092U 
3.92U 

2.11 
1,38 
2.37 
2.33 
2,32 
2.30 
1.97 
1.98 
2.42 
2.42 

0.20 
0,13 
0.23 
0,23 
0.22 
0.22 
0.19 
0.19 
0.23 
0.23 

La 
LO 
LO 
LO 
La 
LO 
Lo 
LO 
L 
La 

96.54 
97.73 
96.10 
96,17 
96.19 
96.21 
96.76 
96.75 
96.O1 
96.01 

HI 
HI 
HI 
H 
HI 
HI 
HI 
HI 
HI 
HI 

32 
33 

1.5 
1.5 

-0.12 
-0.20 

3.92U 
3.92U 

2.42 
2.42 

0.23 
0.23 

LO 
La 

96.01 
96.01 

HI 
HI 

34 
35 
36 
37 
38 
39 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

-0,23 
-1,40 
-1.77 
-0.13 
-0.20 
-0.13 

3.92U 
3.84u 
3,24U 
4.04U 
4.04U 
4.04U 

2.42 
2o34 
1.74 
2.54 
2.54 
2.54 

0,23 
0.23 
0,17 
0,25 
0.25 
0.25 

La 
LO 
LO 
LO 
La 
LO 

96.02 
96.15 
97.14 
95.82 
95.82 
95982 

HI 
HI 
HI 
HI 
HI 
HI 

40 
41 

1.5 
1.5 

-0.13 
-0.27 

4,04U 
4.05U 

2.54 
2.55 

0.25 
0.25 

LO 
LO 

95.82 
95.81 

HI 
HI 

42 
43 
44 
45 
46 
47 
48 
49 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

-0.59 
-0.91 
-0.57 
-0,28 
-0,28 
-0.38 
-0,36 
-0,80 

3.88U 
3.95U 
4o22U 
4.16V 
4.18U 
4.18U 
4.18U 
4,71U 

2.38 
2.45 
2.72 
2.66 
2.68 
2.68 
2.68 
3.21 

0.23 
0.24 
0.26 
0,26 
0,26 
0.26 
0,26 
0.31 

LO 
LO 
La 
LO 
LO 
La 
LO 
Lo 

96.09 
95o97 
95,53 
95.63 
95.59 
95.59 
95.59 
94.72 

HI 
HI 
H 
HI 
HI 
HI 
HI 
H3 

50 1.5 -0.38 4.71u 3.21 o.31 Lo 94.71 H 

IV-E-4 



TABLE IV-E-3 niiud 

NODE DATA 

NODE GROUND 
ELEV 

FLOW HGL 
ELEV 

mAD 
MRS 

---- PR 
ATM----CK 

E 
POT DROP---.C 

51 1.5 -056 4o97U 3.47 
 0.34 LO 94.30 HI
52 1.5 -0.85 5.27U 
 3.77 0.36 LO 93.80 HI
53 
 1.5 -. 93 4.68U 3.18 
 0.31 LO 94.77 HI
54 1.5 -o.61 4.30U 2.80 
 0.27 LO 95.40 HI
55 lo5 -0.36 4.3ou 2.80 
 0.27 LO 95.40 HI
56 1.5 -0.60 5.39U 3.89 
 0.38 LO 93.60 HI
57 1,5 -0.58 6.89U 5.39 0.52 
 LO 91.14 HI
58 1.5 -0.37 5.91u 4.41 
 0.43 LO 92.74 HI
59 3.0 32.o8U 8.93 5093 LO
0.57 90.00 HI60 1,5 -0.68 6.34U 
 4.84 0.47 LO 92.04 HI
61 
 3*0 -0,0 13.29u 10.29 
 1,00 82.64 HI64 3.0 4.45U 14.26 11.26 1.09 81.01 HI
65 1.5 -0.41 3.34U 1.84 
 0.18 LO 96.97 HI
 

Iv-E-5 
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APPENDIX TABLE VII-A-I
 
WATER WELL DATA SUMMARY
 
OZAKIZ CITT-CLARIN AREA
 

Number Location 
Nominal 

Diamter (m 
Depth (m) from 

Total Cased 
Ground Surfac* 

WL1 Test NL 
Teat 

2 Yield-lps ps) 
Sp. CAP* Date 

) CompDleted Remarks 

MSO-1 

MSO-2 
XS0-3 

MSO-4 

MSO-5 

Catadman, NationalRoad,. Ozamiz City 200 

Bo. Lapasan, Clarin 150 
Catadman, Ozamiz City 100 

Rizal St., ango (I kn)
from airport) 100 
Near Cotta, Panmgil
Ba1 100 

45 

59 
40 

46 

38 

43 

53 
34 

30 

34 

+1,2 

-
+2.1 

-

+0.3 

-9.1 

-

-

-3.0 

7.6 

1.6 

0.2 

2.7 

-

1967 

1954 
1961 

1959 

1960 

Abandoned -

flowing 0.41psFlowing 
Flowing rate 

decreased 

Flowing 

Abandoned 

MSO-6 

1so-7 

MSO-8 

MSO-9 

MSO-10 

Bo. Malaubang 100 
Bo. ipusong, Ozamiz 
City i00 
BOO Hinagdng, OzamizCity i00 

Opel Beach, Ozamiz
City 100 
Misamis Annex, Ozamiz
city 60 

46 

117 
67 

46 

40 

23 

49 
57 

38 

24 

-4.0 -5-5 

-108.2? -112.2? 
-56.7? -57.3? 

+1.8 

- -

0.5 

0.8 
0.8 

-

1961 

1955 
1963 

1961 

1971 

Abandoned 

Flowing 

Flowing 

MS0-11 

M30-12 

NSO-13 

MS0-14 

-SO-15 

Bo. Maningool, Ozamiz
City 100 
Bo. Cogon, OzamizCity 100-150 
Bo. Gata, Clatin 150 

Lapasan District,
Clarin 100 

Public Elom. Sch., 
Clarin 100 

48 

56 
48 

29 

46 

34 

26-10 
25 

23 

29 

.-

-51.5? 
+2.4 

.-

-1.5 

-

-

-

-

-

-

-

-

-

1960 

1962 
.1956 

1958 

1961 

Flowing 

Abandoned 
No longer 

flowing 

iStatio Water Level
2 Pumping Water Level 



- -

- -

Nominal 

Number 	 Location Diameter, (%rm) 

MSO-16 	 Poblacion, Clarin 100 

MSO-17 	 Gango Elem. Sch.,
Bo. Gango 100 

NsO-18 Rizal St., Gango (150 m 
from National Road 100 

MSO-19 Las Agudas Ext., Ozamiz 
City 100 

MSO-20 	 Bo. Balintawak Elem.
 
School 150 


MSO-21 Baybay, Clarin Poblacion 100 
MSO-22 High School Compound 

Clarin Poblacion 100 
MSO-23 Baybay, Clarin Poblacion 50 
MSO-24 Rizal St. at Pilar St.,

Clarin Poblacion 50 
M0-25 National Rd., South edge

Clarin Poblacion 50 

NS0-26 Gango, on road to airport,
500 m west Nat'l road 100 

MS0-27 Mingrino Law Office, 
Catadman, Ozamiz City 50 

NS0-28 Road to Gata, 250 m 
west National Road 50 

APPENDIX TABLE VII-A-1 
WATER WELL DATA SU,.fl4ART 
OZAMIZ CITT-CLARIN AREA (continued) 

Depth (m) from Ground Surface Test 

Total Cased SL Test FWL Yield (Ips) 

47 45 -1.2 

39 32 -

43 23 

35 34 

78 53 


46 35 +0.9 +0.3 0.3 

- - -
- - - - -

- - -

.... 

.... 

..... 

Sp. Ca 

(lPsM 

-

-


-


-

-


-


-

* Date 

Completed Remarks 

1960 

1958 


1958 


1953 

1954 


1962 

-


-


1954 

1971 

.. 

Poor present 
yield 

Flowing
 

Flowing 

Flowing at
 

Abandoned
 

1954 

Flowing 

Flowing 

Plowing 

Flowing 

Flowing 

Note: &1 wells except MS0-23, P4, 25, 27 and 28 were drilled by NWASA. 



DESCRIPTIVE DATA 


D 

WELL NO- (CDM)
(OTHER) 

mso I__JCh 
NWASA 35-67-1 

LOCATION ATADMANj NORTH -SIDE OF DON ........ 
M. MARCOS AVE. 70M S.W. OF PROSPERIA PARK. I 

CITY OZAMIZ CITY ...... 1.8 
PROVINCE __MISAMIS OCCIDENTAL 3.7 
CONST BY NWASA 

DRILLER G.T. CHAVEZ 
STARTED - 30 AUGUST 1967 

COMPLETED _- 29- SEPTEMBER 1967 

OWNER MISAMIS OCCIDENTAL WATER 10.7 
DISTR!CT 

STATUS OUT. OF SERVICE..; 
PUMP REMOVED 

CASING DIAMETER 
-~~~~-

200 MM.; 150 MM 
- -Z 

DRILLER'S TEST DATA 
DATE 29 SEPTEMBER 22.0..... 1967 ........ 22. 

STATIC WATER LEVEL 1.2 M ABOVE 

GROUND SURFACE 

PUMPING WATER LEVEL -. 9'2 M BELOW 
... . _GROUND SURFACE 

. . 28.0 
TEST PUMP YIELD . 7.6.LPS . 

30.2 

REMARKS: 34.8 
FLOWING ARTESIAN, DISCHARGING 6 GPM 

WHEN COMPLETED, 2GPM ON 16APRIL 1975. 

39.6 

43.0 
43.6 
45.1 


GRAPHIC LOG 

;.. CASI G STRATIFICATION 

-GROUND SURFACE 
_ SURFACE 

BLUE STICKY CLAY 

6C 
12 

COARSE SAND 

35 

_E---..--- BLUE STICKY CLAY 
BLUE SHELS 

_....WITH SHELLS 

72 SI74 -- YELLOW STIK CLAY 
76 

YELLOW STICKY CLAY
YLO TCYCA 

9 2 Y L STICK Y C L AY 
YELLOW STICKY CLAY 

98 WITH GRAVEL 
.. 
 BOULDER 

114 

YELLOW STICKY CLAV" 

WITH GRAVEL 
130
 

SAND a GRAVEL 
141 
143 FINES A SAND 

148 - SANDSTONE 

APPENDIX FIGURE VII-A-I 
WELL DATA SHEET 

FEASIBILITY STUDY FOR 
SUPPLY OF TEN PROVINCIAL 

WATER 
AREAS CDM - LWUA WE.L MSO-I 



DESCRIPTIVE 
..... 

DATA 
DETH I 

GRAPHIC 
CASING 

LOG 
STRATIFICATION 

WELL NO- (CDM ) MSO---
(OTHER) NWASA 34-61-27 

LOCATION ELEMENTARY SCHOOL, ZULUETA 
AT RIZAL ST.. CLARIN POBLACION 

CITY CLARIN 
PROVINCE MISAMIS OCCIDENTAL 
CONST,BY NWASA 

DRILLER RIG. NO.236 

STARTED - _ _ _ _,'._ 

COMPLETED 22 MARCH 1961 

OWNER _ _ _.. 

ST 

(M) 

_N 

49 

(FT.). 

16 

.. 

__ 

.. 

•__ 

-

.. 

.. 

BROWN CLAY 

STATUS 

CASING DIAMETER 100 MM SAND 

DRILLERS TEST DATA'-
DATE 22 MARCH 1961 

STATIC WATER LEVEL 1.5 M 

PUMPING WATER LEVEL ____"_ 

TEST PUMP YIELD 1.6 LPS 

25.3 

26.5 

83 

87 

" , 
____,__,_ _,__,__...___. 25.3 3QUICKSAND 

.. 

29.0 95 • 
, . * '1 

REMARKS% 
DATA FROM NWASA RECORDS. 

... I 
"A 

I"I. 

S 

COARSE 
SAND 

SAND 
I .. 

I.. 

41.5 136 
BOULDER 

APPENDIX FIGURE VII-A-2 
WELL DATA SHEET 

FEASIBILITY 
SUPPLY OF 

STUDY FOR 
TEN PROVINCIAL 

WATER 
AREAS CDM - LWUA WELL MSO-15 



DESCRIPTIVE DATA 
DEPTH 

GRAPHIC LOG 

WELL NO.(CDM MSO-16 

(OTHER) NWASA 34-60-55 
LOCATION TEJUDU ST. AT NATIONAL 

CLARIN POBLACION 

CITY CLARIN 
PROVINCE __ MISAMIS OCCIDENTAL 

CONST. BY
DRILLER 
DRLLER 

ROAD 

(F.) 

5_5_1.
55 1 

CASING STRATIFICATION 

- "'GROUND SURFACE 

CLA• "SANDYSANDY CLAY 

-77. 

" GRAVELLY CLAY 

COMPLETED 6 
OWNER __"..__ 

JUNE 1960 
_._ _.__ _"_ 

STATUS __"_"_"_"_SAND 

CASING DIAMETER 100 MM _ . • 

171 .: 56 

DRILLERS TEST DATA: 

DATE 6 JUNE 1960 

STATIC WATER LEVEL -12 M. 

PUMPING WATER LEVEL __________INEAN 

22.9 75 

.___.._._."_...SAND 

FINE 

WITH 

SAND 

SHELLS 

TEST PUMP YIELD 27.4 90 -" ...... 

REMARKS'. 

DATA FROM NWASA RECORDS. 33,5 110 

--. 

REMRKZ 

-d 
•"-
... 

. 

SHALE CLAY 
WITH 

DECAYED WOOD 

. ': 
, 

COARSE SAND 
AND GRAVEL 
WATER BEARING 

42.1 138 

44.8 147 ...47.POORLY... . 
• -'.t LE E:_ . 

CEMENTED 
SANDSTONE 

47.3 .155 r . 

APPENDIX FIGURE VII-A-3 
WELL DATA SHEET 

T STUY FR
SUPPLY OF TEN f'ROVINC AL WATERAREAS -LWUACflPWA WELL MSO-16 
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APPENDIX VIII-C 

WATER I RNENT AUMBNATIVES 

Analysis of water samples taken from the proposed spring sources 
indicates that all the physical and chemical quality patiq&Ws are 
within the aoceptable limits, with the exception of olightly 0=ep 
sive iron (0.55 mg/i) in the Coook Sprig water. Water from Nome of 
the existing wells also oontaine slightly excessive (0.85 ./1) irca,
Official records show the presence of wat8nbQMS d±ness in the 
area.
 

Surface waters, in general, are of good quality, However, color, 
turbidity and bacterial removal will be necessary, particularly during 
rainy periods. 

Feasibility of iron removal from the groundwater Sources will 
be studied. Otherwise, disinfection of water by chlorination would 
be the only treatment required for the spring or well supplies.
Alternative application points will be compared to obtain the most
 
effective disinfection results. 

Surface water would normally require provision of complete treat
ment facilities regardless of frequency of rainy periods. When water
 
does not contain a high degree of color and turbidity, direct filtra
tion followed by disinfection may be practiced.
 

Disinfection Alternatives
 

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

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

Iodine has chemical properties that make it an effective agent
against virus and certain bacterial cysts. 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 blue g,.s and active form of o.Vgan, is rated to be a 
more vigorous oxidizing agent than chlorine. This versatile element 
not only disinfects but also sterilizet. It also helps in color 
reduction, iron and manganese oxidation, taste and odor control. 
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Despite its impressive known qualities, osone is yet to aehieve 
universal acceptance. 

Ultra-violet radiation is another method of disinfeotion applisable to small water systems. It involves hiCb-ost equipent andrequires considerable amount of power. Moreover, this type of treat
ment requires high quality water, otherwise the ultra-violet reys

may be absorbed by substances 
present in the water supply. 

The use of metal ions with bactericidal properties such
 
oopper, silver and mercury is limited by their cost, 
 availabiWlty
and potential adverse health effects properlyif not domed. 

Bromine as a water disinfectant is soareocostly and LAIdLI

bromine produces irritating 
fumes and causes severe burns* 

Oxidizing agents such as potassium persengenate and hydrogen

peroxide have weak purifyinC qualities that require long contact
 
tims and high dosage.
 

The economics of disinfection serves as an important, if not

sole, basio for the selection of a treatment method 
suitable to a
particular water system. Selection is not necessarily based upon

the cheapest method available but on i-s dependability, effective
ness, suitability and reasonableness 
 in cost. From this viewpoint,
 
ozone and chlorine merit 
further consideration. 

Ozone, as earlier indicated, lacks extensive practical appli
oation but its versatility makes it advantageous over chlorine under

certain conditions. It can be more 
 effective and eoonomical wheaused for two or more stages of water purification. When taste and

odor in water 
are organio, ozone may be as effective as chlorine.
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 biggercapital investment than chlorination Iy the ratio of 3 or 4 to 1. 

While ozone appears to be an efficient disinfectant, its prao
tical application is supported with scares data. This leaves chlorine, a proven disinfectant, as a more dependable Althoughmethod. 
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 in Unitedrecently the States, it has developed intoa critical issue. Studies done by regulator7 agencies revealed the 
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presence of oamcer-producing ohlorine compounds in the drinking 
water of several cities in the eastern part of the United States 
as a result of treating river water@ contaminated 1W certain or
ganie and chemical wastes. The studios indicated that through 
chlorination, the hasard levels of mw-made ohemicals and posti
aides 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-induntrial ohemicals, a oondi
tion foreseen to remain for quite sone time. 
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APPENDIX VIII-D 

DISTRIBUTION SYSTEM ALTERNATIVES 

General
 

The distribution system, in general, is composed of a network
 
of distribution mains, internal distribution networks, storage faci
lities, booster pump stations, booster chlorination stations anid 
appurtenances such as valves, fire hydrants t meters, and service
 
connectionso The distribution system conveys the water to the con
sumero The distribution mains are the larger pipelines which take
 
the water from the transmission lines to the demand areas* 
The
 
internal network system consists of the smaller street mains which
 
distribute the water to consumers along smaller streets of the city
and subdivisions. Booster pump stations are required to raise water 
from lower pressure zones to higher pressure zones where consumers
 
are usually at higher ground elevations. The booster chlorination 
stations are required the fringe areasat of the water district to 
keep the chlorine residual at the desired concentration, The dis
tribution storage facilities provide supplementary flows during the
peak-demand periods0 The transmission lines convey the water to 
and from the storage facility depending on whether it is filling or 
emptyinge 

The valves are placed throughout the distribution system to 
keep small service areas isolated by closing the valves at times 
when maintenance is required. The fire hydrants are toconnected 
the distribution gystem at regular intervals depending upon the type
of area nerved* The service connections convey the water from the 
internal distribution system to the consumero Heters are placed on 
the service connection line to measure the amount of water consumed 
1V the customer. The components of the distribution system described 
above are illustrated in Appendix Figure VIII-D-I. 

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

(1) Sixs and Staing. For most components of the distribution 
system it is possible either to install the capacity required
for the design year or to stage the construction of the component
by installing part of the required capacity in earlyan cons
truction phase and the remaining capacity in a subsequent phase.
Examples would be: 10,000 storage tank builta cue in 1980 for 
the design year 2000; or a 6,000 sum storage tank built in 1980
and a 4,000 cum storage tank built in 1990o Installing a smaller
sie 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 now location is preferable to that originally planned. In 
any case, studios should be made to indicate the economio 
feasibility of staging. 

(2) Loation. Sometimen, more that one location exist for 
the construction of the distribution system component. In 
some cases, economic studies will aid in the selcotion of the 
most desirable site, and in other cases t practical oonsider.
ation and engineering judgement will be of primary importanoe. 

Each component of the distributidn system and Its respective alter
natives are discussed *n subsequent secticne.
 

Distribution Mains 

The alternatives for distribution mains are location, sizeo 
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 should 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 topographic features. As much as possible, the distribu
tion mains should be looped to avoid dead-end service areas; to 
minimize the number of concessionaires affected when 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-4 o conditions. The minimu 
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 conditions. In some residential arean alter
nating 150 - and 200 mm pipe sizes is adequate. Staging of distribu
tion mains is economica at l0-7ear intervals ia areas having wide 
*treets and low population densities. However, 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 disruption occurs when the street is excaated 
for the new water main* It is better to install the pipe size 
required for ultimate design in these oongested areas so that 
these problems can be avoided. 

It is desirable to maintain the maximum spacing for distribution 
mains at I,000 meters. This will provide uniform size and spaoing for 
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the internal mains as well as better pressure distribution through
out the system. A wider spacing of the distribution mains would 
require larger pipe sizes in the internal distribution network to 
m Intain sufficient pressures during fire-flow and peak.-hour periods. 

It isnot recommended that the minimum distribution main sizes
 
be staged* However, larger mains can be staged in some instances*
 
A required pipe size (;.250 mm for year 2000 demands can be con
veniently sta.ged with one 200 mm line in Stage I and another 200 mm 
parallel line in Stage II However, in Stage II an extra cost of 
15 per cent may be included in the construction of the parallel line 
because of the problem encountered with interties to the Stage I
 
line and safeguarding service connections and sometimes transferring
 
the connections with the internal network* The economic evaluation
 
of a two-stage versus one-stage construction of a 250 mm line is
 
shown below:
 

EVALUATION OF DISTRIBUTION MAIN STAGING
 

Pipe 
Construction Size 

Alternative Period LM-

Single-Stage I M 250 

Two-Stage 1980 200 

1990 200 

Construct- Project Annual 
ion Cost1 Cost Cost 
(plm) , .PL .PLmJ)-L 
475 648 3 


360 491 2 


414 565 2 


1976 Present Worth
2 

Capital. Annual Salvage Net 
Cost Cost Value Cost 

..IrL)2/IL . (?/1 

412 14 19 407 

Total 407 

312 9 14 307 

116 2 19 99 

Total 406 

Comparison of the two alternatives shows that constructing two
 
parallel 200 mm lines in each stage costs almost the same as a single

250 . mm line in Stage I. In this case, it would probably be better to 
insMll a 200 mm line initially because of the lower capital cost and 
added flexibilityo Similar calculations for staging a 300 mm line 
with parallel 250 mm and 200 mm lines indicate only slighit savings 
with two-stage construction. Selection of distribution mains which 
should be staged must follow an analysis of the peak hour and fire 
flow conditions to be sure that the smaller line constructed in Stage I 
will be hydraulically adequate until the second line is installed* 

The timing of the construction of the distribution main systems
 

should be such that an attainable level of growth in the distributio'
 

L1990 construction cost includes 15 per cent penalty,
 
2Discount rate is 12 per cent.
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system is maintained Areas having higher densities of potential 
customers should be connected in the early construction periods 
because the cost per oonnection will be lower and more revenues will 
be generated. Also, extension of service to large demand customers 
such as industries and commercial areas would be desirable when a 
reliable water supply is available* Service to this type of customer 
would have a positive impact on the econorq of the study area. 

Distribution Storae Tanks 

Distribution storage tanks provide supplementary supply during 
peakbDur demand periods, during fire flow demand periods and during 
emergency periods when source supply is reduced. The recommended 
distribution storage volume is 15-20 per ent of maximum. daily 
supply requiriments. 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 6emand center as possible and on the opposite side of the ser
vioe area from the source. By locating the storage in this manner, 
the peak-hour pressures will be higher as the supply can be 
provided from two directions. 

It is recommended that storage facilities be oonstructed on
grade with an operational level fluctuation of 3 to 7 m. The storage 
tanks should be of reinforoed concrete and covered to prevent oon
tamination. Initially, adequate land area should be purchased so 
that the ultimate storage capacity of the site oan easily be aooomme
dWed. The storage facility is designed and constructed in increments 
so that the desired oapaoity is available when needed. It has been 
observed that staging at 10-year intervals is an eoonomioally appro
priate time increment based on the discount rate used in this study. 

For operational purposes the storage overflow elevat-.on should 
be the same elevation as the HGL control at the souroe. Locating the 
storage at the same elevation as the source is sound engineering prao
tire* 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-aoting altitude valves at the storage faoi
lity is required unlike when the storage is at a lower elevation 
than the source. 

Tank filling will take place during the minimum demand periods. 
Amount and duration of minimum demand oan be determined by 24o -hour 
consumption records. Since these data are not available, it is 
asemmed that the minimum demand is about 30 per cent of the average 
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demand for a period of 8 hours. Assuming a tank with 7 m water 
depth the differential head between the source HGL elevation and 
the storage tank is a maximum of 7 m when the tank in empty and 
3.5 when the tank is half-full. Because of this small head diffe
rential, care must be taken in choosing location and sie of the 
supply lineso 

Placing the storage HGL at an elevation lower than 70 m is not 
recommended because this will mean that areas at the extreme ends 
of the distribution system will have insufficient pressures unless 
inordinately large distribution mains are provided* If locating 
the distribution storage tank at a lower elevation than the source 
is considered, a double-aoting altitude valve must be placed on the 
supply line to the tank. The valve closes when the water elevation
 
in the tank reaches the overflow level and opens when the pressure 
drops in the distribution system, permitting water frm the storage 
to enter system. If the valve is not maintained at all times, it 
could fail to operate properly and cause lower pressures in the di.
tribution system permitting water from the storage to enter the system. 
Because the storage is at an elevation less than the source, it is 
difficult to obtain the required flow from the storage during peak 
flow demands as mot of the supply will come from the direction of 
the source, the location of the highest HGL. 

When suitable ground storage sites are not available, it is pos
sible to utilize elevated storage tanks or standpipeso If possible, 
the overflow elevation should be the same as the HGL control on the 
source transmission line. The operational range of elevated storage 
may be reduced to 5 m. In the case of standpipe storage the volume 
lower than the top 7 m should not be considered as part of the oper
ational volume* Economic studies can aid in the selection of the best 
locatjon* The present worth cost of the storage tank and the storage 
transmission line for several alternative sites should be evaluated to 
determine the least-oost alternative* 

In some cases it is more economical to locate a portion of the 
distribution storage volume at the source HOL con'role This reduces 
the pipe diameter required to fill the distribution storage tank 
located at the other end of the system* HOweverg locating storage 
at the source will mean that more supply must come from the source 
during peak-hour demand periods. Several alternative distribution 
and source storage schemes should be evaluated to determine the best 
apportionment of the required storage volume. 

Internal Network System 

The internal network system is the network of pipes within the 
1,000 m grid spacing of the distribution main network. The internal 
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network consists of pipe sizes usually of 150 mm or smaller diameter,
valves, fire hydrants and service oonnections. 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: 

Tpe of Area Fire Plow Demand 

Commercial, Industrial and High 20 lps at each of two adjacent 
Value Residential fire hydrants
 

Single Family Residential 10 lps at each of two adjaent 
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 coinoident with maximum-day demands with a minimum hydrant 
pressure of 7 meters. 

In order to determine the response of the internal network to 
several flow conditions, a detailed study of the internal network was 
made. Commercial/residential areas in several cities in the Philippines 
were analyzed to determine a composite 100 ha area. A typical 100 ha 
area in the core city or fringe of the core city has 8-12 km of roads 
and streets. Since the internal network is installed along street 
rights-of-way, the total length of internal network pipe will also be
 
8-12 km for a 100 ha area. An average of 8-12 km per 100 ha area 
corresponds to 80-120 m of pipe per hectare served. The 80 m per 
hectare would be in less densely populated, high-value residential 
areas, and the 120 m per hectare 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 
network under the most stressing conditions - less pipe per hectare 
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: 

Alternative 1. All internal network pipe is 100 mm in 
diameter. 

Alternative 2. All internal network-p3pe is 150 m in
 
diameter.
 

Alternative 3. The ratio of 100 mm pipe to 150 pipe ismm 
3:1, i.e., 6t000 m of 100 mm pipe and 2,000 m of 150 mm pipe. 
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The three alternative systems were evaluated by using the computer 
to solve for pressures and flows for varying population densities. 
The 100 ha area was assumed to have a mimed residential and oommer
cial land use. The domestic flow requirement was assumed to be 
175 lpod, and the commercial and institutional demand was assumed 
to be 10 per oent of the domestio demand* The unaooounte&-for-4ater 
was assumed to be 25 per cent of the area's total demand. The demand 
was applied uniformly over the entire area* The alternative networks 
were analyzed under peak hour oondition (peaking factor of 2.0) and 
maximum day plus fire flow condition* The minimum pressure in the 
internal network is listed in Appendix Table VIII.--1. 

APPENDIX TABLE VIII--1 

MINIMUM PRESStRE IN ALTERNATIVE 
INTERNAL NETWORK SYSTEM
 

Minimum Internal Network Pressure (m)3 
Alternative 
 Population Peak Commeroial Residential
 
_&stem Density Hour Fire Plow Fire Flow
 

1 -All 100/ha 11 7 11 

lOO nPipe 200/ha 10 10 

300/ha 81/ W 8 
2./ - All 100/ha 11 12 

150 u Pipe 200/ha 11 11 

300/ha 11 11 

32/. Ratio 100/ha 11 8 

of 100 mm to 200/ha 11 8
 

150 mm is3.0 300/ha 10 7 

3Average pressure in distribution mains is 14 me 
" xnesspressure than the criteria: Feak-hoixr minimum is 10 m;
.ire flow minimum is 7.0 meters. 
dINo residential fire test was analyzed because the minimum pressure
 

oriteria were satisfied in the oommeroial fire test.
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The data indicate that Alternative 1 can meet minimum pres
sumre requirments for all conditions for a population density of
 
100 people per hectare. However, minimum oriteria osmnot be main,
tained for higher densities. Alternative 2 meets the pressure

criteria for all population densities studied. Alternative 3 also 
satisfies the minimum criteria for all population densities studied.
 

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

Other computer studies were carried out on Alternatives I and
 
3 by increasing the total length of internal network pipe to
 
120 N/ha. The peak hour pressures were increased approximately 2 m
 
as the peak hour flow was spread among more pipes. However, the fire
 
flow pressures increased only slightly as the fire flow was applied to
 
a much smaller area of the system.
 

The oonstruction costs for installing the internal network piping

for each alternative, and several subalternatives of total internal
 
network piping are listed below:
 

Length of Pipe Ratio of Construotiou 

Alternative , 100 mm _150p Cost (P/ha 

1 - All 80 80:O 1I,600
 

100 M Pipe 100 100:0 14,500
 

120 120:0 17,400
 

2 - All 80 0:80 15j600
 

150 - Pipe 0:100
100 24,500
 

120 0t120 29,400
 

3 - Mixed 
 80 60:20 13,600
 

100-150 mm Pipe 100 80.20 
 16,500
 

120 100320 l 400
 
6 Couts do not include valves or fire hydrant.
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Alternative 3 is 10-15 per cent more than Alternative 1 
and 45-50 per cent less than Alternative 2. Though Alternative 
1 provides sufficient service for residential areas up to 200 
people/ha, Alternative 3 is the recommended internal network 
system. Alternative . e'n meet minimum pressure requirements 
for higher density levels and during commercial fire flow conditions.
 
This alternative can serve an area which is initially residential
 
but gradually becomes commercial without requiring reinforcement*
 
Also, further tests indicate that Alteimative 3 can meet minimum
 
pressures up to 400 people/ha when 120 M/ha of internal network pipe
 
is required.
 

The minimum recomwnended pipe size in the internal network is 
100 mm. Smaller pipe would reduce peak hour pressures and would 
severely limit fire-fighting potential. Though pipes less than 100 mm
 
are cheaper, the installation costs are not significajtly less than 
that for 100 mm pipe. Also, the capacity of smaller pipe is consider
ably less. The installation price per unit of capacity is shown in 
Appendix Figure VIII- D-3 for pipe sizes ranging from 50 to 350 mm.
 
The curve turns upward very sharply for pipes smaller than 100 mm.
 
On a capacity basis, the 75 mm pipe costs 80 more than the 100 mm
 
pipe and is thus not recommended for internal network pipe. 

StaCing of internal network pipes is not usually economical or 
practical. Streets and utilities should be provided in accordance
 
with development and zoning plans. The internal network should be
 
designed with the ultimate plan of the area, fixing the required
 
demands and fire flows. 
 Thus, the period for staging to be economical
 
would have to be 10 years or more.
 

The valves in the distribution main network and the internal dis
tribution system should be spaced so that interruption in service due
 
to maintenance would affect as few customers as possible. Each internal 
network connection to a distribution main should have a valve so that 
repair to an internal main would not require closing of valves on dis
tribution mains. High-demand areas should have more frequent valve 
spacing than low-demand areas. Valves should normally be placed at 
street intersections with a minimum spacing of 300 m to 500 m depend
ing on the character of the area.
 

Fire hydrants will be nlaced at street intersections to permit
 
quick location and enable Lire-fighting in several directions. In 
high value areas, hydrants will be spaced a maximum of 150 m apart 
with two outlets - 1 x 60 mm hose outlet and a I x 100 mm pump outlet. 
The hydrant will be oonnected to a main with a minimum diameter of 
100 mm. In single-family residential 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 service connections consist of a connection to the 
internal network main and a service line to the customer. The ser
vice line will be provided with a "gooseneck" for oonneotion to 
the main and a service meter will be provided for continuous 
measurement of water provided to the customer. A valve should be 
inserted in the service ahead of the meter to enable the water dis
trict 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 HGL oontrol as the service area at lower 

elevations, must be served by booster pumpage. The booster pump 
station raises the HOL to sufficient levels to serve the cnces
sionaires in the booster zone. A storage tank should be located in 
the booster zone to supply peak hour demand* The storage tank should 
be located on the opposite side of the booster zone from the booster 
pump station. The booster zone storage should havo an overflow ele
vation no more than 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 powered to permit a minimum level of service during power 

shortages. 
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Hand Pum Wells for Urban Areas 

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

Benefits from 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 HlW in the 
yard immediately adjacent to the house3 or in the house, will ordina
rily be found reasonably convenient to use.
 

Water from a HN 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. HW is, in this 
respect, inferior to a piped water system. This specific advantage 
of a piped water system over HN is less important if there is no
 
sanitary sewer system, or if the urban area in question does not
 
have the funds to provide private water-borne waste system as subs
titute for the public sanitary sewer system.
 

Similarly, iater from a good piped water system is ordinarily
 

much more convenient and useful for non-essential uses than water 
from a H. A hand pump well is much inferior to a good piped 
water system for fire prevention. 

In summary, water supply from H does not have the advantages 
of a piped system installed in the house. Water from a convenient 

HRN (which means a HN 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 thc day-time 
hours or available only at a distance from the house is generally 
inferior to a HRN located in the premises. 

Therefore, the HFN 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. 

Tpes and,Costs of RN 

Hand pump wells may be classified in two categories:
 

1. 	Water level high enough for suction pump use (within 6 to 
8 m below ground surface); 
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2. 	Water level too deep for suction pump use (below 8 a).
 

The depth of well required to reach a good aquifer at any
 
particular site is a critical factor which influnces costs.
 

Water 

A high water level HFW includes the following components:
 

1. 	A simple pitcher pump, which should be brass lined and
 
connected to a 32 mm pipe * It may have a piston diameter 
between 60 to 100 mm (Tto 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 aeceptabla 
instead of the brass lining. 

2. 	 A well screen, commonly called a "well point" when used 
with a hand pump, as it commonly has a point on the end. 

3. 	 Galvanized steel pipe, of 32 mm (1 in) nominal diameter 
to connect the well screen in the aquifer to the pump.
 

A concrete or masonry platform may be provided around the pipe 
at the ground surface. It is not essential for sanitary purposes 
if the connecting pipe is 10 m long or more. When not essential# 
platforms are commonly left to the pump user to provide, and are 
therefore not an expense to the public program. If a platform is 
provided, a short drain is usually also provided to carry waste
water away from the immediate vicinity of the we1. 

The cost of a hand pump well is the cost of the materiale at 
site, plus the cost of labor of installation and the cost of super
vision. The average cost of such a H1W will vary from P1,000 (at 
20 m depth) to P3,000 (at 75 m depth). 

Deep Water Level Hl W 

A deep water level hand pump well should have the pumping 
element, the pump piston, installed below -the pumping water level., 
If the pumping water level is at 15 m, for instance, the pump 
piston must be 15 m or more under ground, 

The 	essential materials of such a well would include:
 

1. 	 A pump, or more properly, a pump cylinderg which should 
be brass lined steel, of 57 mm (2 in) or 54 m (2 3/16 i) 
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diameter. The cylinder should include the piston, of three
cup type, and the bottom valve assembly, The cylinder should 
connect on the top to 62 mm (4 in) diameter pipe and on the 
bottom to a 62 mm (24 in) diameter pipe. 

2. 	 The well screen, which will be the same as that of the Qther 
wells described here. 

3. 	Galvanized steel pipe of 62 mm (4 in) nominal diameter to 
connect the well screen to the pump cylinder and serves as 
well as casing. 

4. 	 Galvanized steel pipe of 62 mm (2 in) nominal diameter to 
connect the top of the pump cylinder to the disoharge head.. 

5. 	 A pump rod to connect the pump piston through the discharge 
head to the pump handle. If the rod is not more than about 
12 m long it may be of 11 m (7/16 in) steel. If more than 
about 12 m long the pump rod should be wood. 

The average cost of an HIW will vary from P2500 (at 
20 m depth) to P8,000 (at 75 m depth). 

Potential Application
 

In the five study areas, there are certain fringe areas7 that 
could potentially adopt the HFW as an interim measure for water 
supply until such time as the permanent conventional system extends 
toward1 those areas. The following table shows such areas and probable 
per capita costs if a H were provided for each home: 

Water Pumping Well MV Per Capita 
Distriot Community Level Depth Cost Cost 8 

NOWD Clarin near
 
surface 40-50 P2,000 P290
 

CNWD Basud 3-6 20-60 P1,800 P260 

MCWD Liloan 8-15 20-30 P3,000 P430 

MCWD Compostela 15 30-50 P4,400 P630 

7Where groundwater conditions are favorable for MV.
 
8Based on 7 persons per house.
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The HFW has a per capita cost which is 50-100 per cent of the
 
per capita coot 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.
 

Additional Analyses of Storage Alternatives
 

In order to reduce transmission line costs associated with
 
storage tanks described in Chapter VIII, additional storage tank
 
alternative schemes were analyzed. These schemes are described
 
below.
 

ST - 1. All storage in the distribution system. This is the
 
alternative associated with source/transmission alternative 2 dis
cussed in Section VIII-B. It consists of storage sites located in
 
Barrio Kalabayan and northeast of Clarin (sites I and 3).
 

ST - 2. Stage I storage (1,900 cum) would be built along the
 
source transmission line coming from Talibaksan and Bitoon Springs
 
in Barrio Segatio. In 1989 the Stage II storage (1,600 cum) would
 
be built at the Kalabayan Site and no storage would be built at
 
the Clarin site. This alternative corresponds to 54 per cent of
 
the storage being located at the source hydraulic gradeline control.
 

ST - 3. The Stage X storage plan is identical to ST-2 with
 
l1900 cure located at the source HGL control. In Stage 2 700 cum of
 
storage would be constructed at the Kalabayan site in 1989 and 900
 
cum additional storage at the source HGL control in 1994-95. Por
 
ST-3 80 per cent of the storage would be located at the source HGL
 
control.
 

ST - 4. For this alternative no storage would be located in
 
the distribution system. Consequently, 100 per cent would be
 
located at the source HGL control.
 

The pipelines and storage tanks which were considered in the 
analysis of the storage alternatives are shown in Appendix Figure 
VIII-D-4. For each alternative several computer rune were made to. 
check peak-hour pressures and the storage fillii condition. The
 
required pipe sizes and construction period for each alterne.tive
 
are listed in Appendix Table VIII-D-2. The pipelines listed are
 
only those which change with respect to the alternatives* Those
 
lines which are the same for all alternatives are net listed in
 
the table, though included in the analysis. The storage volumes
 
and construction periods are listed as followss
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Site Construction Storage Volume (cur) for Alternative
 
- Period ST-1 ST-2 S s 

Source HCGL 1981-82 1190 10900 19900
 
(Segatic) 1989-90 1,9600
 

1994-95 900
 

Site 1 (Kalabayan) 1981-82 1,900 1,600 700
 
1989-90 900 

Site 3 (Clarin) 1994-95 700
 

Each construction phase was assumed to be a 2-year period begin
ning in January of the first year and ending in Deoember of the scond 
year. Thus, all interest during construction was computed at 12
 
per cent for the 2-year period. Annual expenses were assumed to 
start at the end of the construction period.
 

The summary of present worth analysis of each alternative is
 
listed in Appendix Table VIII-D-3. The tabulaticn of present worth
 
cost includes the pipelines which are different in the alternative
 
schemes, the storage tanks, and those pipelines and distribution
 
mains which are identical for all alternatives.
 

From Appendix Table VIII-D-3, it can be seen that the more
 
storage which is located along the source transmission line the
 
cheaper the alternative. An explanation for this is that the Ozamiz 
peak-hour supply comes from two directions - Coook and Regina Springs 
as well as Talibaksan, Bitoon, and Lower Dalingap Springs. Thus,
 
Coook and Regina serve the same function as a storage tank by sup
plying peak-hour flow from a second direction, Though ST-4 is the
 
least costly alternative, one significant drawback occurs because
 
of no distribution storage, that is,peak-hour service along the
 
Kalabayan Road cannot be maintained. The service area along the
 
road to Barrio Kalabayan is at higher ground elevations (15-50 m)

than Ozamis City, causing peak-hour pressures to be low. Thus,
 
having no distribution storage in Kalabayan prevents the water
 
district from supplying concessionaires in this area without booster 
pumpage. 

Alternative ST-3, which costs 2 per cent more than ST-4 in the
 
present worth analysis, would enable the Water District to serve the
 
Kalabsyan area without booster pumpage. At the same time the 700 cum
 
of storage at the Kalabayan Site would make the service to Ozamiz
 
City more reliable especially if a break occurs in one of the major
 
transmission lines. The staging of storage in scheme ST-3 provides
 
considerable flexibility to the water district in the period 1995
2000. Since 900 cum of storage would be constructed at that time,
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the Water District oan place all of the 900 cum or part of it in
 
any of three locations - Kalabayan site, source sitot or Clarin 
site. The choice of the location for the storage should be based 
on demand patterns and urban growth projections which will be more 
readily discernible in 1995. Therefore t alternative storage scheme 
ST-3 is recommendede The Water District can supply a wider area 
with gravity service, and the storage staging provides more flexibi
lity in the period 1995-2000.
 

APPENDIX TAB3LE VIII-D-2 

PIPE SIZES AND STORAGE VOLUMES 
FOR ALTERNATIVE STORAGE SCHEMES 

Pipe Number/ Stage/Construct-

Storage Site ion Period 

Stage I
 

15 1980-81 

16 1980-81 

38 1982-83 

39 1982-83 

40 1982-83 

58 1986-87 

15 1986-87 

16 1986-87 


Stage II
 

3 1989-90 

4 1989-90 

5 1989-90 


15 1989-90 

16 1989-90 

38 1989-90 

39 1989-90 

40 1989-90 

53 1994-95 

52 1994-95 

14 1994-95 

58 1994-95 

54 1994-95 

56 1994-95 

57 1994-95 

38 1994-95 

39 1994-95 


Le h Pipe Size (mm) 

ST-I ST-2 


2,650 450 250 

900 450 250 


2,250 450
 
1,850 450
 
750 250
 

l,100 150 150 

2,650 350 


900 350 


1,650 

650 

750 


2,650 250
 
900 250
 

2,250 250 350 

1,850 250 350 


75) 250 

2,15o 350 200 

1,350 350 200 


500 350 150 

1,100 350
 
1,100 350 150 

1,800 350
 
1,700 350
 
1,850 300 300 

2,250 300 300 


for Alternative 

St-3 S 

250 250
 
250 250
 

150 150
 
350 350
 
350 350
 

250
 
250
 
250
 

200
 
250
 
200
 
200 200
 
200 200
 
150 150
 

150 150
 

200
 
200
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APPENDIX TABLE VIII-D-3 

SUNMART OF P.RESENT WORTH COSTS 
FOR ALTERNATIVE STORAGE SCHEMES 

Present Worth of NetPer Cent of Year 2000 Transmission Lines Storage
Alternative Storage Located at Source in Appendix Tanks 

Hydraulic Gradeline Control Table VIII-D-2 

ST-i 0 P 8,831,000 P 832,000 

ST-.2 54 5,073,000 870,000 

ST-3 80 4,534,000 826,00 

ST-4 100 4,193,000 856,000 

9 Plpelines which are the same for all alternatives. 

Disbursement 
Transmission 

(r)
Lines 

and Distrib~tion 
Mains Total 

P 9,601,00 P 19,264,000 

9,601,000 15,544,000 

9,601,000 14,961,00 

9,601,000 14,650,000 



APPENDIX VIII-E 

WATER RESOURCES CONSERVATION MEASURES 

Alternatives available to counteract future (and present)
 
water shortages consist of the following: reuse of wastewater,
 
desaltingt precipitation augmentation, land management, and dual
 
plumbing system. These alternatives are discussed below.
 

Watewa.er Reuse 

One of the potential alternatives in meeting future water de
mand is the reuso or reqoling of wastewater (sewage). In Singapore,
 
reclaimed wastewater is used in the cooling process in industries.
 
A full-scale municipal reuse facility in Windhoek in Southwest Africa 
built in 1969 provides a major source of potable water. 

Reuse of wastewater can be accomplished in two ways: by natural
 
self-purification which makes reuse possible for irrigation and re
oharging of ground and surface waters, and by technological process.
The technology of reuse involves treatment of used water supplies
from the community for domestic, industrial, irrigation and other 
purposes.
 

Complex treatment processes are necessary to remove the ob
jectionable characteristics of wastewater and make it suitable for 
a particular use. There are three basic phases of treatment 
primary, secondary and advanced. One of these or all may be applied 
depending on the types of use and pollutants present in the wastewater. 

Studies on wastewater reclamation deal with enhancing its eco
nomic feasibility for large scale use and technological expansion.
Achieving these objectives will depend on several factors.
 

It is technoloeically possible to produce water of any desired 
quality from any source. However, the controlling factor is eco
nomics. For instance, because of its lesser solids content, wate
water reclamation is simpler than seawater denaltinC as an alternative 
source of supplye 

The feasibility of wastewater reclamation as a source of water 
supply will be limited in the study area since wastewater volumes 
are currently minimal, and future increases in sewage are expected 
to be slow. 
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DOsalting is the process of converting seawater into freshwater. It involves removing substantial amounts of the ocean's 
salts and minerals.
 

There are three basic methods of desalting: distillation,
freezing and eleotrodialysis, each with several variations. 

Over 90 per cent of the present application of desalting isdone by distillation. In this process, seawater is evaporated andthe vapor is condensed* Salt deposits form on the surface of the
evaporating equipment and the desalinated water is the resulting
distillate* The least costly distillation unit uses solar energ
 
as heat source*
 

Electrodialysis obtains fresh water by using an electric ourrent to separate the ions of the contaminating salts* In the pro
oess of freeting, ice 
is formed from a saline solution and is meltedto produce fresh water. The melted ice, however, sometimes has a
 

salty taste.
 

ln 1970, 33 small-sized desalting plants were put in operation
throughout the world, with a combined capaoity of 227,260 cumd.
Kuwait has the largest plant with a 
113,700 curd capacity sufficient
to supply a population of 150,000. Other plants are found in Nether
lands, United States, Venezuela and Aruba.
 

For the most part, desalting is still experimental. At present,
it is not technically and economically feasible to 
convert meaningfulamounts of seawater into fresh water. All the processes have inherent
defects for general use, including the problem of disposing about
50 per cent of removed salts 'Lad minerals 
of the total treated seawater. 

These processes are also costly because they involve significantquantities of energy. Whereas treatment of ordinar7 water supply costsabout 5 cents per 1,000 gallons of fresh water, desaltine costs About$1.00 per 1,000 gallons of desalted water*. This cost oov er only theplant itself and excludes neoossar7 transmission facilities. (These 
are pro-energy crisis costs.) 

Precipitatio Auzmentation 

Rain can be artificially induced to increase water supply (although it does not diminish the need to collect it). The most to*
mon method of stimulating rainfall is cloud seeding. 
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The theory behind cloud seeding is that under certain condi
tions, air containing much moisture will not yield precipitation
 
that might possibly occur because of the absence of particles of 
dust, crystal or chemical droplets. In cloud seeding, such particles 
are artificially implanted in supersaturated clouds to stimulate 
rainfall. These particles used in the method are called silver 
iodide crystals. 

The costs of cloud seeding in 1971 ranged from $1.00 to $2.30 
per acre-foot of additional run-off. This cost range, however, 
was derived from planning reports and as such, might not reprqeut 
actual operations. 

Cloud seeding does .ot always yield the desired effects of 
increased rainfall. Experiments show that the method also results 
in decreases in the amount of expected precipitations These effects 
have not been sufficiently explained although a theory aant*4 is 
that the amount of rainfall depends on the types of cloud systems 
being seeded. 

Increases in precipitation do not necessarily produce propor
tional increases in usable water supply. The opportunities to in
crease precipitation depend on climatic conditions such that during 
the dry season, water supply increases are less frequent. Preci
pitation augmentation encourages the growth of vegetation than can 
reduce usable water yield.
 

Land ManWement 

Land management can affect the amount and quality of water 
available for use. It is a method of both increaaig and conserv
ine water supply.
 

Two potential techniques of land management that apply to 
Philippine conditions are forest management and control of stream
bank vegetation. Forests impact upon water supply in a number of 
ways. They intercept rain from the surface of the leaves. They
draw moisture from the soil and release it into the atmosphere IV 
transpiration* Through their roots, leaves and other parts, forests 
faoilitate the infiltration of precipitation into the soil. They
also tend to shade the soil and slow down wind velocity, thus, 
reducing evaporation from the soil surface. Any alteration on the 
amount and type of vegetation, such as deforestation, will affect 
water supply. 

Phreatophytes or deep-rooted vegetation alone the banks of 
canals and rivers consumes much water in their growth. Especially 
in cases as when precipitation is low, this vegetation may reduo 
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the streamflow and the discharges of springs. Somttimes, it also 
tends to increase flood stages when it invades stream channels and 
reduces channel capacity. Phreatophytes are useful in the sense 
that they provide important wildlife habitat; otherwise, they do not 
have food value. Based on these uses and effects on the water supply,
they have to be managed carefully as uprooting them is not nees.-. 
sarily the best answer to increasing water supply. 

Dual Plumbing ,Sstem 

A relatively small increment of the total public water supply
demands highly potable and clean water such as that required for 
drinking, cooliL,g bathing and washing clothes. It is possible, 
for instance, to use seawater for toilet flushing, washing streets,
fire-fighting. Where fresh potable water is in short supply, such 
as in Singapore and Hongkong, a dual system has demonstrated its 
effectivity, For example, in HongkonC during the severe drought of 
summer 1963, water service was rationed into the various city sectors 
4 hours every 4 days. Extraneous uses cf water such as toilet flush
ing were therefore severely curtailed. In some of the high-rise 
government housing in Hongkongg dual plumbing system has been used t 
with sea water for toilet flushing. 

There are two main objections that have been identified in-the 
use of dual system - cross-connections and associated cost. Dual 
water supply system where one system delivers potable water and the 
other system furnishes untreated water can very well lead to water
borne disease outbreaks. Where proposed, the dual water supply 
system should have the non-potable supply clearly indioated and 
separated from the potable supply. Proper plumbing codes and super
vision of plumbing installation could minimize this health hazard. 

If an existing system is to be replaced entirely by a dual 
system, the cost may well be unreasonable. Howevert if the exist
ing water supply piping is retained for potable (drinking) system
and a new non-potable pipe network utilizing sea water is added, 
there is a possibility that the eoonomics may prove the dual system 
to be worthwhile. Savings result where the non-potable system 
serves high-rise multi-family dwelling units with high population 
density* The increased cost resulting from the independent system 
may be offset by eliminating the need for developing new water rM 
sources and above all, retaining high quality premium water for 
domestic oonsumption. Accordingly, the feasibility of the dual system
has already been proven. Because the potable water system will not 
be used for fire protection, its distribution system need not be 
designed for high pressure otherwise required in a system with high 
fire demand* 

VIII-E-4
 



APPENDIX T 0 CHAPTER IX
 



APPENDIX IX-C 

DISTRIBUTION SYSTEM GROWTH 

General 

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

Population Served 

The population served projections given in Chapter VI are 
divided into that of the present service area, 1990 service ex
tension, and year 2000 service area extension. These areas were 
further divided into sub-sectors for apportioning the population 
served projections. The population served estimates for each sub
sector are given in Appendix Table IX-C-l. The present service 
area population in Appendix Table IX-C-l was taken directly from 
Table VI-3. The method of apportioning the population served in 
Item B was first project the total population of the Clarin pobla
oion and then apply the same percentage served factor which applies 
to the present service area (Ozamiz City Poblacion). The Clarin 
Poblacion population was assumed to be 11% of the 1990 service area 
population in 1980, 10%o in 1990 and 9% in year 2000. This reflects 

a trend of decreasing rate of growth in Clarin as compared to the 
increasing population growth of the area outside the poblacion in 
Ozamiz City. After determining the population served for Clarin, 
Items B-1 and B-3 (Table IX-C-l) were obtained by assigning appro
ximately 75% of the remaining population served in the 1990 service 
area extension to Item B-1. The method is shown for 1980 below: 

Population of Clarin Poblacion = .11 x 38,500 - 4,200 

B - 2. Population Served in Clarin Poblacion = .80 x 4,200 - 3,400 

Remaining Population Served - 7,700 - 3,400 - 4,300 

B - l. Population Served in Ozamiz City outside the Poblacion 

•75 x 4,300 = 3,300 
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APPENDIX TABLE IX-C-1 
POPULATIOn SERVED APPORTIONMENT 

TO SUB-SECTORS 

Population Served in Year 

Sevie Are/Sb-Sector j21980 20002 

A. 	 Present Service Area 
1. 	Ozamiz City-Poblacion 17,500 19,200 27,200 35,100
 

B. 	1990 Service Area Extension
 

I. 	 Ozamiz City-Outside Poblaoion 3,300 13,400 30,100 

3,400 4,900 6,4002. 	 Clarin-Poblacion 

3. Clarin-Outside Poblaoion 	 1tO00 4,500 10,000 

C. 	 Year 2000 Service Area Extension 

I Ozamiz City-Outside Poblacion 3,000 7,900 

3,500
2. 	Clarin-Outside Poblaoion 


Total Population Served 17= 	6 5 

-- II -x Ici-alala~a
 



B -	3. Population Served in Clarin
 

Outside the Poblacion - 4,300 - 3,300 = 1,000 

Fr Item Cel the 1990 population served was assumed to be entirely
 
in the Ozaniz City area. For year 2000, 70% of the served population
 
in the year 2000 service area extension was assumed to be in Ozamiz
 
City,
 

Number of Consumers Served per Connection
 

The present average number of consumers per connection in Ozamis 
City Poblacion is 10.8 according to interviews with concessionaires* 
Over the next 25 years, this number is assumed to decrease gradually 
because of (I) decreasing population growth which will reduce the 
number of people per household, (2) increasing economic growth 
which will enable more households to own or rent dwelling units; 
and (3) more reliable water service and supply which will eliminate 
the practice of non-concessionaires "borrowing" water from concession
aires. The projected average number of consumers served per connection 
is shown in Appendix Table IX-C-2. 

APPENDIX TABLE IX-C-2 

PROJECTION OF NUMBER OF CONSUMERS 
SERVED PER CONNECTION
 

Number of Consumers 
Served per Connection 

Service Area/Sub-Sector 198.0 1990 2000 

A. 	Present Service Area 

1 Ozamiz City-Poblacion 	 10.8 10 9 8 

B. 	1990 Service Area Extension
 

19 Ozamiz City-Outside Poblacion 8 7.5 7
 
2. Clarin-Poblaoion 	 10 9 8
 
3. Clarin-Outside Poblaoion 	 8 7.5 7
 

C. 	Year 2000 Service Area Extension
 

I. Ozamiz City-Outside Poblacion 7.5 7
 
29 Clarin-Odside Poblacion 7
 

The number of consumers per connection in the poblaoion of Clarin is
 
assumed the same as that for Ozamiz City Poblaoion, The conoesslon
sires outside the poblaoiones are assumed to have slightly less
 
consumers per connection than those in the poblaciones.
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Number of Connections Per Hectare 

Projecting the number of concessionaires to be connected per 
hectare of area served enables the determination of the total number 
of hectares served. At present the MOW) serves approximately 165 
hectares in and around the poblacion of Ozamiz City. There are 1,624 
concessionaires or approximately an average of 10 connections per 
hectare. In the projections of number of hectares served in the 
poblacion of Ozamiz for the future, the total area remains constant 
and the number of connections per hectare increases. By year 2000 
the number of connections per hectare will be approximately 27,
 
A large portion of the increasing connections per hectare can be 
attributed to the likely construction of multi-family dwellings0 

To determine the area to be served in the Clarin Poblacion the 
number of connections per hectare is assumedo For example, it is 
assumed that initial service to the poblacion of Clarin will obtain
 
an average of 8 connections per hectare. Thus the number of hectares
 
in 1980 is calculated as follows:
 

Number of Hectares Served = Number of People Served 
Number of People per Connection x
 
Number of Connections per Hectare
 

= =42.5 ha 

The 42.5 ha represents the net area served. This area should be 
increased by 20. to reflect the land which will be used for schools t 
churches, and other institutions. Thus the total area served in 
the poblacion of Clarin is approximately 50 hectares. As in the 
case of Ozamiz City t the area of the poblacion of Clarin is kept 
constant and the number of connections increases as the pqpulation 
increases. Thus in 1990 there will be 12.7 connections per hectare
 
(4,900/9 x 43) and in year 2000, 18.6 connections per hectare (6,400/8 
x 43). 

For the areas outside the poblacioneos, it is assumed that the 
connections per hectare increase as the fringe areas around the pob
lacion of Ozamiz City and the poblacion of Clarin become more dense
ly settled. In Ozamiz City the connections per hectare in the 1990 
service area extension are assumed to be less than that for the present 
service area in the poblacion and more than that for year 2000 service 
area extension. The same trend is maintained for the sub-sectors 
in the Municipality of Clarin though the numr f c-innections per 
hectare is slightly less than those in the corresponding sub-sector 
of Ozamiz City. 
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The projection of area served is listed in Appendix Table IX
0-3. The service area is projected to increase from the present 
165 ha to 290 ha by 1980, 510 ha by 1990, and 750 ha by year 2000. 

Area Served by Internal Network System 

The present area being served by the internal network oystem 
in Ozamiz City is approximately 70 ha which is less than the total 
service area of 165 ha. The reason for this difference is that 
many concessionaires are connected directly to the transmission 
lines and distribution mains. This practice enables the Water 
District to serve more concessionaires than if no connections were 
permitted to the transmission and distribution mains. Thus, in 
Ozamiz approximately 95 ha is served in this manner. It is assumed 
that this practice will continue, and, therefore, the arv. served by 
distribution mains and transmission mains is subtracted from the 
total service area to determine the area which will receive internal 
network piping. It is estimated that 25 m can be served on each side 
of transmission lines and distribution mains. No servico arca is 
attributed to those transmission lines passing through areas of 
very low density population. The areas to be served by transmission 
lines and distribution mains are listed below: 

1980 129 ?000 

Length (m) of transmission 10,000 6,000 4,O00 12,000 
and distribution mains likely 
to support concessionaires 

Corresponding area (ha) 50 30 .20 60 

All of the present area of 95 ha served by transmission lines and 
distribution mains is not served adequately. It is assumed that 
as improvements are made, the 95 ha will be reduced to 30 ha and 
that 65 ha will be served with internal network. It is estimated 
that 60 ha currently served by internal network in the poblacion 
will require reinforcment to improve the level of service in the
 
high-value commercial area. 

The expansion of the service area and the area served by in
ternal network system is listed in Appendix Table IX-C-4* By 1990, 
the MOWD (Ozamiz and Clarin) will have extended the internal net
work system to an additional 220 ha and reinforced the 60 ha of 
the existing system. By year 2000, 490 ha will have internal net
work piping. In order to manage the growth of the system and to 
obtain financing in approximately equal increments, the expansion 
of the internal network system is divided into five construction 
periods between 1978 and year 2000. 
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APPENDIX TABLE IX-C-3 
PROJECTION OF AREA SERVED 

1980 1990 2000 

Servioe Area/Sub-Sector 

No. Connections 

Per Hectare 

Area Served(ha 
Net Gross 

No. Connections 

Per Hectare 

Area Served(ha) 
Net Gross 

No. Connections 

Per Hecta.e 

Area Served(ha) 
Net Gross 

A. Present Servioe Area 

1. Ozamiz City - Poblacion 11.6 165 18.3 165 26.6 165 

B. 1990 Service Area Extension 

_"e 

I* Ozamiz City - Outside 
Poblacion 

2. Clarin - Poblacion 

3, Clarin - Outside Poblacion 

9 
8 

7 

46 
43 

18 

55 

50 

20 

12 

12.7 

10 

150 

43 

60 

180 

50 

70 

18 

18.6 

15 

220 

43 

90 

260 

5e 

110 

C. Year 2000 Servioe Area Extension 

1. Ozamiz City - Outside 
Poblaoion 

2. Claini - Outside Poblacion -

1i 36 45 
-

12 

10 

90 

45 

110 

Total  290 510 7.50 



APPENDIX TABLE IX'-C-4
 
PROJECTED ApyA SERVED BY INTERNAL NETWORK SYSTE1
 

I=2Z 
Area (ha) Served in 

1980 1285 12L 2000 

A. Area Served by Transmission 
and Distribution Mains 

1. Existing Wins 
2. New Mains 

95 60 
50 

30 
80 

30 
100 

30 
160 

B. Area Served by Internal 
Network System 

1. Existing System 
2. New System 

70 70 
110 

70 
220 

70 
310 

70 
490 

C. Total Service Area 165 290 400 510 750 

The first three periods are 4-year intervals, the last of which
 
ends in 1990. The final two periods are 5-year intervals with
 
the last one ending in year 2000. The construction program for 
the internal network is modified slightly from that shown in 
Appendix Table IX-C-4 in order to have contant level of growth.
The recommended program is listed below: 

Area of Internal Network Installed (ha) 

Construction 	 Period Reinforcement New Service Area 

I. First Stage
 

A. 1978-82 30 	 100
 
B. 1982-86 	 30 100
 
C. 	 1986-90 100 

Sub-total 60 300 

II. Second Stage 

A. 1990-95 95 
B. 	 1995-2000 

Sub-total 190 

Grand Total 60 490 
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Since the Interim Report, the cost of internal network piping has
 
been re-evaluated. The reinforcement of the internal network in
 
the poblacion has been reduced in part because of field observations
 
which found larger pipe sizes than were recorded ea*lier. For 
internal network in new areas, the ratio of total length of 100 
-
pipe to 150 m 
pipe per hectare served was increased from 1.85 to
 
4.0 per hectare. Computer studies of internal network indicate
 
that this ratio of 100 
m to 150 mm pipe per hectare can maintain
 
both peak-hour and fire-flow requirements. The data listed in

Table VIII-3 are used to compute the construction cost of the
 
internal network.
 

Area Reoeiving Fire Protection 

Because of tho financial impact of the overall construction
 
program on the concessionaires in the service area, 
it is proposed
that in Phases A and B of Stage I (1978-86) only the poblacion prea
be provided fire hydrants. This will correspond to the 60 ha of

the existing internal network which will be reinforced. Since this
 
is a commercial and high-4alue area, the hydrants will have 150 mm
 
risers and be spaced at 150 m intervals. This can be accomplished

at a construction cost of P5,000 per hectare.
 

The areas outside the poblacion will receive fire protection

at later stages. The extension of fire protection will gradually

increase, so that by Stage II-B the installation of hydrants will
 
correspond with the construotion of the internal network. 
The
 
construction cost of hydrants in the less dense and lower valued
 
residential areas is P1,60 Aectare. Also, in Stage II - Phase B 
allowance is made for upgrading fire protection in 50 ha of former
ly low-value residential airen o higher-walue area. The schedule. 
for fire hydrant construction is listed below: 

Area to Receive Fire Protection (ha)
 

Construotion Period High-Value Area 
 Residential Area
 

I. First Stage
 

A. 1978-82 
B. 1982-86 
C. 1986-1990 

30 
30 

100 

II. Second Stage 

A. 1990-1995 
B. 1995-2000 50L 

165 
165 

JCorresponds to upgrading of areas provided with residential
 
fire protection in earlier construction periods.
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Number of Connections 

The projection of the number of connections is obtained by
dividing the population served in the sub-eectors by the average
number of consumers per connection. The number of connections 
projected for each sub-sectors is listed in Appendix Table IX-C-5. 

APPENDIX TABLE IX-C-,5 
PROJECTION OF NZMBER OF CONNECTIONS 

Number of Conneotions 2 in. 
Service Area/Sub-Sector 1_.80.. 2000 

A. Present Service Area 

1. Ozamiz City-Poblacion 1,624 1,920 31022 4,388
 

B. 1990 Service Area Extension
 

1. Ozamiz City-Outside Poblacion 412 1,787 4,300

2. Clarin-Poblacion 
 340 544 800 
3, Clarin-Outside Poblacion 125 600 1,429
 

C. Year 2000 Service Area Extension
 

1. Ozamiz City-Outside Poblacion 
 400 1,129
 
2. Clarin-Outside Poblaoion -0- ----

Total (Rounded) 1,624 2,800 6,350 12,550
 

The number of connections are projected to increase from 1,624 in 
1975 to 6,350 in 1990 and 12,550 by year 2000. 

2DULU were obtained by dividing the population served listed in 
Appendix Table IX-C-1 by the number of aensumere per conneotion from 
Appendix Table 11-0-2. 
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It is necessary to project the number of connections between 
1975 and 1978, the first year of the proposed First Stage improve
ments program. It is anticipated that the program to reduce un
accounted-for-water (a part of the Early Action Guidelines) will 
make water available for consumption by new concessionaires. The
 
total number of connections by 1978 is estimated to be 1,850 correspond
ing to approximately six connections per month over the next three 
years. This is within the realm of possibility for water district. 
Simply eliminating the estimated wastage at flat rate connections
 
(Item 2.o of Table IV-5) will make available 410 oumd, which would
 
be enough water for 380 concessionaires at the present level of
 
consiunption and estimated number of people per connection.
 

From 1978 to 1990 the number of connections is projected to 
increase at a constant rate during the three construction periods. 
A corstant rate is also projected for the two construction periods 
from 1990-2000. The piojections are listed as follows: 

Number of Connections Total Number of 

Construction Period Per Construction Period Connections 3 

I. First Stage 

A. 1978-82 
B. 1982-86 
C. 1986-90 

1,500 
1,500 
1,500 

3,350 
4,850 
6,350 

II. Second Stage 

A. 1990-95 3,1OO 9,450
 
B. 1995-2000 3,i00 12,550
 

The cost of connections will be shared between the water district 
and the concessionaire. The cost of a 12 mm service connection is 
P366 based on 1976 cost estimates. 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 also pay for the 
P140 water meter (12 mm meter). The service connection costs are 
itemized below:
 

3Includes 1,850 connections in 1978.
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Itemized Cost. P) 

A. Service Connection Line 

1 Concessionaire 244 
2, Water District 122 

B. Water Meter 

1. Conessionaire 140
 

Total 506 

The foreign exchange component of the service connection is assumed 
to be 80 per cent of the cost of the meter - US$16, 

Existing Service Connections 

As described in Chapters IV and VI, many existing GS service 
lines are leaking and the stop-gap method of repair will not 
alleviate the problem. It is anticipated that the existing service 
lines will leak even more when the new improvements raise the 
pzassiures in the existing service area. Therefore, a schedule for 
replacement for the existing service lines should be included in 
the improvement program so that leakage in the existing system 
can be reduced. During the first two phases of t'e First Stage
improvements the program should be concentrated in those areas 
where the fewest number of replaced service lines will reduce 
significantly the leakage* These areas should be identified in 
the leakage survey recommended in the Early Action Gidelines, 
The schedule of replacement is projected as follows 

Number of Existing 
Connections Replaced Equivalent Annual 

Construction Period Per Construction Period Replacement 

I. First Stage
 

A. 1978-82 200 50 
B. 1982-86 300 75 
C. 1986-90 400 100 

II. Second Stage 

A. 1990-95 724 145 
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The replacement program will be completed by 1995. The costs of 
the service line replacement are assumed to be the same as those 
for new service line installation described in the previous section.
 
The costs of meters is not included since they are included in the 
meter replacement schedules in the financial feasibility analysis.
 

Summary
 

The recommended improvement program for the distribution 
system has been presented in this section. For each component of 
the distribution system the recommended schedule of improvements
and estimated costs has been itemized. The estimated construct
ion costs for all construction periods are listed in Appendix 
Table IX-C-6, 
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.7.-2;DIX TABLE IX--C-6 

SUMARY OF DISTRIBUTION SYST1 COSTS 

Construction 
Period Item/Description Quantity 

I. First Stage 

A. 1978-82 Internal Network 30 ha 
Reinforcement 
New Service Area 100 ha 

Fire Hydrants 
High-Value Area 30 ha 

Service Connections 
Replacement 200 
New Connections 1,500 

Sub-tbotal (Rounded) 

B. 1982-86 Internal Network 
Reinforcement 30 ha 

New Servioe Area 100 ha 

Fire Hydrant a 
High-Value Area 30 ha 

Service Connections 
Replacement 300 
New Connections 15500 

Sub-'total (Rounded) 

C. 1986-90 Internal Network 
New Service Area 100 ha 

Fire Hydrants 
Residential Area 100 ha 

Service Connections 
Replacement 400 
New Connections 1,500 

Sub-total (Rounded) 

Grand Total 

Unit 

Cost 


P16,600/ha 


P17,700/ha 


P 5,000/ha 


P366 

P506 


P16,600/ha 

P17,700/ha 


P 5,000/ha 


P366 

P506 


P17,700/ha 


P 1,600/ha 


P366 

P506 


Construction 

Coats (P)( 

498,000 


1,770,000 


1509000
 

73,200
 
MORO 


3,250,000 


498,000 

1,770,000 


150,000
 

110,000
 
, 759__,
 

3,287,000 


1,770,000 


160,000
 

146,400
 
000 


2,835,000 


9,372,000 


.E.C. 

13,300
 

52,200
 

24,000
 

90,000
 

13,300
 
52,200
 

90,000
 

52,200
 

24000,
 

769000
 

256,000
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SUMA.RY 

1.P1EDIX TABLE IX-C-6 
OF DISTRIBUTION SYSTEM 

(Contimed) 

COSTS 

Construction 
Period Item soription Quantit 

Unit 
Cost 

Construction 
Co 

F.E.C. 
0 ) 

II. Second Stage 

Ao 1990-95 Internal Network 
New Service Area 95 ha P17,700/ha 1,681,500 49,600 

Fire Hydrants 
Residential Area 165 ha P 1,600/ha 264,000 

Servioe Connections 
Replacement 
New Connections 

724 
3,100 

P366 
P506 

265,00 
-1564600, 49.60o 

Sub-total (Rounded) 3,880,000 99,000 

B. 1995-2000 
Internal Ketwork 
New Service Area 95 ha P17,700/ha 1,681,50 49,600 

Fire Hydrants 
High-Value Area 
Residential Area 

50 ha 
16= ha 

P 5,000/ha 
P I,600/ha 

250,000 
264,000 

Service Connections 
New Connections 3,100 P506 1.568.600 49.600 

Sub-Total (Rounded) 3,764,000 99,000 

Grand Total 7,6449000 198,000 
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,'SAMIS OCCIDENTAL FUTURE TRANSM!SSIT] LZMES AN FEEDER MAINS YR 20C.0
 

,"PUT AND OUtPUT IN' LPS 
', OF NODE") 37 

OF PIPES 57 
,X NO OF ITRATIONS 20 
".AKfB!C, FACTOR 1.5£000 

',LLOW P-D.OP FR/SfATYC - PC' 50,) 
AT r2 HGL FOR .-DROP C.tLC 70.0 

!1X UNBAL. - LPS 0,10000 
AX ALLOW VFL -MPS 300 
'N ALL GO VEL - C.400 

.'-:ALLOW ,' I,' ,1( L 
N ALLOW HL - M/I000 M 0.50
 

AX ALLOW PRESS - AT.4 7, 70
 
TN AI.LOW PRl- SS ATM 0.700
 

'-I OF HEADS TO BE RED 2 
OFt JNKNO34- C NJWrUVPTlrCiNS2
 

,M OF FIXED DEMANDS 2Q2.95
 
4NDW 1 TH ' 7
 
"-R I UNBAL 3 3,23 LPS
 
".R 2 UN:AL 5C,50 LPS
 
ER 3 UN13AL 23.93 LPS
 

R 4 UNBAL. 7*58 LPS
 
'ER 5 UNT3AL 0.94 LPS
 

"ER UNBAL 0.04 LPS
 

ILUT ION NO* I R.EACHED INl 6 ITERAT.ONS 
0.0403 UN9ALANCE 



P'PE NODES 0IA L H-W K-VAL.09E FLOW --VE L.-- -HEACL05S... 
'10 F'RM-TO MM MTRS CcMS , --.CK MT MTiO00 CK 

29 19 2UO kiA) 1, 0 O.*3.7E-01 16.36 0.52 5e79 2,19 
2 19 18 200 900. 110 1 .1.E- .l 1138 0,36 LO I,00 1 2 

1i73 20 50. 110 0.204E-01 35.82 1.27 18.71 11.34 HI 
4 17 16 200 . . li, . 2 1,75 133 8.05 1';2 6., 
$ 
6 

16 
3 

3 ?00 
4 153 

750. 
90* 

11(0 
100 

0.926E-02 
0.353E-01 

3B..33 
14.5 1 

1.22 
0.8' 

7.92 
5.00 

1Oa57 H3 
6e4t 

7 6 4 200 920. 110 O.114F-01 18.26 0.58 2.46 2.68 
8 6 7 1-50 I .9 ...: '. 65 E-01 7.05 0.40 L9 2.44 2.22 
9 7 ;'.11 ,..0, 100 0o47eE-01 2.52 0.14 LO 0,)26 0.3 Ln 

t0 9 8 150 1700. 100 O.i02E 00 2.52 0.14 1.0 0,56 0*33 L 
11 9 10 1.50 12 10. JJ1 2.00 0.ll LC 3.26 0.22 I 
12 It 10 1S0 1.200. 100 09718E-01 4.83 0.27 LC 1.32 i.10 
13 12 11 195 700. !00 i17" -'O1 17.69 0.59 2.38 3.41 
14 14 1? 19 . 0 U.833E-02 'rI.99 1.41 8.44 16,89 Hi 
T5 29 19 395 2650, 120 09101E-02 106.92 0o87 5.79 24,1c 
16 19 1.8 395 -90. 1?0 O.344E-03 74.36 0.61 1.00 1.12 
17 18 17 261 1b10. i1 0,557E-02 80019 1.50 18.71 11.34 
18 17 5 261 1200 110 O'405F.-OZ 72o83 1.36 11.39 9.4g 
19 
20 

5 
5 

6 200 
3 150 

50. 
750, 

: L3 
100 

(803&-02 
0,449E-01 

39.08 
12,17 

1.24 
0,69 

7.12 
4,58 

3.0. 6 ! " 
1o01 

21 3 2 1350 200. 1.00 0.120E-01 1.6.70 0.95 2.20 10".9 k 
22 20 2 200 900. 110 0.IIEI 1 41.56 1:32 11.05 12.238 
23 2 1 200 -70. 110 0s,457E-02 31.29 1..00 2.69 7.26 

1 4 150 590. 100 0.353E-CI 1.89 0. 10 0.12 0o19 -
25 21 1 150 1300. 100 Oo(T.E-01 1.41 0.08 L.0 0.15 0,,11 . 

26 20 16 150 00, 103 0*478E-01 4, 95 0.28 LO 0.,92 1.15 
27 27 2.7 1650. 100 0,987E-01 16.33 0s92 17.39 10.54 
28 
29 

24 
27 

20 150 
24 1F( 

2j70. 
500, 

110 
11.0 

0. : O0 
0.251E-01 

1.5 
18,40 

069 
1.04 

12.30 
5.51 

5.1. 
11.02 17 

30 23 20 150 420. 100 0.251E-01 -4.6G 0.26 LO 0G42 1.01 
31 23 22 150 8C0a 100 0o47SE-01 7,21 0.41 1.86 2,32 
32 25 20 200 1100. 110 0.136E-01 40.42 1.29 12.a3 !11~6H. 
33 19 28 195 160C. 100 0.267F-01 41,18 1.38 .-06 16.29 
34 28 15 195 900. 100 0.1O50E-01 34a'-.9 1s16 10,56 11.73 1",H 
35 15 9 195 1150, 100 0.192E-01 17.28 0.58 3.75 3.26 
36 29 19 300 2650. 120 0.207E-0F 5186 0.73 5.79 2_3 
37 19 18 300 900. 120 0131E-02 36.07 0.51 1.00 1.12 
38 18 37 261 2250. 110 0.760E-02 1.80 0.03 LO 0.02 0.01 11A 
39 39 37 296 1850, 110 0339E-02 50 .45 0.73 4c82 2.60 
40 37 25 200 750. 110 0*926E-02 50.04 1.59 12.99 17.31 H1 
41 25 38 150 2150. 100 0.129E 00 2.16 0.12 LO 0.54 0.25 LV 
42 24 38 150 1000, 100 0.598E-01 0,41 0.02 LO 0.01 (001 1.* 
43 22 21 150 9000 100 0.,538E-01 18.67 1.06 12,15 13a51 i 
44 5 30 150 1500. 100 O,897E-01 11.53 0.65 8,30 5.54 
45 30 31 150 800, 100 0.478E-01 2.31 0.13 LO 0.22 0.2 , 
46 15 31 150 1200. 100 0.718E-01 7,52 0,',3 3.01 2.51 
47 
48 

15 
14 

32 150 
32 150 

1200. 
1250, 

100 
100 

0,718E-01 
0.748Ec-01 

L.76 
12,76 

0.10 LO 
0.72 

0.21 
8,35 

0.17 
6,668 

V.C 

49 30 7 150 1150. 100 0.688E-01 4.82 0.27 LO 1.26 1.10 
50 31 8 150 1000o 100 0,5 99E-01 5,28 0.30 LO i.30 1.3 



'1 IE N0 ) '- D [A L !-I%! K-VALE FLOW -- VEL-- -- HEADLOSS---
N1) FRIGM-TO MM MTRS C MPS--CK MT MT/IO'r)0 CK 

".%I 10 150 B00N 100 Oo .78E-01 10.62 0.60 3.80 4.75 

2 33 14 230 135r; 1.10 0 A44E-02 65.65 1458 19.57 14 '+'- HT 
i3 29 3 27i 2150. 110 0.605E-02 67.37 1.17 .14.70 6.34 
-4 13 1.4 150 1100. 100 0.658E-01 5v31 0.30 LO 1.45 I.1-2 
35 34 35 150 700. 100 0,419E-S0 1 2.19 0,12 LO 0.18 0?I5 LO 
Th 12 13 150 1100. 100 0,658r-01 12.25 0.69 6,82 b.20 

23 20 400 420. 1.00 0.181E 00 1.58 0.20 LO 0.42 1.01 



5 

10 

15 

20 

25 

30 

35 

NODE GROUND FLOW HGL HEAD ------- PP"SSURE---.---
ELEV. EI.EV MTRS ATM---CK PCT DPOP---CK 

1 1.8 -30.81 3.64U 21.84 2.11 67.98 HI 

2 1.5 -26.97 26.32U 24,82 2.40 63*76 HI 
3 2.0 -19.27 28.521i 26.52 2.57 61-00 HI 

4- 1.5 
2.0 

-34.66 
-10.05 

23,52U 
33.11U 

22.02 
31.11 

2.13 
3.01 

67.85 
54.26 

HI 
HI 

6 1.5 -13.75 25.98U 24.48 2.37 64.26 HI 

7 1.5 -9.34 23.54( 22.04 2.13 67,83 HI 

8 1.5 -10.32 23.28U 21.78 2.11 68.21 HI 

9 1.5 -12.76 '..84U 22.34 2.16 67.39 H! 

1.5 -17.44 23.58 U 22.08 2,14 67.77 11I 

11 1.5 -12.8f 24.90t) 23.40 2.27 65.84 HI 

12 2.0 -12M05 27o29U 25.29 2.45 62.81 HI 
13 1.5 -6.94 20.47L 18.97 1.84 7 .30 HI 

14 8.0 -10.89 35.73U 27.73 2.68 55.27 HI 
10.0 -7.93 27°59U 17.59 1o70 70.69 HI 

16 3.0 -8.37 36.45U 33.45 3.24 50.08 HI 

17 10.0 -5.43 44.49U 34.49 3.34 42.51 

18 20.0 0o0 63.20( 43c20 4.18 13a59 
19 25.0 -12.15 64.21U 39.21 3.80 12.87 

21 
3.02.0 

-12.2517.26 
.7.37U
23o78U 

34.37
21.78 

3.33
2.11 

48.70
67.96 HI 

22 3.0 11.46 35.94U 32.94 3.19 50.84 HI 

23 8.0 -. 9? 37.79U 29.79 2.88 51.94 HI 

24 20.0 -5.74 49.67U 29.67 2.87 40.66 
18.0 -7.45 50.20U 32.20 3.12 36.08 

27 3.0 34-.72 55.18U 52.18 5.05 22.12 

28 15.'0 -6.68 38.15U 23.15 2.24 57.91 HI 

29 65.0 242o51U 70.00 5.00 0.48 LO 0.00 

31 
32 

5.0 
5.0 
6.0 

-',.41 
-4.55, 
-3091 

24.800 
24.58U 
27.38U 

19.80 
19.58 
21.38 

1.92 
1.90 
2.07 

69.53. 
69.88 
66.59 

HI 
HI 
HI 

33 12.0 -1.72 55.30U 43.30 4.19 25.35 

34 1.5 -3.12 19.02U 17.52 1.70 74.42 HI 

1.5 -o19 !.8o 85U 17.35 1.68 74.68 HIi 

37 30.0 -2.20 63.18U 33.18 3.21 17.04 

38 18.0 -2.57 49.66U 31.66 3.06 39.12 

39 63.0 50o45U 68.00 5.00 0.48 LO 28.57 



AFNLJ= OONDfL&." 

MrSAMIS OCCIDENTAL ;:'.TUt4, TRANSMISSION LINES AND FEEDFP MAINS YR 2000
 

.. .T.. AND ?UTPUT IN 1P. 
!J', OF NODES 7 

-AX NO OF IT F.ATIONS 20
 
,KING FAC TORf 0.30000
 

4.1.0W P-DPOfl' FRiSTATIC -PCT 50.0 
T ,,C " FOR P-DROP CALC 70.0 

,;X UNBAL - LPS 0.10000 
-JX VEL 2.000.. LL :W -MPS 


N ALL V"" - .PS 0.40
 
-':'X ALLOW HL "" M/1000 M 10.00
 

'N ALLOW HL M/.000 M k.50
 
.'%X ALLOi4 P RESS - ATM 79000
 
%!N ALLOW PRESS - ATM 0.70U
 

' OF HFADS TO BE RED 2
 
I OF UNKNOWN CONSUMPT.IONS 2
 

•. i OF FIXED DEMANDS 33.10 
7'2 t.NDWIDTH 

'"'ER I UNBAL 38.91 LPS
 
ER 2 Q,A1- 37.80 LPS
 

I-ER 3 UNBAL 9.53 LPS
 
'ER i UNBAL 1.98 LPS
 
'ER 5 UNBAL 1.05 LPS
 

• 6 UNBAL 0.15 LPS
 
,ER 7 UNBAL 0.00 LPS
 

I RFACHED IN 7 ITERATIONS
 
0.0029 UNBALANCE
 

ILUTION NOa 
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1.9 
18 

18 
17 

2.00 
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i00. 
1650. 
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0,1 
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4 17 16 200 650. 110 0.803E-02 5.71- 0.18 1- 0.20 0.31 L'D 

6 
16 

3 
3 
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200 
150 

750. 
590. 

110 
100 

0.32coE-02 
0.353E-01 

7.20 
2.97 

0.Z1 
0.17 

LD 
L0 

0,36 
0.26 

(X-.48 .!.0 
0.45 Lu 

7 6 4 200 920. 110 0.i1lvE-O1 2.40 0.03 LI 0.06 0.06 LC 
8 3 7 150 1i00. 100 0.652E-01 i9! 0,11 L3 0,22 0.20 LO 
9 7 8 150 800a 100 0.478E-01 0.89 0.05 LO 0.04 0.05 LO 

I1 
9 
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10 150 
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100 
100 

0,102' 00 
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0,14 
0.53 

0,01 
0.03 

LU 
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0.00 
0.02 

3q00 L10 
0.02 L0 

12 11 1 150 1200, 100 U. 719 E-01 0.90 0.05 L1 0.06 0405 LO 
13 12 11 195 700. 100 Oo117E-01 3,47 0.12 L2 0.1.2 0.17 LG 

14 121 195 500. 100 0.833E-02 8,33 0.28 LU 0.42 0U.4 
29 19 395 2650. 120 0.1017-02 3o4 , 0.23 LP 0,50 0.19 L 

16 19 18 395 900. 120 0o344E-03 22.26 0.18 LO 0,11 0o12 LU 
17 18 17 261 1650. 110 0,557F-02 1,23 0.25 LO 0.66 0.40 LO 
18 17 5 261 1200o 1.10 0a 405E-02 12c99 0a24 L0 0.47 0.39 LO 
1S 5 6 200 650. 110 0.803E-02 7.07 0,22 LO 0.30 " 0.46 tO 

5 3 150 750, 100 0A449E 0i 1.48 0.08 l.0 0.09 0.12 LO 
21 3 2 150 2009 l00 OolOE-01 1,85 0.10 L 0,04 0.19 LO 
22 20 2 200 900. 110 0.111E-01 10.05 0132 Lo 0.80 0.89 
23 2 1.201 _)70. 110 0.457F-02 6,50 0.21 L.0 v15 0,40 LC, 
24 1 4 150 590, 100 0o353E-01 1.57 0,03 LO 0.08 0o!4 LO 
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23 20 150 420. 10 0.251F-01 7.07 0.40 LO 0994 2,23 
31 23 22 150 800. 100 0.478E-01 4.6 L 0 . L0 0.33 3.04 
32 
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20 
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28 

200 
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110 
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-7.69 0.26 

LO 
LU 

0.19 
1,17 

0.17 
.0.73 

LO 
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37 
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19 
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18 
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0.131F-0? 

13.80 
10080 

0.20 
0.15 

LO 
LO 

0.50 
0.11. 

O*iq 
0.12 

LC 
LC 

38 18 37 261 2250. 110 0.760E-02 16.68 0.31 L 1.39 0.62 
39 37 39 296 1850. 110 0.339E-02 26.87 0.39 L9 1.50 0.81 

25 37 200 750. 110 0*926E-02 10.63 0.34 LU 0.74 0.98 
I 38 25 150 2150. 100 0.129E 00 7.97 0.45 b.01 2°30 

42 24 38 150 1000. 100 U.598E-01 8449 0.48 3,14 3.14 
43 22 21 150 900, 100 0o538E-01 4*68 0,26 L, 0.94 lo04 
44 

46 

5 
30 
15 

30 150 
31 150 
31 150 
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800a 

1200. 

100 
100 
100 

0.0"7E-01 
0,478F-01 
0.718E-01 

2,44 
0.71 
1.24 

0.14 L j 
0,04 L 
0.07 LU 

0.47 
0503 
0.11 

0.31 LO 
0.03 1-0, 
0.09 LO 

47 15 32 150 1200. 100 0.718E-01 0.31 0.02 LO 0,01 0.01 LO 
48 14 32 150 1250, 100 0,748E-01 2.53 0.14 LU 0.4? 0.33 10 
49 30 7 150 1150. 100 0.688E-01 0.85 0.05 LP 0,05 0 04 LO 

31 8 150 1000. 100 0.59SE-01 1.04 0.06 LO 0.06 0.06 LO 
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- .. 
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6 2 1. 
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7 
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..& 
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3,06 

2.0 -?.01 6e.26U 6.2r .i 2o5
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1.-
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67.74U 
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6.41 
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16 
17 

3.0 
10.0 

-1.67 
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2.20 
2.12 

13 20.0 0.0 69, 3GIJ 49, 39 4.78 1.21 
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21 2.0 -3a45 68o 10U 660. 6o40 2.80 
22 3.0 0.0 69.03U 66s03 6.39 1.44 
23 
24 
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20.0 

-0.59' 
-1.15 
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0.22 
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1.5 -0.44 T. 43U 65.93 6.38 3.75 
37 3'X0 -OXz"4 68.OOL 38.00 3.68 5,00 
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APPENDIX FIGURE IX-C-2 
FEASIBILITY STUDY FOR WATER AYRUI OTO HME 
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APPENDIX X-C 

ECONOMIC BENITS 

Increase in Land Values
 

Appendix Table X-0-1 shows 
 the 	present value of benefits associated with "increase in lana value". based on the following 
assumptions: 

1. 	 In accordance with the staging program of the construct.
ion 	of facilities, the 	service rea was projected toinorease annually by 27.5 ha from 1978 to 	1980, by 26 hafrom 1981 to 1985, and by 30 ha from 1986 to 1990, 

2. 	 The 1975 land use distribution of 8 per cent commercial;
4 per cent industrial; and 88 per cent residential, was
assumed to remain unchanged during the l3- ear projection 
period. 

3. 	 The 1975 costs of land are:
 

Residential : P40 per squ
 

Industrial 
 : 	 P50 " " 

Commercial P65 " 

4. 	 A discount factor of 12 per cent was used to obtain thepresent day values of the benefits* This is believed tobe the opportunity cost of capital and is commonly used
for 	public investment projects like water resource 
development.
 

Za-1 



APPENDIX T7AW X-C-1 

INB EAS NDI TALM 

Land Use (sqM) Present
Cost of Land/squ" Cost of Benefit Due Discount Value ofTear Comeroial Industrial Residential 
Commercial Industrial Residential Served Land To Increase Of Factor*Benefit
 ..... 
 (inN P) Land (in N P) (in N P) 

1975 r 85 P 50 P 40 1.0001976 
 97.75 57.5 46 
 0.893
1977 112.41 66.13 52.9 0.797
1978 22,000 11,000 242,000 129.27 76.04 
 60.84 P 18.404 3.68 0.712 P 2,62
1979 22t000 11,000 242,000 148.67 87.45 69.96 
 21.163 4.23 0.636 2.69
 

1980 22,000 i,000 242,000 170.97 100.57 80.45 24.337 
 4.87 0.567 2.76
1981 20,800 10,400 229,000 196.61 115.65 92.52 26.500 5.30 
 0.507 2.69
1982 20,800 10,400 229,000 226.10 133.00 106.40 30.452 6.09 
 0.452 2.75
1983 20,800 10,400 229,000 260.02 152.95 122.36 35.020 7,00 0.404 
 2, 3
1984 20,800 10,400 229,000 299.02 175.89 140.72 40.274 8.05 0.361 2.91
 

1985 20,800 10,400 229,000 343.87 202.28 161.82 46.313 
 9.24 0.322 2.98
1986 24,000 12,000 264,000 395.45 232.62 186.09 61.410 12.28 
 0.287 3.52
1987 24,00o 12,000 264,000 45477 267.51 3.54
214.01 70.623 14.12 0.251
1988 24,000 12,000 264,000 522.99 307064 246.11 
 81.220 16.24 0.229 3.72
)989 24,000 12,000 264,000 .601.43 353.79 283.02 93.400 
 18.68 0.205 3.83
1990 249W 12,000 264,000 691.64 
 406.85 325.48 107.410 21.48 0.183 3.93 

T 0 T A L P40.77 

*Zsoalated 1W 15 per cent everz year.
*Disoolnte& at.12 per cent. 



APPENDIX TABLE X-C- 2 

HEALTH BEWITS 

Project Area Cost of Time Eoonomio lose Cost of Escalated 
Year Population lost Due to Due to Premature Medical Total Total 40% Discount Present 

Illness* Death* ___e Reduotion Paotor*- Value 

1978 79,943 P 27,380.50 P 192,303 P 95,492 P315,176 P 460,157 P 276,094 0.712 P 196,579 
1979 82,741 28,339 199,033 98,834 326,206 525,192 315,115 0.636 200,413 
1980 85,500 29,284 205,670 102,130 337,084 596,639 357,983 0.567 202,976 
1981 88,322 30,250 212,459 105,501 348,210 679,010 407,406 0.507 206,555 
1982 91,236 31,248 219,468 108,981 359,69 769,752 461,851 0.452 208,757 
1983 94,247 32,280 226,711 112,578 371,569 876,903 526,142 0.404 212,561 

1984 97,357 33,345 234,192 116,293 383,830 994,120 596,472 0.361 215,326 
1985 100,570 34,445 241,921 120,131 396,497 1,130,016 678,010 0.322 218,319 

1986 103,889 35,582 249,905 124,095 409,582 1,286,087 771,652 0.287 221,464 
1987 107,317 36t756 258,151 128,190 423,097 1,459,685 875,811 0.251 219,829 
1988 110,858 37,969 266,669 132,420 437,058 1,660,820 996,492 0.229 228,197 

1989 114,517 39,222 275,471 136,791 451,484 1,887,203 1,132,322 0.205 232,126 
1990 118,400 40,552 284,811 141,429- 466,792 2,147,243 1,288,346 0.183 235,767 

TOTAL 12,798,869 

calate4 by 10 per cent every year. 
"DiJu tmed at 12 per cent. 



APPENDIX TABLE X-C-3
 

PEOVAL SATISFACTION 


No* of 
Seivei Homse-

rMfr,e kholds 

1978 23,688 3,644 

1979 25,275 3,888 

1980 26,900 4,138 

1981 28,783 4,428 

1982 30,798 4,738 

1983 32,954 5,070 

1984 35,260 5,425 

1985 37,729 5,804 

1986 40,370 6,211 

1987 43,196 6,646 

1988 46,219 7,111 

1989 49,455 7,608 

1990 53,000 8,154 

Villins eu 
to 

P 0ealated 

P437,280 


466,560 


496,560 


531,360 


568,560 


608,400 


651,000 


696,480 


745,320 


797,520 


853,320 


912,960 


978,480 


*ZmWa&ted l 6 per oeat evez7 yeaa.
*Disooemt at 12 per mat. 

X-C-4
 

MMPTS
 

Villinawas 
to N4 

P 550,973 

625,190 


705,115 


797,040 


904,010 

1,028,196 


1,165,290. 

1,323,312 


19498,093 


1,698,718 


19928,503 


2,191,304 


2,485,339 


TO'.L 


Disoamt Pieset 
,tom** Value 

0.712 P 392,293 

0.636 397,621 

0.567 399,800 

0.507 404,099 

0.452 408,613 

0.404 415,391 

0.361 420,670 

0.322 426,106 

0.287 429,953 

0.257 436,570 

"0e229 .441,627 

0.205 449,176 

0.183 _ 4549817 

F5,476,736 



APPENDIX TABLE X-0,-4a 

SHORT-TERM EMPIYMENT BENEFITS 

Escalated 
Cost of Cost of Total Total Discount Present 

Year Skilled Labor Unskilled Labor Labor Cost Labor Cost* Fator** Vj1L 

1978 P14,200 P 205,500 P219,700 P320,762 0.712 P 228,383 

1979 15,225 304,750 319,975 515,160 0.636 327,642 

1980 35,025 478,750 513,775 909,382 0.567 575,620 

1981 16,825 336,750 353,575 689,471 0.507 349,562 

1982 5,825 116,750 122,575 262,311 0.452 118,565 

1983 8,925 179,000 187,925 443,503 0.404 179,175 

1984 8,925 179,000 187,925 486,726 0.361 175,708 

1985 8,925 179,000 187,925 535,586 0.322 172,459 

1986 8,925 179,000 187,925 590,085 0.287 169,354 

1987 17,050 339,750 356,800 1,230,960 0.257 316,357 

i988 6,350 126,750 133,100 505,780 0.229 115,824 

1989 6,350 126,750 133,100 556,358 0.205 114,053 

1990 6,350 126,750 133,100 612,260 0.183 112,044 

TOTAL P2,894,746 

*Escalated by 10 per cent every year* 
**Disoounted at 12 per cent. 
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APPENDIX TABLE X-C-4b 

ONG-TERM EMPLOYMENT BENefITS 

Year 
-

Annual Salaries 
Under Present Staffing 

Arrangement* 

Annual Salaries 
Under Proposed Staffing Salary Discount 

Arrangment* Difference Factor** 
Present 
Value 

1978 P179,735 P 335,527 P155,792 .712 P 110,924 

1979 197,708 373,509 175,801 .636 111,809 

1980 217,479 415,790 198,311 .567 112,442 

1981 239,227 462,801 223,574 .507 113,352 

1982 263,149 528,704 265,555 .452 120,031 

1983 289,464 603,991 314,527 .404 127,069 

1984 318,411 690,091 371,680 .361 134,176 

1985 350,252 760,480 410,228 .322 132,093 

1986 385,277 838,04.9 452,772 ,287 129,946 

1987 423,805 919,134 495,329 .257 127,300 

J988 466,185 1,012,886 546,701 .229 125,195 

1989 512,803 1,116,200 603,397 .205 123,696 

1990 564,084 1,224,550 660,466 .183 120,865 

T 0 T A L P1,588,898 

*Esoalated by 10 per cent every year.

**Discounted at 11 per cent.
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Fire Protection Benefits 

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. 

In 1978-82, 30 high-valued hectares of the present service 
area will be installed with fire hydrants; in 1983-86, an additional 
30 ha will be protected. From 1986 to 1990, 25 low-valued hectares 
will be covered every year. In the meantime, the service area 
itself was projected to increase by 27.5 ha every year from 1978 
to 1980; by 26 ha every year from 1981 to 1985; and by 30 ha every 
year from 1986 to 1990. 

The average annual loss due to fire in Ozamiz based on records 
of the fire department for the period 1972 to 1974 was P1.243.Million. 
In the absence of similar information on Clarin, it was assumed 
that fire damages there amoi:it to an annual average of P466,000. 
This was obtained by correlating the ratio of annual fire lose in 
Ozamiz to the number of dwelling units in the core city (800) and 
applying the same ratio to Clarin whinh has about 300 dwelling 
units. Taken together therefore, estimated annual loss due to 
fire in both Ozamiz and. Clarin amounts to P1709000. 

Since P1.709 million represents damage to the entire study area 
and not the service area, only the corresponding percentages of 
this amount each year were used, in accordance with the fire hydrant 
sohedule and yearly expansion of service area. The average anual 
loss due to fire in the portion of the service area with fire hydrants 
was determined in the following manner: 

No. of hectares with irptalled fire hydrants 
area x P19709000No. of hectares in service 

It was further assumed that the annual loss due to fire would 
be reduced by half with good, plentiful water supply. They were 
further discounted at 12 per cent to obtain their present values. 
The Lmual loss in the succeeding years up to 1990 was escalated 
by 10 per cent due to inflation. Appendix Table X-C-5 shows the 
computations of the fire protection benefits in Ozamizs 
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APPENDIX TABIC X-C--5 

FIRE PROTECTION BENEITS 

Average Escalation Reduction 
Year Anal loas he to Due to 
.--.- Dme to Fire Inflation* ProJect 

1979 P 56,341 P 90,709 P 45,355 

1980 88,397 156,463 78,232 

1981 123,245 240,328 120,164 

1982 153,503 328,496 164,248 

1983 180,021 424,850 212,425 

1984 203,452 526,941 263,471 

1985 224,306 639,272 319,636 

1986 242,986 762,976 381,488 

1987 327,173 1,128,747 564,374 

1988 403,412 1,532,966 766,483 

1989 472,777 1,976,208 988,104 

1990 536,157 2,466,322 1,233,161 

*Eboalated by 10 per cent every yQ w. 
**Dibcounted at 12 per cent. 

Fire 
DisoowA Pretection 
~ot.or** - eort, 

0.636 P 28,846 

0.567 44,358 

0.507 60,923 

0.452 74,240 

0.404 85,820 

0.361 95,113 

0.322 102,923 

0.287 109,487 

0.257 145,044 

0.229 175,525 

0.205 202,561 

0.182 225,668 

TOTAL P-,350,508 
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Rednotion of 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 of fire insurance costs: 

1. On the basis of field surveys, the number of dwelling 
units in the core city was estimated to be 800. Of these, it was
 
assumed that only 9 per cent (72 units) were made of concrete 
and galvanized iron and are therefore considered insurable. This 
assumption was based on the 1970 Census on Housing which indioated 
that 9 per cent of the total number of dwelling units in the 
entire city of Ozamiz were made of concrete and galvanized iron. 

2. It was further assumed that only 50 per cent of the 72 
insurable dwelling units are actually insured, equivalent to 36. 

3. The dwelling units were classified into 64 per cent 
residential and 36 per cent commrcial. The number of ,institu
tional and industrial establishments proved'to be in4 gnificant 
for further computations* This classification was based on the 
ratio of service connections by consumer category over the total 
number of conneotions. (Refer to Chapter IV, Table V-3.) 

4. Based on the projections in Chapter IVt the service
 
connections in Ozamiz for all consumer categories are expected
 
to increase by 3.4 per cent from 1975 to 1980 and 4.64 per cent
 
from 1981 to 1990. It was assumed that the number of insured
 
commercial and domestic units would increase at the same rates.
 

5. The assumed standard value per unit and the correspondinS 
premium rate for buildings in provincial areas (based on the general 
tariff rates set by the Philippine Insurance Rating Association) 
are as follows: 

Value/Unit Premium/Year 

Residential P 75,000 P 422.25 

Commercial 100,000 1,250900 

Industrial 100t000 1,250o0 

Institutional 100,OOO 50000 

6. The level of fire Insurance cost was derived by multiplying 
the number of insured dwelling units in the core city by their cor
risponding premiums and summing their products 

X-c-9 



7, It is probable that the level of fire insurance costs may
be expected to be reduced by one-third because of an improved and
plentiful water supply system and increased fire-fighting capabili
ties,
 

8. With the development of the area, specifically its urbai
zationt additional dwelling units made of stronger materials are 
expect 7d to be constructed* Aocompatying this activity, other fire
protection techniques in building construction would be considered.
While premium rates in general remain constant over a period of 
years, the quantification of the reduction of fire insurance costs
from 1978 to 1990 is nevertheless presented in Appendix Table X-C-6 
to illustrate the impact of an improved water supply system* 

i-C-IO 



APPENDIX TABLE X-C6 

REDUCTION OF FIRE INSURANCE COSTS 

Escalated 
Level of Level of 

Year Insurance Costa nur , 

1978 P28,056 P 40,962 

1979 29,729 47,864 

1980 30,151 53,367 

1981 31,823 62,055 

1982 32,668 69,910 

1983 34,340 81,042 

1984 36,012 93,271 

1985 38,107 lO8,605 

1986 39,778 124,903 

1987 41,873 144,462 

1988 43,968 167,078 

1989 46,062 192,539 

1990 47,735 219,581 

**Esoalated by 10 per cent every year. 
**Disoounted at 12 per cent. 

leduction due Dieoount Ptesent 
tC Projeot Faotort* LOAM 

P 13,517 0.712 P 9,624 

15,795 0.636 1o,046 

17,611 0.567 9,85 

20,478 0.507 10,832 

23,07o 0.452 10,428 

26,744 0.404 10,805 

30,779 0.361 11,111 

35,840 0.322 11,540 

41,218 0.287 11,830 

47,672 0.257 12,252 

55,136 0.229 12,626 

63,538 0.205 13,o25 

72,462 0.183 13,261 

TOTAL P146,915 

X-C-l1
 



APPENDIX TABIZ X.-C-7 

EC0!K)IC COSTS 
(in million pesos) 

Capital Annual Discount Capital Annual

Year' Ezienditure Opratina Derci o Ractor Expenditure* Oyeratinw* DD~eljtijofl 

1976 P 1.222 P .315 P .026 1.000 P 1.222 P .315 P .026
 
1977 2.679 .349 .032 
 0.893 2.392 .312 .029
 
1978 6,206 .536 .081 0.797 
 4.946 e427 .065 
1979 8.283 
 .588 .164 0.712 5.897 .419 .117
 
1980 6.539 1.045 .283 0.636 4.159 
 .665 .180
 
1981 4.248 1.148 .544 0.567 2.409 
 .651 .308
 
1982 2.623 1.085 .634 
 0.507 1.330 .550 .321
 
1983 2.865 1.191 .694 0.452 1.295 .538 .314
 
1984 3.154 1.511 
 .758 0.404 1.274 .610 .306
 
1985 4.652 1.672 0.361
.830 1.679 .604 .300
 
1986 8.464 2.057 .932 
 0.322 2.725 .662 .300 
1987 9.451 2.366 1o112 0.287 2412 .679 315
 
1988 5.038 2.651 
 1.312 0.257 1.295 .681 .337
 
1989 5.448 1.424
2.898 0.229 1.248 .664
 
.1990 3.393 
 3.353 1.546 0.205 0696 .687 .317 

Sub-Total P35.279* P8o464 
 P3o565
 

TOTAL P47.308B 

*Dia counted at 12 per cent.*Foreign exohaao component and unskilled labor cost are still subjeot
 
to shadow prioie to arrive at final total economic cot.
 

X.-C-12 
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A WPII TAB=E - 3-1 
FRZ~oTn COST OF RZOOM u)MEDFO 

1m0a1 OCCIDhU WATE DISTICT 
(WrMU'T ZSCAITN) 

r x 1000 

hses WsaOImt 50 43 153 444 88 tM 444 . . . . . . . . . . 2817 
sowu eYagsmiiou LUaI 50 26 - 171 745 1489 745 . . . . . . . . . . 3150 

ftemoulsiou Lim 50 25 366 794 1588 1588 1588 794 - - - 166 1614 1614 - - - 10132 

Stae Tinook 50 0 - 65 65 565 - - - - -. 1195 
Distrib1tion iaim 5a 23 - 1o9 236 471 471 576 464 455 455 601 626 798 798 798 395 7257 
Zternal Network 50 19 - 169 336 672 672 841 672 672 672 807 605 537 537 537 269 7998 
minictrtion aild,362 50 43 44 431 481 - - - - - - - - - - - - 956 

Berioe couneotioas 

a) pipinag 50 0 - 48 48 158 158 158 158 158 158 158 158 158 158 158 158 1W92 

b) eer 15 100 - 22 22 71 71 71 71 71 71 71 71 71 71 71 71 ., 

Itimnt25 81 3J88§ 84 --- -= -- -- -- -- - - - - _- _ 7 

Total Cost 951 2337 4909 5902 4149 2440 1365 1356 1356 1823 3074 3178 1564 1564 897 36,86.5 

la71 2 _ _r -X - -Z-r- - -r _-= _- _= _r _- 27 

Total Pr'oaet cout 1222 2337 4909 5902 4149 244o 1365 1356 1356 1823 3014 3178 1564 1564 897 37,136 

maclugas 4sg (first yem of mac mjor segmet or dwelopment), mpe1ion or oonstzaotiong ooutia&noie arnd Iap anda aiaistmtire 
oseto m , Iwifamalr d-uag the. period or coastrution. 

2 aludmte wsair ftolition ad leaboratorv equipment. 



AM Z AULZ X-11-2 

PRwzlO? co8T op U0W0omm JPt0aux
KISMIS OCIDAL VATER DI RICT 

(VIT! ZCALAMIN) 
P z 1000 

2301l Factor lo00 1.12 1.25 1.40 1.57 1.73 1.90 2.09 2.30 2.53 2.74 2.96 3.19 3.45 3.72 

o"we.DvwleMmut 50 43 153 497 1110 1243 697 - - - - - - - - - - 3700 

SWAP" vufsimJiu lUs 50 26 - 191 931 2085 1170 - - - - - - - - - - 4377 

2Yz.aisi.oi La. 50 25 366 889 1985 2223 2493 1374 - - - 471 4422 4T77 - - - 19000 

stote Tna 50 a - 73 706 791 - - - - - - - - - - - 1570 

lDitilt on ain 50 23 - 122 295 659 740 997 882 951 1047 1521 1715 2362 2546 2753 1484 18074 

Ut rmul Network 50 19 189 420 941 1055 1455 1277 1405 1546 2042 1658 1590 1713 1853 1001 18145 

mnistration Bmug'A 50 43 44 483 601 - . . . . . . . . . . 1128 

service Connections 

a) piping 
b) l.te 

50 
15 

0 

100 

-
-

54 
25 

60 

28 

221 

99 
248 

112 

273 

123 

300 

135 

330 

148 

363 

163 

40 

180 

433 

195 

468 

210 

504 
227 

545 
245 

588 
264 

4787 
2154 

x~pet25 

total Out 

a1 -a 

951 
21-

2617 6136 8262 

-

6515 4222 
-

2594 
-

2834 311P' 4614 8423 
-

9407 4990 5396 3337 73417 

1222 



APPENDIx TABLE XI-B-3 

x-ER3 
EPACEMNT SCHI-DU-

MISAMIS OCCIflE,'AL WATR DISTRhCT 

1976 Cost Level Escalated Cot Total 

New 
Con-
verted 

Replace-
ment due 

Total 
:onversion Nev 

(P x 100) 
Con-
version Escala- Nev 

x 1000) 
Con-
versions 

Book Value 
of Meters 
(Tr. End 

Cumu-
lative 

Retire-
=ents Depre-

Annual 
Lepre-

Cumu-
lative 

Net 
Asset 

Con- Flat 
Year nections Rt 

to Depre-
Total ciation 

and Re-
r!ace=n2its 

Con-
nections 

and Re- 
placenent 

tion 
Factor 

Con-
neetions 

and Re-
placenents 

and Before 
Retirezent) 

Book 
Value 

(Cumu-
lative) 

ciable 
Value 

ciation 
apenre 

:eprc-
clation 

Assets 
Ah'ed 

Value 
Meters 

1975 1196 1.0 - - 227 121 - 106 
1976 1196 1.0 5 - 227 227 15 212 14 120 - 92 
1977 114 212 1 22 80 292 22 55 1.12 25 62 314 227 +15=30 197 13 118 67 166 
1918 114 214 1S 0 80 294 22 56 1.25 28 70 412 314 +15-45 269 18 121 98 246 
1979 375 2225 80 80 71 15 1.4 99 21 532 412 +15=60 352 23 129 120 343 
1980 375 2600 80 80 71 15 1.57 112 24 668 532 +15-75 457 30 144 136 449 

1981 375 - 2975 80 80 71 15 1.73 123 26 817 668 +15-90 57d 39 168 149 559 
1182 375 - 3350 80 80 71 15 1.9 135 29 981 817 +15=105 712 47 200 164 676 
1983 375 - 3725 80 80 71 15 2.09 148 31 1160 981 +15=120 861 57 242 179 798 
1914 375 - 4100 80 80 71 15 2.3 165 35 1358 1160 +15-135 1025 68 295 196 928 
1985 575 - 4475 so 80 71 15 2.53 180 38 1576 1358 +15-150 1208 81 361 218 1065 

1986 375 - 4850 80 80 71 15 2.74 195 41 1812 1576 +15-165 1411 94 440 236 1207 
1987 375 - 5225 S0 80 71 15 2.96 210 44 2066 1812 +15=180 1632 109 534 254 1352 
1988 375 - 5600 80 80 71 15 3.19 227 48 2341 2066 +15=195 1871 125 644 275 1502 
.1989 375 - 5975 80 so 71 15 3.45 245 52 2638 2341 +15.210 2131 142 771 297 1657 
1990 315 - 635u 80 80 . 71 15 3.72 264 56 29:8 2638 +15.225 2413 161 917 320 1816 

Cost of Meter - P190 



APPWDZZ TABS =90-1 

PROPSl= BhPNG PLW 
IrBrIIS 0CC DTYAL VA T DISBIUX 

ORIIAIN 
(khyin.

1976 

AL UM? 

Le el) 
1976-771 

Amober of S&aJrimz& 
positions _eft3 

1978-79 
Nuber of Salaries & 
Positions Beefits 

1981-
Nmber of Salaries & 
Positions Benefiti 

1984-85 
Nomber of Sallaes A 
Positions Benefits 

1987-86 
Nmber of Salaries & 
Positions Benefits 

909 
Number of SIlrAes & 
Positions Benefits 

General nager's 
Offioe 1 

d-ainistrative Div. 9 

offioe of the Ckit" 
hgiaea" 2 

Production Division 8 

Construction and ailam
tensmoe Division 6 

Comercial Division 15 

Total Positions and 
Salaries 43 

23166 

41128 

4325 

28417 

29730 

D200 

178966 

2 

7 

3 

8 

7 

19 

46 

33977 

76445 

33976 

67106 

47451 

108612 

367567 

2 
7 

3 
8 

8 

19 

47 

45186 
101664 

45188 

89244 

68907 

144597 

494786 

2 
8 

3 
10 

9 

23 

55 

60138 

159339 

60137 

150882 

100728 

233027 

764251 

2 
8 

3 
10 

9 

23 

55 

79845 
211585 

79845 

191627 

133736 

309393 

1006031 

2 
8 

3 
10 

9 

23 

55 

106345 
281809 

106345 
255230 

178125 

412084 

1339938 

I/Piseal year 1976-77 sbows projected actual salaries. Reorganization starts in 1978. 
2 Salaries skeo above indicate increases from current level aud implies improved 

oempeteame/lerfomama and, greater respomsibilities. 
3All benefite wae estimated at 17%at ealaies with escalation rate ef 10%pew an. 



AP:DILX TABL XI-C-2
 

SUVICE COMlECTION SCHEDULE
 
MISAXIS OCCIDENTAL WATER DISTRICT 

Area Served (ha.) 
Population of Served Area 

16 
73100 

290 
85,500 

400 
1029000 118,4 

Pomlation of Service Connectimn 17.5-0 26.00 40.,000 3.00o 

Jo0. OP COVTECTI0?S AND ANNUAL 
BILLICD CONSUNFDION (1000 oun) 

Domestio Metered 
3/8. wter 
1/2" mster 
3/4" mter 

-,-
841 
3 

1,610 
6 

-.

2,771 
10 

3*32 
14 

1" mter 2 4 7 10 

Sub-wtotal 846 1,620 2,788 3,956 

Domestio Flat Rate 163 - - -

Total Dmestio 1,011 11620 2,788 3956 

Cmeroial etered 
3/8" meter - - -
1/2" meter 
3/40 aeter 

1w meter 

570 
3 
2 

915 
5 
3 

10576 
8 
3 

2,235 
12 
7 

Sub.otal 575 923 1,589 2,254 

Comeroial Flat Rate 2 - -

Tot Comercial 577 923 1,589 2,254 

Induntrial Metered 
3/8" meter 
1/2" moter 
34"meter 

-
12 
3 

2 
21 
5 

-

55 
8 12 

1 motor 2 3 6 8 
Sub-total 17 29 49 70 

Indstrial Flat Rate -

Total Industrial 18 29 49 70 

0overnmental/Institutional Metered 

1/P" mter 6 40 

374' aeter 3 6 10 15 
1" mtor 2 4 7 10 

,,lk, 1 2 4 5 
30-4otal 14 28 49 70 

0ot/Int't Flat-Rate (txy3raats) 30d/ x I I 

Tot.l 2got/Innt'l 44 28 49 70 
Metered Connections 19196 1,322 4,475 6,350 
flat Rate/defeotive mters/ 

hydrants 454 
Total Service Cemnetions 1,650 2.600 4e475 6.350 

Total Billed Consumption per yonr 
(1o Z,) 459 1.322 2.,103 2.883 

Meter Underregintratio 25 28 34 40 
Unbilled Use and Wastes 286 318 385 454 
Leakage 
Illegal Connections 
Publie Use 

434 
25 
12 

482 
27 
13 

585 
34 
16 

689 
40 
18 

Total Unbtlled Water per year (1000 cum') 782 868(39.6f.) 1,054(319'3.') 1.241(306') 

Total Wate Produotion per year (1000 cm)1-241:/ 2.190 3.15 4.124 

Vhldrant 
included 

(26)1 



ASSET ABD DERECIATION FORCAST 
NISANIS OCCIDENTAL WATER DISTRICT 

( r x 1000 ) 

DEREIAT NDVAWID 
V0 YEARS SRVIC11LIFE 

sistinc Facilitis8 
Source Dwelopment 
Soarce Transmision Lin 
tra-iion Lines 
Storage Tank 
Distribution Mi-

tr toInternl Network 

Administration Bilding 

service Connection (Pipings) 
Total 50 Yre. Life 

25 YEARS SMVICI LIFZ 
uipent 

15 YEARS SRVICE Lips 

Total Depreciable Value 

-
-
-
-

-

-~ 

" 

_ 

588 
-
-

36 
-
-
-

954 

-

1151 

588 
-
-

1255 
-

122 
189 

-

22 0 

482 

111~ .J259 

588 
-
-

3240 
-

417 
609 

1128 

1 01 

482 

930O 

588 588 588 588 588 588 588 
- 3700 3700 3700 3700 3700 3700 

- 4377 4377 4377 4377 4377 4377 

5463 7956 9330 9330 9330 9330 9801 

1570 1570 1570 1570 1570 1570 1570 

1076 1816 2813 3695 4646 5693 7214 
1550 2605 4060 5337 6742 8288 10330460 5 

1128 1128 1128 1128 1128 1128 1128 

6~ 6" 148 
11710 24323 24 - 309 33.567 

11710 2432030881 33567 335236409 

482 482 482 482 482 482 482 

1~ j0 2085 
12649 25383 32224 35074 - 3 421 

588 588 
3700 3700 
4377 4377 

14223 190 
1570 1570 
8929 11291 
11988 13578 

1128 1128 

~6 
- '34 

482 482 

51299 60735 

588 
3700 
4377 

19000 
1570 

13837 
15291 
112 

1128 

482 

j 
65758 

588 
3700 
4377 

1900 
1570 

16590 
17144 

18129180205 

1128 

- 6I~.415 

482 

71191~±§1 
71191 

WORK IN PROCES 
Source Development 
souroue -rnramision Line 
Storage Tank 
Adanistration DIU. 

153 
-
-
44 

650 
191 
73 

527 

1760 
1122 
779 

1128 

3003 
3207 
1570 

-...... 

3700 
4377 
....... 

-
...... 

-
-
-

_ 
_ 
. 

_ 
-
-

-

-
-

Total WorL In Proosma 585 

ASSES ADDDY TEARg 
Transmission Lines 366 
Distribution Mains -

Internal Network -

Service Connections a) PIPgI 

Total Assets Added It 

ASSMOIEIRED IMR] TEAR 
Metars 15 

110K VALUE O CAPITAL ASSESM- T, , tun 

Assets Oter Tan mAM - ~ 

1923 

889 
122 
189 
54 

V1341 

15 

D ..A f445 

4789 

1985 
295 
420 

60 

A 

15 

10606 

2223 2493 
659 740 
941 1055 
221 248 

4 4672 

15 15 

18874 25398 

2747411 

.... 

1374 
997 

1455 
273 

;4_ 

15 

29631 

882 
1277 
300 

93 

15 

32239 

21 

-

51 
1405 
330 

2M 

15 

35089309 

2157 

1047 
1546 
363 

315314 

15 

38228 

471 
1521 
2042 

400 

15 

42865 
7 

4422 
1715 
1658 
433 

15 

51314 
21 

4 
2362 
1590 
468 

15 

6o050 
21 

-

2546 
1713 
504 

15 

673 
27 

-

2753 
1853 
545 

15 

71206 
7 

-
1484 
1001 
588 

15 

74584 
7 

Total Capital Assets (Book 2022 46S6 10877 19145 25669 29902 32510 35360 38499 43136 51585 61021 66044 71477 74855 



APPENDIX TABLE XL-E-2 

SCHEOLE OF DEPRECIATDMN EXPOSES AND ACCU1ULATED DEPRECIATION
 
KISAMIS OCCIDENTAL WAT DISTRICT


(r x100) 

Total 
Awmal Accumulated Book Value of Assets Net Aocumlated 

year ,Serwioe Life Category DksTeo. Depreciation Retired DUrime the Year Depreciation 
50 True 25 Yr. 15 , Erenses Prior Year 50 Yr.. 25 Trs. 15 Yr. Total Y 

- 15 15 3111976 12 - 14 26 300 
- 15 15 32813 32 311
1977 19 

1978 44 19 18 81 328 - - 15 15 394 
- - 15 15 5431979 122 19 23 164 394 

- - 15 15 8111980 234 19 30 283 543 


1981 486 19 39 544 811 - - 15 15 1340 
1982 568 19 47 634 1340 - - 15 15 1959 

1983 618 19 57 694 1959 - - 15 15 2638 

1984 671 19 68 758 2638 - - 15 15 3381 

1985 730 19 81 830 3381 - - 15 15 4196 

1986 819 19 94 932 4196 - - 15 15 5113 

1987 984 19 109 1112 5113 - - 15 15 6210 

1988 1168 19 125 1312 6210 - - 15 15 7507 
s989 1263 19 142 1424 7507 - 15 -15 8916 
1990 1366 19 161 1546 8916 - - 15 15 10447 



ATMIX TABL XLJ-3 
VORamo CAPITAL REM MM' FOR 
REVOLTING Fl FOR UI ollMMIllS 

ISAMIS OCC.DMMAL WATER DISTRICT 

A±.La im inn. 12Z2. 190 128 128-2I ~ i~. i ~ i2. i~ 2 2 
Membes of Nw Conneticas 114 114 375 375 375 375 375 375 375 375 375 375 375 375 
lasber ftinCash 46 46 150 150 150 150 150 150 150 150 150 150 150 150 
aber of Installment Plas JAded 68 68 225 225 225 225 225 225 225 225 225 225 225 225 

so. of Installent Pla Paid _ _ - - - - 68 
taot Paring Month] y Intallment 

(Cumalative) 68 136 361 586 811 1036 1261 1486 1711 1936 2127 2284 2362 2362 
monthly Inatallment Plan (oscalated) P6.33 7.06 7.91 8.87 9.77 10.74 11.81 13.0 14029 15.48 16.72 18.02 19.49 21.02 

Inrment Addedl 5 6 21 24 
( ' 

26 
x w00o 

29 
) 

32 35 39 42 45 49 53 57 
rnwmant ~duotj - - - - - - - - - - 3 6 14 23 
Cash Receiptst

lump u m Paymets (esoalate&? 
Instal -nt Paments(o, lati,,) 

22 
3 

25 
a 

91 
22 

102 
44 

113 
_69 

124 
_n 

136 
127 

150 
161 

165 
198 

178 
23 

193 
279 

208 
.20 

225 242 
.jU8 

Total 25 33 113 146 182 221 263 311 363 416 472 528 582 631 
naMMl Constzotion Cost 55 62 2,^8 255 281 309 340 374 412 446 482 519 561 605 
orking Capital Required 30 29 115 109 99 88 77 63 49 30 10 (9) (21) (26) 
gonlatiys Capital Reqtfrmiats 30 59 174 283 382 470 547 610 659 689 699 690 669 643 

IhooMUMlted l tallmt p1esymts We oslarate an the basis of 1U% inwuta adiflios. duraiW the Pevicws Om Ald 50% of 
the last 7ar.

2 iased oa Asmption that Ietallmnt plea wil be peid back Lu 10 7rmm. 
33amber of coaseatons g@Wfoae x (2/3 366 + 190) z esoalation fastor. 



APPENDIX TABLE XI-,-4 
TRIAL F .CING PLAN An DET SERVICE 
MISAMIS OCCIDENTAL WATER DISTRICT 

P x 1000 ) 

Cash Sources Loan Disbursements arid Debt Service 

Fiscal 
Year 

Total 
Capital 
Erpenditures 

Revolving 
Fund 

Revenues 
Amount 
Disbursed 

Outstandine 
Debt Start 

of Year 

Aortized 
During 
Year 

Outstanding 
Debt Year 

End W 

Total 
Debt 
Service 

1976 
1977 
1978 
1979 
1980 

1222 
2679 
6206 
8283 
6539 

-
25 
33 

113 
146 

1222 
2654 
6173 
8170 
6393 

-
1222 
3876 
10049 
18219 

-
-
-
-
-

1222 
3876 
10049 
18219 
24612 

-
110 
349 
904 
1640 

110 
349 
904 
1640 

1981 
1982 
1983 
1984 
1985 

4248 
2623 
2865 
3154 
4652 

182 
221 
263 
311 
363 

4066 
2402 
2602 
2843 
4289 

24612 
28493 
30710 
33127 
35589 

185 
185 
185 
381 
381 

28493 
30710 
33127 
35589 
39497 

2215 
2564 
2764 
2981 
3203 

2400 
2749 
2949 
3362 
3584 

1986 
1987 
1988 
1989 
1990 

8464 
9451 
5038 
5448 
3393 

416. 
472 
528 
582 
631 

8048 
8979 
4510 
4866 
2762 

39497 
47164 
55204 
58775 
61937 

381 
939 
939 
1704 
1704 

47164 
55204 
58775 
61937 
62995 

3555 
4245 
4968 
5290 
5574 

3936 
5184 
5907 
6994 
7278 



* APPENDIX TABLE XL-E-5
 

JiORECAST OF CASH REQUIREMENTS
 
MISAI41S OCCIDENTAL WATE DISTRICT
 

Operating Cost 


Working Capital 


Debt Service 


Sub-Total 


Reserve Fknds 

Unoollectibles 

Approximate Revenue Requirements (000) 

Fitimatd No. of Connections 

Ave. Annual Cost Per Connection 


Est* Quantity of Billable Water (000) 


Ave. Cash Requirement per Billable Cum 


Escalated Income of ?44O/Mo. Household 


Proportion of Income of Low Income
 

Household Devoted to Water,As-

suming 20 cup/mo' coisumption (%) 

315 

-


315 


9 


6 

1414 


233 


632 


.52 


440 


2.36 


1045 

109 


§ 
2794 


84 


&: 

2600 

1128 


1320 


2*22 


645 


6.9 


1672 3353 
49 (26) 

72 
5305 10605 

318 1061 

_9Z 

2.0 118 

4475 6351 

1280 1870 

2100 2900 

2o73 4.10 

1030 1670 

5.3 4.9 



APpIoZ riiu XI--Z-6 

RTINVUE UNIT FORECAST 
NISIAIS OCCIDMTAL VATI DISTRICT 

1 9 90
1985
1o975 19a0 
o. of Eati ated otal 0. c EstIMted -ota 

Uos Total 1o. of B?±m.a4 !ola. 
0 f Prop. Etimated Conx,7 c= R.U.4P eof CQecti 7 RU.so Comecticna

R.u.s. C iMections COBzuztic R.U.S. Ccnnection Constomti 
c .Lon Convwtmic. , yactor
_e__C____4by meter -sl 

mmtio & corment 4966 57 6839 685,3133 29
1106 1 1106 1626 3133 4986 

1/2- 849 97 
29 _70 7132 20 51 51 

- 1 11 1 11 12 32
3/4' 20 141 14'103 10383 54 1

1'2 
3230 3230 2833 5140 5140 4021 7050 705231 


1140 1140 1646smB-TMAL 859 100 

al & Inmutrisl 
11 507 1014 2285 695 139 

96 2 196 836 319 638
1/2- 2 81.7 

24. 11
10 5 10 16 a 16 
"3/4- 6 1. 2 2 4 


7 14 11 11 22 15 15
 
I 4 le6 2 2 4 6 

_n M .=J 282 5 M-=
 3 _ 2Balks 4-_ 15-2 2 850 18239 1642 620 1334 2329954 390593 100.0 120 256 

7900 887 
T0mL 111/ 1260 198 2600 3620 4069 4475 5760 6474 6350 
sfl-0am 

41975 figures are setual; 1980, 85 ad 90 are estimated vith the proportion or connections in each size remaining constant. 

on ploV Relationship.5proportiom of consumption baued 

611ased on Table VI-7. 
R.U.s." end "omodity R.U.s."s The effect of mnin mnthly charges ill be to inorease total R.U.s. since there will a waya be am@ austoaez 

lmoeludee both mervice 
of water allwbd vithin the -n4a price.met uma the basic quantity 

365 defective rters were excluded froe total. 



APPENDIX TABLE XI,-. 7 

RZVEnE FORECAST 
MISAMIS OCCIDENTAL WATER DISTRICT 

Estimated Income Other Total 
Year Rate/RU Number of R.U.es. rom Inoome 9 Inoome 

p (YearJy in 000s) Sal@ (M0 (000) 

1976 1.00 691 691 21 712 
1977 1.oo 891 891 27 918 
1978 1.00 1084 1084 33 1117 
1979 1.90 1290 2451 74 2525
 
1980 1.90 1485 2822 
 85 2907
 

1981 1.90 1652 94
3139 3233
 
1982 2.50 1828 4570 137 4707
 
1983 2.50 2004 5010 
 150 5160
 
1984 
 2.50 2188 5470 164 5634
 
1985 3.20 2363 7562 227 7789
 

1986 3.20 2530 8096 243 8339
 
1987 3.20 2706 8659 260 8919
 
1988 4.50 2881 12965 389 13354
 
1989 4.50 3065 13793 414 14207
 
1990 4.50 3240 14580 437 15017
 

9Other Inoom (derived from meter replaoment chargo., contingenoy 
fees of now connections, service fees, ota)' estimated just about 
3% of sales. 



APPMDIX TABLE XI-E.-8 
FIRACING PlAN AND DBT SRVICE 

MISANIS OCCIDETAL WATE DISTRICT 
( 100ooo ) 

Cash Souroes Loan DiaLursements ad DeOt Service 

Fiscal 
Total 
Capital 

Revolving 
Func. Operating Amount 

Outstanding 
Debt Start 

Amortized 
During 

Outstanding 
Debt Tear 

Tota] 
Debt 

.X Enadiue Revenues Income Difbursed of Tear -w Ineet §Se= 

1976 1222 - - 1222 - - 1222 - -
1977 
1978 

2679 
6206 

25 
33 -

2654 
6173 

1222 
3876 

-
-

3876 
10049 

110 
349 

110 
349 

1979 8283 113 - 8170 10049 - 18219 904 904 
1980 6539 146 - 6393 18219 - 24612 1640 1640 

1981 4248 182 - 4066 24612 185 28493 2215 2400 
1982 
1983 

2623 
2865 

221 
263 

-
-

2402 
2602 

28493 
30710 

185 
185 

30710 
33127 

2564 
2764 

2749 
2949 

1984 3154 311 - 2843 33127 381 35589 2981 3362 
1985 4652 363 - 4289 35589 381 39497 3203 3584 

1986 8464 416 - 8048 39497 381 47164 3555 3936 
1987 9451 472 - 8979 47164 939 55204 4245 5184 
1988 
1989 

5038 
5448 

528 
582 

4510 
4866 

-
-

55204 
54265 

939 
1574 

54265 
52691 

4968 
4884 

5907 
6458 

1990 3393 631 2762 - 52691 1574 51117 4742 6316 



AWM TANIaBZ.z-9 
1WUM MOF7PMUCIL DATi 
MlThIS OCCIhUIYAL VAT= DIMTICT 

( P z 10O0 ) 

LIta mi i2z mi im 1~2U M~ 122L .~I1M nt AS 12M 122 

lames 
Uter Sam 
Provision foz1 
Other Imams 

be"1 
691 
(14) 

21 

891 
(9)
2 

1 
(11) 
.7U4. 

21 
(49) 

2822 
(28) 
8 

3139 
(31)

94. 

4570 
(91)

7 

5010 
(5o)
M 

5470 
55).

_L%6 

7562 
(151)
227 

8096 
(81) 

8659 
(87)
260 

12965) 
(259)
-8 

13793 
'(138) 
.AA..

148 
146) 

Total levine 
James Operating Cost 

Ioose Before D"pre La
tion 

Depreoiation 

698 

383 
26

t35 

909 

560 

528 

1106 

570 
81
9-

2476 
8 

1888 

1724 

2879 
IM1 

1834 
283

1551 

3202 
1 

2054 
5

1510 

4616 
11.2 

3531 
64

2897 

5110 

3919 
6
2 

5579 

4068 
M

3310 

7638 
1672 

5966 
8 

' 

8258 
M 

6201 

8832 
.66 

6466 
1112
53 

13095 
2651 

10444 
1312 
9132 

14069 
2 

11171 
ai
9747 

14871 

11518 
1545
9972 

Plums Interest on Nemre 1 14 8 ,j5 26 -41 77~ 161 216 -LOA 421 572 _08 
ncme Before Intereat on Lon 

Ter Loans 358 
Intereat 
Jet Income (La.S) 358 
GOinlat ive Not Income _Z 

(Lng)-

532 
1-
422 
780 

497 
_4Ug 

148 
928 

-

1739 
_22 
835 

IL6 

1517 
J 

(63) 
jo 

--

1555 
EM225 
(660) 
104 
-

2974 
P564 
410 

IM 
-

3342 
276 
578 

2028 
-

3471 
2981 

490 
2518 
-

5352 
320O 
2149 
"L 

-

5573 

2018 
6685 

'775 
AM 
1530 

-

9704 
4968 
4736 

1ULJ 

10506 
484 
5622 

1=i 
-

10930 
V 

6188 
W 65~ 

Apropriations 
ame 

to No
21 27 33 74 85 188 274 301 328 454 810 866 1297 1375' 1458 



APFDl TIBI Xr- 3-10 

11831 
CA= MWVSTATEOUNTS 
OCCIDENTAL WAT DISTRI 
( i x OO ) 

t inca.e (wore Interest) 
]Depeolation 

im.~~ m i)
Ija ses in Ca r n M- b. 

row nte l ouzoas 

long Tem Debt 
Capital Contributions 

Total Extenml Sourcee 

TtmaL Sources 

358 
26 

.. j 
_. I 

389 
1222 

1122 
1611 

532 
.12 

... 1 
569 

2654 

16, 
3248 

497 
81 

~3n~~1. 
609 

6173 
~.j1. 
6206 
6815 

1739 
1649. 

1912 
8170 

823 
10195 

1577 
283 
76 

1936 
6393 
. ~ 
~j 
8475 

1555 
544 

.y 
2116 
4066 

j ~ 
4248 
6364 

2974 
634 
(10) 

3598 
2402 

21 
2623 
6221 

3342 
694 

18 
4054 
2602 

.~3 
Z81 
6319 

3471 
758 

.* 

4282 
2843 

3.. 
I 
7436 

5352 
830 
27~ 

6209 
4289 

... 

4652 
10861 

5573 
932 
64*6-9-

6569 
804 

A 
846 
15033 

5775 
1112 

51~j6938--
6938 
8979 

.1. 
ML__ 

16389 

9704 
1312 
.. 481106 
11064 

-

5.~.28 

11592 

10506 
1424 

41J1197-
11971 

-

5U~ 

12553 

10930 
1546 

76.2~1255-2-
12552 

-

6.3J. 
3 

13183 

Applioaiion of PuWiA& 

Investment in Utility plant1222 
Interest on Debt -

Principal Itpayut 
Total Capital Carg 1222 

Ta Capi Utt casTnw mae in Ot rrm Assets 

2679 
110 

-....-

2789 
1~-n2 

6206 
349 

-
6555 
-

8283 
904 
x-

9187 
.45.U 

6539 
1640 

.-
8179

119 

4248 
2215 
-M 
6648 

91X±. 

2623 
2564 

185i 
5372 
.. 2. 

2865 
2764 

_M&~.. 
5814 
.~1 5 

3154 
2981 
, US3~ 
6516 

131~ -

4652 
3203 
IU 

8236 
8759 

8464 
3555 

-181 
12400 

171.~1571 

9451 
4245 

-M.~. 
14635 

15814793 

5038 
4986 

-M.2 
10945 

I=j1199 

5448 
4884 

'MZ 
11906 

26o12166 

3393 
4742 

12A 
9709 

226993_ 5 

Tot Applications 
Net ijaease (Decres.e) 
cuk at UOqinnin of 

1331 
280 

2866 
382 

6605 
210 

9598 
597 

8298 
177 

6739 
(375) 

5731 
490 

5949 
370 

6647 
789 

8759 
2102 

12571 
2462 

14793 
1596 

11998 
(406) 

12166 
387 

9935 
3248 

CubAt i1 of Period 300 682 892 1489 1666 1291 1781 2751 3540 56 8104 3700 9294 9681 12929 



PPMHK TW.Z XI-U-U 

?MJ ! AINCZ S 
MBMS OCCDOTAL WAT DISMICt 

( r X lOO ) 

.oss 
J'= ASS='S 

Value of Fixed Asets 1437 2763 6088 11365 17592 29902 32510 35360 38499 43136 51585 61021 66044 7147 74855 

Net vale of Fixed Assets 
o .kInProc... 

Total Fixed A ses 

112 

1711 

2435 
I12 
4358 

5o941u00 
EM85 7780 

1048 18602 

1371 
8077 

24858 

562 
... 

28562 

30551 

30551 32722 35118 38940 46472 54811 58537 62561 64403 

CURRM ASSWS 
Caah 300 
Aooonts Receivables 173 
LtameProvision fer Unolleoti

7,i,, (3) 

682 
223 

(2) 

892 
271 

(3) 

1489 
61! 

(12) 

1666 
706 

(7) 

1291 
785 

(8) 

1781 
1143 

(23) 

2751 
1253 

(13) 

3540 
1368 

(14) 

5642 
1891 

(38) 

8104 
2024 

(20) 

9700 
2165 

(22) 

9294 
3241 

(65) 

9681 
3448 

(34) 

12929 
3645 

(36) 

Total Current Aset-, 
Total Assets 

471 
2182 

930 
5288 

1190 
1=~ 

2198 
200 

2494 
2U 

2210 
2222 

3059 
U 

4164 
36886 

5084 
400 

7709 
464 

10342 
56814 

12096 
660 

12743 
71280 

13390 
755 

16864 
LU 

WTI'T & LIJNILITIES 

Govr -ment Contri~btiom 
Capital Contributions 
Reserves 
Unappropriated Retained 

549 
-
21 

549 
25 
48 

549 
58 
81 

549 
171 
155 

549 
317 
240 

549 
499 
428 

549 
720 
702 

549 
983 

1003 

549 
1294 
1331 

549 
1657 
1785 

549 
2073 
2595 

549 
2545 
3461 

549 
3073 
4758 

549 
3655 
6137 

549 
4286 
7595 

Total ftaity 907 1354 1535 2483 2566 2088 2719 3560 4361 6873 9307 11309 16573 22777 29596 

WNG TERM DMl? 
lag T. L-oa-- (Ilms Owint 

Naturitems) 
CU]FMT LTBIALITIM 

couts Payable 
0=%4=t Natueit ie of Lou 

Two. Debt 
Total Ourrent Liabilities 
Total 3ity & idabilities 

1222 

53 

-
53 

2182 

3876 

58 

-
58 

5288 

10049 

89 

89 
11673 

18219 

98 

98 
20600 

24427 

174 

359 
27352 

28308 

191 

376 
30772 

30525 

l81 

__ 

366 
33610 

32746 

199 

580 
36886 

35208 

252 

633 
. 

39116 

279 

660 
4 

46225 

343 

1282 
56814 

54265 

394 

1333 
69 

52691 

442 

11 
2016 

71280 

51117 

483 

2057 
1 

49543 

559 

2133 
122 



AWUH TABL111.-it 

IPUCS 2023 0F REURX ON EV FIM 
MISMIIS OCCIDUITAL WAE 

( p z 1,0o0,ao) 

ASSEI 33 
DISTRICT 

UUT!O 

WIA im i i m ~ 21a& m m a m a am 
hws 

in 
Net Fizd Amets 

seUwlo. .& 1.78 4.06 8.26 13.8o 22.67 29.56 31.64 33.92 37.03 42.71 50.64 56.67 60.5 63.48 

let Opstlan mocom am .53 .49 1.72 1.55 1.51 2.90 3.23 3.31 5.14 5.27 5.35 9.13 9.75 9o97 

ae of Rats= (%) 43.9 29.7 12.1 20.8 11.2 6.7 9.8 10.2 9.8 13.9 12.3 10.5 16.1 16_1 15s7 



APPENDIX XI-F-1 

MEMORANDUM OF UNDERSTANDING
 

i. The Asian Development Bank (ADB) Appraisal Mission for the 
proposed Provincial Cities Water Supply Project (the Project) visit
ed the Misamis Occidental Water District (the Water District) on 
24 October 1975. Subject to the approval of the Government of the 
Philippines, the Local Water Utilities Administration (LWUA) and the 
management of ADB, the following matters concerning the Project as 
related to the Water District are agreed upon%
 

Scope of the Proiect 

2. The part of the Project involving thA Water Distriot (the 
Sub-P5 oject) consists of: 

(a) Development of the Cocok, Regina and Bitoon Springs
together with improvements to the Talibaksan Spring to
 
provide a reliable yield of 10,400 CM sufficient for
 
the projected demand up to 1986. Treatment by con
trolled chlorination with all equipment provided with
 
standby units. 

3
(b) A 1,900 m capacity storage tank.
 

(c) Transmission mains:- 250,200 and 150 n dia.
 
(Total length 15.2 km)
 

(d)Distribution mains:- 200 and 150 mm dia. (Total 
length 5o2 km). 

(e) Internal network mainss

(i) 	 reinforcement:- 150 and 100 mm dia. 
(Total Length 2.1 kin) 

(ii) extension:- 150 and 100 mm dia.
 
(Total length 11,5 km)
 

() 17 fire hydrants. 

(g) 1,500 new service connections and replacement of 200 
existing connections. 

(h) Administration buildirg, meter repair, and laboratory 
facilities. 

(i) Recruitment of consultant services as specified in
 
paragraph 6(a) through (c)below.
 



3. The Sub-Project is at present estimated to cost F31,000 

million. 

Relending Arrangement 

4. The relevant part of the proposed ADD loan will be relent to 
the Water District through the Government and LWUA. The Water 
District should arrange with the Government and/or LWUA for the balance 
of funds required for the implementation of the Sub-Project. The ADB 
loan to the Government will be from the ordinary capital resources of 
the Bank and extended at the prevailing rate of interest at the time 
of loan approval by ADB Board. The terms and conditions of relending 
to the Water District would be the standard LWUA lending terms which 
are generally satisfactory to the Bank. The relending agreement shall 
be approved by the Bank. 

Execution of the Project. 

5. LWUA shall be responsible for the overall implementation of the 
Project including procurement on behalf of the Water District. How
ever, the Water District shall retain ultimate responsibility in the 
carrying out of the Sub-Project and will work closely with LWUA and 
the consultants. When appropriate, certain aspects of the Sub-Project 
may be implemented directly by the Water District. 

Consultants:
 

6. The consultants to be engaged by LWUA on behalf of the Water
 
District shall look into, among other things, the following aspects
 
of the Project.
 

(a) Preparation of detailed designs, tender documents, assist
anoe in the prequalification of tenderers and analysis of bids and 
recommendations for the award of contracts for the first construction 
phase works as detailed by the consultants, Messrs. Camp Dresser & 
McKee International Inc. 

(b) Supervision of construction, installation, and commission
ing of the supply source works, transmission lines and storage tanks
 
and the training of the staff of LWUA and the Water District to carry 
out the functions for the extensions to the distribution and internal
 
network mains after 1978, and the transmission lines after 1900.
 

(o) Development of appropriate leakage control, metering and
 
data collection program including hydrological studies of existing 
and potential supply sources to establish their reliable yield and the 
training of the Water District staff in these respects. 



Financial Measure, 

7. The Water District undertakes to: 

(a) Appropriately adjust water rates with a view to cover all 
operating and maintenance expenses, debt amortization and a reasonable 
proportion of its capital expenditures program. The water rate is 
expected to be increased to Pl/oum (weighted average) per cubic meter 
by 31 December 1976. 

(b) Obtain concurrence of LWUA and ADB prior to undertaking 
any major investment program outside the Project; 

(c) Have its accounts audited annually by an independent 
auditor acceptable to ADB and submit its financial statements to 
the Bank for review.
 

Operations 

8. The Water District will: 

(a) Establish leakage control and metering programs, and 
collection of other necessary data required for the operation and 
future development of the water system; 

(b) Improve billing and collection procedures;
 

(c) Institute laboratory facilities for continuous water
 
analysis;
 

(d) Maintain its water supply facilities in accordance with
 
sound public utility practices;
 

(e) Not dispose of its assets required for its efficient 
operation and implementation of the Project without prior approval 
of LWUTA and the Bank. 

Land and Water Rights 

9. The Water District shall exert its best efforts to ensure 
that the necessary land t water rights, or other rights are obtained 
for the implementation of the Project and shall include in its quar
terly reports to IMA and the Bank a statement of the progress 



made on the acquisition of land and water rights. 

October 24, 1975 

MISAMIS OCCIDENTAL WATER DISTRICT ASIAN DEVELOPMENT BANK 

APPRAISAL MISSION 

By: By: 
(sUD)

DR. SOLOMON J. GUTRNELA, M.D. 
(sa))

GERHARD H. KAHL 
(Chairman of the Board of (Mission Head) 
Direotors) 



REPUBLIC OF THE PHILIPPINES 

MISAMIS OCCIDENTAL WATER DISTRICT
 
Office of the Board of Directors
 

CITY OF OZAMIZ
 

EXCERPTS FROM THE MINUTES OF THE SPECIAL MEETING OF THE BOARD OF 
DIRECTORS, MISIMIS OCCIDENTAL WATER DISTRICT, HELD AT OZAMIZ CITY, 
ON OCTOBER 20, 1975. 

PRESENT: Dr. .Solomon J. Guirnela Chairman 
Dr. Jose P. Mefiez Vice-Chairman 
Mr. J. Antonio Lim Member 
Mrs. Eufrocina Y. Tan Member 
Engr. Violeta C. Oalicinao General Manager 
Atty. Yolando Villarus Legal Counsel 

ABSENT: Dr. Oscar Remu] la Member 

RESOLUTION NO. 100
 

WhEREIS, an ADB appraisal team is coming to Ozamiz City to 
confer with the General Manager and the Board of Directors of the 
Misamis Occidental Water District regarding the comprehensive develop
ment of Ozamiz:-Clarin Waterworks System, per Memorandum from the 
General Manager of LWUA; 

WHEREAS, the purpose of the team is to finalize agreements which
 
will be covered in the Memorandum of Understanding between ADD and MOUD;
 

WHEREAS; the Board in meeting assembled, unanimously 

RESOLVED, as it does hereby resolve to authorize the Chairman,
 
Board of Directors, this District, to sign the Memorandum of Under
standinge
 

RESOLVED further to furnish copies of this resolution to the 
ADB Team, the General Manager, this District', and files. 

I hereby certify to the correctness of the above-quoted 
resolution. 

(D)LIGAYA T. DON(IGON 
Secretary 

APPROVED: 
(saD)) 

SOLOMON J. GUIRNELA 

Chairman
 



APPENDIX XI-F-2 

LOCAL WATI1 UTILITIES ADMINISTRATION 

Asian Development Bank 
P. 0. Box 789 
Manila, Philippines 

Dear Sirs:
 

Re: Loan No. PHI: Provincial Cities 
Water Supply Project - Allocations of 
Proceeds of the Loa. Wit-ndrawal! 

1. We refer to Sections 3.02 and 8.01 of the Loan Agreement
 
between the Republic of the Philippines (the Borrower) and the
 
Bank of even date herewith and attach hereto a table showing an
 
allocation of the proceeds of the Loan to which we request your
 
agreement.
 

2. We confirm that the amount allocated to Category III in
cludes the amount uZ US$3,600,000 for financing local currency ex
penditures. We understand that the Bank will disburse in foreign 
currency the equivalent of 38% of each local currency payment made by 
us under the contracts for the category, subject to the ceiling of 
US$3,600,000.
 

3. Some of the items included in Categories I to V may be 
imported goods purchased from local suppliers or may be goods 
f.brioated by local manufacturers from imported components and raw 
materials. With respect to contracts involving any such local pro
curement, we confirm that where evidence of the actual foreign ex
change cost ii not available, 45% of the contract price (or such 
other percer tage as shall be agreed between the Bank and us from time
 
to time) wi~l apply for the purpose of withdrawals from the loan ac
count under Section 3,03(a)(ii) of the Loan Agreement in respect of
 
such contracts. In support of applications for withdrawals in res
pect of the foreign exchange cost of such contracts, we shall supply
 
a copy of the local supplier's invoice indicating, where possible,
 
the origin of the imported items or goods, and evidenoe that payment
 
has been made to the local supplier.
 

4. If the foreign exchange cost of the items in any of the 
Categories I to VII should increase, an amount equal to such in
creace will be reallocated by the Bank, at our request, to such 
Category from Category IX, subject, however, to the requirements 
for contingencies, as determined by the Bank, in respect of the
 
foreign exchange cost of the items in tlne other Categories. If the
 
foreign exchange cost of the items in any of the Categories I to
 
VIII should decrease, the amount of the Loan then allocated to and
 



no longer required for, such Category will be reallocated by the
 
Bank to Category IX.
 

5- On the basis of the attached Table, the amounts to be allocated 
to the various Water Districts for the Project would be as follows:
 

(a) Zamboanga City Water District: $4,036,000 together with
that portion of training progran attributable to it. 

(b) Misamis Occidental Water District: $1,749,00 together

with that portion of training program attributable to it.
 

(c) Butian City Water District: $2,953,000 together with
 
that portion of training program attributable to it.
 

(d) Camarines Norte Water District: $4,171,000 together with 
that portion of training program attributable to it. 

Accordingly, and subject to possible reallocation pursuant to para
graph 4 above, the amount specified above for the respective Water
 
Districts will be made available to the Water Districts under the
 
respective Relending Agreements referred to in Section 3.01(a) of
 
the Loan Agreefnto
 

6. Please indicate your agreement with the foregoing by signing

the confirmation form on the enclosed 
copy of this letter and return
ing it to us.
 

Yours faithfully, 

LOCAL WATE UTILITIES 
ADMINISTRATION 

B ___ ___ __ 

Authorized Representative 

CONF'IRMED: 

ASIAN DEVELOPMeT BANK 

By_______ 



ALLOCATION OF PROCEEDS OF LOAN 

(Provincial Cities Water Supply Project)
 

Category 

I* Construotion Materials for 
Supply Source Works and 
Storage Tanks. 

II. Pumps and Treatment Works. 

III. Pipelines including Fire Hydrants. 

IV. Service Connections. 

V. Administration Buildings, Office 
Equipment, Laboratory, Meters, 
Meter Repair Facilities, Leakage 
Detection Equipment and Vehicles. 

VI. Consulting Services 

VII. Training Program 

VIII. Interest and Other 
Construction 

Charges during 

IX. Unallocated 

Amount
 
(U.S. Dollar Equivalent)
 

$ 122,000 

1,5 1,000
 

7,829,000 

263,000 

5M9,000
 

2,578,000 

200,000 

200000 

1,050,000 

T o t a l .000 



APPEDIX xi-F-3 

SCHEDUIZ I
 

Desoription of the Project 

The Project consists of the expansion and improvement of 
the water supply facilities of the four Water Districts to meet the

requirements up to 1985l and the interim improvement and expansion
of the existing water supply facilities and the detailed engineering
design of a major water supply source for anothar Water District, all
 
as described below:
 

1. Misamis Occidental-Water District
 

Development of existirg and new supply sources to provide 
a total reliable yield of about 10,400 CDM; installation of new
 
pumps; pr~vision of chlorinators with standby units; construction of
 
a 1,900 m3 capacity storage tank; construction of transmission, dis
tribution and internal network mains, fire hydrants and service connect
ions; provision of administration building, office equipment, laboratory,

meters$ meter repair facilities, leakage detection equipment and
 
vehicles.
 

. Batuaw City Water District 

Development of wells to provide reliable yield of about

11,400 C)D; provision of chlorinators with standby units; construction
 
of transmission, distribution and 
internal network mains, fire hydrants,
and service connections; provision of administration building, offioe
 
equipment, laboratory, meters, meter repair facilities$ leakage detection
 
equipment and vehicles.
 

3. ZaaM & City Water District 

Construction of a new diversion dam, intake structure, fine 
screen/grit chamber, raw water trensmission main; rejuvenation and ex
tension of the existing treatment works up to a capacity of about
32,700 CMD including converting the existing sedimentation tanks into. 
storage tanks; construction of transmissiont distribution, and internal
network mains, fire hydrants; pe'ovision of service oonnections, office 
equipment, meters1 meter repair faoilities, leakage detention equipment 
and vehicles. 



4e Camarines Norte Water Diutriot 

Development of existing and new supply sources to provide 
a total reliable yield of about 21t000 CMD; provision 9f chlorinators 
with standby units; construction of 1,000 m3 and 400 mJ oapaoity 
storage tanks; construction -f transmission and internal network 
mains, fire hydrants and service connections- provision of office 
equipment, laboratory facilities, meters, meter repair facilities,
 
leakage detection equipment and vehicles. 

5., Metropolitan Cebu Water District 

Procurement and installation of chlorinators for existing 
supply sources; development of new wells and existing spring supply 
sources to provide a total reliable yield of about 35,000 CMD| cons
truction of a new transmission main and improvement of existing trans
mission mains; provision of fire hydrants and meter repair and labora
tory facilities; conduct of a leakage survey; and for the develop
ment of a major dam supply source, acquisition of the necessary land, 
construction of a road to the proposed dam site, and provision of 
hydrological and meteorological study equipment and facilities* 

6. Services of Consultants relating to (1) to (5) above. 

7. Overseas Training Program for LWUA and Water District 
Staff. 

The Project is expected to be completed by 30 June 1981. 



'SCHEDULE 2 

Amortization Sohedule 

Date Pay ent Due Payment of Princil~al 
(expressed in dollas) * 

1 March 1982 $161,7001 September 1982 168,800
1 March 1983 176,200
1 September 1983 18315-00
1 March 1984 ie ,ooo1 September 1984 200,404 , March 1985 209,100

1 September 1985 21893001 March 1986 227,800
1 September 1986 237,800
1 March 1987 248,2001 September 1987 259,000

1 March 1988 270,4001 September 1988 282,200I March 1989 294,500
1 September 1989 
 307,400

1 March 1990 
 320,900
1 September 1990 
 334900

1 March 1991 
 349,600
1 September 1991 
 364,9o0

1 Maroh 1992 
 380,800
1 September 1992 
 397,5001 March 1993 414,900
1 September 1993 433,000 

*To the extent that any part of the Loan is repayable in a ourrenoy other than dollars (see Loan Regulations Section 3.03),the figures in this column represent dollar equivalents determined 
as for purposes of withdrawal. 



Date Paplent Due Pyment of PrincLIal 
(expressed in dollars)* 

1 March 1994 $452,000 
1 September 1994 
1 March 1995 

471,800 
492,400 

1 September 1995 513,900 
1 March 1996 536,400 
1 September 1996 559,900 
I March 1997 584,400 
1 September 1997 610,000 
1 March 1998 636,600 
1 September 1998 6649500 
1 March 1999 693,600 
1 September 1999 723,900 
1 March 2000 755'600 
I September 2000 788,600 
1 March 2001 823,100 
1 September 2001 859,100 

T o t a 1 $I6,800.000 

*To the extent that any part of the Loan is repayuble in a 
currency other than dollars (see Loan Regulations Section 3.03)t 
the figures in this column represent dollar equivalents deter
mined as for purposes of withdrawal. 



PREMIUMS ON PREPAYMENT AND REDEMPTION
 

The following percentages are specified an the premiums
payable on prepayment in advance of maturity of any part of the 
principal amount of the Loan pursuant to Section 2.05(b) of the 
Loan Regulations or on the redemption of any Bond prior to its 
maturity pursuant to Section 6.16 of the Loan Regulations.
 

Time of Prepament or-RedemDtion Premium 

Not more than 3 years before maturity 1.50% 

More than 3 years but not more than 
6 years before maturity 3% 

More than 6 years but not more 
than 11 years before maturity 4,5% 

More than 11 years but not more than 
17 years before maturity 6% 

More than 17 years but not more than 
21 years before maturity 7% 

More than 21 years but not more than 
24 years before maturity 8% 

More than 24 years before maturity 8*7% 


